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Glossary
 

Aman Rice 
(paddy) planted before or during the monsoon rains (which
 

begin in June) and harvested in November-January; B. aman is
 
broadcast aman; T. aman is transplanted aman.
 

Aman season The period in which aman 
 rice is grown; covers all crops grown 

during this period. 

Atta Flour. 
Aus Rice (paddy) planted during 
 arch-April and harvested during
 

June-Septembe r. 
Aus season The period in which aus rice is grown; covers all crops grown
 

during this period.
 
Boro 
 Rice (paddy) planted in November-January and harvested during
 

April-June. 
Boro season The period in which boro rice is grown; 
covers all crops grown
 

during this period. 
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I U.S. Dollar = 20.37 Taka (March 1982) 

I. Unless otherwise indicated the 
term tons used in this report refers to long
 
tons. 
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EXECUTIVE BRIEF
 

The 	increased and more efficient use of fertilizer is a key element in
 
plans to raise foodgrain product ion to sel f-sufficiency levels in Bangladesh. 
Thi s report on ferti lizer-re lated issues and pol icy options was prepared at the 
request of the Bangladesh AgricultuLal Development Corporation (BADC) to respond 
to the need for more cle.)rly define(] and coordinated fertilizer supply and use 
policies linked to 
and supportive of national agricultural sector and food
 
supply develcpmiient objectives and programs.
 

To 
facilitate review and appraisal for possible implementation, the
 
main, broadly stated fertilizer policy issues and options 
are summarized under
 
three categories--Fertilizer Use, Supply, and Marketing and Distribution.
 
Encompassed are those areas 
in which policy actions are required to ensure the
 
adequate, timely, and cost-efficient supply, delivery and farmer use of fertilizer.
 

FERTILIZER USE
 

Fertilizer use policy should focus 
on motivating and assisting farmers 
in making 111re efficient aind profitable use of fertilizers and organic matter. 
Policy actions are needed to plan and implement strengthened programs to generate,
 
evaluate, codify, and disseminate crop response and fertilizer use 
information
 
that is more responsive to farmer needs.
 

AGRONOMIC DATA BASE
 

Issue 
Development of additional more site-specific quantitative crop response
 

data 
needed to provide the basis for improving fertilizer recommendations, to aid
 
in the formulation of fertilizer allocation schemes, and to facilitate estimates
 
of 	fertilizer nutrient requirements.
 

Policy Options 
1. 	Expedite development and implementation of the national coordinated soil
 

fertility and fertilizer use 
research program involving the multidisciplinary
 
talents of scientists from appropriate government research and planning
 

institutes.
 



2
 

2. 	Devise and implement expanded and improved experiment station and farm-level
 
research programs to determine individual nutrient needs and crop response
 

functions for major crops under applicable yield affecting constraints.
 
3. 
Refine economic optimum levels of fertilizer use based on crop response tests,
 

practical farm management conditions, realistic cost/benefit relationships, 
and 	relevant farmer risk and socioeconomic factors,.
 

4. 
Expand and accelerate soil survey and classification programs; prepare
 

thana-level soil series maps.
 

FERTILIZER RECOMMENDATIONS
 

Issue
 

Formulating fertilizer recommendations better attuned to localized
 
soil characteristics, crop production conditions, and management systems.
 

Policy Options 

1. Using agronomic data base information, formulate fertilizer recommendations
 
for crops in areas of common soil characteristics by crop responses and
 

economic returns.
 
2. Prepare and distribute to local extension specialists and fertilizer dealers
 

generalized recommendations with guidelines for modifying them to specific
 

use conditions.
 

TECHNOLOGY TRANSFER
 

Issue
 

Strengthening farmer knowledge on proper and profitable use of
 
fertilizer to stimulate fertilizer use and efficiency.
 

Policy Options
 

1. 	Develop agroeconomically sound fertilizer recommendations more attuned to
 

the 	needs of individual farmers.
 

2. 	Train extension personnel and fertilizer dealers in applying fertilizer
 

recommendations to farmer assistance programs.
 

3. 	Expand extension programs and dealer market development activities to
 

increase and broaden farmer contacts.
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FERTILIZER USE EFFICIENCY
 

Issue
 

Determining the efficiency of use of new and/or improved nutrient
 
sources and management systems under Bangladesh conditions.
 

Policy Options
 
1. 	Establish a coordinated fertilizer efficiency project, using the government
 

research institutes involved in developing agronomic data, 
to evaluate deep
 
placement of nitrogen (N) for rice and new N and phosphorus (P) sources 
and
 
application practices, train personnel 
in fertilizer efficiency research,
 
and assess farmer acceptance of new technologies.
 

2. Evaluate suitability of diammoniunm phosphate (DAP) for rice and delineate
 

use 	areas.
 

3. 
Determine possible gains in efficiency from deep placement of urea 
for
 
rice; 
evaluate suitability of suifur-coated urea (SCU).
 

4. 	Determine the suitability of phosphate rock 
(PR) and partially acidulated
 
phosphate rock (PAPR) for important soils and crops and delineate recommended
 

use areas.
 

PLANT NUTRIENT AND ORGANIC MATTER RECYCLING
 

Issue
 

Preserving and/or improving soil organic matter and plant nutrient
 
levels to 
improve soil fertility and productivity.
 

Policy Options
 
1. 	Increase supplies of fuel wood, building materials, litter, and animal
 

feedstuffs of plant origin so 
that total crop residue removal will no
 

longer be necessary.
 
2. 	Nonitor Indian experience with biogas and test successful approaches under
 

Bangladesh conditions.
 

Issue
 

Increasing and improving the recycling of human, animal, and plant
 

wastes.
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Policy Optjions 
1. Develop educational programs stressing the value of nutrient and orn11ic 

matter recycling. 

2. 	Investigate the economics of sewage, urban waste, and village-level
 

composting projects.
 

3. 	Implement technically and economically viable projects. 

Issue 
Increasing biologically fixed nitrogen (BFN) as a nitrogen source.
 

Policy Options 
1. Review status of research on the use of azolla, blue-green algae, and other
 

nitrogen-fixing organisms.
 

2. 	Evaluate applicability of BFN schemes to Bangladesh situation.
 
3. 	Encourage adaptive research on appropriate schemes.
 

FERTILIZER ALLOCATION
 

Issue
 

Formulating fertilizer allocation schemes under conditions of adequate
 
and short supply.
 

Policy Options
 
1. 	In periods of abundant supply, permit free market forces to allocate
 

fertilizer supplies.
 

2. During periods of short supply, prioritize allocations on the basis of
 
highest marginal return to individual nutrient use on targeted food crops
 
taking into consideration national and regional economic, social, and
 

political ramifications.
 

3. 	Develop agroeconomic data base to facilitate development of priority
 
rankings of marginal returns to fertilizer use by crop and by region in
 
accordance with preestablished crop production goals.
 

NUTRIENT REQUIREMENTS TO FEET CROP PRODUCTION GOALS
 

Issue
 

Improved estimation of plant nutrient requirements to meet specified
 
crop production goals.
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Policy Options
 

1. 	Develop appropriate crop response data base.
 
2. 
Set 	specific crop production targets for major food and industrial crops.
 

AGRICULTURAL DEVELOPMENT POLICIES
 

Issue
 

Improving and expanding irrigation, drainage, and flood control and
 
reassessing targets in these areas.
 

Policy Options
 
1. 	Review irrigation and drainage activities and programs for fixing more
 

realistic targets.
 
2. 	Consolidate irrigation and drainage programs under a single irrigation
 

research and development authority.
 

Issue
 

Development and supply of high-yielding variety (HYV) seeds suitable
 
to Bangladesh's soil, water, and climatic conditions.
 

Policy Options
 
1. 	Improve seed procurement, particularly wheat, and distribution programs.
 
2. 
Accelerate indigenous research for development of improved varieties for
 

Aman season particularly.
 

Issue
 

The timely and adequate availability of agricultural credit for
 
private-sector supply, distribution, and financing of agricultural.inputs
 
commensurate with financial constraints faced by input dealers and farmers.
 

Policy Options
 
1. 	Streamline and strengthen the existing financial institutions responsible
 

for supplying institutional credit for agriculture.
 
2. 	Review and assess the agricultural credit needs of both the farm input
 

dealers and the farm sector.
 

3. 	Improve credit delivery and procurement procedures.
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Issue
 

Simultaneous determination of incentive levels of fertilizer and crop
 
prices and fertilizer subsidy.
 

Policy Options
 
1. Obtain proper estimates of output supply price elasticities and elasticities
 

of supply with respect to price of fertilizer; use these to evaluate the
 
impact of given policy changes on foodgrain production and to establish
 
appropriate levels of prices and subsidy for desired output targets.
 

2. Maintain fertilizer and crop prices in line with the international prices
 
through free imports and exports.
 

Issue
 

Effecting and maintaining consistency between fertilizer use 
(demand)
 
expansion policies and agricultural development and fertilizer supply and pricing
 

policies.
 

Policy Options
 
1. Develop, monitor, and regularly refine fertilizer use estimates based on
 

realistic assessments of the impact and attainment levels of the land
 
development (irrigation, drainage, and water control), HYV seed, agricul
tural credit, and input-output pricing components of agricultural develop
ment policy to which fertilizer use is tied.
 

2. 	Improve the efficiency of the fertilizer supply and marketing and distribu
tion systems to ensure adequate and timely supplies at the lowest cost to
 
the farmer.
 

3. 	Implement policies to enhance the capabilities and performance of public
and private-sector organizations for delivering increased quantities of
 
fertilizers on a timely basis to a larger number of farmers.
 

FERTILIZER SUPPLY
 

Fertilizer supply policy should continue to be directed to maximizing
 
self-sufficiency in fertilizer supply by increasing output and lowering cost of
 
domestic production and by implementing more cost-effective import programs.
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SUPPLY PLANNING
 

Issue
 

Reconciling nitrogen/phosphate production capacity and potash import
 
planning with realistic estimates of future market demand.
 

Policy Options
 
1. Train fertilizer forecasters, develop appropriate data sources, refine
 

forecasting techniques.
 
2. Designate a single agency to prepare and update on a regular, rolling basis
 

a 10-year forecast of fertilizer demand by nutrient and product under
 
agrononmically acceptable scenarios for alternative product mixes.
 

NATURAL GAS SUPPLY
 

Issue
 
Ensuring natural gas supply to meet projected requirements of existing
 

and new ammonia/urea plants.
 

Policy Options
 
1. Expand exploration programs to develop new gas 
reserves.
 
2. Upgrade and expand gas delivery system.
 
3. Develop a priority system for natural gas use; assign top priority for use
 

in fertilizer manufacture.
 

NITROGEN PRODUCTION
 

Issue
 
Increasing production and lowering cost of urea manufacture at existing
 

units by removing manpower, physical, and financial constraints.
 

Policy Options
 
1. Relax manpower constraint by expanding training facilities and programs to
 

train larger numbers of plant operators and upgrade management and plant
 
personnel skills. 
 Reduce exodus of technical personnel by increasing
 
incentives for in-country work and instituting controls on emigration.
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2. 	 Relieve the physical resources constraint by providing full goverr'.,ent
 
support to planned donor-funded plant rehabilitation and production
 

improvement projects. 
3. 	Overcome the financial resources constraint by providing local and foreign 

currency funds for the purchase of raw materials and plant equipment and 

supplies necessary for proper plant operation. 

Issue
 

Reducing new ammonia/urea plant construction time and attaining satis

factory plant operating rates.
 

Policy Options
 

1. 	Improve overall project development and implementation procedures.
 

2. 	Improve coordination between involved government agencies and external
 
organizations supplying financial, technical, and project management
 

assistance.
 

3. 
Staff new plants with a core of experienced management and operating
 

personnel from existing plants. 
 Provide on-the-job training for other
 
technical personnel well in advance of new plant startup.
 

PHOSPHATE PRODUCTION
 

Issue
 

Developing a cost-effective national phosphate supply system founded
 
on maximum domestic production of lowest cost, agronomically suitable phosphate
 
fertilizers supplemented by minimum cost, agronomically acceptable phosphate
 

product imports.
 

Policy Options
 

1. 	Initiate a comprehensive study of the technical and economic feasibility of
 
alternative phosphate supply schemes including the following:
 
a. 
 Alternative methods for the domestic production of triple superphosphate
 

(TSP) including the manufacture of a semigranulated versus fully granu

lated product.
 

b. 	 The agronomic suitability and domestic production of DAP.
 
c. 	 The agronomic suitability and domestic production of PAPR products.
 
d. 
 The use of phosphate rock as a direct application form of phosphate.
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e. 
 Comparison of the economic feasibility of importing alternate phosphate 
products versus domestic manufacture.
 

issue
 

Increasing TSP production from existing units by removing manpower,
 
physical, and financial constraints.
 

Policy Options 
1. 	Expand and intensify manpower development and training programs.
 
2. 	Complete Chittagong rehabilitation program.
 
3. 
Provide funds for purchase of raw materials and plant supplies.
 

POTASH SUPPLY
 

Issue
 

Implementing a cost-effective import program for lowest cost, agrc!
nomically suitable potash fertilizer.
 

Policyj tions
 
1. 	Continue present supply policy of importing lowest cost, standard grade
 

muriate of potash for general use.
 
2. 	Devise improved procurement and import management programs (see section
 

on Fertilizer Import Policy).
 

SULFUR SUPPLY
 

Issue
 

Developing economical 
sources of agricultural sulfur.
 

Policy Options
 
1. 
Implement a study of the technical and economic feasibility of applying
 

known processes for converting sulfur in waste gypsum to usable forms of
 
agricultural sulfur.
 

2. 	Determine areas of potential 
use for elemental sulfur and of sulfate of
 
potash and sulfate of potash magnesium as dual sources 
of 	sulfur and potash.
 

3. 	Promote the expanded recovery and 
use 	of gypsum where agronomically feasible.
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FERTILIZER I[PORTS 

Issue
 

Improving procurement planning and purchasing practices to lower cost
 

and foreign currency expenditures.
 

Po ic 1_Options 

I. 	Implement training programs 
to upgrade the expertise of import procurement
 

personnel in all aspects of world market fertilizer purchasing and shipping.
 

2. 	Develop annual import schedules in accordance with overall marketing and
 

sourcing plans.
 

3. 	Improve coordination procedures with fertilizer donor agencies to facilitate
 

import planning and scheduling.
 

4. 	Purchase fertilizers from lowest cost sources 
during off-peak seasons in
 

supplier-country.
 

5. 	Ship in most economical cargo lots commensurate with port receiving, handling,
 

and storage capabilities.
 

6. 	Improve superintendence procedures to 
assure quality and quantity control.
 

Issue 

Developing import management strategies to lower cost and conserve
 

foreign exchange.
 

Policy Options
 

1. 	Import lowest cost, agro-economically desirable fertilizer products.
 

2. 	Import DAP in place of TSP to reduce urea 
import costs during periods of
 

domestic urea supply deficit, when international market price relationships
 

of DAP, TSP, and urea are favorable. In periods of exportable urea surpluses,
 

import DAP to generate foreign exchange when market conditions permit.
 

3. 	Continue to import standard grade MP as 
general purpose potash fertilizer.
 

4. 	Maximize the importation of fertilizers in bulk form. Implement lowest
 

cost bulk unloading and bagging strategies.
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FERTILIZER MARKETING AND DISTRIBUTION 

Under the New Mlarketting System (NMS), increases in farmer access to
 
and use of fertilizer 
and economies of distribution were to be achieved by
 
transferring most 
 of BAIDC's local marketing functions and associated costs to
 
private 
 retail dealers. The BADC's marketing role was transformed to that of
 
wholesaling fertilizers 
 to dealers from a greatly reduced number of strategically 
located fertilizer distribution points. Significant progress has been made in 
meeting the objectives of the NIS, but 
constraints to 
full-scale implementation
 

rema i n. 

FERTI LiZER IIARKET] NG 

Near term fertilizer marketing policy should concentrate on implementing 
the NNS and improving its operational efficiency. Also, policy direction is
 
needed for onger range development and improvement of the fertilizer marketing
 
system. 

Issue 

Reduction of BADC marketing costs by decreasing primary distribution
 
point (PDP) sales points to minimum number required to provide dealers and
 
farmers with needed fertilizers 
in a timely and cost-effective manner.
 

Policy Options 
1. Continue to enforce current 
thana sales center (TSC) closure policy.
 
2. Restrict operation of TSCs to remote areas and locations where retail
 

dealer cannot provide proper farmer service.
 

Issue
 

Improving PDP operational efficiency, and lowering BADC and dealer
 
costs, by hastening dealer order processing and lifting time.
 

Policy Options
 

1. Allow PDP storekeepers 
to process orders without prior approval by Thana
 

Inspectors.
 

2. Increase minimum lifting quantities.
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Issue
 

Ensuring timely supply of desired fertilizers at PDP warehouse level
 

to meet consumer demand.
 

Policy_Options 

1. 	 Improve short- and long-range market demand forecasting and planning 

techniques.
 

2. 	Develop improved annual market plan and monitor performance against plan.
 

3. 	Expedite implementation of recently developed stock control and accounting
 

system.
 

Issue
 

Expanding the dealer's role in stimulating fertilizer sales by improved
 
and expanded technical assistance and market development programs.
 

Policy Options
 

1. Expedite ongoing dealer development and training programs to enhance business
 
management, sales promotion, and farmer servicing skills.
 

2. 	Restructure scale of dealer commissions to provide appropriate financial
 
incentives. Institute volume and seasonal discounts to promote off-season
 

movement. 
3. Provide short-term loans to finance fertilizer inventories. Develop programs
 

to encourage dealers to extend short-term credit to farmers.
 

4. 	Expedite organization of competitive wholesale dealer network.
 
5. 	Simplify dealer registration procedures and ease record keeping and inspec

tion regulations to encourage new dealer registration and enhance dealer
 

performance.
 

6. 	Develop a dealer trade association.
 

7. 	Institute dealer awards to recognize 5uperior performance in sales and
 

farmer service.
 

Issue
 

Increasing the effectiveness of the NMS through functional and staffing
 

adjustments in the organization of BAL..s Supply Wing.
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Pol i Cy OLti otis 
1. Provide full personnel and material support to BADC dealer development and
 

training function. 

2. Establish and staff appropriate credit function to develop and carry out 

dealer and farmer credit programs. 

3. 	 Strengthen BADC's marketing planning and monitoring functions. 
4. 	Expand BADC dealer service and farmer assistance programs; coordinate
 

latter with MAF extension service.
 

FERTILIZER DISTRIBUTION 

Issue
 

Making the most effective use of existing transportation facilities.
 

Polic X Opt ions 
1. 	Plan movements well in advance and on a regular basis around the year from
 

production units or points of import to PDP level.
 

2. 	Improve transport procurement and contracting procedures 
on 	basis of regular
 

movement schedules. 

3. 	Collaborate with Bangladesh Chemical Industries Corporation (BCIC) and
 
Bangladesh Railways in developing and operating the unit train system as
 
envisaged under the World Bank fertilizer distribution improvement project.
 

Issue
 

Improvement in planning and control of fertilizer movements and stock
 

levels.
 

Policy Options
 

1. 	Implement IFDC-recommended inventory control and stock accounting procedures.
 
2. 	Develop centralized marketing and distribution data center.
 
3. 	Develop central control unit to plan and coordinate all transportation and
 

storage activities on the basis of regular movement and stock-building plan
 

at PDP level to meet forecast requirements.
 

Issue
 

Improvement in operating and design features of PDP warehouses.
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Policy Options
 
I. 	Modify, as needed, and implement IFDC-recommended warehouse management
 

program.
 

2. 	Improve plant operating control and security by limiting access 
to working
 

areas.
 

3. 	Provide all-weather loading/offloading areas and lighting to permit continuous
 

operation.
 

4. 	For new construction, re-evaluate the need for the type of auxiliary structures
 
at PDP sites. 
 Re-evaluate warehouse roof design and construction.
 

5. 	Re-evaluate ventilation provisions and procedures for warehouses in which
 

urea is to be stored.
 

Issue
 

Encouraging provision of warehousing at village and retail level to
 
receive full load consignments.
 

Policy Options
 
1. 	Provide financial incentives for constructing fertilizer storage facilities.
 
2. 	Develop appropriate designs for village and retail level warehouses.
 

FUTURE DEVELOPMENT OF THE FERTILIZER SUPPLY SYSTEM
 

Issue
 

Improving the operational efficiency of the overall Bangladesh fertilizer
 
supply system to assure timely availability and expanded and efficient use of
 
fertilizers at least cost to the GOB and the nation's farmers.
 

Policy Options
 

1. 
Initiate a study of the practicability and potential improvements in overall
 
supply system efficiency and cost which would result from integrating
 
production and marketing/distribution functions 
now handled by separate
 

government organizations.
 

2. 
In line with current GOB thinking, study the feasibility and potential
 
benefits of various approaches to transferring the marketing function and/or
 

the production function to the private sector.
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I. SUMMARY AND CONCLUSIONS
 

Bangladesh agricultural development planning is keyed to achieving
 
self-sufficiency in foodgrain production to 
overcome the persistent and
 
pervasive food shortages that have plagued the nation. 
Despite intermittent
 
periods of record output 
in recent years, crop production has failed to keep
 
pace with the needs of a burgeoning population. Agricultural productivity in
 
Bangladesh 
ranks among the lowest in the world. Yields of rice, its premier
 
foodgrain, are 
about 50% of the average yield in Asia. 
Most of its arable land
 
is being cultivated, but only about one-half of it is double-cropped. Increases
 
in crop production will have to be achieved through more intensive land 
use and
 
management and will require greater reliance on improved technologies and farm
 

inputs.
 

The Medium-Term Foodgrain Production Plan (MTFPP), prepared as 
the
 
blueprint. for attaining foodgrain self-sufficiency by 1985, attempts 
to in
troduce a needed dimension of order to the management of the longer term and
 
more technologically oriented development of the nation's largely subsistence
type agriculture. It.recognizes the constraints that have limited crop pro
duction in the past and presents programs and budgets for meeting its production
 
targets of 17.5 million tons of rice and 2.5 million tons of wheat. 
 The combined
 
foodgrain production target of 20 million tons 
is about 7 million tons higher
 
than production in 1977/78, the benchmark year.
 

Essentially all of the new production is to be derived from more
 
intensive use of land currently under cultivation through major expansions in
 
the 
use of irrigation, improved varieties, fertilizers, and other inputs. 
 Over
 
one-half of the increase in production is related to improved and expanded water
 
control. Irrigated acreage is to be doubled to 7.2 million acres, and drainage
 
and flood control improvements are 
to be applied to 2.0 million acres. Institu
tionally supplied high-yielding variety (HYV) seed is expected to show a tenfold
 
increase to about 58,000 tons. 
 Fertilizer use is projected to more 
than double
 
to about 1.9 million tons in 1985. 
 The extent to which the ambitious objectives
 
of the MTFPP can be achieved will be dependent on how effectively the necessary
 
resources and management skills can 
be assembled and applied. The prognosis,
 
which is not favorable, is discussed in a succeeding section that deals with the
 
implications of MTFPP input policies.
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FERTILIZER USE
 

Despite significant increases in recent ye.rs, fertilizer use 
in
 

Bangladesh is low compared with that of many other Asian countries. Approximately
 

65% of the nation's farmers use fertilizers. About 50% of the planted acreage is
 

fertilized; average use is about 0.9 maunds of nutrient per acre of fertilized
 

area. 
 Less than half of the cultivatable acreage is double-cropped. Based on
 
current fertilizer recommendations, which are subject to review, farmers who use 
fertilizers could profitably increase the use of nitrogen (N) by 50%-90% anu
 

potassium (K) by 25%-40%, except for Boro paddy and wheat, which appear to be
 
fertilized at near recommended levels. Given current usage levels and limited
 

cropping intensity, the potential for expanding fertilizer use and raising crop
 

production is good. 

Fertilizer use can be increased by the application of policies which
 
relax or remove those constraints that prevent the farmer from realizing the
 

full economic benefits of proper fertilizer use. In Bangladesh, a major impedi
ment to expanded and efficient use of fertilizer is the lack of a reliable and 
organized agrononic data base on the crop and site-specific factors that dictate 
the nature of the crop response function and thus determine the economic optimum 

level of fertilizer use on farmers' fields. 

To stimulate fertilizer use, government policy instruments are needed
 
to strengthen programs to generate, organize, and disseminate crop yield response
 

and related fertilizer use information and thus to guide farmers in the most
 

efficient and rewarding use of fertilizer. A summary of recommended fertilizer
 

use policies and strategies follows.
 

Agronomic Data Base Development
 

To develop the necessary agronomic data base, the vature of the crop
 
yield response function must be more fully determined under the wide variety of
 
farm-level crop production conditions which apply to the principal crop growing
 

areas.
 

To resolve this issue, it is recommended that the Government of the
 
People's Republic of Bangladesh (GOB) accelerate the development of a policy
 

calling for the mobilization of the nation's agricultural research institutions
 

and resources into a national, coordinated soil fertility and fertilizer use
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p)rogram. This endeavor would have as its objectives (1) assessing the existing
 
agronomic knowledge base and (2) developing and implementing basic and farm-level
 
research programs to generate and codify information needed to characterize the
 
nature of the crop response functions under varying farming conditions.
 

Implementing the proposed soil 
fertility and fertilizer use program,
 
based in part 
on the data base assembled for this 
report by Bangladeshi and
 
International Fertilizer Development Center (IFDC) scient.sts, 
entails the
 

following strategies and/or methodologies:
 

1. 	Soil Classification--Expand and accelerate soil classification at the
 

series and type level; prepare thana-level soil series maps.
 
2. Crop Production--Determine and codify crop production capabilities of land
 

areas on 
the 	basis of identified soil series groups, 
land forms, degree of
 
water control, and suitability for different crop varieties.
 

3. 	Nutrient Usage--Determine or 
confirm the need for individual fertilizer
 
nutrients, including basally applied nitrogen (N) and phosphorus (P) in the
 
form of diaimmonium phosphate (DAP), under identified crop production situa

tions by conducting fertilizer trials in farmers' fields.
 
4. 	Crop Response Function--Establish response functions for principal crops
 

under prevailing crop management practices. 
Develop information on economic
 
optimum levels of fertilizer use 
under identified farming conditions.
 

5. 	New Nutrient Sources--Investigate at the experiment station and farm levels
 
the effectiveness of new or 
improved fertilizer materials under differing
 
methods of placement and timing and develop yield response 
curves accordingly.
 

Evaluate tested materials in terms 
of cost, returns, and farmer acceptance.
 

Nutrient source evaluations 
should include (a) urea (including large granule
 
type) placement for rice, (b) phosphate rock (PR) and partially acidulated
 
phosphate rock (PAPR) on acid and neutral soils, 
(c) suitability of alterna
tive sulfur sources for various soils, and (d) zinc, where needed.
 

Fertilizer Recommendations
 

Agro-economically sound fertilizer recommendations are 
a basic tool in
 
promoting the efficient and profitable use of fertilizer. They generally influence
 
the quantity of fertilizer the farmer will 
use and, hence, his level of crop
 
production. Although significant progress has been made in developing fertilizer
 

recommendations, further refinements appear necessary.
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The main issues concerning improvement of current fertilizer 
recom
mendations relate to (1) the lack of consideration of localized crop production
 
conditions, i.e., fertility status of soils and practical levels of farm management,
 

in stratifying farmers' fields on which fertilizer trials are conducted and from
 
which generalized recommuendations are determined, (2) limitations in the design
 
of some field trials which preclude estimation of crop response curves and lead
 
to the development of recommended rates 
and cost/benefit ratios Irom selected
 
treatments, and (3) the use of improper fertilizer and crop prices in the deter

mination of cost/benefit relationships.
 

Additionally, questions have been raised concerning the need for basal
 
applications of N, as it affects the possible use of DAP for rice, and the now
 
universally recommended need for P and K for all crops on all soils in Bangladesh.
 
Zinc and sulfur deficiencies have only recently been observed and further trials
 
are required to establish recommendations for these elements.
 

To surmount the fertilizer recommendation constraint to increased
 
efficiency of fertilizer use 
it is suggested that a permanent committee on
 
fertilizer recommendations be appointed by the Bangladesh Agricultural Research
 
Council 
(BARC) to develop procedures and formulate fertilizer recommendations.
 

Subcommittees would be appointed to establish recommendations on a regional and
 

crop basis.
 

The following strategies are suggested to guide the development of
 

improved recommendations:
 

1. 	Classify the various crop production conditions, e.g., crop species and
 
variety, season, soil properties, water control, climate, and practical
 

management limitations, which apply nationwiJe.
 
2. 	On the basis of soil and/or plant analyses and field trials, delineate the
 

areas and crop production conditions under which responses to an applied
 

nutrient are obtained.
 

3. 	Determine, from tests on farmers' 
fields, crop response functions for
 
varying rates of application for different nutrient sources and methods and
 

times of application under identified cropping conditions.
 
4. 	Prepare crop response functions for localized crop production conditions.
 

'On the basis of local conditions of crop growth and farmer management
 
!.,capabilities, formulate recommended fertilizer: rates for farmer,use-
,by.
 

;locality.
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Fertilizer Technology Transfer
 

Increases in fertilizer use in periods of adequate availability are
 

hindered by the farmer's lack of knowledge of the proper and profitable use of
 
fertilizer. According to a recent IFDC survey, less than 10% of the farmers and
 

dealers queried had been contacted by extension service personnel. Most said
 

that they were in need of technical assistance.
 

Removing or relaxing the technical assistance constraint to the
 
expanded and efficient use of fertilizer will require policy decisions to
 

(1) develop a sound agro-economic data base as noted earlier, (2) develop and
 

implement programs to train extension personnel and fertilizer dealers in
 

assisting farmers, and (3) expand and strengthen extension programs and fertil

izer dealer market development programs to inform farmers of appropriate
 

fertilizer technology.
 

The following strategies are among those needed to implement the
 

expanded technical assistance programs:
 

1. 	Development of Agronomic Data Base--For the longer term, this activity
 

would be vested in the national soil fertility and fertilizer use program
 

suggested above. 
 For the immediate term, available fertilizer use information
 

currently under review should be updated as deemed necessary by BARC and
 

other agricultural research institutes.
 

2. 	Information Preparation--The Directorate of Agriculture, (Extension and
 

Management) (DA[EM]), in cooperation with government agricultural research
 

institutes, would prepdre the needed educational materials in the form most
 

useful to extension agents operating at the farm contact level.
 

3. 	Personnel Training--The DA(EM) would develop and carry out programs to
 

train thana- and union-level extension officers in fertilizer use technology
 

and 	 in ways to most effectivel y transfer moderrn agriculLiral .(Lehiol ogy t, 

farmers. The DA(EM), in cooperation with the Bangladesh Agricultural
 

Development Corporation (BADC) training officer, would provide similar
 

training to fertilizer dealers.
 

4. 	Farmer Education--Fertilizer demonstrations, farmer meetings, and field
 

days would be made regular features of DA(EM)'s extension and BADC's market
 

development programs; all should involve active farmer participation.
 

5. 	Other Extension Activities--The DA(EM), BADC, and agricultural research
 

institutions would maintain liaison and cooperate with the Food and
 

Agriculture Organization (FAO) of the United Nations, the World Bank, IFDC,
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and 	other international agencies that 
are or may be engaged in fertilizer
 

extension and promotion activities.
 

Organic Fertilizers
 

Analyses of the IFDC/BARC farm survey data indicated the following in
 
regard to the current status of organic residue use:
 

I. 	The overall use of farmyard manure, compost, and ashes as fertilizers is
 

very low; use in 1979/80 averaged about 21.3 md/acre.
 

2. 	The use varied considerably across seasons and crops; usage was greater in
 

the 	Aus season than in the Boro or Aman seasons.
 

3. 	The impact of organic manures on crop yields was substantially smaller than
 
that of chemical fertilizers; the use of the latter i4areased yields between
 

10 and 100 times that of the organic manures.
 

4. 	Farmers use organic materials as a supple-jent to rather than as a substitute
 

for commercial fertilizers.
 

Given the restrictions in expanding future supply and the need 
to use
 
animal dung as 
fuel, the use of organic manures is expected to remain small and
 

to have little impact on crop production.
 

Although the crop production potential of recycling organic residues
 
is limited, it is suggested that government policies encourage the farm-level
 
use of organic crop residues and village wastes as part of its overall resource
 
conservation policy. The following strategies would support the expanded or
 

more efficient use of organic manure:
 

1. 	Evaluate the quantities and composition of organic materials potentially
 

available and actually used by farmers.
 

2. 	Promote the conservation and use of organic fertilizers as a complement to
 

sound agricultural input usage.
 

3. 	Monitor, over the long term, changes in the soil organic matter level to
 

identify both areas of depletion and accumulation.
 

Fertilizer Demand Projections
 

Reliable estimates of future fertilizer demand are necessary prerequi
sites to planning future fertilizer supply, marketing and distribution strategies,
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infrastructure requirements, and 
resource allocat-.is. Fertilizer nutrient con
sumption has increased from about 145,000 mt in 1970/71 
to 413,000 mt in 1980-81.
 
Growth in usage, which has been closely related to supply availability, has been
 
very erratic. In the past 3 years, increases in usage have declined somewhat
 
from the average annual growth rate of about 11%, which had been experienced over
 
the past decade as a whole.
 

The main policy issue relates to the reliability of the projected
 
fertilizer demand estimates that are being used as 
the basis of forward fertil
izer supply and distribution planning in Bangladesh. 
 The IFDC estimates of the
 
1989/90 total nutrient demand are about 30% 
lower than the GOB estimates for
 
that period. 
According to the IFDC projections, 1989/90 demand is forecast at
 

545,000 mt N; 266,000 mt P205, 
and 60,000 mt K20. The corresponding GOB Planning

Commission estimates, as derived from projections of individual fertilizer product
 
demand, are 644,000 mt N, 460,000 mt P205 , and 120,000 mt K20. The lower FDC
 
projections are supported by data derived from the IFDC/BARC farm survey discussed
 
later. 
The demand projecticns of other Bangladeshi forecasters vary widely
 
depending on 
the time and method of forecast preparation.
 

The reliability of Bangladesh fertilizer demand forecasts 
can be
 
enhanced by improving both the data base and mechanisms used in projecting
 
fertilizer demand. 
 The following broad strategies are suggested:
 
1. Designate a single agency to prepare fertilizer supply and demand projections.
 
2. 
Improve processes for collecting and recording relevant and reliable data
 

on a consistent and continuing basis.
 
3. 
Train fertilizer market planners concerning the nature and practices of the
 

fertilizer industry and the fertilizer market on which analyses and fore

casts are based.
 
4. 
Train fertilizer analysts and market planners in data processing and
 

fertilizer demand forecasting methods.
 

Fertilizer Allocation
 

When fertilizer supplies are adequate, there is no need to allocate
 
fertilizer. Free-market forces will influence marginal returns from fertilizer
 
use 
and dictate the pattern of use by farmers. When food and fertilizer are in
 
short supply, both marginal returns from fertilizer use and minimum crop require
ments should be considered, taking into account national and regional economic,
 
social, and political factors.
 

http:allocat-.is
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The main policy issues in developing a fertilizer allocation system 

based on marginal return rankings, by crop and by region, are (1) establishing
 

minimum crop production requirements for all crops and regions and (2) expanding 

the crop response data base to permit the determination and rankings of produc

tion increases from the increi.enta] use of plant nutrients for all crops under 

various crop growing .onditions. Policy decisions are necessary to generate the 

data needed to develop a fertilizer allocation system which will provide maximum 

production of targeted crops from minimum levels of plant nutrient use.
 

Analysis of Selected Agricultural Development Policies
 

The data generated from the IFDC/BARC in-depth farm survey were analyzed
 

to assess the degree to which the crop production goals and other input targets
 

of MTFPP might be achieved. The conclusions drawn from these analyses follow.
 

Jlrition Potlicy 

The proposed doubling of irrigated area (from 3.6 to 7.2 million
 

acres) could increase average paddy and wheat yields by about 17.25%. About
 
0.5% would'be attributqd to the direct effect of irrigation. About 14.50% and
 

2.25% would be attributed to the 100% and 31.6% increase in the use of HYV seeds
 
and fertilizer, respectively, which result from the 
increased area under irrigation.
 

If one-half of the newly irrigated area (3.6 million acres) is sown to foodgrains
 

each season, the total area cropped annually would increase by 20%, leading to a
 
corresponding increase of 20%o in total paddy and wheat production and a 20% in

crease for the demand for HYV seeds and fertilizer.
 

By 1984/85 the cumulative impact of the MTFPP irrigation policy would
 

be a 120% increase in the use of HYV seeds, a 51.6% increase in fertilizer
 

demand, and a 37.25% increase in paddy and wheat production in Bangladesh.
 

Clearly, implementation of the MTFPP irrigation policy will not accomplish the 

53% gain in foodgrain output needed to meet the 20 million ton goal set for 

1984/85. Also, under the proposed irrigation policy, fertilizer demand will 

fall short of the 126% gain to 1.9 million tons envisaged under the MTFPP.
 

Likewise, the use 
of HYV seeds will not reach the 58,000 ton level predicted for
 

1984/85.
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Drainage and FloodControl Policy 
The NTFPP policy to improve water control 
on about 2 million acres, or
 

20% of the land affecting Aman and Aus crops, 
is expected to increase the use
 
of HYV by about 19.4%, fertilizers by about 5.0%, and foodgrain yields by about
 
1.5%. 
Larger increases in foodgrain production would be expected if this 
water
 
control policy were to have au 
effect on the total area 
sown to foodgrains in
 
the Aman and Aus seasons.
 

HYV Seed Use Policy
 

Under the ITFPP, significant increases in crop yields 
are ascribed to
 
the continued switch from local traditional varieties to HYV seeds. 
 The overall
 
increases in average yields prompted by the past increased use of HYV seeds have
 
begun to taper off as more marginal land has been brought under HYV cultivation.
 
Indigenous research to 
develop HYV seed varieties more suitable for Bangladesh
 
soil, water, and climatic conditions must be an 
important component of longer
 
term crop production policy. 
 In the short term, policies must be designed to
 
provide a timely, adequate, and cost-effective supply of HYV seeds to farmers to
 
meet the 140% increase in demand expected to result from the implementation of
 
the MTFPP irrigation and water 
 control strategies. The development of improved 
crop varieties could aid in sustaining crop yields even 
in the absence of
 
improved irrigation and other water control measures.
 

Fertilizer Use Policy
 

On the basis of fertilizer demand elasticity estimates developed from
 
the IFDC/BARC farm data, 
the proposed doubling of irrigated area under the MTFPP
 
is expected to increase fertilizer demand by 31.6%, about 10.5% directly as a
 
result of irrigation and 21.1% 
from the increased use of HYVs. 
 Assuming that
 
this increase in irrigated area 
brings about a 20% gain in total area cropped
 
annually, then fertilizer demand would grow by 
an additional 20%. 
 The overall
 
effect of the MTFPP irrigation policy would be a 51.6% increase in fertilizer demand.
 
An additional 5.0% increase in fertilizer demand is expected from the application
 
of improved drainage and flood control measures. Implementation of the MTFPP
 
irrigation and improved water control strategies is thus expected to increase
 
fertilizer demand by 56.6% in 1984/85, about one-half of the 126% increase in
 
demand postulated under MTFPP.
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Fertilizer and Oui !!t Price PoIio
 

Fertilizer and foodgrain price policies affect the use of fertilizer,
 

other inputs, and foodgrain yields by providing or denying incentives to farmers
 

to grow crops. In Bangladesh, farm-level foodgrain prices are affected by, among
 

other factors, the level of procurement prices set by the government and the
 

level of existing foodgrain stocks. In addition to the government price procure

ment policy aimed at supporting the farm price of rice, Bangladesh also has
 

subsidy policies on fertilizers and other inputs. Both policies seek to provide
 

incentives t farmers to increase crop production. With respect to fertilizer
 

price, current government policy is geared toward continued progressive elimina

tion of the fertilizer subsidy. According to the IFDC/BARC farm survey data,
 

the subsidy reduction policy has caused the farm-level fertilizer/paddy price
 

ratio to increase from about 1.2 in the 1979 Aman season to about 1.8 in the
 

1980 Aman season.
 

The lack of appropriate estimates of output supply price elasticities
 

and elasticities of supply with respect to fertilizer price precludes the evalu

ation of the impact of given output and/or fertilizer price policies on foodgrain
 

production in Bangladesh. However, fertilizer demand elasticity estimates
 

derived from the IFDC/BARC study indicate that changes in the fertilizer/paddy
 

price ratio have a significant impact on fertilizer demand and, thus, foodgrain
 

production. The 3-season average fertilizer demand elasticity estimate with
 

respect to the fertilizer/paddy price ratio was -1.02.
 

Agricultural Credit Policy
 

The problem of availability of credit and the cost of credit are
 

serious constraints to the increased use of fertilizer and other production
 

inputs and, therefore, they limit crop output. Credit availability has increased
 

in recent years but expanded use has been hampered by problems in the delivery
 

system. The IFDC/BARC farm data reveal that (1) the number.of farmers using,
 

institutional agricultural credit is small, lessthan:.6;, (2) the use of"agricul

tural credit varies considerably by geographical region and crop season; (3)use
 
of credit is positively correlated with farmer ownership of land and physical
 

assets, with larger farmers having the-highest credit use; and (4) the use of,
 

credit had a small but statistically significant positive influence on the use
 

.of
fertilizer.
 

http:number.of
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The low level of credit use and the relatively low levels of use o.
 
fertilizer and other inputs by farmers suggest that improvements in the avail
ability and (I 1very of credit could enhance farmer use of modern farm inputs 

and stimulate crop production. 

Employment Policy 

The MTFPP attempts to 
reduce the alarmingly high rate of unemployment
 
which afflicts the rural society. The analyses of IFDC/BARC farm data indicate
 
that implementation of the MTFPP irrigation and drainage and flood control
 
strategies could increase the employment of farm labor by about 30.3%. 
It is
 
expected that implementation of these policies would also have 
a beneficial
 
effect on employment of off-farm labor: 
 Increased employment would result from
 
the marketing and distribution of additional quantities of fertilizers and
 
other agricultural inputs and outputs.
 

FERTILIZER SUPPLY
 

Increased production and a slackening in the rate of increase of
 
demand in the past two years have acted to diminish, somewhat, Bangladesh heavy
 
dependency on imports for its fertilizer supply. 
In 1980/81 domestic production;
 
accounted for about 56% of the total supply of approximately 769,000 nit of-all
 
products procured by BADC. 
 In that year, about 337,000 mt, valued at about
 
US $98 million, was imported.
 

The main fertilizer supply issues confronting Bangladesh are
 
(1) increasing local production, based on indigenous raw materials, to increase
 
fertilizer self-sufficiency and (2) effecting more cost-effective import supply
 
programs. Both strategies support the national fertilizer supply objective of
 

reducing foreign exchange outlays for fertilizer.
 

Fertilizer Production
 

Fertilizer Raw Materials
 

Bangladesh possesses recoverable reserves of natural gas estimated at
 
about 9.6 trillion ft3 . Gas is produced from four fields in the east to supply
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ammonia plants at Ghorar'al, Fenchuganj , and Ashuganj. A new field is to be 
developed at Bakhrabad to 
supply ammonia plants planned for Chittagong. Gas
 
reserves are believed 
to be adequate to support planned ammonia capacity, but
 
use 
is confined to immediate production areas for lack of an adequate trans
mission system. Disruptions in gas supply have reduced ammonia production at
 

Ghorasal.
 

To assure a continuing and reliable supply of natural gas 
to existing
 
and planned ammonia plants, 
the 	following measures should be considered:
 
1. 	Assessing natural gas policy with the objective of setting priorities for
 

gas use based on its economic value for alternative uses.
 
2. 
Expanding exploration programs, particularly in the western regions of the
 

country, to seek and develop new reserves.
 

3. Improving and expanding the natural gas delivery system to broaden the area
 

of present and potential gas use.
 

Nitrogen
 

Urea is the predominant nitrogen fertilizer made and used in Bangladesh.
 
In 1980/81, BADC procured 358,000 mt of urea 
from the Bangladesh Chemical
 
Industries Corporation (BCIC) and 64,000 mt from imports; the c. 
& f. value of
 
the latter was about US $15 million. Because of production economies associated
 
with indigenous natural gas use, urea will undoubtedly remain the mainstay of
 
nitrogen supply in the future. 
 Small quantities of domestically produced
 
ammonium sulfate and increasing quantities of imported DAP are also used. 
The
 
use of DAP may become more important in the immediate future.
 

Urea is produced at three plants: 
 Natural Gas Fertilizer Factory
 
(NGFF) at Fenchuganj; Urea Fertilizer Factory (UFF) at Ghorasal; and Zia
 
Fertilizer Chemicals, Ltd. (ZFCL) at Ashuganj. 
 These plants have a combined
 
installed capacity of 874,000 mt. 
 In 1980/81 combined production from NGFF and
 
UFF was about 315,000 mt. The ZFCL plant was commissioned in December 1981.
 
Production in 1981/82, including ZFCL, is projected at 618,000 mt. 
 Production
 
at NGFF and UFF has been unacceptably low; capacity utilization rates have
 
averaged less than 60% 
in the past decade. Despite low operating rates, the
 
reported cost of domestically produced urea, based on low-priced natural gas, 
is
 
below the cost of imported urea. 
 Two new urea plants with a combined annual
 
capacity of about 610,000 mt are planned for Ghorasal and Chittagong; additional
 
capacity at other locations is being discussed. Additionally, a 525,000 mtpy
 
export-oriented plant is being planned for Chittagong.
 



27
 

The 	GOB nitrogen supply policy calls 
for achieving urea self-sufficiency
 
and developing an export capability by upgrading existing facilities and construct

ing new plants to use indigenous natural gas.
 

To successfully implement this policy, it will be necessary to develop
 
sound projections of domestic market demand and cost-effective product mix 
to
 
satisfy this demand; overcome 
the human, physical, and financial constraints to
 
operation of existing plants; 
and facilitate the planning, organization, and
 
execution of new plant construction programs.
 

The following strategies are recommended to enhance nitrogen supply:
 
1. 	Market Demand and Product Mix Determinations--Improve market demand pro

jections by following previously given recommendations. Devise marketing
 
and supply strategies that use imported DAP, to the extent that it is agro
economically feasible to do so, to replace a portion of the N and P20.5 
now
 
provided as urea and triple superphosphate. Granular urea should be the
 

product of choice for new plants. 
2. 	Human Resources--Upgrade management and worker skills by expanding and 

strengthening training facilities, programs, and worker participation.
 
Stem the outflow of experienced technical personnel and thus assure needed
 
expertise by improving worker incentives, imposing time minimums as a con
dition of employment, restricting worker departures, and/or training larger
 

numbers of technicians.
 

3. 	Plant Improvement--Provide full government support to the World Bank and
 
other donor agencies that sponsor plant rehabilitation programs and seek to
 
improve plant production by (a) providing for equipment replacements and
 
additions, (b) modifying plant processes, (c) improving maintenance, and
 
(d) increasing reliability of raw materials and utility supplies.
 

4. New Plant Construction--linimize plant construction time and attain suitable
 
operating rates by improving the coordination processes entailed in 
new
 

project development, with or without donor assistance.
 

5. 	Financial Resources--Take steps to provide, on a timely basis, local and
 
foreign currency funds to purchase raw materials and plant supplies required
 
to assure continuous and high-level plant performance.
 

Phosphate
 

Triple superphosphate (TSP) of domestic and imported origin is the
 
main phosphate fertilizer used in Bangladesh. In 1980/81, BADC purchased
 
74,000 mt and 194,000 mt of TSP from BCIC and foreign sources, respectively.
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The 	1980/81 c. 
& f. value of imported TSP was about US $61 million. Lesser
 
quantities uf DAP and minor amounts of ground phosphate rock 
(GPR), both im

ported, are also used. In 1980/81 about 36,000 mt of DAP was 
imported; the
 
c. & f. value was approximately US $13 million.
 

The TSP is produced at Chittagong in two units with a combined annual
 
design capacity of 152,000 mt. Production is based entirely on imported sulfur
 
and phosphate rock. The TSP plant performance has been poor. Plagued by equip
ment failures, excessive maintenance downtime, and raw material and power supply
 
outages, capacity utilization rates have averaged about 30% during the past
 
5 years. In 1979/80 production reportedly reached a record high of about
 
71,000 mt. The TSP production cost in 1979/80 exceeded the c. & f. value of
 
imported TSP. 
 The Chittagong units are to be rehabilitated under a donor assist
ance program in 1982/83. Plant equipment and utility supplies are to be improved,
 
and a granulation unit is to be installed. 
Annual production, reported to be
 
increased to 110,000-120,000 mt, will 
fall far short of projected market demand.
 

Current phosphate supply policy is aimed at increasing domestic produc
ion by rehabilitating the Chittagong facility and alleviating the human, physical,
 
and 	financial constraints associated with past TSP production. As in the case
 
of nitrogen production, the strategies to 
overcome these constraints to production
 
include (1) expanding and intensifying manpower development facilities and
 
programs, (2) expediting plant rehabilitation programs, and (3) providing funds
 
to purchase needed raw materials and plant supplies.
 

An IFDC report, prepared as a background paper for this study, raises
 
serious questions relating to the 
course and adequacy of current phosphate
 
supply policy. Based on a preliminary review of the economics of current and
 
alternative phosphate supply schemes, it recoraends a thorough study of several
 

alternative phosphate supply systems:
 

1. 	The local production or import of agronomically suitable phosphates, such
 
as 
PAPR, which may be more cost effective than TSP.
 

2. 	More economical methods for producing TSP.
 

3. 	The import of DAP in place of TSP.
 
4. 	Producing a semi-granular rather than a fully granulated TSP as presently
 

contemplated.
 

Potash
 

Muriate of potash (MP) is the sole source of potash used in Bangladesh.
 
All is imported. In 1980/81 imports totaled about 43,000 mt; 
the 	c. & f. value
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was about US $9 million. Because MP is the lowest 
cost source of fertilizer
 

potash available, it is certain to remain the predominant potash source in the
 

future. 

Bangladesh possesses no known potash mineral base to support local 
production; therefore, the potash supply policy should be focused on implementing 

cost-effective import programs for agronomically suitable potash materials. 
 It
 

is recommended that the present policy of importing standard grade MP, the lowest 
cost yet agronomically suitable form of fertilizer potash, be continued.
 

Sulfur
 

Agronomists have suggested a potential need for about 18,000 tpy of
 

sulfur (S) to counteract recently observed crop deficiencies. Bangladesh has no
 

known reserves of sulfur. A 2-year supply of about 43,000 mt of sulfur is pre

sently available in the waste gypsum that has been produced at the Chittagong
 

TSP complex. 

The IFDC phosphate strategy study referred to earlier also made a preliminary
 

assessment of sulfur sources suitable for use in Bangladesh. This study indicated
 

that ammonium sulfate, made from Chittagong waste gypsum, was the most economical
 

source of agricultural sulfur for use in Bangladesh. The report stresses the
 

need for a more rigorous study of the economic merits of alternative sulfur
 

supply schemes. For the immediate future greater emphasis should be placed on
 

marketing dried gypsum.
 

Fertilizer Imports
 

Nitrogen imports should decline as domestic production is expanded in
 

the years ahead, but the need to import substantial and increasing tonnages of
 

phosphate and potash will continue. Import policy must focus on lowering import
 

costs and foreign currency expenditures through judicious product selection and
 

improved procurement strategies.
 

The main import-related constraints to fertilizer supply are (1) 
a
 

chronic lack of foreign exchange to purchase fertilizers that forces reliance
 

on donor assistance, (2) deficiencies in the procurement process that lead to
 

disrupLions in orderly supply, and 
(3) lack of adequate port facilities that
 

increase the time and cost of handling incoming cargos.
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Foreign Exchange
 

Substantial savings in foreign exchange can be achieved by implementing
 
a policy to import fertilizer products that are least expensive and yet agronom
ically suitable. Recommendations include these product-related import strategies:
 
1. 	Nitrogen/Phosphate--Consider including DAP in future fertilizer supply
 

strategy to 
the degree permitted by prudent agronomic practices. In periods
 
of domestic urea supply deficits, importing DAP in place of TSP will reduce
 
urea 
import needs and lower import costs depending on the price relationships
 
of DAP, TSP, and urea. On the basis of the c. & f. values of urea, TSP, and
 
DAP imported in 1980/81, nearly US $50 may be saved by importing I mt of DAP
 
in place of I mt of TSP and 0.39 mt of 
urea. During periods of exportable
 
surpluses, again depending on product price relationships, consider the
 
importation of DAP and export of 
urea to generate foreign exchange.
 

2. 	Potash--Continue importing standard grade MP as 
the general purpose source
 
of potash. About US $10/mt 
in c. & f. cost might be saved by importing
 
standard rather than coarse grade MP, the next cheapest form.
 

Procurement Practices
 

Import policy obviously must be directed to purchasing fertilizers of
 
defined quantity and quality at 
the lowest delivered cost and effecting timely
 
deliveries of imported materials to satisfy marketing plans. 
 The chief policy
 
concerns to the orderly and cost-effective purchase and delivery of offshore
 

fertilizers are 
(1) the lack of adequate and timely availability of funds which
 
necessitates reliance on donor assistance and introduces elements of uncertainty
 
and confusion into import planning and (2) deficiencies in knowledge of inter
national fertilizer marketing, procurement, and shipping practices on the part
 
of government procurement and planning personnel.
 

The 	following strategies are 
offered to overcome these procurement

related constraints:
 

I. 	Donor Assisted Purchases--Improve coordination procedures; attempt to
 
develop more uniform donor loan and grant agreements to facilitate import
 

planning and purchasing.
 

2. 	Procurement Practices--Develop import programs based on 
(a) scheduling ship
ments from supplier countries in their offpeak seasons when inventories are
 
highest and prices lowest, (b) making shipments in the largest feasible cargo
 
sizes to secure lowest ocean freights, (c) scheduling vessel arrivals to
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coincide with availability of port facilities and in-country storage capacity,
 
(d) purchasing in bulk form, and 
(e) improving superintendence procedures.
 

3. 
International Market Knowledge--(a) Establish and implement training programs
 
covering world market fertilizer sources, pricing structure, sales practices,
 
ocean 
freight, supplier capabilities, etc.. 
and (b) arrange counterpart
 
participation in IFDC procurement consultancy scheduled for the fall of 1982.
 

FERTILIZER MARKETING AND DISTRIBUTION
 

Fertilizer Marketing
 

In Bangladesh the fertilizer marketing and distribution function has
 
been assigned to BADC, an autonomous government entity operating under the
 
jurisdiction of the Ministry of Agriculture and Forests (MAF). 
 BADC bears the
 
responsibility for procuring, distributing, and selling virtually all of the
 
fertilizer consumed domestically. Administratively, fertilizer sales are
 
organized on a divisional, district, and thana level.
 

Sales in 1980/81 amounted to about 875,000 tons. 
 In that year urea
 
accounted for about 64% of total sales, TSP about 25%, and DAP and HP about 5%
 
each. 
Viewed regionally, 1979/80 sales were distributed among divisions as
 
follows: Chittagong 31%, Khulna 28%, Dacca 26%, and Rajshahi 15%. 
On a district
 
basis, sales were highest in the Comilla, Dacca, and Chittagong districts, which
 
represented about 15%, 9%, and 8% of national sales, respectively. Fertilizer
 
sales are seasonal and correspond to the three main cropping seasons. 
During
 
1978/79 and 1979/80, annual sales averaged 29%, 32%, and 39% in the Aus, Aman,
 
and Boro seasons, respectively. Fertilizers have been sold to farmers at prices
 
fixed and subsidized by the government. In April 1982 farm-level prices were
 
deregulated on a trial basis in the Chittagong Division., 
The apparent success
 
of the trial program suggests that price deregulation in other divisions should
 
be considered. 
 Prices have risen steadily, reflecting past rises in world
 
market prices and reductions in the government subsidy. Effective July 1, 1982,
 
the prices were as follows: urea 148 TK/md, powdered TSP 110 TK/md, granular
 
TSP 140 TK/md, DAP 148 TK/md, and MP 110 TK/md.
 

In December 1978, BADC instituted a New Marke ting ,System (NMS) ! :on; :a!: :: :: 
trial basis 'in the: Chittagong Division. This system was gradually expahnde': to .a1,,, 
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Divisions in July 1980. 
 The central aim of the NMS is to promote the expansion
 
and equity of fertilizer use by increasing the efficiency of the fertilizer
 

delivery system. Most of BADC's 
local marketing and distribution functions were
 
to be transferred to private and cooperative retail dealers. 
 It was believed
 
that these retail dealers would be more responsive to meeting farmers' needs in
 
a more cost-effective manner than that achieved under the previous heavily
 

public sector-oriented Old Marketing System (OMS).
 

The structure and operation of the NMS were founded on 
the following
 

concepts:
 

1. 	The BADC would confine its saleS LO dealers toga restricted number of
 
primary distribution points (PDPs) and local factories 
rather than to the
 
inordinately large number of thana sales centers (TSCs). 
Retail dealers
 

would bear the cost of transporting purchased fertilizers from the sourcing
 

point to their dealerships and would thereby lower BADC's distribution
 

costs.
 

2. 	Dealer licensing regulations would be liberalized. Any individual or
 
organization could register as a fertilizer dealer and buy and sell fertil

izers anywhere in the country, except in a restricted border area.
 
3. 	Dealer commissions would be adjusted to provide the incentive necessary to
 

aggressively promote fertilizer sales. 
 Quantity discounts would be offered
 

to encourage development of a wholesale dealer apparatus.
 

4. 	Institutional credit programs would be developed to assist dealers and
 

farmers in financing fertilizer purchases.
 

The innovative reforms of the NMS have fostered improvements in the
 
marketing system, but in some 
instances ineffective implement.,tion measures have
 
hindered the realization of the potential benefits of the NMS. 
The main problem
 
areas were failure to close surplus TSCs promptly, lack of product availability
 
and choice, time-consuming dealer lifting procedures, inadequacy of dealer com

missions, erosion of the fertilizer marketing role of TCCAs,,and inadequate
 
dealer and farmer credit delivery systems. Under the NMS, TSC closures have
 
been expedited, dealer commissions modified, and credit systems have been
 

formulated.
 

The 	main fertilizer marketing-related policy considerations relate to
 
(1) removing the constraints that have impeded implementation of the NMS and
 
(2) instituting organizationa. and operational reforms to support and expedite
 

the improved performance of the NMS.
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NMS Implementation
 

The following changes in, or reinforcement of, NMS implementation
 
policy would revitalize the implementation process and improve the efficiency
 

and cost effectiveness of NMS.
 

1. Sales Points--Reexamine the role of the TSC in dealer sales program. 
To
 
reduce operating costs, continue to enforce the present policy directive
 
calling for closure of all TSCs whose sales have declined to less than 50%
 

of OMS volume.
 

2. Order Processing--To expedite dealer liftings 
at PDPs, permit warehouse
 
storekeepers to process orders 
as received instead of requiring prior
 
approval by Thana Ir.pectors. Increase the minimum lifting quantity from
 
I ton to 3 tons to reduce processing and handling time.
 

3. Sales Planning--To provide dealers with the quantities and types of fertil
izers required to satisfy farmer demand, improve short- and long-range
 
market demand forecasting techniques and plans. Coordinate marketing plan
 
supply needs with product sourcing, movement, and storage capabilities.
 

Monitor sales performance against plan.
 
4. Dealer Motivation--To encourage greater dealer involvement in promoting
 

fertilizer sales, continue to examine and restructure the scale of dealer
 
commissions to provide adequate compensation for dealer investeents in time
 
and capital. 
 Provide for volume and seasonal discounts, based on cost
 

reductions to BADC, to promote off-season movement.
 

Expedite implementation of dealer training programs to improve the
 
business management, fertilizer selling, and market development (farmer
 
assistance) skills to enable dealers to expand sales and profits and make
 

fertilizer retailing a financially more attractive business.
 
Continue to cooperate with government and banking authorities in
 

devising and implementing schemes 
for providing dealers with short-term
 
credit to finance fertilizer inventories. Encourage dealers to extend
 

short-term credit to farmers.
 

Institute dealer awards 
to recognize and reward superior performance
 
against established sales and farmer service criteria.
 

Develop closer working relationships between dealers and BADC sales
 
staff; streamline dealer recordkeeping requirements and inspections.
 

5. 
Thana Central Cooperative Association (TCCA)--Encourage continued partici
pation of TCCA in fertilizer wholesaling to foster increased and equitable
 
competition with private sector dealers and thereby improve farmer service.
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6. 	BADC Organization--Adjust the organizational structure and staff to 
support
 
the basic NMS strategy of strengthening the dealer's role in fertilizer
 

marketing. 
 Staff and programs will need to be strengthened to implement
 
pILdnned dealer training and credit activities and to aid dealers in develop
ing intensified fertilizer promotion programs.
 

Strengthen BADC and fertilizer dealer farmer assistance capabilities
 
and programs to complement the extension activities of MAY.
 

7. 	Fertilizer Control--Establish and enforce fertilizer control standards
 
to 
encourage production of ongrade fertilizers and discourage product adul
teration and short weighing at the source and dealer levels.
 

Fertilizer Distribution
 

Distribution System Issues and Options
 

Although local shortages of supply have arisen because of inadequacies
 
in infrastructure and organization, in the past year almost a million tons of
 
fertilizer was distributed throughout Bangladesh.
 

Additionally, over at least the past decade, studies on the Bangladesh
 
fertililizer system and transportation systems have proceeded on a continuous
 
basis. Several major studies have investigated various aspects of fertilizer
 
import, handling, transportation, and storage that affect BADC interests. 
 Con
siderable effort and investment is therefore already committed to improvements
 
of the infrastructure and of BADC facilities and organization. 
There remains,
 
however, the need for considerable additional capital expenditure 
on physical
 
distribution facilities throughout Bangladesh, as well as 
attention to improve
ments in organization and planning. 
A review of the overall system was conducted
 
by IFDC for BADC in 1981, and work is in progress on many of the problem issues.
 

Significant savings in overall cost of imported fertilizer and in
 
foreign exchange can be made by importing in bulk and bagging in the ports,
 
rather than importing bagged fertilizer. A recent calculation indicates 
a
 
saving of $4 million overall and $9 million in foreign exchange at 1982/83
 
import levels (275,000 mt) by importing in bulk. The BADC efforts 
to convert
 
bagged to bulk imports should be continued on a priority basis.
 

The railway system is currently in poor condition and is not realizing
 
its potential for movement of commodities. The World Bank Fertilizer Transpor
tation Improvement Project now in progress involves a major investment in improving
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rail facilities specifically for fertilizer movement. 
An important component is
 
the introduction of unit train services for fertilizer movements 
from the
 
factories and ports. 
 The BADC should maintain close contact with these developments.
 

On 
road and waterway movements, existing facilities are adequate to
 
move the required tonnages. 
 With investments and improvements planned in these
 
systems, there should be adequate carrying capacity available for future fertilizer
 
movement requirements. The BADC problems with movement by truck or barge have
 
dealt more with contract and payment procedures than with equipment availability.
 
Steps being taken to overcome these problems should be continued.
 

The need for adequate warehousing in the consuming areas was 
recognized
 
at 
an early stage by BADC, and considerable assistance was given by a range of
 
donors, particularly the United States Agency for International Development
 
(USAID), in providing warehousing accommodation to supplement BADC's own con
struction programs. 
 Under the National Fertilizer Storage Plan (NFSP), a total
 
of 657,500 tons of in-country storage accommodation is envisaged to meet 1985
 
requirements. This includes 162,500 tons 
of transit capacity at 11 locations
 
and 495,000 tons of PDP capacity at 88 locations.
 

With improvements in infrastructure, transportation, and management
 
systems, this storage should be adequate for requirements beyond 1985, particu
larly with attention to storage at dealer and village level. 
 It is recommended
 
that emphasis be given to construction of storage at dealer and village levels
 
in the 20- to 100-ton capacity range. This will complement the current changes

under the NNS that recommend transferring the TSCs to dealers. Many of these
 
are of 200- or 400-ton capacity.
 

For overall efficient operation of the system, improvements in organi
zation, planning, and operation are essential. These were addressed earlier in
 
the marketing section. 
The BADC should proceed with establishing a central
 
control unit to serve as 
a data base and control center for all supply, distri
bution, marketing, and financial functions and operations.
 

Future Development of the Fertilizer Supply System
 

Integration of Production and Marketing/Distribution Functions
 
In Bangladesh, domestic fertilizer production responsibilities are
 

shared by BCIC and ZFCL, while the marketing and distribution function is vested
 
in BADC. 
The main policy issue facing a fertilizer sector operating under such
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a division of responsibilities and authorities 
is one of coordinating both
 
functions to effect a least cost overall supply system.
 

To facilitate the establishment of a more cost-effective integrated
 
production-distribution 
 system, wherein shipments to field warehouses are made
 
on a regular planned schedule whirl] corresponds to highest plant operating
 
rates, it is suggested that the GOB conduct 
an in-depth study of the feasibility 
of consolidating the fertilizer production and marketing functions under one 
national fertilizer organization with overall responsibility for the development 
and operation of all phases of the Bangladesh fertilizer sector.
 

Private Sector Fertilizer Supply System
 

Planning the longer term development of the overall fertilizer supply
 
system to improve performance and cost effectiveness is a major issue facing the 

GOB.
 

In line with the GOB's recent emphasis on transferring the operation
 
of industries from the public sector to the private sector, consideration should
 
be given to private-sector operation of the marketing and distribution function,
 
the production function, or both, either as 
separately operated entities, or 
as
 
one entity responsible for production and marketing and distribution. Action
 
should not be taken precipitoilsly however; careful government studies should be
 
made to determine the potential benefits of this transfer and the forms it might
 

take.
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11. INTRODUCTION
 

The potentially important contribution of fertilizers in stimulating
 

sorely needed food production in Bangladesh is unquestioned. In spite of this
 

awareness, as evidenced by increased consumption of fertilizer and other
 

agricultural inputs in recent years, uncertainty and apprehension persist as to
 
the best way to provide an adequate supply of fertilizer and to derive maximum
 

benefits from its use in the years ahead. 
 The GOB, through its agricultural and
 

planning institutions, clearly appreciates the need to chart ever more sharply
 
defined strategies to overcome the already burdensome impediments to fertilizer
 

supply and use, the number and complexity of which will certainly increase as
 

greater reliance is necessarily placed on fertilizers in meeting planned food

grain self-sufficiency targets.
 

Aware of this need, the Chairman of BADC, the entity of the Ministry
 
of Agriculture and Forests responsible for fertilizer marketing and distribution,
 

called on IFDC for assistance in formulating fertilizer supply and use policies
 

consistent with GOB agricultural development plans and associated food production
 

goals. It was proposed that this activity be included under the ongoing BADC/IFDC
 

fertilizer marketing and distribution consultancy services agreement, which is
 
being funded by USAID as part of its Fertilizer Distribution Improvement Project.
 

IFDC, in association with representatives of BADC, USAID, MAF, the
 

Planning Commission (PC), and BCIC, prepared a draft project outline (Annex I)
 

to clarify the nature of this activity. This was supported by a subsequent
 

memorandum (Annex II) issued by the KAF authorizing the preparation of a
 

"Bangladesh Fertilizer Supply and Use Policy Consensus Report" to define
 

strategies for an optimal allocation of external and internal resources 
for
 

fertilizer supply and use 
consistent with national food production plans. A
 

committee of senior Bangladeshi scientists was selected to prepare background
 

papers assessing specific subject matter areas in accordance with specified
 

terms of reference (Annex III).
 

The subject matter review papers were presented and tentative recominen
dations for fertilizer supply and use policies were developed at a seminar held
 

in Dacca in March 1981. 
 Participants included policymakers, senior administrators,
 

and scientists of MAF, PC, BADC, BCIC, and representatives of the donor community.
 

Copies of the review papers and proceedings of the seminar are on file in the
 

BADC library; titles of the papers are 
listed in Annex IV. A draft report, avail
able at the BADC library, entitled "Bangladesh Fertilizer Supply and Use Policy
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Consensus Report" was subsequently prepared by 
a group of selected Bangladeshi
 

and IFDC scientists at a workshop held at 
IFDC Headquarters in April 1981.
 

Although the draft report portrayed, as was the intention of its
 
authors, a consensus on 
fertilizer policy issues and strategies, the comments of
 

national policy-level reviewers indicated the need for a more 
sharply focused
 

policy document with a broader scope for application by planners and managers of
 
the ration's agricultural sector. Thus, the fertilizer policy report has evolved
 

from a consensus document to its 
present form--a more definitive policy document
 

intended to provide guidance in 
identifying and formulating national-level
 

fertilizer supply and 
use policies that are compatible with and linked to the
 
food production component of overall agricultural sector development plans. 
 The
 

policy issues and the accompanying policy/strategy options discussed here are
 

based 
on the draft policy consensus report and the background papers prepared by
 

Bangladeshi experts as supplemented by information derived from IFDC studies
 

dealing with various aspects of fertilizer supply and use.
 

This document (teals with fertilizer supply and demand issues as they
 

relate, in the main, to the attainment of the food production goals enunciated
 
in the Medium-Term Foodgrain Production Plan (MTFPP). 
The MTFPP is the blueprint
 

for achieving the FY 1985 foodgrain self-sufficiency target of the Second Five-


Year Plan (SFYP) of the GOB. In keeping with the broader and longer term objec
tives of this effort, consideration is given to developing policy issues and
 

strategies that would be applicable throughout the entire decade of the 1980s.
 

Although the important interrelationships between fertilizer and other
 
input policies related to irrigation, pest control and modern seed varieties are
 
recognized, no 
attempt is made to develop policy issues or strategies governing
 
these elements of agricultural development, nor has any attempt been made to
 
monitor and evaluate progress in implementing MTFPP programs. To do so would
 
be to venture 
far beyond the scope of this endeavor. Where applicable, however,
 
the fertilizer policies discussed herein have been linked 
to the agricultural
 

input strategies put forward in the MTFPP.
 

The opening sections of this report provide an overview of the
 
Bangladesh agricultural 
sector with emphasis on the objectives of sector
 

planning and the role of fertilizers in agricultural development. The key
 
fertilizer policy issues affecting use 
and supply are brought into focus and
 
addressed in succeeding sections. 
 In keeping with the restated objectives of
 
this effort, policy options are presented, where possible, for overcoming the
 
constraints on the availability and/or efficient use of fertilizers necessary to
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achieve established foodgrain production targets. 
 In cases where data limita

tions or other factors preclude the delineation of definitive policy options,
 
suggestions are offered for developing the necessary knowledge base. 
 The fer
tiliz r policy options given herein are creatures of the moment, mandated by
 
existing conditions or 
those foreseen for dhe near future. They are necessarily
 
subject to change as 
the premises on which they were based change. Accordingly,
 

this type of study should be repeated as needs dictate to ensure that all
 

elements of fertilizer sector development are in harmony with overall agricul

tural development plans.
 

Grateful acknowledgment is made for the support and assistance given
 
this endeavor by the management and staffs of MAF, BADC, BCIC, BARC, the PC,
 
and other government bodies. The USAID support of this effort also merits
 

acknowledgment. Recognition should be afforded FAO, UNDP, the World Bank, and
 

other service and donor agencies which, although not directly involved in this
 
study, have contributed to the advancement of agriculture in Bangladesh and
 

whose experiences have been drawn upon in the preparation of this document.
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III. AGRICULTURAL DEVELOPMENT
 

Background 

Bangladesh, a nation of some 90 million inhabitants crowded into an 
area of about 35 million acres, ranks as one of the poorest of the world's 
developing countries. Agriculture is the mainstay, however tenuous, of the 

national economy and contributes about 55% to gross domestic product (GDP). Crop 
production, mainly in the form of foodgrains, is the dominant agricultural
 

subsector accounting for about 80% of the value of annual 
farm output. Over 90%
 
of its people reside in rural areas; about 80% derive their livelihood from
 

agriculture. About one-half of its farmers are effectively landless, owning no
 
land or less than 0.5 acres. The average per capita annual wage is less than
 
$100; farm wages are generaliy lower. Approximately one-third of the working
 

population is unemployed or underemployed. Unemployment is particularly acute
 
among the rural population. The outlook for increased employment is bleak,
 

since the possibility for extending the area tinder cultivation is practically
 
nonexistent. Malnutrition is widespread and severe. 
 Nearly 87% of the farm
 
dwellers subsist below the poverty level as 
defined by a minimum daily require

ment of 2,122 calories. On average, the nation's overall population fares only
 

marginally better. 

The nation's chronic food shortages stem from the sluggish and erratic
 
growth of domestic crop production which, all too often, has been adversely
 
affected by the forces of nature and has failed to match the pace of population
 

growth. Although record foodgrain production levels were achieved in the late
 

1970s, the annual rate of growth of food output during most of that decade
 

averaged slightly less than 2%; in coutrast, the population growth rate was
 
close to 3%. As a consequence, the nation has grown increasingly dependent on
 
imports for its foodgrain requirements. In 1969/70, Bangladesh imported about
 

1.55 million tons. 
 A decade later, in 1979/80, a year of abnormally adverse
 
weather conditions, imports approximated 2.7 million tons. Financing of food
 

imports has exerted a negative impact on the country's limited foreign exchange
 
reserves, 
these resources having been used, in part, to pay for the importation
 

of donor-community food grains provided at concessionary terms. 
 During the
 

period 1973/74-1977/78, payments for foodgrain imports totaled US $1.6 billion;
 

in 1979/80, the estimated expenditure was US $0.8 billion.
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Agricultural productivity in Bangladesh ranks among the lowest in the 
world. Yields of rice, ,rown on three-quarters of the cropped acreage, average
 
about 0.5 	mt/acre, only about 50% of the average yield in Asia. 
 Most of the
 
arable land is already under cultivation, but only about one-half of it is
 
double cropped. Expansion of crop production will necessarily have to come from
 
increased yields based on more intensive and cost-effective land and input use.
 

The relatively high native fertility of its alluvial 
soils, the
 
T.bundance 	 of water resources, arid the large farm labor force provide a basis for 
optimism that food production in Bangladesh can be raised significantly if the 
required human, physical, and financial resources for change can be effectively 

assembled 	and applied.
 

The central thrust of GOB agricultural development planning in the
 
post-War of Independence era has been to attain self-sufficiency in foodgrain 

production as a means for alleviating persistent and widespread food shortages. 
Despite the ostensibly high priorities accorded agricultural sector development 
in a succession of national economic development plans, agriculture development
 
has followed a torturous path strewn with formidable and, at times, seemingly
 
unsurmountable obstacles of internal and external origin, all too frequently
 

exacerbated by natural calamities.
 

First Five-Year Plan (FFYP)
 

The First 	Five-Year Plan (FFYP) for 1973/74-1977/78 was concerned pri
marily with reconstructing the war-ravaged economy, reducing poverty, and achiev
ing social justice. Attainment of food self-sufficiency was the major goal of
 
agricultural sector development. 
 Doomed to 	failure almost immediately by global
 
inflation 	and recession and unfavorable weather, plan priorities were recast 
into a Hard Core Programme (HCP) to be operative during the last 3 years of the
 

FFYP. 

Plan performance improved under the HCP, but overall achievements fell 
far short of FFYP targets largely because of the weakness of the world economy
 

and its debilitating effect on availability of domestic and foreign financing,
 
the lack of skilled manpower, inadequate institutional infrastrusture, and the
 
vagaries of nature. Agricultural sector growth (3.7%/year) lagged behind GDP
 
growth (4 .0%/year), and its share of GDP declined from 61% 
to 57% during the
 
plan period. 
 Food output (2%/year) failed to keep pace with population growth
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(3%//year). Al thougli recort fooogra in product ion was established in 1977/78, 
this lel was about 15., below the plan target. During the FIYP, food imports 
increased as did reliance on foreign aid. About 60% of the irrigated acreage 
target of 4.92 million acres was realized. Seed distribution was hampered by
 
bottlenecks in the supply system. Fertilizer nutrient use rose about 80% to
 

336,000 tons (N + P + K,,O) in 1977/78, but its rate of use of Z4.1 lb/acre was
 

among the lowest in\the world.
 

Two-Year Plan
 

Despite its limitations, the FFYP served to better define the complex
 
nature of the agricultural development issues to be resolved and provided 
a
 
better understanding of the financial, physical, and management resources 
re

quired for success fuil plan impl ementat ion. The uncertainty of foreign aid, the 
need to reorient pol icies , A.nd thI ,esi rability of conc iudirg ongoing projects
 
with av;i i kible resources led to postponing the devel opment of a Second Five-Year 

P1,111 (SFYI') ill Ivor of a I'wo-Year Plan (TYP) for 1978/79-11979/80. 

The TYP also fell short of its goals. The GDP grew at an estimated 
5"/year while the average aninaIl growth rate of the agricultural sector declined 

to 3.1% versus 3.7% dhuring the FFYP. Annual foodgrain production in 1978/79 and
 

1979/80 approximated that of the 13.1 million ton record set 
in 1977/78. Food
 
imports increased to 2.7 million tons in 1979/80 because of drought and floods.
 

Little progress was made in population control. Irrigated area rose about 15%
 
to 3.65 million acres. The rate of growth of fertilizer nutrient use showed
 
signs of stabilizing. In 1979/80, total nutrient use was 401,000 tons, up about
 

15% from 1977/78. 

Second Five-Year Plan
 

The basic objectives of the SFYP (1980/81-1984/85) closely parallel
 
those of the earlier plans noted above. Its main theme is to 
reduce poverty in
 

the heavily populated, poverty-ridden rural areas by accelerating development of
 
the agricultural sector. Attaining self-sufficiency in foodgrains, at a higher
 

level of per capita consumption, is a major goal of the SFYP as it had been of
 

earlier plans.
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To stimulate foodgrain output, the GOB formulated a Medium-Term Food

grain Production Plan (MTFPP) to serve as a blueprint for achieving foodgrain
 

self-sufficiency by 1984/85, the 
terminal year of the SFYP. To avoid repetition,
 

the salient features of the SFYP, at they pertain to fertilizer and other
 
agricultural input and output targets and their relation to foodgrain production,
 

are included in the discussion of the MTFPP which follows.
 

Medium-Term Foodgrain Production Plan
 

The MTFPP represents an attempt to bring an additional dimension of
 
order and coherence to managing the longer term and technologically focused
 

development of the nation's still largely subsistence-type agricu]ture. In the
 

past, plans for ag.icultural sector growth often have been administered on a
 

crisis, ad hoc basis in a continuing effort to avert the omnipresent danger of
 
catastrophic famine occasioned by recurring shortfalls in food supply. 
Planning
 

and management of such essentially short-term food policy have further strained
 

the nation's already limited administrative and financial capabilities.
 

The MTFPP provides a basis for linking anticipated fertilizer supply,
 

marketing and distribution, and use 
factors with the latest and most definitive
 

information available on foodgrain production plans and goals. Obviously,
 
fertilizer supply and use policies must be coordinated with the nation's overall
 

economic and agricultural development plans.
 

Concepts and Strategies
 

The central strategy of the MTFPP is to stimulate agricultural produc

tion, mainly foodgrains, by providing the nation's predominantly small and
 

resource-limited farmers with a more stable, less risk-prone production environ

ment. This is to be accomplished with the following measures:
 

1. 	 Providing farmers with assured foodgrain price incentives by improving the
 

government's foodgrain procurement system, encouraging private trade, and
 

upgrading the transportation infrastructure. Adequate output prices are of
 

singular importance in view of the planned elimination of fertilizer sub

sidies by 1984/85.
 

2. 	 Improving water control capabilities through increased public financing of
 

irrigation, drainage, and flood protection projects.
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3. Assuring adequate and timely supplies of fertilizer, seeds, and other
 

inputs to match anticipated demand.
 

To support these programs, agricultural institutes involved in research, exten
sion, credit, and input supply are to be strengthened with additional staff,
 

equipment, and funds.
 

The principal goals of MTFPP expressed in terms of main output and
 
input targets are summarized in Table III-I.
 

Output Targets
 

The MTFPP deals almost exclusively with rice and wheat, which collec
tively account for about 85% of Bangladeshi total calorie intake. The plan
 
calls for a gross production of 20 million tons, about 17.5 million tons of rice
 
and 2.5 million tons of wheat in 1984/85. The combined targeted output is about
 
7 million tons above production in 1977/78, the benchmark year; about 68% of the
 
anticipated increase is attributed to 
rice.
 

Bangladesh population in 1984/85 is projected to be 
102 million. If
 
the targeted gross output is reduced by about 10% 
to account for seed and animal
 
feed uses, and losses, the net tonnage (18 million tons) available for human
 
consumption will provide an average of 15.5 
oz per person per day. This amount
 
is equivalent to a daily intake of 1,525 calories, about 70% 
of the average
 

minimum daily requirement.
 

Significant changes in cropping patterns and yields 
are foreseen under
 
the MTFPP (Table 111-2). Essentially all of the expected new production is to be
 
derived from more 
intensive use of land currently under cultivation, through a
 
combination of expainded use of HYV and local improved variety (LIV) seeds, irri
gation, and improved cultural practices (Table 111-3). Over half of the new
 
production is related to 
improvement and expansion of irrigation. In the past,
 
expansion of Boro rice and wheat acreage provided the basis for expanded food
grain production. Under the MTFPP plan, irrigation and flood control are
 
expected to allow a more evenly distributed growth in all four crops--Boro, Aus,
 

and Aman rice and wheat.
 

Input Targets
 

Under the MTFPP major emphasis is placed on spurring oitput through
 
expanding and accelerating the use of principal production inputs associated
 
with modern agricultural technology. 
Water control is closely related to the
 
use of other modern inputs; therefore, it has a critical role in achieving
 

production goals.
 



Table III-1. MTFPP Output/Input Targets 

Pre-MTFPP
Output/Input 1977/78 1978/79 

Foodgrain production
(gross) million tons 13.1 13.0 

Fertilizer
(million tons) 0.715 0.730 

Irrigated acres 
(million acres)

iinor 1.810 2.050 
Major 0.150 0.180 
Traditional 1.200 1.200 

TOTAL 3.160 3.430 

Source: Government of Bangladesh (1981). 

1979/80 

13.3 

0.840 

2.230 
0.200 
1.200 

3.630 

1980/81 

15.4 

1.000 

2.620 
0.293 
1.000 

3.913 

1981/82 

16.2 

1.200 

3.142 
0.376 
1.000 

4.518 

%TFPP 
1982/83 

17.3 

1.430 

3.898 
0.549 
1.000 

5.447 

1983/84 

18.6 

1.665 

4.560 
0.755 
1.000 

6.315 

1984/85 

20.0 

1.900 

5.250 
0.970 
1.600 

7.220 

MTFPP 
Increment 

6.7 

1.060 

3.020 
0.770 

-0.200 

3.j90 
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Table 111-2. MTFPP Foodgrain Production Targets by Crop
 

Crop 
Benchmark 1977/78 

Area Yield Production Area 
Target 1984/85 

Yield Production 
10 acres mt/acre 106 mt 106 acres mt/acre 1 0 b mt 

Rice 
Aus 
Rainfed 7.70 0.37 2.88 6.20 0.51 3.20 
Irrigated 0.20 1.00 0.20 1.80 1.00 1.80 

Total 7.90 0.39 3.08 8.00 0.62 5.00 

Boro 2.70 0.83 2.24 3.75 0.93 3.58 

Aman 
Rainfed 13.99 0.51 7.25 13.00 0.59 7.80 
Irrigated 0.20 0.93 0.18 1.10 1.00 1.10 

Total 14.19 0.53 7.43 14.10 0.62 8.90 

Total Rice 24.79 0.51 12.75 25.84 0.67 17.48 

Wheat 
Rainfed 0.08 0.30 0.02 1.10 0.50 0.55 
Irrigated 0.39 0.80 0.31 1.80 1.10 1.98 

Total Wheat 0.47 0.70 0.33 2.90 0.87 2.53 

Total Rice 
and Wheat 25.26 13.08 28.75 20.01 

Other Crops 5.94 6.00 

Total Cropped 
Area 31.20 31.75 

Net Cultivated 
Area 22.50 22.50 

Cropping intensity 139% 154% 

Source: Government of Bangladesh (1981). 
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Table 111-3. Sources of Incremental Foodgrain Production in 
1984 /85a
 

Million Tons
 
Benchmark production, 1977/78 
 13.1
 
Contribution from:
 

Switch to rainfed HYV for Aus/Aman
 
(2.5 million acres @ 0.4 tons/acre) 
 1.0
 

Expansion of rainfed wheat 
area
 
(1.0 million acres @ 0.5 tons/acre) 	 0.5
 

Improved cultural practices (2.5 million acres
 
at an improved yield of 1 maund/acre) 1.0
 

Improved use of existing irrigation facilities
 
for Boro/wheat/early Aus cultivation
 
(500,000 acres at I ton/acre) 
 0.5
 

New irrigation facilities for Boro/wheat/early

Aus cultivation (3.0 million acres @ 1 ton/acre) 
 3.0
 

Supplementary Aus/Aman irrigation
 

(2.00 million acres @ 0.25 tons/acre) 	 0.5
 
Drainage and flood control protection
 

(1.5 million acres @ 0.25 tons/acre) 0.4
 
Gross 1984/85 production 
 20.0
 

Less 	10% contingency for adverse weather,
 
program shortfalls, etc. 
 2.0
 

Net fiscal year production 
 18.0
 
a. 
See source table for detailed assumptions used in estimating
 

contributions by source.
 

Source: Government of Bangladesh (1981).
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Water Control--The major contribution to increased foodgrain produc
tion under MTFPP is to come from a doubling of irrigated acreage from about
 
3.6 million acres to 
7.2 million acres in 1984/85 and improving drainage and
 
flood control on about 2.0 million acres 
to benefit mainly Aman and Aus rice
 

production.
 

The irrigation component of the MTFPP comprises so-called minor irriga
tion projects that are technically simple and that have a low per-acre cost.
 
The projects involve low-level lift pumps, deep and shallow tubewells, and hand
 
tubewells, and they will be responsible for about 80% of the incremental irri
gated area to be developed under the plan (Table 111-4). Increases in irrigated
 
acreage will depend largely on the pace of tubewell installations which will in
 
turn be governed by the efficiency of procurement and distribution of equipment
 

and the adequacy of farmer incentives to install such systems.
 

Fertilizer--The MTFPP calls for fertilizer use to more than double by
 
1984/85. This projection is based on future usage conforming to a 17% aniual
 
growth rate. About 80% of 1984/85 fertilizer demand is slated to be used on
 
paddy and wheat (Table 111-5). Again, most of the increase in fertilizer use is
 
expected to arise from more efficient and expanded use of irrigation and other
 

water control projects.
 

Regarding fertilizer supply, the MTFPP cites the need for stabilizing
 
domestic fertilizer production and bolstering supply with timely imports
 
controlled by strict procurement schedules. Improvements in fertilizer
 
distribution expected to accrue from new warehouses being built under the
 
national warehouse construction program are also noted. The institution of the
 
New Marketing System oriented toward the private-sector dealer is expected to
 
benefit the farmers; increased retailer competition is foreseen as improving
 

fertilizer availability and lowering farm-gate prices.
 

HYV Seed--The MTFPP envisages a major increase in the use of HYV and
 
LIV seeds. Institutionally supplied HYV seed is expected to rngister a tenfold
 
increase from a current level of about 6,200 tons 
(1,700 tons of paddy and
 
4,500 tons of wheat) to about 58,000 tons (13,000 tons of paddy and 45,000 tons
 
of wheat) in 1984/85. The seed requirements given in the MTFPP are at wide
 
variance with those presented in the SFYP. Adequacy of supply of HYV seeds is 
a
 
critical factor to the success of the MTFPP. 
More wheat seed is require.d a11arf.
 
increased supplies of BR-10 and BR-li 
Aman rice varieties which show better re
sponse to fertilizer. The existing contract seed grower system is to be enlarged,
 
and significant investments are to be made in four seed production projects.
 



Table 111-4. Summary of MTFPP Irrigation Program 

Benchmark 1977/78No. 
Program Category Operating Area 

(million acres) 

Minor irrigation
Low level pump 36,700 1.36 
Deep tr~be well 7,500 0.34 
Shallow tube well 12,000 0.10 
Hand tube well 40,000 0.01 

TOTAL 1.81 
Major irrigation 0.15 
Traditional irrigation 1.20 

GRAND TOTAL 3.16 

No. 

Operating 

38,600 
10,000 
20,000 

100,000 

Actual 

Area 
(million acres) 

1.40 
0.55 
0.22 
0.06 

2.23 

0.20 

1.20 

3.63 

Target 1984/85No. 

Operating Area 
(million acres) 

51,000 2.00 
25,000 1.50 

130,000 1.60 
500,000 0.15 

5.25 

0.97 

1.00 

7.22 

Source: Government of Bangladesh (1981). 
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Table 111-5. 
 MTFPP Projected Fertilizer Requirements for 1984/85
 

Thousand Tons
 
Benchmark estimated consumption for paddy and


wheat 1978/79 
 594
 
Sources of increased fertilizer use:
 

Switch to rainfed HYV Aus/Aman (2.3 million
 
acres @ 150 [b/acre) 
 154


Expansion of rainfed wheat (0.9 million acres @

50 lb/acre) 
 20
 

Improved cultural practices (assured half of
 
incremental production due to fertilizer use
 
at response ratio of 3:1) 
 149
 

Improved capacity utilization of existing

irrigation plus new irrigation (3.5 million
 
acres incremental Boro HYV, early Aus HYV,

and wheat at 300 lb/acre) 470
 

Supplementary irrigation
 
(2.0 million acre increment at 100 lb/acre) 
 89
 

Drainage and flood control
 
(1.5 million acre increment at 100 lb/acre) 
 67
 

Total required for paddy and wheat 
 1,543

plus 20% for other crops 309
 

Total all crops 
 1,852
Contingency 

38
 

GRAND TOTAL 
 1,900
 

Source: Government of Bangladesh (1981).
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Pesticides--The success of the MTFPP pcst control program is 
seen to
 
be largely dependent 
on the judicious and expeditious authorization of input
 
licenses and foreign exchange requirements to the pesticide marketing system now
 
controlled by the private sector. 
A large public investment is slated for
 
strengthening the Plant Protection Directorate (PPD) of the Ministry of Agricul
ture. Responsibilities of the 
new PPD would include (1) the timely dissemination
 
of information on pest infestations to extension workers, farmers, and the pesti
cide trade and (2) ensuring safety in the choice and handling of pesticides.
 

Other Inputs--With animal draft power expected to continue as 
the
 
predominant source of farm power in the foreseeable future, the MTFPP provides
 
for an 
animal health care program to improve the quality, health, and produc
tivity of draft animals currently in poor condition.
 

Major investments are to be made to improve the marketing, storage,
 
and transportation of foodgrains. 
 These improvements include (1) the construc
tion of 
1 million tons of foodgrain storage capacity in producing areas 
and
 
(2) the improvement of the rural road network, particularly farm to market roads.
 

To provide farmers with the technical information required to make
 
efficient use of farm inputs, particularly HYV-fertilizer technology and water
 
control, significant investments 
are proposed for expanding and strengthening
 
agricultural research, extension and training facilities, and programs. 
Major
 
investments 
are also planned to expand the programs of other rural institutions,
 
including cooperatives, the Integrated Rural Development Program (IRDP) and the
 
rural electrification program.
 

Implementation Cost
 

The total financial cost, from public and private sources, of imple
menting the MTFPP plan approximates US $5.4 billion based on constant 1980 prices.
 
Total public sector investment expend.tures are estimated at about US $3.2 billion,
 
with private sector financing contributing about US $2.1 billion. The foreign
 
exchange requirement is projected at about US $2.9 billion.
 

A schedule of proposed expenditures by principal investment categories

is given in Table 111-6. About 85% 
of the total estimated outlay is directed to
 
these programs related to improving the farmers' economic and natural environ
ment: (1) irrigation, drainage, and flood control (35%); (2) input delivery and
 
distribution systems (41%); and (3) marketing and distribution systems and
 
infrastructure (10%). 
 Lesser investments 
are designated for strengthening rural
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Table 111-6. SummarEy of MTFPP Projected Financial Requirements
 
(US $ Billion at Constant 1980 Prices)
 

Cost Component 
Sec

Pubica 
tor 

Private b 
Total 
MTFPPc 

Foreign 
Exchange 
Needs 

Minor irrigation 
Major irrigation, 

drainage/flood control 

0.56 0 .67d 

0.63 -

1.23 

0.63 

0.76 

0.22 
Fertilizer, pesticides 

and seeds 
Marketing, storage, and 

transport 

0.71 

0.55 

1.47 

-

2.18 

0.55 

1.46 

0.18 

Subtotal 2.45 2.14 4.59 2.62 

Research, extension,
 
and training 0.17 
 - 0.17 0.06
 

Rural institutions
 
and infrastructure 0.60 
 - 0.60 0.22
 

TOTAL 3.22 2.14 5.36 2.90
 

a. Gross outlays net of recoveries from the private sector sale of irrigation
 
equipment, fertilizer, etc.
 
b. Private sector purchases under a excludes private sector investments in
 
hand.
 
c. 
Excludes public sector investments realized through mobilization of
 
voluntary labor.
 
d. Private sector share of financing 54% and 67%, respectively, in minor
 
irrigation and supply of recurrent inputs. Achievement of given levels
 
based on assuring investment incentives.
 

Source: Government of Bangladesh (1981).
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institutions and infrastructure and for expanding agricultural research, extension,
 

and training.
 

Implementation of the MTFPP will require major external financial
 
support. 
 The plan provides potential donors with a comprehensive portfolio of
 
specific aind prioritized investment programs to facilitate donor project
 

assessment and selection.
 

The unsatisfactory levels of foodgrain production in the past have
 
been ascribed largely to the long delays and excessive cost overruns encountered
 
in implementing earlier agricultural and irrigation development plans. 
 Major
 
constraints to improved plan implementation and mobilization of foreign aid have
 
been cited as (1) lack of well-prepared and clearly focused investment projects
 
and programs, 
(2) delays in equipment procurement and contracting, (3) inadequate
 
and uncertain budget allocations and delays in release of funds, and (4) inade
quate monitoring due in part to poor information flows.
 

The MTFPP recognizes the need for change in implementation procedures
 
and sets forth corrective measures 
to facilitate achievement of its ambitious
 
targets. 
 The scope of the MTFPP requires human, physical, and financial
 
resources 
far beyond those accorded in earlier agricultural development efforts.
 
The success 
of the MTFPP will depend on how effectively these resources are
 
assembled and managed in implementing the program.
 

Fertilizer Policy Aspects of Agricultural Development
 

As employed in this report, the term "fertilizc, policy" is used to
 
denote those aspects of public policy that impinge, directly or indirectly, on
 
the functions of the national fertilizer sector or any of its components.
 
Because of the interrelationships between the fertilizer sector and other seg
ments of the nation's agriculture, industry, and commerce, fertilizer policies
 
form an integral part of overall national economic development planning.
 
Accordingly, to be effective, fertilizer policies must be consistent with the
 
aims of stated national goals and directed to achieving them in a properly
 

sequenced and cost-effective manner.
 

In predominantly agricultural countries, such as Bangladesh, overall
 
national development is tied directly to the rate and level of growth of agri
culture. 
 In land-scarce Bangladesh, agricultural growth and food output will
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have to depend largely oii increasing productivity through the expanded applica

tion of yield-augmenting inputs and technologies. As demonstrated in Bangladesh
 

and elsewhere, fertilizer use enhances land productivity by increasing crop
 

yields and, in so doing, eases the nutrient constraint to multiple cropping and
 

land development programs. Proper and expanded use of fertilizer is one
 

obvious path to overcoming the nation's agricultural land constraint.
 

Since fertilizer use generally increases crop yields in excess of
 

corresponding incremental farm labor requirements, it seen as
can be an effective
 

tool for enhancing the productivity of farm labor. Also, as fertilizer produc

tion, distribution, and use are expanded, backward and forward linkages are
 

developed which give rise to additional agricultural and industrial employment.
 

The employment feature of fertilizer use is of particular appeal to labor-surplus
 

Bangladesh. Increases in crop production may contribute to foreign exchange
 

savings or earnings by reducing imports or expanding exports; this is also
 

important to foreign exchange-poor Bangladesh.
 

Well aware of the benefits of and the potential for expanded fertilizer
 

use, GOB policymakers are concerned with how to bring about the desired level of
 

fertilizer use in the most cost-effective manner. There is a recognized need to
 

identify those fertilizer supply and use constraints that limit the expanded and
 

efficient use of fertilizers and to formulate policies and strategies to 
overcome
 

them.
 

Elements of Fertilizer Policy
 

Fertilizer Use--Fertilizer use is, primarily, determined by the cost
 
and benefit factors associated with its use. These include fertilizer and crop
 

prices, crop response to fertilizers, availability and cost of complementary
 

inputs (irrigation, HYV seeds, pest control chemicals), availability and cost of
 

credit, adequacy and timeliness of fertilizer supply, level of fertilizer use
 

knowledge, and the degree of economic and weather-related uncertainty or risk
 

associated with agricultural production.
 

Experience has shown that effective government fertilizer use policies
 

are those that afford farmers adequate economic incentives to increase fertil

izer use or that relax or remove the constraints limiting their receiving potential
 

economic benefits from using more fertilizers. Fertilizer use policies aimed at
 

providing these economic incentives include (a) decreasing fertilizer prices
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through subsidy or credit mechanisms, (b) increasing crop prices via price 
support or stabilization programs, (c) increasing crop response to 
fertilizer
 

use 
through the adoption of improved fertilizer management practices such as
 

nutrient balance, timing, and placement, and (d) increasing crop yields by ex
panded use of other inputs including water control, HYV seeds, and pest control
 

chemicals.
 

Certain types of policies help to provide knowledge of the fertilizer
 
response function. This information is needed to determine the economic optimum
 
level of on-the-farm fertilizer use, 
and it will lead ultimately to increased
 
crop response to fertilizer. Examples of such policies are (a) expanding agro
nomic research programs to generate information concerning the type of fertilizer
 
to use and optimum quantities, timing, and placement under varying soil, climatic,
 
and economic conditions; (b) supporting research to improve fertilizer materials
 
and application methods; (c) increasing research to modify and improve water
 
control capability and use of complementary inputs; and (d) expanding extension
 
programs to hasten technology transfer that will aid farmers in applying existing
 

and new fertilizer technologies.
 

Fertilizer Supply--The potential benefits of establishing a national
 
fertilizer production capability, based on either indigenous or foreign raw
 

materials as is economically feasible, can spur agricultural and industrial
 
development of the nation and provide such ancillary benefits 
as security of
 
fertilizer supply and price, foreign exchange savings 
or earnings, increased
 

employment, and technological advancement; other benefits will emanate from
 
decreased dependence on uncontrollable international market forces. 
Many
 
developing countries have found that establishing local production facilities
 

tends to promote increased fertilizer use.
 

Fertilizer supply-related policies usually pertain to the exploitation
 
of indigenous fertilizer raw materials and the construction of fertilizer plants,
 
based on the 
use of native or imported raw materials, to produce fertilizers for
 

domestic consumption or export.
 

Policies related to resource development are generally directed to
 
discovering and characterizing fertilizer raw materials reserves. 
 Policies
 
dealing with ownership of reserves, responsibilities for development, and
 
incentives to stimulate exploration, evaluation, and exploitation of these
 
reserves are 
required to assure their orderly and expeditious development.
 

Where importation of fertilizer raw materials is required to sustain local
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production, policies related to 
import duties, quantity limitations, and
 
preferential trade agreements will be needed.
 

Policy decisions to construct new or 
expanded fertilizer production

facilities must be based on 
realistic estimates of present and future market
 
demand, coupled with the assessment of the government's ability to provide the
 
Law materials, utilities, manpower, and financial 
resources necessary to build
 
and operate the proposed plants at 
levels of cost that are competitive with
 
alternative sources of supply. 
The construction of facilities to meet domestic
 
or 
export market needs will necessitate policy decisions 
relating to the type,

size, location, and operational jurisdiction of the proposed facilities. 
All of
 
these policies will be shaped 
to some degree by the cost 
involved in providing
 
the infrastructure required for the 
raw materials and finished product delivery
 
systems. 
 The type of ownership, public or private, of the production facilities
 
and, 
if pu~lic, designation of the organization(s) responsible for operation of
 
the plant and marketing and distribution system are singularly important aspects

of government policy. 
 Pollution control aspects of the manufacture, transport,
 
and use of fertilizers will requirt policy actions.
 

Fertilizer Narketing_ and Distribution--The type (public, private, or
 
mixed) and organizational features of the marketing and distribution system are
 
determined by government policies that dictate its ownership and mode of opera
tion. If responsibilities for operation of the fertilizer production and distri
bution systems are assigned to different government agencies, clearly defined
 
policies will be needed to delineate areas of responsibility of the individual
 
organizations; this will facilitate effective coordination in planning production

and in moving fertilizer from plants to market areas. 
 Government policies will
 
be required to govern private sector and cooperative organizations engaged in
 
fertilizer production and/or distribution.
 

Policies and strategies will have to be formulated for the balanced
 
development of production and distribution infrastructure to ensure effective
 
operation of both functions.
 

Realistic estimates of market demand are essential in preparing short
and long-term marketing plans and in planning the development and operation of
 
an efficient national fertilizer sector. Government policy should delineate the
 
agency responsible for organizing and preparing the short- and long-term market
 
forecasts 
to be used for market planning and sector development purposes. 
 Pro
curement policies and programs should effect the timely and cost-effective
 
purchase and delivery of fertilizers required to satisfy market demand.
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Policies and strategies relating to sales prices and practices must be
 
developed, implemented, and monitored. Coordinating the farmer assistance
 
activities of various government agencies involved in fertilizer research,
 
extension, and marketing often requires government policy action. 
The government
 
must also develop policies for allocating fertilizer supplies in times of
 
shortage and national need.
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IV. FERTILIZER USE
 

The 	agronomic issues that influence crop response to fertilizers are
 
the nature of soil resources; irrigation; drainage; climate; pest incidence;
 
crop species and varieties; nutrient sources; and rate, time, and placement of
 

fertilizer. Some estimates of the influence of irrigation, drainage, and
 
adoption of high-yielding varieties on fertilizer use and crop production
 
are 
given in a joint BARC/IFDC report (Sidhu, Baanante, and Ahsan, 1982) and in
 
succeeding sections of this document. 
 Climate and pest incidence influence crop
 
yields and crop responses to fertilizer but are not easy to quantify and even
 
more difficult to predict. Thus, 
the agronomic issues discussed herein are
 
confined to soil 
resources, crops, nutrient sources, and fertilization practices
 
and their influence on crop response to applied nutrients.
 

Soils
 

Geomorphologically, the soils of Bangladesh are 80% floodplain and
 
deltaic sediments, 8% terraces, and 12% hills. 
 The largest group of soils are
 
recent deposits from the Ganges, Brahmaputra, and Meghna river systems
 
(Figure IV-1). Mineralogically, there are 
three kinds of sediments in the
 

floodplains and deltas (Brammer, 1978):
 

1. 	Brahmaputra, Tista, and old Meghna estuarine sediments contain large
 
amounts of biotite and feldspars but no calcium carbonate. Clays are
 

mixed: kaolinite, illite, and chlorite.
 
2. Ganges sediments contain sand and clay minerals similar to sediments from
 

the 	other three rivers, but in addition they contain calcium carbonate and
 

montmorillonite clay.
 
3. 	Sediments derived from the eastern hills have small amounts of weatherable
 

minerals and contain mixed kaolinite, illite, and chlorite clays.
 

The terrace soils are principally in two tracts: Madhupur and Barind.
 
Each was developed on Madhupur clay of tertiary age. 
 The Madhupur tract consists
 
of a network of valleys and ridges, whereas the Barind tract is predominantly
 

level. 
 The Madhupur clay has weathered to various degrees depending on drainage
 
in different areas but contains small amounts of weatherable minerals in all
 

areas.
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Figure IV-l. Bangladesh Physiography. 
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The eastern and northern hill soils are derived from tertiary and
 
quaternary sands and shales. MIineralogically, these soils have small amounts of
 

micas and weatherable minerals; small 
areas contain calcium carbonate and
 

moderate amounts of feldspars, amphiboles, or pyrites.
 

In broad-scale classification, groups of soils that have formed in the
 
same way and that are similar in appearance are classified into soil types. In
 
Bangladesh, soils are classified and mapped as 
17 general soil types (Huq 1981).
 
Floodplain soils 
cover about 17.5 million acres, whereas hill soils cover 4.4;
 

terraces, 3.1; acid basin clay, 2.5; alluvium, 2.2; piedmont, 1.1; acid sulfate,
 
1.1; and peat, 0.9 million acres. Selected characteristics of general soil
 
types are listed in Table IV-l. Generally, the terrace, piedmont, and brown
 

hill soils are of lower fertility than the alluvial and floodplain soils; how
ever, there is great variability within units. Because most lands are flooded
 
with rainwater or the raised groundwater table, the general fertility status is
 

principally related to the nature of parent material rather than to the new
 
sediments provided by current flooding. 
Flooding by silty waters is restricted
 

to the foothills areas, tidal floodplains, and on some land near major river,
 

channels.
 

On a national scale, the soils are mapped as general soil units
 
(Figure IV-2) because areas of the individual types are often too small to map.
 
Also, certain types occur regularly and rather systematically in associations.
 

Soil types within the general units differ in texture, moisture holding capacity,
 
and level of soil fertility. Thus, the general soil-type classification system
 
is notwell suited as a basis for fertilizer recommendations. The soil series
 
or family level of classification should provide a better basis.
 

About 500 soil series have been identified in Bangladesh. Mapping at,.
 
the soil series level has not been done. 
 Even at the soil series level, soil
 

fertility status varies to some extent, primarily because of past cropping and
 
management history. Although closer working relationships are developing between
 
personnel involved in soil survey and soil fertility work, few fertilizerr .
 

:sites have been classified at the serie- level.
 

Policy Options Related to Soil Classification
 

Soil classification at the series and type level, including laboratory
 
characterization, should be undertaken. 
Each of the 17 soil types should be
 

rated for productivity of the major and minor crops produced in Bangladesh.
 



Table IV-I. Selected Characteristics of General Soil Types in Bangladesh
 

General Soil Type
_________y__ 

1. N Cal Alluvium 

2. Cal Alluvium 

3. Acid sulfate 

4. Peat 

5. Grey Fldpln 


6. Grey Piedmont 

7. Acid basin clay

8. NCal DGy Fldpln 


9. Cal DGy Fldpln 


10. Cal Br Fldpln 


11. NCal Br Fldpln 

12. Black Terrace 

13. Brown Hill 


14. Sh R-Br Terrace 

15. Dp. R-Br Terrace 


16. Br Mtld Terrace 

17. Grey Terrace 


General Topsoil Subsoil Fertility Crop 

Texturea 
Texturea 

S, Si, CI 
S, Si, Cl 
L, Cl 

L, Cl 

-b--b 

Reaction 

Neut. 
Cal. 
V. acid 
Acid " 
Acid 

Texturea 

S, Si, Cl 
S, Si, C1 
CI 

SiL, Cl 

Reaction 

Neut. 

Cal 
V. acid 
Acid 
Neut. 

Permeability 

Variable 

Variable 
Slow 
P-pid 
Mod-slow 

Status 

Good 

Good 
Fair-Poor 
Fair-Poor 
Fair-Good 

Area 

626 

2,290 
370 
879 

8,115 

L, S 
Cl 
L, CI 

V. acid 
V. acid 
Acid 

L, S, Cl 
Cl 
SiL, CI 

Acid 
V. acid 
Neut. 

Mod-slow 
Very slow 
Mod-slow 

Fair 
Fair 
Good 

1,115 
2,504 
3,364 

Cl Acid-neut. Cl Neut.-alk. Mod-slow Good 2,704 

L, Cl Cal L, SiCl Alk. Mod-rapid Good 2,473 

SL, SiL 
SL 
L 

Acid 
Acid-V. acid 
V. acid 

SL, SiL 
SL 
L, S. Cl 

Acid 
Acid 
Acid-V. acid 

Rapid 
Moderate 
Rapid 

Fair 
Fair 
Poor 

882 
226 

4,389 

L, CI 
SL, ClL 

V. acid 
V. acid 

Cl, L 
ClL, C! 

V. acid 
V. acid 

Slow 
Mod-rapid 

Poor 
Poor 

98 
980 

L, ClL 
Si 

V. acid 
Acid 

ClL, Cl 
C1 

V. acid 
Neut.-acid 

Mod-rapid 
Mod-slow 

Poor 
Poor 

1,885 
109 

a. S = sand, Si = silt, L = loan, Cl clay.

b. Neut. = neutral', Cal. = calcareous, Alk. = alkaline, V. = very.
 
c. Area = '000 acres. 

Source: Huq (1981). 

Principal Crops
 
Mixed (Aus-Aman)
 

T. Aman, Aus/Jute-Rabi
 
T. Aman
 
B. Aman
 
Aus/Jute-T. Aman-Fallow/
 

Rabi, Mixed (Aus-Aman),
 
B. Aman


Aus-T. Aman-Boro
 
Boro
 
Aus/Jute-T. Aman-Fallow/
 

Rabi, Mixed (Aus-Aman)
B. Aman-Rabi/Fallow, Mixed
(Aus-Aman)-Rabi/Fallow 

O
 

Aus/Jute-Rahi (Wheat,
 

Pulses, Sugarcane)

Aus/Jute-Rabi (Sugarcane)
 
T. Aman
 
Forest, Shifting Cultivation
 

(Aus, Vegetables), Tea,

Pineapple


Aus/Fiber Crops, Forest
 
Aus/Fiber Crops, Sesemum,
 

Horticulture, Forest
Aus-T. Aman
 
Fallow/Aus-T. Aman
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Ratings should be made for zero, moderate, and high levels of fertilization.
 
Soils and areas 
that have a very high potential for production, such as
 
irrigated and potentially irrigated soils, 
should receive priority.
 

Efforts need to be further developed and coordinated at all levels to
 
better define the soil fertility status of soils and to aid in refining fertil
izer recommendations. Thana maps identifying soil series need to be completed
 
as soon as 
possible for use in siting soil fertility trials and in advising
 
farmers about levels of fertilizer use and land use in general.
 

The cost of bringing marginal land into production should be compared
 
with the cost of increasing production on the present acreage of cropped land
 
and priorities based on 
economic returns should be developed.
 

Cropping Patterns
 

Land-use patterns are often complex, especially on floodplain land
scapes. Hydrological characteristics, such as soil permeability and moisture
 
holding capacity, largely determine the type of rice crop (Aus, Aman, or Boro as
 
well as 
the cultivars used and method of planting) and the kinds of dryland crop,
 
if any, that are grown in rotation or intermixed with rice. During the m6nsoon
 
season, dryland crops are limited to upland areas which are not flooded or water
logged and in the rabi season to soils with adequate moisture reserves or supple

mental irrigation.
 

Aus rice is seeded premonsoua on both flooded and nonflooded land.
 
Varieties are photoperiod-ins~nsitive and are harvested during the monsoon
 
(July/August). 
Thus, Aus is limited to land that is not deeply flooded or where
 
deep flooding occurs after July/August. 
 In the latter areas, mixed Aus-broadcast
 

Aman are often seeded. 
Jute may be grown under flooding conditions similar to
 
those of Aus, but it is generally grown only on silty soils where a good seed
 
bed can be prepared. Wherewaterl depth is shallow during July-and,August,-,
 
transplanted Aman is common 
 Aman varieties re photopei6d-sensitive and are, 

,harvested after the monsoon (November/December)., Boro rice varieties arephoto. 
."period-insensitive and are'planted early in the,dry season (ovember/December),. 

Boro is grown either as the only crop on land that is deeply flooded duringthe,
 
monsoon (not. used forB. , Aman) or 
 lowing T. Aran n 'folless-deeply flooded land 
Boro is mainly irrigated and has competition from wheat :for both land, areaoand, 

"ii.ater.:,-on better ~drained-..soils,' particularly, in;'the, north, , 
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A land use association map (Figure IV-3) shows areas where 
common crop
 
rotations and cropping associations are grown. Those cropping patterns are
 

summarized below:
 

Cropping Patterns 
 Land Types
 
Aus/Jute-Rabi 
 High and medium highland
 

Permeable
 

Aus/Jute-T. Aman 
 High and medium highland
 
Aus/Jute-T. Aman-Rabi 
 Moderately to slowly permeable
 

T. Aman; Aus-T. Aman 
 Level high and medium highland
 
Very slowly permeable
 

T. Aman-Boro 
 Level high and medium highland
 

Slowly permeable (irrigated)
 

Mixed (Aus-B. Aman)-Rabi 
 Medium high to lowland
 

Aus/Jute-B. Aman-Rabi Moderately to slowly permeable
 
Good moisture holding capacity
 

B. Aman; B. Aman-Rabi Lowland-early and rapid flooding
 
Slowly permeable
 

Boro 
 Medium lowland to lowland
 
Very slowly permeable
 
Wet and dry season or irrigated
 

Mixed (Aus-Upland) Permeable hill soils
 

Irrigation and drainage projects result in marked changes in cropping
 
patterns. Irrigation leads to intensified cropping by permitting an additional
 

crop during the year, generally Boro rice on slowly permeable soils and wheat,
 

potato or vegetables on more permeable soils.
 

The area being cropped at present is known. There also are estimates
 
of land areas that are cropped more than once during the year and of land that
 

has a potential for cropping should various constraints be removed. 7'vaaIb16'%; 
~res~ysiltypeo rop of- soil- typesgWhicbare.ttOdbi panted totzi 

specific. crops areunknown. Productivity ratings have not been made for all
 
crops 
on all soils units, especially on a systematic, comparative basis.
 

Policy Options Related to Cropping Practices
 

More pertinent information should be compiled concerning land areas 
of
 
specific soil types that are currently cropped to specific crops or have a
 
potential 
to be cropped to individual crops. This type of information should be
 
developed in conjunction with the conduct of fertilizer trials and variety
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Figure IV-3 

LEGEND
 

MAIN 	 LAND USE SECONDAT LAND USE
 

1. 	 Mainly broadcast aus and transplanted amen
 
rotations
 

la 	 Broadcast sue or jute followed by 
 Broadcast aus followed by rabi crops

transplanted aman and rabi crops
 

lb ditto
 
lc 	 Broadcast aue or jute followed by 
 Broadcast aus followed by rabi crops
 

transplanted amen
 
ld ditto 
 Broadcast amen
 
le ditto 
 ditto and grassland
 
if ditto
 

2. 	 Mainly transplanted amen rotations
 
2a Transplanted amen 
 Broadcast aun followed by transplanted amen and
 

rabi crops

2b ditto 
 Broadcast sun followed by transplanted amen
2c ditto 
 ditto and grassland

2d ditto Broadcast aus followed by rabi crops

2e ditto 
 Grassland, bare
 
2f ditto
 

3. 	 Mixed aus and deepwater amen rotations
 
3a Mixed aus and deepwater amen or jute Broadcast aus or jute followed by rabi crops


followed by rabi crops
 
3b ditto Deepwater amen
 
3c 	 Mixed aug and deepwater aman, partly Deepwater amen; broadcast aus or jute fullowed
 

followed by rabi crops 
 by rabi 	crops
 

,.. fDeepwater aman rotations
 
4a Deepwater amen followed by rabi crops 
 Mixed aus and deepwater amen followed by rabi
 

crops
4b 	 Deepwater amen 
 Broadcast aun or jute followed by transplanted 
aman; some boro4c ditto Mixed asm and deepwater amen or jute, partly
 
followed by rabi crops
4d ditto 
 iKhrif and rabi vegetables, potatoes


4e ditto 
 Boro

4f ditto Boro; transplanted aman; broadcast aum followed 

by transplanted man4g ditto 	 Broadcast aus; jute; rabi crops; bare4h ditto Swam.) 	grassland 

5. 	 Boro Deepwater aman; grassland
 

6. 	 Broadcast aus and rabi crop rotations
6a 	 Broadcast aun or mest&, partly followed Transplanted amen; broadcast aus followid by

by rabi crops transplanted aman; fruit trees
6b ditto 
 ditto; also forest; boro; deepwater man 

7. 	 Forest, bamboo and grassland
7a Mainly forest Grassland

7b 	 Mainly grassland regrowth Forest; bamboo; 3hum cultivation; transplanted 

amen (in valley) 

N.B. 	 1. Land use in most parts of East Pakistan is complex, mainly due to close adjustment ofcropping practices to land levels in relation to flooding. Different crop rotations are
usually found on higher, intermediate and lower parts of the landscape. 

2. 	 This map is highly generalized. For further details, individual moil survey area reports 
should be consulted. 

3. 	 There has been a considerable expansion in boro cultivation in some units since the time 
ef survey during the years 1964-70. 
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trials. The data are 
needed for determining the productivity of various areas,
 
the areas for specialized research, and the areas needing special extension
 
activities. 
A key use will be to predict nutrient requirement, for given crop
 
production goals under different cropping patterns and to estimate the costs and
 
benefits of alternative approaches to meeting crop production goals.
 

Information on 
land use, by soil type, together with crop response
 
data will be useful in formulating policies and strategies for allocation of
 
nutrients to achieve various objectives such as increasing nutrient efficiency,
 
setting and meeting crop production goals, and altering equity situations.
 

Farm-Level Fertilizer Use
 

The previously mentioned BARC/IFDC report provides the most complete
 
estimate of farm-level use of fertilizer in selected districts of Bangladesh.
 
Average fertilizer use levels in the sample areas are 
shown in Table IV-2.
 
These data show that more than 60% of the farmers use fertilizer in each season
 
and that about 51% of the cropped area is fertilized in both the Boro and Aman
 
season and 45% is fertilized in the Aus season. 
Levels of fertilizer use
 
decrease in the order of Boro, Aus, and Aman in terms of use per acre of cropped
 
area 	and of fertilized area. 
 According to national statistics, fertilizer use
 
averages 0.70 md/acre of cropped land.
 

The farm survey data showed that on the farms sampled average fertil
izer use during the three seasons is 0.91 md/acre of cropped area, and 1.79 md/
 
acre of fertilized area. Total nutrient use level for the three seasons averages
 
0.44 md/acre of cropped area and 0.86 md/acre of fertilized area on the sampled
 

farms.
 

For the sampled farms, the ratios of total fertilizer nutrient con

sumption 	are:
 

Boro N:P205:K20 
= 3.6:2.3:1
 

Aus 
 N:P205:K20 = 3.2:1.7:1
 

Aman N:P205:K20 
= 4.2:2.3:1
 

Three seasons N:P205:K20 = 3.7:2.2:1
 

,HoweVer, based upon national annualsales figures:for 1979/80,,the.
 
1nutzentratios tare 9.2:4.2: 1'. 
' This 	indicates that ,on the survey farms: consump-,,
 
gion of K.was: 1.9 times the rate of the countryin comparison with P and 2.5 , 
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Table IV-2. Aggregate Summary of Fertilizer Use Data From Farm Survey
 

All 
Boro Aus Aman Three 

1979/80 1980 1980 Seasons 

Farmers in sample, number 1,616 1,687 1,792 5,095 
Farmers using fertilizer, number 1,097 1,039 1,142 3,278 
Farmers using fertilizer, % of sample 68.0 61.6 63.7 64.3 

Cropped area, acrea 2,268.6 2,408.6 3,510.9 8,188.1 
Fertilized areaa acreFertilized area,a% cropped area 1,166.4

50.5 1,154.0
44.6 1,853.2

51.8 4,173.6
48.0 

Fertilizer use 

Urea, md 1,316.4 1,180.4 1,652.9 4,149.7 
TSP, md 755.4 691.8 900.0 2,347.2 
DAP, md 90.1 6.5 12.7 109.3 
MP, md 284.4 284.6 300.4 869.4 
TOTAL md 2,446.3 2,163.3 2,866.0 7,475.6 

Level of fertilizer use 

Urea, md/acre cropped area 0.58 0.49 0.47 0.51 
TSP, md/acre cropped area 0.33 0.29 0.26 0.29 
DAP, md/acre cropped area 0.04 <0.01 <0.01 0.01 
MP, md/acre cropped area 0.13 0.12 0.09 0.11 
TOTAL, md/acre cropped area 1.08 0.90 0.82 0.91 

Level of fertilizer use 

Urea, md/acre fertilized area 1.13 1.02 0.89 0.99 
TSP, md/acre fertilized area 0.65 0.60 0.49 0.56 
DAP, md/acre fertilized area 0.08 0.01 0.01 0.03 
MP, md/acre fertilized areaTOTAL, md/acre fertilized area 0.24

2.10 
0.25
1.87 

0.16
1.55 

0.21
1.79 

Level of fertilizer nutrient use 

N, md/acre cropped area 0.27 0.22 0.22 0.24 
P205 , md/acre cropped area 0.17 0.13 0.12 0.14 
K20, md/acre cropped area 0.08 0.07 0.05 0.06 
N + P205 + K20, md/acre cropped area 0.52 0.42 0.39 0.44 

Level of fertilizec nutrient use 

N, md/acre fertilized area 0.53 0.47 0.41 0.46 
P205 , md/acre fertilized area 0.34 0.28 0.23 0.27 
K20, md/acre fertilized area 0.11 0.15 0.10 0.13 
N + P205 + K20, md/acre 

fertilized area 0.98 0.90 0.74 0.86 

a. Fertilized area is defined as area which received either urea, TSP, DAP, or
 
MP.
 

Source: Sidhu, Baanante, and Ahsan (1982).
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times the rate of the country in comparison with N. National sales in 1979/80
 
indicate that nutrient use levels for N, P205, and K20 were 0.21, 0.10, and
 
0.02 md/acre of cropped land, respectively. On the sampled farms, fertilizer
 
nutrient use levels for N, P205, and K20 were 0.24, 0.14, and 0.06 md/acre of
 

cropped land, respectively.
 

As shown in Table IV-3, less crop land is fertilized with P than with
 
N, and less with K than with P, in each of the three seasons. About 50% of the
 
cropped land is fertilized with N during each season; 21% 
to 37% of cropped land
 
is fertilized with P; and 16% to 23% is fertilized with K during the seasons of
 
the survey year. A greater percentage of cropped land is fertilized with P and
 
K, and higher rates are used during the Boro season than during the Aus or Aman
 
seasons. Potentially higher yields and greater responses to P and K under
 
irrigated crop production is probably an important factor. (About 75% of rice
 
and about 46% of wheat is irrigated during the Boro season.) About 7% to 10% of
 
rice is irrigated during the Aus and much less in the Aman 
season. A much
 
greater percentage of ciopped land in paddy is fertilized under irrigation than
 
under rainfed production (about 10% more in Boro, 50% 
more in Aus, and 46% more
 

in Aman season).
 

Of the 6,741 acres of paddy and wheat in the sample farms, 36% was
 
planted to HYVs. Of the area under HYVs, 85% 
was fertilized, whereas 41% of the
 
area 
under local varieties (LVs) was fertilized. For the combination of the
 
three seasons, the N, P205
 , and K20 rates were 0.45, 0.16, and 0.07 md/acre of
 
cropped land, respectively, for HYVs; 
for LVs, the rates were 0.06, <0.01, and
 

<0.01.
 

As an aggregate of the three seasons, the farm survey data indicate
 
that 82%, 70%, and 62% of the irrigated paddy area is fertilized with N, P, and
 
K, respectively (Table IV-4); the percentages for rainfed rice are 49%, 25%,,and
 
13%. Rates of fertilizer nutrient application in the fertilized areas (where
 
individual nutrients were used) are 0.70, 0.56, and 0.37 md/acre under irrigation
 
and 0.40, 0.33, and 0.28 md/acre of N, P205 , and K20, respectively, in rainfed
 

area.
 

The data (Table IV-4) also show that 86%, 64%, and 46% of the paddy
 
cropped area in the sample where HYVs were used was fertilized with N, P, and K,
 
%respectively. Of the paddy area cropped to LVs, 41%, 18%, and 9% of the 
area
 
was fertilized with N, P, and K, respectively. Ratios of nutrient use rates in
 
the fertilized areas planted to HYVs of paddy were similar to ratios in irrigated
 

areas.
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Table IV-3. 	 Croped Area, Area Fertilized, and Nutrient Applicait ion Rates
 
byqrops and Seasons on Farms in the Farm Survey in Bangladesh
 
1979/80
 

Cropped Portion of Cropped 
Area Area Fertilized
Season or Crop Sa pt d 	 __ Average Application RateN P20_ 	 20 N P20 _K20 N 0 Ka0 

(acre) (% of cropped (md/acre of (md/acre of 
area) cropped area) fertilized area) 

Boro 1979/80 2,239.92 50.7 37.6 23.2 0.33 0.17 0.08 0.65 0.45 0.34
 
Paddy 	 634.27 64.1 49.1 34.3 0.53 0.27 0.12 0.83 0.55 0.35
 

IRR 483.88 69.3 49.6 37.3 0.51 0.27 0.13 0.74 0.54 
 0.35
 
IRR-HYV 313.77 95.8 72.2 
 55.9 0.75 0.41 0.19 0.78 0.57 0.34
 
IRR-LV 170.11 14.9 4.5 4.3 0.07 0.01 0.47 0.22
0.01 0.23
 
RF 149.25 48.3 41.7 24.4 
0.56 0.29 	 0.07 j.16 0.70 0.29
 
RF-HYV 81.08 88.5 80.3 38.8 0.98 0.52 0.14 1.11 0.65 0.36 
RF-LV 68.17 7.3 2.2 5.6 0.05 00.01 	 0.68 0.45 0
 
IIYV 398.52 94.4 75.9 52.7 0.79 0.43 0.19 0.84 0.57 0.36
 
LV 241.50 12.9 3.8 3.3 0.07 0.01 0.01 0.54 
 0.33 0.20
 

Wheat 	 672.20 79.8 60.0 35.1 0.40 0.27 '0.12 0.50 0.45 0.35
 
IYV 639.20 81.6 62.5 36.8 0.41 0.28 0.13 
 0.50 0.45 0.35 
LV 33.00 44.5 11.8 2.7 0.16 0.05 0.01 0.36 0.42 0.37 

Pulse 609.26 4.4 0.03 0.01 0
7.5 1.0 0.40 0.32 0.36
 
Oil seed 135.30 27.9 14.8 4.8 0.13 0.05 0.02 0.47 0.34 0.34
 
Potato 34.10 55.5 32.5 22.6 0.43 0.16 0.-7 0.74
0.24 0.71
 
Kawn 41.08 65.2 63.9 62.0 0.39 
 0.22 0.28 	 0.bd 0.34 0.45
 
Chili 21.00 51.0 14.0 4.0 0.21 0.06 0.01 0.41 0.43 0.25
 
Spices 27.80 11.5 4.3 2.2 0.06 0.01 0.52
0.03 	 0.70 0.45
 
Vegetables 13.23 54.0 42.9 9.5 
 0.42 0.20 	 0.03 0.78 0.47 0.32
 
Tobacco 23.03 95.7 87.2 72.3 0.70 0.61 0.33 0.73 0.70 0.46
 

Aus 1980 2,387.14 46.6 21.4 16.1 0.19 0.09 0.05 0.41 0.42 0.31
 
Paddy 1,948.45 50.6 25.2 19.1 0.22 0.06 0.43 0.44
0.11 0.31
 

IRR 206.04 97.7 97.1 93.8 0.69 
 .57 0.35 0.71 0.59 0.37
 
IRR-IIYV 205.70 97.7 97.1 93.8 0.69 .57 0.35 0.71 0.59 0.37
 
IRR-LV .34 100.0 0 0 .36 0
0 	 0.36 0 0
 
RF 1,764.38 47.1 19.5 13.4 .18 0.07 .04 0.38 0.36 0.30
 
RF-HYV 212.58 76.7 46.7 29.5 .43 .24 .11 0.56 0.51 
 0.37
 
RF-LV 1,551.80 43.2 15.9 11.3 
 .15 .05 .03 0.35 0.31 0.27
 

HYV 416.64 84.9 67.5 54.7 0.52 0.20 0.61 0.52
0.35 0.37
 
LV 1,555.50 43.2 16.1 
 11.3 0.16 0.05 0.03 0.37 0.34 0.29
 

Oilseed 4.62 28.6 28.6 14.3 0.37 0.02 1.29 0.31
0.09 0.14
 
Jute 415.80 32.3 6.7 4.8 0.10 
 0.02 0.02 0.31 0.30 0.36
 
Kawn 13.64 4.5 0 0 0.02 0 0 0.44 0 0
 

(Continued)
 

http:1,555.50
http:1,551.80
http:1,764.38
http:1,948.45
http:2,387.14
http:2,239.92
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Table IV-3. Cropped Area, Area Fertilized and Nutrient Application Rates
 
by Crops and Seasons on Farms in the Farm Survey in Bangladesh
 
1979/80 (Continued)
 

Cropped Portion of Cropped 
Area Area Fertilizeda Average Application Rate 

Season or Crop Sampled N P1205_ K 0 N PZfI K90 N P0 5 K 

(acre) (% of cropped (md/acre of (md/acre of 
area) cropped area) fertilized area) 

Aman 1980 3,483.46 52.2 30.1 16.4 0.21 0.10 0.05 0.40 0.33 0.30 
Paddy 3,454.58 52.4 30.2 16.5 0.21 0.11 0.05 0.40 0.36 0.30 

IRR 229.34 96.5 90.0 86.3 0.62 0.50 0.34 0.64 0.56 0.39 
IRR-HYV 213.02 96.8 92.6 89.2 0.65 0.53 0.35 0.67 0.55 0.39 
IRR-LV 16.32 64.7 26.5 26.5 0.25 0.16 0.12 0.39 0.60 0.45 

RF 3,207.24 50.3 27.1 7.3 0.19 0.08 0.03 0.38 0.30 0.41 
RF-HYV 727.75 80.6 48.8 28.6 0.41 0.18 0.08 0.51 0.37 0.26 
RF-LV 2,479.49 41.6 20.8 1.1 0.12 0.05 <0.01 0.29 0.24 <0.01 

HYV 956.12 83.4 57.0 39.2 0.45 0.24 0.12 0.54 0.42 0.31 
LV 2,500.83 41.7 21.0 8.6 0.14 0.06 0.02 0.34 0.29 0.23 

Pulses 9.62 3.8 3.8 3.8 0.02 0.03 0.02 0.53 0.79 0.53 
Kawn 0.36 100.0 0 0 0.26 0 0 0.26 0 0 
Sugarcane 11.52 40.6 9.4 6.3 0.17 0.03 0.03 0.41 0.29 0.41 
Cotton 1.26 100.0 100.0 28.6 0.58 0.68 0.10 0.58 0.68 0.10 

Three Seasons 
Paddy 6,037 54 32 19 0.26 0.13 0.06 0.47 0.41 0.36 

Boro 634 64 49 34 0.51 0.28 0.12 0.80 0.56 0.35 
Aus 1,948 51 25 19 0.22 0.11 0.06 0.43 0.43 0.32 
Anan 3,455 52 30 16 0.21 0.11 0.05 0.40 0.41 0.28 

Wheat 672 80 60 35 0.40 0.27 0.12 0.50 0.45 0.36 
Jute 416 32 7 5 0.10 0.02 0.02 0.31 0.33 0.36 
Pulses 619 7 4 1 0.03 0.01 <0.01 0.41 0.33 0.37 
Oilseed 140 28 15 5 0.13 0.05 0.02 0.47 0.35 0.32 
Kawn 55 50 48 46 0.30 0.17 0.21 0.59 0.35 0.45 
Potato 34 55 0 23 0.38 0 0.16 0.70 0 0.72 
Sugarcane 12 41 9 6 0.17 0.03 0.03 0.41 0.29 0.41 

a. Fertilized area refers to area fertilized with the individual nutrient.
 

Source: Sidhu, Baanante, and Ahsan (1982).
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Table IV-4. Paddy Areas Cropped, Areas Fertilized, and Fertilizer Nutrient
 
Use--Three Seasons for Sampled Farms
 

Cropped Fertilizer Area Fertilized Nutrient Rate
 
Category Area 
 Nutrient %of Cropped Acre Cropped Area Fertilized Area 

(Acre) (md) (md/acre) (md/acre) 

Nitrogen
 

IRR 919 531 82 758 
 0.58 0.70
 
RF 5,121 1,011 49 2,516 0.20 0.40
 
HYV 1,771 962 86 1,527 0.54 
 0.63
 
LV 4,298 616 41 1,746 0.14 0.35
 

IRR 919 363 646
70 0.39 0.56
 
RF 5,121 423 25 1,276 0.08 0.33
 
HYV 1,771 547 64 1,129 0.31 
 0.48
 
LV 4,298 230 
 18 785 0.05 0.29
 

IRR 919 213 62 572 
 0.23 0.37
 
RF 5,121 191 
 13 686 0.04 0.28
 
HYV 1,771 
 274 46 813 0.15 0.34
 
LV 4,298 99 
 9 399 0.02 0.25
 

Source: Sidhu, Baanante, and Ahsan (1982).
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Of the approximately 8,100 acres within the farm survey sample, paddy
 
occupied 74%, wheat and pulses each occupied 8%, and jute occupied 5% of the
 
cropped areas. 
 About 95% of the wheat area was planted to HYVs. Approximately
 
80%, 60%, and 3oY 
 of the area cropped to wheat was fertilized with Y, P, and K,
 
respectively. [verage rates of nutrient use in the areas 
fertilized with the
 
individual nutrients were 0.60, 0.37, and 0.35 md/acre of N, P20 
 and K20
 
respectively. Thus, nutrient use 
in the fertilized area was 
72%, 67%, and 100%
 
of the N, P205' and K20 rates for Boro paddy.] Abort 7%, 4% and 1% of the cropped
 
areas of puises was 
fertilized with N, P, and K, respectively. Of the cropped
 
area 
in jute, about 32% was fertilized with N and less than 10% 
was fertilized
 

with P or K.
 

The survey data support the conclusion that where P and K fertilizers
 
are being used by farmers, N, P205, and K20 are used in ratios of about 4:3:2.
 
If a problem exists in unbalanced fertilization, it would appear to be among the
 
farmers who fail to use 
P and/or K fertilizers. However, "balanced" fertiliza
tion on the national scale or even by an administrative region does not imply
 
nutrient consumption ratios of 4:3:2 or necessarily ratios approximating tat
 
value. As 
an example, it is considered that farmers in both tile 
states of
 
Illinois and California of the United States are using nutrients at near balanced
 
levels. 
 Yet, the nutrient consumption ratios are 1.2:0.6:1 in Illinois and
 
7.9:2.7:1 in California. 
The point is that balanced fertilizer nutrient use
 
depends upon the soils, crops, yield levels, cropping systems, and other factors.
 
An attempt to 
analyze some of these factors will be covered in a later section.
 

Crop Response to Fertilizers
 

A knowledge of the nature of the crop response function is vital to
 
formulating fertilizer recommendations for farmers. 
 Also, it is a major com
ponent in the methodology for determining nutrient requirements for various crop
 
production goals. 
 There are many variables that must be measured in developing
 
crop response information.
 

Crop response to fertilizers depends upon the available supply of
 
nutrients from sources other than fertilizers (soil, water, and organic materials)
 
and nutrient requirement to obtain a crop yield for a given species and variety
 
or cultivar. The adequacy of the soil 
(or soil, water, and organic materials)
 
to supply nutrients is estimated by measuring yield and nutrient concentration
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or nutrient uptake for plants grown in the soil 
and/or by estimating the quantity
 
of available nutrients by chemical analysis and by correlating those data with
 
plant growth. An insufficient supply of any one nutrient limits the plant in
 
expressing its growth potential. 
 Thus, to obtain optimum growth, all required
 
plant nutrients must be available to the plant in at least some minimum quantity
 
and on a timely basis. 
 The required quantity and timeliness of nutrient avail
ability depend upon the growth characteristics of the plant and other parameters
 
which influence plant growth. 
Some of these parameters are site specific; among
 
these are landform and climatic characteristics. 
 The latter include solar radia
tion, day length, temperature, and sufficiency or excess of water, although water
 
control may be exercised to some extent. 
Of course, climatic parameters vary
 
from season to 
season and from year to year, and the variations must be taken
 
into account when estimating crop yields and needed nutrient supply. 
 Climatic
 
factors may affect nutrient supply as 
well as plant growth characteristics.
 

Other parameters that greatly affect the growth of plants, and thus
 
the needed supply of nutrients, .are related to crop production prac:ices. 
 These
 
are management parameters, and the level is identified by the degree to which the
 
practices are performed 
to give maximum growth within the physical setting.
 
Levels of management depend also upon timeliness and proficiency of performance.
 
Some important management practices are 
land preparation, variety selection,
 
planting dates, disease and insect control, weed control, water control, and
 
harvest dates.
 

Crop response to fertilizer nutrients depends upon both available
 
supply of nutrients without fertilizer and crop requirement for nutrients. 
 In
 
most studies, the crop response to fertilizers from applied research trials
 
(even in farmers' fields) overestimates the optimal levels of fertilizer required
 
under actual farming conditions. This is primarily because the generally higher
 
levels of management that are practiced in the research trials give yields and
 
nutrient requirements that are higher than farmers would obtain. 
This yield gap
 
(difference in actual farmer yield and potential farmer yield) caused by differ
ences in level of management is 
a result of both biological constraints and
 
socio-economic constraints faced by farmers.
 

A methodology has been developed by the International Rice Research
 
Institute (IRRI) 
to study the nature of farmer constraints and their effect upon
 
rice yields (Gomez, 1977). 
 Studies in six Asian countries between 1974 and 1977
 
showed that fertilizer rate and timing of application accounted for 53% and 42%
 
of the yield gap in the dry and wet seasons, respectively (De Datta, 1981).
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Improved insect control accounted for 34% and 44% of the yield gap in dry and
 
wet 	seasons, and only about 13% 
(each season) of the differences in yield were
 
attributed to improved weed control.
 

Studies in Bangladesh indicated that in the Boro season, fertilizer
 
rates higher than the farmers' rates contributed 1,300 kg of paddy/ha above the
 
farmers' rate and added a net return of 2,150 takas/ha (Ahsan and Hoque, 1977).
 
Better weed control added 400 kg of paddy/ha and a net return of 1,100 takas,
 
whereas application of insecticide gave no increased yield. 
 In the Aus season
 
higher rates of fertilizer gave about 100 kg of paddy/ha; improved weeding and
 
application of insecticide gave no yield increase, however, and none of the
 
higher levels of *nputs were profitable.
 

In Table IV-5, crop yields and responses to fertilizer nutrients
 
obtained from applied research trials on farmers' fields are contrasted with
 
those estimated from aggregate farm survey data. 
 Although the two sel3 of data
 
do not necessarily represent the 
same populations in terms of physical and
 
biological constraints, the contrast is remarkable. 
The footnotes for Table IV-5
 
explain how the data were developed.
 

Estimates of crop yields without fertilizer do not differ greatly

between the two methods, except that, for the Aman season those yields 
are lower
 
in the case of the fertilizer trials. 
 However, there are great differences in
 
the estimated crop responses to applied nutrients: trial data indicate responses
 
that are 2 to 3 times greater than the farm survey data analysis for each rice
 
crop and 7 to 8 times greater for wheat. 
Management constraints could account
 
for some of the differences, but crop responses as estimated by the analyses of
 
farm survey data are considered to be extremely low. 
 In particular, it is
 
unreasonable to consider lower responses of Boro rice as 
compared with Aus rice.
 
Also, the constraints study noted above found that the differential response
 
(between high and low fertilizer rates) was 
10-16 kg of paddy/kg of additional
 
nutrient, and this result is similar to 
the 	trial data.
 

Policy Options for Defining Crop Responses to Fertilizers
 
Actual crop responses obtained by farmers under various crop production
 

situations must be determined to permit the formulation of reasonable fertilizer
related policies. Two methodologies for further research are recommended.
 
1. 	Conduct additional studies similar to the constraints research that was
 

mentioned above. 
Farmers included in this study should be selected from
 
those included in the farm survey.
 



Table IV-5. Contrast of Estimated Crop Responses to Nutrietts--Appied Research Tl'ri;als Versus Farm Survey Data 

Opt imII 
 Nutrielt Average Crop Partitioned EstimatedCrop Year Response Functiona 
 Ratt Rate Response Yield Increasec Yield Increase(kg/ha) (kg/ha) (kg/kg nutrient) (kg/ha) (kg/ha) 

On-Farm Restearch Trials
 
Boro 1979/80 Y = 2,763 + 22.04 N - 0.083 N2 113 


2 
78 15.6 1,217


3,382 + 17.42 P - 0.109 p
 74 53 11.6 615
 
3,78Z + 15.80 K 2 
- 0.115 K 45 ___ 33 12.0 396
 

232 164 
 2,228

Aus 1979 2,589 + 12.79 N - 0.054 N2 

88 56 
 9.8 549

2
2,789 + 13.44 P - 0.074 p 68

2 48 9.9 475
3,085 + 11.76 K - 0.113 K 46 
 34 7.9 269
 

202 138 
 1,293
 
Aman 1979 2,085 + 10.63 N - 0.026 N2 
 160 50 9.3 
 465


1,641 + 9.94 P - 0.034 p2 84 
 41 8.5 348.

3,134 not estimated 
 - 29 (40) (13.1) 
 3 8 0d
 

- 120 1,193
 
Wheat 1979/80 1,377 + 27.86 N - 0.129 N2 
 95 70 


2 
18.8 1,316


1,703 + 17.20 P - 0.100 p 73 

2 

34 13.8 469

1,880 + 15.92 K - 0.110 K 65 32 
 14.4 461
 

233 136 
 2,246 
Farm Survey Data 

Born 1979/80 Y = 2,898 + 4.37 F - 0.54 F 3.4 
2 


248 164 
 560
Aus 1980 Y = 2,494 + 4.95 F 
 - 138 5.0 
 690
Aman 1980 Y = 2,664 r 3.78 F  120 3.8 
 456 ON
Wheat 1979/80 Y = 1,167 + 2.08 F 2.1
- 136 286
 

a. Functions were developed from pooled research trial data over 6 soil map units which included 51, 31, 42, and 39 trials for Boro,
Aus, Aman paddy, and wheat, respectively. 
Functions for farm survey data are from the joint BARC/IFDC report (Sidhu, Baanante, and
 
Ahsan. 1982).

b. 1..Ls is the average rate per unit of fertilized area (individual nutrient) as determined for HYV by season, in the farm survey.

c. Estimated from response functions for the stated nutrient rate.
 
d. 
Only 0 and 40 kg of K20/ha were used in trials. The value 380 is the product of 29 times 13.1.
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2. 
The farm survey data, which pertain to crop response to fertilizer, should
 
be analyzed in greater detail. 
Some types of data stratification would be
 
applicable. Also, when soil analysis data from the survey farms become
 
available, they should be included for the more detailed analysis.
 

The "Fertilizer Recommendations" section that follows contains other
 
recommendations for defining crop response to 
fertilizers.
 

Fertilizer Recommendations
 

The development of appropriate fertilizer recommendations is 
an
 
important issue in devising strategies for increasing food production through
 
fertilizer use. Fertilizer recommendations are made in terms of quantities of
 
plant nutrients to be applied at specified times, by stated methods, from speci
fied sources, and under identified conditions for crop production. Since all
 
conditions under which crops 
are produced on individual farms cannot be iden
tified nor can recommendations be made for a multitude of specific conditions,
 
fertilizer recommendations are generalized on 
the basis of stratified gro,Pq of
 
conditions considered to 
influence crop response to applied nutrients. The
 
criteria used and the degree of stratification are important factors in
 
determining how relevant the recommendations are.
 

Recommendations must also be refined by considering certain social,
 
cultural, and economic constraints. 
 The benefits of fertilizer use are influ
enced by how well the recommendations fit the farm situation 
.ad the degree to
 
which farmers follow recommendations. 
 In turn, the efficiency of fertilizer
 
use and the quantity used affect the level of crop production and returns to
 
investment in fertilizer for the farmer and the nation.
 

Current Rucommendations
 

Current fertilizer recommendations are contained in a BARC publication
 
(BARC, 1979) prepared by a subcommittee composed of representatives from "various
 
soil research organizations." 
 Recommended rates of nutrients and fertilizers,
 
and method and time of application for cropping conditions were stratified on
 
the basis of rainfed or irrigated, season, crop species and variety, and soil
 
map unit. The principal source of farm-level crop response data from which the
 
recommendations were developed was generated by the Soil Fertility and Soil
 
Testing Institute which is now the On-Farm Research Division of the Bangladesh
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Agricultural Research Institute (BARI) and by the Joint Extension Directorate/
 

FAO/UNDP Fertilizer Project. Those data were supplemented with data from various
 

research institutes and devetopment boards.
 

The On-Farm Research Division of BARI has one fieldman stationed at
 

each of 200 thana experimental centers to conduct trials in farmers' fields
 

under the supervision of District Scientific Officers (Elahi, 1981). Management,
 
scientific officers, and -upport staff are located at the headquarters in Dacca.
 

Four regional soil testing laboratories have been established to support the
 

field trial work. The Dacca laboratory is operational, and the other laboratories
 

are in various stages of readiness. When sufficient soil-testing data are gener

ated, analyses by correlation of crop response and soil test values are planned.
 

Additionally, plans 
are being formulated to identify the soils of experimental
 

fields at the soil series level with the assistance of soil survey personnel.
 

The implementation of these activities should lead to 
improved fertilizer
 

recommendations.
 

Also, improved recommendations over the long term will come from a
 
project recently initiated by the BARC to study the correlation between soil
 

conditions and crop response. The project involves soil chemists, fertility
 

specialists, and surveyors to systematically investigate crop response to nutri

ents and correlate this with soil survey information and soil test values for
 
selected benchmark soils; the information will be used for extrapolating fertil

izer recommendations and for extension training activities.
 

Current recommendations are made on the basis of mean observed crop
 

responses from trials on specific soil map units, statistical significance of
 

those responses, estimated net profits, and benefit/cost ratios. As noted in
 

the soils section of this document, soil properties vary greatly within a soil
 

map unit. Thus, basing the recommendation on observed means of yields within
 

these groups may give very poor estimates for a large number of farmers. For
 

example, if 50% of the trials indicated that no K should be applied and 50%
 

indicated that 60 lb of K20/acre should be applied, the mean would be 30 lb of
 

K20/acre and this may give a statistically significant yield difference from
 

control. But 50% of farmers would be reducing net profits by the cost of the K,
 

while the other 50% would use less K than that needed to maximize profits. This
 

hypothetical situation may not be unrealistic within the current system of
 
stratification. One report states that "80% of Bangladesh soils are formed over
 

recent or subrecent alluvium that contain considerable weatherable minerals"
 

(Karim, 1980). Most of those soils are expected to contain high levels of K.
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Stratification on 
the basis of soil series or groups of soil series, which give
 
a similar response, will improve the recommendations.
 

The design (selected treatments) of all current trials does not permit
 
the adequate estimation of response curves or surfaces. 
 Thus, recommended rates
 
are estimated by considering mean observed yields and estimated profits and
 
benefit/cost ratios from selected treatments. 
 Design of all trials to estimate
 
response curves 
for more closely stratified conditions is needed.
 

In estimating net profits and benefit/cost ratios, official prices are
 
used. 
 These prices may not be appropriate for estimating the actual net profit
 
or benefit/cost ratios that the farmer may expect from a given yield increase.
 
The farmer may incur costs 
in obtaining and transporting fertilizer to the field
 
and in applying the fertilizer in the field. 
 Such items should be added to the
 
cost of the fertilizer. Likewise, there are costs 
involved in harvesting the
 
additional crop and in marketing the product. 
These costs should be subtracted
 
from the actual price for which the farmer sells the crop. Thus, the true cost
 
of fertilizer (applied to the field) and the true value of the crop (in the
 
field) should be used in determining the rate of fertilizer to maximize profit
 
for an estimated crop response situation.
 

The estimated optimum return, even after considering the above factors,
 
also may need to be moderated because of the risk associated with obtaining the
 
estimated crop response and the estimated cost/price relationship.
 

Recommendations regarding specific nutrients must also be considered.
 
For nitrogen, the recommendation of a basal dressing for all rice is the principal
 
issue. It is recognized that the greatest potential losses may occur from appli
cations at this time because the plant requirement is small. However, basal
 
dressings of urea can be incorporated into the soil during the last harrowing
 
before tran ianting which reduces somewhat nitrogen losses due to ammonia
 
volatilization. Furthermore, delaying the application of N may result in lower
 
yield if sufficient soil N is not initially present and may also mean an addi
tional labor requirement since farmers could have applied N together with P
 
and/or K (where used) as a basal dressing. Current recommendations in all rice
growing areas include part of the total N as 
a basal dressing; however, fertil
izer research needs 
to be conducted in Bangladesh on the effectiveness of basal
 
N under various conditions. The possible lack of a need for basal N is an
 
argument against the use of DAP since the P should be applied as 
a basal dressing
 
and the efficiency of the N applied in this way when DAP is used is unknown.
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Phosphate is recommended for all crops on all soils in Bangladesh.
 

The need for P on all soils, however, is being questioned. Is]°':,i noted that
 
some soils do not need applications of P; his conclusion was based upon soil
 

analysis data and calculated nutrient availability and crop uptake data. This
 

issue will likely be resolved when soil analysis data are accumulated from
 

fertilizer trial sites and correlation analyses are completed.
 

Potassium is recommended for all crops on all soils in Bangladesh. This
 
recommendation is questioned even more than the recommendation for phosphate.2
 

Tyrchniewicz and Soper (1980) have also concluded that most crops are not likely
 

to respond to K applications in the Ganges floodplain, the fresh water tidal
 

floodplain, or the saline tidal zone. They observed that only 8% of soil samples
 

from those areas (representing 25% of cropped area) contained exchangeable K at
 

a level where wheat or rice would be expected to respond to applied K.
 

Sulfur recommendations are not contained in the "Fertilizer Guide."
 
According to A.J.M.A. Islam (1980), sulfur deficiency in rice was first detected
 

at the Bangladesh Rice Research Institute (BRRI) station at Joydebpur in 1976.
 

Since that time, S deficiencies have been observed at other locations. 
At the
 

workshop on Sulfur Nutrition in Rice, conducted by BRRI in December 1978, various
 

S deficiencies and causes thereof were identified, results of the comparison of
 

certain S sources were reported, and recommendations were adopted for the conduct
 

of surveys to identify the S status of soils of Bangladesh. During March and
 

April 1981, a study team consisting of representatives from BRRI, BARI, DA(EM),
 
BADC, BCIC, and IFDC visited India, the Philippines, and the United States to
 

study relevant S work in those countries. The team reported findings and made
 

recommendations.
 

The systematic study of S problems in Bangladesh has only begun. Studies
 
consist of field observations, superimposed trials, and chemical analysis of soil
 

and plant samples. Estimates of areas that may be affected by S deficiency are
 

about two million acres. Sulfur deficiencies have been associated with the light

textured acidic soils of the Barind tract, heavy-textured acidic soils of the
 

Madhupur tract, and poorly drained waterlogged soils of some irrigation projects.
 

The various reports have attributed S deficiencies in crops to several
 

factors:
 

1. See, for example, A.J.M.A. Islam (1981) and Hussain (1980).

2. Karim (1980), A.J.M.A. Islam (1981), and Hussain (1980) discuss potassium
 
recommendations.
 
3. The findings are available in an unpublished report entitled "Zinc-Sulfur
 
Deficiency Strategy for Bangladesh."
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I. Continuous S removal under intensive cropping.
 

2. Lack 	of S additions in fertilizers.
 

3. Low S content in rainwater and irrigation water.
 

4. Declining organic matter levels.
 

5. Continuous flooding conditions.
 

6. 	Leaching losses under conditions of high rainfall.
 

Zinc recommendations are not contained in the "Fertilizer Guide," 
and
 
the development of recommendations is only slightly ahead of that for S. 
In
 
Bangladesh, zinc (Zn) deficiencies in rice were first observed in the early 1970s.
 
The state of knowledge of Zn deficiencies in Bangladesh was discussed at a work
shop organized by BRRI (BRRI, 1980). It was concluded that Zn deficiencies occur
 
primarily on soils identified by the following conditions:
 

1. High 	pH.
 

2. Continuously wet or ;oorly drained.
 

3. Low Zn content.
 

4. 	High organic matter content.
 

These conditions exist on the Gangetic floodplain (high pH), 
certain
 
irrigation projects (continuously wet), peat basins 
(high organic matter content),
 
and sandy soils (low Zn content). Areas where rice may respond to Zn applications
 

may cover as much as two million acres.
 

Studies of Zn problems are being conducted through superimposed trials
 

and soil and f ant analysis.
 

Policy Options for Improving Fertilizer Recommendations
 

Improving fertilizer recommendations has two major components: the
 
development and the implementation of the recommendations. Development is
 

primarily a research activity, but it must have assistance from extension
 
personnel and fertilizer dealers who know the farmers' crop production situations.
 

Implementation is a krowledge transfer activity to be conducted by extension
 

personnel and fertilizer dealers with the assistance of researchers.
 

I. Development--The recommended strategy for developing fertilizer
 
recommendations for farmers generally follows the plan of action that is being
 

implemented in Bangladesh. 
Certain refinements are suggested, particularly in
 
stratifying study areas, designing trials, analyzing and interpreting data, and
 

involving personnel with expertise in various disciplines.
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In the following text, basic considerations and principles to be used
 

in developing relevant fertilizer recommendations are reemphasized and then some
 

strategies for the development of those recommendations are discussed.
 

The 	 requirements for nutrient additions depend upon the nutrient 

supply from other sources (soil, water, and organic materials), efficiencies 

with 	which the additions are utilized, and the crop requirement to produce a 

given 	yield. Various factors, as previously discussed, determine the supply of 

nutrients from other sources. The efficiency of utilization may be influenced 

by soil properties, hydrology, nutrient source, time and method of nutrient
 

application, and how well the rate of application meets the actual requirement
 

for the yield that is obtained. The crop requirement for a nutrient is influ

enced principally by crop species and yield. Within practical limits, yield is
 

determined by the nature of yield constraints concerning certain soil properties,
 

climatic factors, water control, incidence of pests, and many crop production
 

management factors. When any parameter that affects yield is 
at a 	limiting
 

level, it decreases the requirement for a nutrient.
 

In developing fertilizer recommendations the economics of use of the
 

nutrient must be considered along with the physical crop requirement. This is
 

often influenced by the social, cultural, and economic condition of the farmer.
 

Thus, the different populations (in terms of nutrient supply from other sources
 

and crop requirements) for which fertilizer recommendations are to be made must
 

be identified. Therefore, it is important to involve personnel with varied
 

expertise when selecting categories of populations for the purpose of developing
 

fertilizer recommendations.
 

The 	 following are recommended strategies (currently adopted to some 

degree by BARC) to use in developing relevant fertilizer recommendations for
 

farmers. 

A. 	 9_O$anization 

(1) 	BARC should appoint a permanent committee for fertilizer 

recommendations. The Lulilniittee memlbershilj) should have expt--tibe 

in soils, agronomy, extension, statistics, economics of fertilizer
 

use, and socioeconomics. This committee would regularly and
 

systematically review data and formulate new fertilizer recommen

dations and review and develop procedures for the formulation of
 

recommendations.
 

(2) 	BARC should appoint crop subcommittees to represent each major
 

crop. Membership would consist of representatives from the
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permanent committee and individuals appointed on the basis of
 
expertise in the production of individual crops. These subcom

mittees would review, compile, and submit relevant data to the
 

permanent committee.
 

(3) 	BARC should appoint various regional subcommittees. These
 

subcommittees would be composed of members from the permanent
 

committee together with individuals having particular knowledge
 
of actual crop production problems and practices in the various
 

regions. These subcommittees would review fertilizer recommenda

tions in terms of their applicability to regional situations and
 
provide information for consideration by the permanent committee
 

for possible modification of recommendations.
 

B. 	 Procedures
 

(1) The first phase in developing fertilizer recommendations is to
 

separate the various crop production conditions into groups. The
 

principle in making such a separation is to provide great differ
ences between groups but little variation within each group. The
 
grouping would consider crop requirements with physical limita

tions to crop yield (crop species and variety, season, soil
 

properties, water control, and climate) and crop requirements
 
under management limitations (degree to which farmers are able and
 
willing to control inputs other than fertilizer). This procedure
 

has application for all extensive fertilizer recommendation work.
 
(2) 	The second phase is to delineate the areas and conditions under
 

which a crop responds to an applied nutrient. These delineations
 

may be made on the basis of soil and/or plant analysis and field
 
trials conducted in farmers' fields. The trials may be simple
 

replicated treatments consisting of zero and a practical rate of
 
the individual nutrient being studied or a single treatment super

imposed on a treatment in other trials. Parameters other than the
 

nutrient under study should be at levels that are consistent with
 
the category being represented. Care must be taken in choosing
 

the trial sites so that a number of sites are included in each
 

category for which information is desired. Therefore ce'rtain
 
characteristics of the site and the farmer must be obtained before
 

establishing the trial. 
 Analysis and interpretation of data
 

obtained from these trials will delineate the crops and the
 



84
 

conditions for which a response to an applied nutrient may be
 

expected. The results do not provide information about the other
 

aspects of fertilizer recommendations (rates, sources, and time
 

and method of applicaton). Those aspects cannot be effectively
 

studied until areas of probable response are determined. This
 

procedure has specific application to developing improved recom

mendations for P, K, S, and Zn.
 

(3) 	The third phase consists of determining crop response to rates of
 

application and may begin when it is known that crop response to 
a
 

given nutrient is most likely to be obtained. This aspect must be
 

studied in relation to nutrient source and method and time of
 

application since these factors may influence crop response to
 

rates of applied nutrient. The comments on crop response delinea

tion studies apply also to site selection and levels of other
 

parameters. In this phase, replicated trials are conducted in
 

farmers' fields (selected to represent various categories of crop
 

production conditions). The treatments include rates of applica

tion of an individual nutrient and may include sources, time, or
 

method of application. When the latter comparisons are included,
 

each variable should be used at all rates in order to properly
 

interpret results.
 

(4) 	The fourth phase consists of formulating fertilizer recommendations.
 

This process includes analysis and interpretation of results of
 

phase three with special emphasis upon economic and socioeconomic
 

considerations. The previously mentioned considerations for
 

estimating farmer costs and prices and the possible risks in
 

obtaining either estimated yield increases or cost/price relation

ships must be examined. Once a representative crop response curve
 

is defined for a given and documented crop production situation,
 

that 	response curve may be used year after year. However, it must
 

be developed over a number of years to represent the uncontrolled
 

variations. 'ew estimates need to be made only when some factor
 

that influences crop response is introduced into the crop pro

duction situation or when the pattern of uncontrolled factors
 

changes.
 

Even though a crop response estimate remains representative for a
 

given area, the fertilizer recommendation may need to be changed because the
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recommendation not only depends upon the physical response but also upon tile
 
relationship between nutrient cost and crop prices. 
 Therefore, fertilizer recom
mendations must be 
reviewed each time prices change in order to establish the
 
appropriate ratio of nutrient cost 
to crop price. Procedures described for
 
phases three and four could currently be applied to studies involving N for
 
almost all cropping conditions and P, K, S, and Zn for selected situations where
 

response to their application is fairly certain.
 

2. Implementation--Fertilizer recommendations developed by national
 
and regional committees are by necessity too general for all farmers to adopt.
 
They simply cannot fit all situations but rather should be used as guidelines in
 
making specific recommendations that will more nearly apply to individual fields
 
and to management ability and physical and economic circumstances of individual
 

farmers.
 

Soil testing is used in many countries as a guide to estimating the
 
fertility status of individual fields. However, where fields are very small and
 
there are extremely large numbers of farmers, it seems 
impossible to reach a
 
very large portion of farmers through a soil testing program. An alternative to
 
soil testing is needed for determining more precise fertilizer recommendations
 

than those provided by the general recommendation.
 

Crop production management practices used by the farmer influence
 
crop yields and response to added fertilizer nutrients. Thus, there is a need
 
to estimate the level of management and its effect upon crop response.
 

The need for broad-scale soil testing and estimation of farm-management
 
level ,to improve generalized fertilizer recommendations can be overcome, at least
 
in part, by training of extension agents and fertilizer dealers to clas ify fields
 
by soil type and productivity ratings and to determine the farmers' manement
capabiliy. To accomplish this, closer working relationships with soil survey and
 
crop production specialists should be encouraged. To deal with the farmers'..
 
management capability, the answer to a few simple questiols could help to refine.
 
fertilizer recommendations. These questions might be included:
 

- How much fertilizer did you use last year?
 

- What variety did you plant?
 

- What yield did you,get?
 

- Did you control insects and weeds?
 

- What variety will you plant this year-? 

- 'What yield do you want,thisyear? 
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Responses should take into account two or 
three crop annual rotations
 

and changes from year to year. 
 With proper training in recognizing the few soils
 

and their pr)oductivity within an area and with a guide such as that shown in
 

Table IV-6, extension agents and fertilizer dealers could make fertilizer recom
mendations that would be a great improvement over those general recommendations
 

that now exist. 
 The guide (Table IV-6)--!ld training in using the guide--should
 

be developed for all extension agents and fertilizer dealers who make fertilizer
 

recommendations to farmers.
 

Chemical Fertilizer Sources and Nutrient Efficiency
 

Fertilizer sources refer to the chemical forms or compounds that
 
contain the relevant nutrient. The source may be important because of physical
 
properties that 
influence handling, storage, and application characteristics.
 

Also, chemical properties are important because they, along with soil properties
 

and method of application, determine the nature of chemical reactions in soil
 
and thus influence the agronomic efficiency of various sources of a given
 

nutrient.
 

The following are the most important considerations concerning nutrient
 

source:
 

1. Cost of nutrient applied in the field.
 

2. In the case of subsidies, cost to the government.
 

3. Agronomic efficiency.
 

The nature of costs at the farm and costs to the government is determined by
 
cost of supply (production or world market costs), cost of distribution and
 

marketing, and the nature of government policy on subsidy for the fertilizer
 

products. The agronotmic efficiency of sources is determined by the rate of
 

application, the nature of chemical reactions in soil and the method of use
 

(practices for timing and method of application).
 

Nitrogen Sources
 

Urea is the leading N fertilizer in Bangladesh and also in Asia. It
 
will remain so for many years because of the economics of production and distri

bution and the fact that urea production now occupies such a great portion of
 
total N fertilizer production capacity in the region. Urea can be produced in
 

various physical forms, principally various particle sizes. Currently, most
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Table IV-6. 
 Example of Local Fertilizer Recommendation Guide
 

Crop: Boro Rice-BR3 
 Si ye

Crop: Species and variety 
 Soil Type:
 
Flooding Depth: 
 Flooding Frequency:
 

Management Field 
Cipability 
of Farmer 

Fertility 
Status 

Rates of Fertilizers to Apply, md-Seer/Acre 
Urea TSP MP 

Low 
Medium 
High 

Low 1-0 
2-0 
3-0 

1-0 
1-30 
2-0 

0-20 
0-30 
1-0 

Low 
Medium 
High 

Average 1-0 
1-30 
2-25 

0-0 
1-0 
1-25 

0-0 
0-20 
0-30 

Low 
Medium 
High 

Good 0-0 
1-0 
2-0 

0-0 
0-0 
1-0 

0-0 
0-0 
0-20 
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urea (worldwide) and all in Bangladesh is produced as prills. During the last
 
few years granular urea production has been started at a few locations (Europe,
 

North and South America, and Asia), and its production is being considered at
 
other locations for new production facilities. Granular urea has better physical
 

characteristics than prilled 
urea and thus may have some advantages to farmers
 

from the viewpoint of ease and uniformity of application. Other aspects concern

ing the choice of form of urea production are discussed in the section dealing
 

with Supply.
 

Relative agronomic efficiency of N sources (comparison of quantity of
 
usable crop produced per unit of applied N) is determined by how available an
 

adequate supply of N is to 
the plants in terms of time and quantity. For applied
 

N, availability is mainly influenced by rate and quantity of N lost from the
 
crop rooing zone of the soil. 
 In the case of wetland rice (the principal crop
 
in Bangladesh) N losses via ammonia volatilization from floodwater appear to be
 
a major cause of low agronomic efficiency for urea. Typical farmer practices of
 
broadcasting urea on soil or in floodwater lead to 
large losses of ammonia by
 

volatilization.
 

Research approaches tD increasing the agronomic efficiency by reducing
 
these losses have included deep placement of urea in soil and coating with sulfur
 
to slow the rate of dissolution of urea. 
 Both approaches have shown considerable
 

increases in agronomic efficiency of applied N when compared with split broadcast
 
applied urea. To establish the validity of deep placement, large particles of
 
urea 
(granules or briquettes), typically termed urea supergranules (USG), have
 

been hand placed into paddy soil. Farmers may not accept hand placement, how
ever, because it requires a great amojnt of labor. Therefore, efforts are being
 

intensified to reduce the labor requirements by developing appropriate applicators
 

to deep place various particle sizes of urea and urea-containing solutions.
 

Research with sulfur-coated urea (SCU) has shown its increased agronomic
 
efficiency over split broadcast applied urea, and the method of application is
 
simple; however, the estimated cost of production results in an N cost which is
 

30%-50% greater than with prilled urea. 
 This increased cost is considered by
 

many people to be unacceptable. Yet, if the applied sulfur produces crop
 
responses, then the value of the sulfur in the SCU reduces the cost of the
 

slow-release N.
 

In Bangladesh, deep-point placement of urea 
and single broadcast
 
applications of SCU have been evaluated and compared with split broadcast applied
 

urea in a number of trials. Results from one series of trials--those conducted
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as 
a part of the IRRI/IFDC sponsored International Network on Soil Fertility and
 
Fertilizer Evaluation for Rice (INSFFER)--illustrate the findings from those
 
approaches to increasing N fertilizer efficiency research for rice. 
 The graphs
 
in Figure IV-4 show that meau responses of rice to 
the two new practices
 
generally were greater than to 
split broadcast applied urea. 
 Mean responses to
 
SCU were consistently greater than to 
urea 
and mean responses to deep-point
 
placement of USG were similar to SCU in three of the six graphs.
 

Two possible reasons for more consistent increased yields from SCU
 
when compared with deep-point placement may be hypothesized. Rice responses to
 
applied S have been noted in some areas 
of Bangladesh. 
 Thus, the additional
 
responses from SCU may be responses to S. 
On the other hand, the point placement
 
of 
urea may be less efficient at certain of the locations because of leaching
 
losses. 
 Such losses have been shown to be important in certain trials conducted
 
in other countries at locations where downward water movement is great. 
 More
 
detailed research, including site characterization, is needed. 
Relative
 
agronomic efficiencies of the treatments are shown in Table IV-7. 
 As Lih mean
 
for 14 experiments 
conducted during wet seasons, the two new technologies
 
produced from 65% 
to 100% more grain than did the split-applied urea within the
 
range of applied N rates used in the experiments. During the dry season, deep
point placement produced 25% and 39% 
more rice than did the equivalent N applied
 
as split broadcast urea 
at the low and high rates of N, respectively, whereas
 
SCU resulted in 75% 
and 46% more rice.
 

For upland crops incorporation of urea into the soil would be expected
 
to give greater efficiency than would surface broadcast applications. Relatively
 
great losses of ammonia have been shown when urea is left on the soil surface,
 
particularly under moist drying conditions. 
 The authors are unaware of specific
 
research in Bangladesh that demonstrates this phenomenon, but it is generally
 
accepted by soil scientists as a prevailing condition.
 

Ammonium sulfate (AS) is used almost exclusively for tea plantations
 
in Bangladesh. Ammonium sulfate is 
a good source of N and S for both wetland
 
and upland crops. One possible disadvantage of AS as a source of N is its high
 
cost if 
no value is assigned to the S. However, where S needs Lo be applied as
 
a plant nutrient and is costed, it may be 
an economical fertilizer for general
 
use in supplying a portion of the N. 
Ammonium sulfate may often be purchased al,
 
a low price but, 
in the past, supplies and therefore prices have been unpredict
able. 
 Its lower N content (about 20% N), when compared with urea (46% N), makes
 
for higher costs of distribution, storage, and application. 
Agronomically, AS
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Figure IV.4. 	 Summary Comparison of N Sources and Management for Wetland Rice in Bangladesh 
(INSFFER Trials, 1975-80). 
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Table IV-7. Agronomic Efficiencies of N Sources and Management for Wetland
 
Rice in Bangladesh (INSFFER Trials, 1975-80)
 

Trial 
Location 

Number 
of 

Trials 

Applied 
N 

Rate 

Agronomic Efficiency, kg rice/kg N 
Split Single Single 

Broadcast Deep-Point Broadcast 
Urea Placement SCU 

(kg/ha) 

Wet Season 
Joydebpur 7 28 10.7 25.0 25.0 

56 7.1 16.1 16.1 
Comilla 3 28 21.4 25.0 32.1 

56 16.1 14.3 17.7 
All 14 28 14.3 25.0 28.6 

56 10.7 17.- 17.9 

Dry Season 
Joydebpur 4 56 13.0 16.7 25.9 

84 11.5 18.4 20.7 
Comilla 2 56 16.7 22.2 24.1 

84 20.7 25.3 23.0 
All 6 56 14.8 18.5 25.9 

84 14.9 20.7 21.8 



92
 

has more acid-forming potential in soil than an equivalent quantity of N applied
 
as urea. Also, if AS is used as the exclusive source of N for a crop, S in
 
excess of that needed would be applied even for severe S-deficiency conditions.
 

Diammonium phosphate has been introduced into Bangladesh only recently.
 
Because DAP is a granular fertilizer and the most concentrated source of N and P
 
nutrients, it offers advantages in terms 
of cost of handling and distribution.
 
In the world market, DAP is typically the lowest cost granular source of N and P.
 
In a great nmnber of trials around the world, DAP has been shown to be agro
nomically equivalent to urea as a source of N and to TSP as a source of P when
 
the materials are similarly applied to soil. 
 Few trials have been conducted in
 

Bangladesh to evaluate DAP as a source of N and P. 
However, a relatively
 
limited number of well-designed trials are needed to compare results in
 
Bangladesh with findings of trials conducted in other places.
 

Since both N and P exist within the same particle of fertilizer, the
 
application of DAP means that both nutrients must be applied at the same time
 
and in the same way. Thus, if the individual nutrients must be applied differ
ently (time or placement), DAP will not be suitable. Usually, however, this
 
presents no problem to nutrient use efficiency because all the P and a portion
 
of the needed N should be applied prior to planting and each should be incorpor
ated into the soii. The farm survey data indicate that 43% of farmers who apply
 
N on rice also use it as a basal dressing (Sidhu, Baanante, and Ahsan, 1982).
 
If the application of some N prior to planting the crop does not result in
 
increased growth, then the N applied prior to planting may be subject to severe
 
losses. 
 However, low nitrogen levels at planting will result in N deficiency in
 

the crop, and yields will suffer.
 

Policy Options Concerning N Sources--Urea will be the principal source
 
of N in Bangladesh for many years; therefore, the principal strategy must be
 

oriented toward the efficient use of urea. The potential for increased effi
ciency of N use for wetland rice, as indicated by past experiments in Bangladesh,
 
suggests that an expanded project should be initiated and should include the
 

testing of deep placement of urea for wetland rice. Details of the testing
 
should be planned by Bangladesh sciencists. The project should include hand
 
placement of USG initially and machine placement as soon as suitable applicators
 

are available. The agronomic testing would include trials for Aus, Aman, and
 
Boro rice on several major soil types and under several water regimes to permit
 
an analysis of the effects of these variables upon responses to different N
 

treatments. For situations where deep placement research showed promise, wider
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scale testing would be conducted in farmers' 
fields. Following on-farm trials,
 
pilot programs would be implemented in selected villages. 
 Insofar as possible,
 
villages and farmers would be selected from those for whom detailed information
 
is available from the BARC/IFDC farm surveys.
 

In addition to agronomic testing, work would be conducted concurrently
 
on placement equipment and, if USG proves attractive, on briquetting equipment
 
also. Storage, handling, and distribution aspects of USG would be studied in
 
pilot village studies. Additionally, economic analyses would be conducted on
 
all agronomic, production, application, and distribution data and potential
 
advantages and disadvantages would be estimated for farmers under various social,
 
economic, 	and cultural characteristics.
 

Strategies concerning AS, particularly as 
a source of N on wetland
 
rice, will largely be determined by its production and distribution costs com
pared with those for urea. Agronomic consideration of AS as a source of S is
 
discussed later. The production aspect is covered in the Supply Section.
 

A portion of the N needs of Bangladesh can be supplied by DAP. 
As
 
discussed in the Fertilizer Recommendations Section, however, additional research
 
is needed 	to delineate the areas 
where N should not be applied prior to planting.
 
Where both N and P are needed prior to planting, DAP is an agronomically suitable
 
source of N. Its continued use in the long term may largely depend upon the
 
economics 	of importing DAP for the P and possibly exporting a nitrogen equivalent
 
such as urea when domestic production of urea reaches that level.
 

Phosphorus Sources
 

Triple superphosphate is the major source of P in Bangladesh and should
 
be used as the standard for all comparisons. Local production, in the powdered
 
form, is not sufficient to meet P demand, and P fertilizers must be imported.
 
Although TSP is a good agronomic source of P, the small amount of free acid it
 
contains causes deterioraition of jute bags. 
 Farmers prefer imported granular
 
TSP over domestically produced nongranular TSP, and they pay a premium for this
 

preference.
 

Diammonium phosphate characteristics, its introduction, and potential
 
use as a source of N were discussed in the section dealing with N sources.
 
Agronomically, DAP is equivalent to TSP as 
a source of P. The agronomic issue
 
concerning DAP is whether N should be applied at the same 
time as P. Objections,
 
on other than agronomic grounds, to the use of DAP in Bangladesh reportedly have
 
arisen following reports of poorer storage and handling properties when compared
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with TSP. Also since TSP and DAP are similar in physical appearance, the possi
bility arises that unscrupulous dealers might sell TSP for DAP and charge the
 

higher price. The mistaken use of TSP as DAP would result in poor crop yields
 

because the farmer would apply less N than he had intended. However, DAP and TSP
 

are easily distinguished by taste and by a test of solution pH.
 

Phosphate rock is used to a minor extent as a direct application
 

source of phosphate in Bangladesh. It is the lowest cost source of P (on a
 

total P basis) that can be delivered (about $286/ton of P205 when compared with
 

$652/ton of P205 
from TSP). Phosphate rock from different sources varies in its
 

agronomic effectiveness, particularly when only the response of the first crop
 

after application is considered; however, its residual value may be more
 

important than that of soluble P sources. Its effectiveness also varies between
 

crops and soils. Phosphate rock must be used as a powder or as very small
 

granules. Gafsa PR (highly reactive) has been tested on several soils and crops
 

in Bangladesh (Ishaque and Rahmen, 1971). 
 It was found to be an effective source
 

of P for most crops when grown on soils of acid reaction. The PR that is poten

tially usable for direct application in Bangladesh is available from several
 

external sources.
 

Partiall acidulated phosphate rock products provide a series of
 

potentially economic sources ot hosphate which can be used in granular form
 

and are potentially adaptable to 
a wider range of soils and crops than PR itself.
 

The PAPR materials are partially water soluble and can be produced in TSP granu

lation plants. These materials have not been evaluated in Bangladesh.
 

Policy Options Concerning P Sources--Since large quantities of P
 

fertilizers will continue to be imported, and since the P in TSP is agronomically
 

equivalent to that in DAP, the use of both sources 
should be considered. Where
 

a preplant application of N is unnecessary and possibly inefficient, however,
 

TSP should be used. In those situations where both N and P should be or may
 

efficiently be applied in the same manner and at the same time, DAP should be
 

used since it will generally provide the lowest cost (total) forms of N and P.
 

The longer term strategy involves agronomic testing of both PR for
 

direct application and PAPR as potential sources of P to possibly decrease the
 

cost of supplying the P requirements for crop production in Bangladesh. Experi

ments would be conducted on various soils and for various crops to determine the
 

agronomic effectiveness of various "available" P concentrations of P}' and PAPR.
 

Initial trials would be conducted by BRRI and BARI Agronomy and Soils Depart

ments. During the second or 
third year, trials would be extended to farms in
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selected areas and conducted under the supervision of the On-Farm Testing Unit
 
of BARI. The farmer trials would be conducted on farms whose profiles are known
 
from the BARC-IFDC farm surveys. 
 Results from experiments and farmer trials
 
would be systematically analyzed 
to define agronomic efficiency as related to
 
site characceristics, economics of use, and potential farmer acceptance in
 

various cropping systems.
 

Potassium Sources
 

The principal source of K is muriate of potash. 
The standard grade is
 
the lowest cost source of K. 
Muriate of potash, i.e., potassium chloride, can
 
be used on all crops except tobacco, and for this crop a nonchloride source of K
 
is normally recommended because of the adverse effects of chloride on burning
 
quality. The principal agronomic issue concerning K is that of knowing where and
 
when it should be applied. This was 
discussed in the Fertilizer Recommendation
 

Section.
 

Policy Options Concerning K Sources--It is recommended that standard
 
grade MP continue to be used as the principal source of K.
 

Compo un Fer . i Iize rs
 
Compound fertilizers (NPK) are 
currently little used in Bangladesh.
 

Strictly speaking, compound fertilizers cannot be considered as 
a source of
 
nutrients as previously defined. 
However, since the desirability of using
 
compound fertilizers was considered during the course of this study, a brief
 

discussion is presented on this point.
 

Compound fertilizers are produced in numerous grades and by using
 
various sources of N, P, and K; these 
sources may vary greatly between fertilizers
 
of the 
same grade and it is often difficult to distinguish what source is
 
present in each. Compound fertilizers that contain the same 
sources of nutrients
 
as straight materials will give agronomic results similar to 
the individual
 
materials applied separately. Because additional processing is entailed in
 
their preparation, compound fertilizers generally are higher cost than an
 
equivalent quantity of nutrients in straight materials. 
Also, crops and soils
 
in Bangladesh would require many grades of compound fertilizers; marketing of
 
compound fertilizers, therefore, would be somewhat more complicated than
 

marketing of straight materials.
 

Policy Options Concerning Compound Fertilizers--For the n'-. future,
 
it is recommended that straight materials, supplemented by DAP, continue to
 
supply the major portion of nutrients in Bangladesh.
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Sulfur Sources
 

Ammonium sulfate and gypsum 
are the only S-containing materials avail
able in Bangladesh. 
Neither is used to a great extent for S fertilization.
 
Ammonituii sulfate is mainly used as an N source for tea, and byproduct gypsum from 
the TSP factory is used only sparingly at the present time. Zinc sulfate is
 
being used to a small extent to correct zinc deficiency, but the rates of appli
cation are too srnall 
to consider it in S nutrition. Little research has been
 
done in Bangladesh on a comparison of S sources. 
 Research in other countries
 
indicates that either sulfate 
(AS, potassium sulfate, or gypsum) or elemental S
 
is suitable as a nutrient supply for wetland and upland crops. 
 If that is
 
found to be the case in Bangladesh, then the principal issue concerning S
 
sources is that of supply at the least cost. 
 One agronomic issue other than the
 
agronomic efficiency of sulfur sources 
is that of possible adverse effects on
 
soil; AS and elemental S have a greater potential acidity than gypsum which
 
contains the cation calcium. 
Because of the residual acidity in the soil from
 
AS and elemental S, gypsum may be the preferred source of S, particularly for
 
already acid soils. However, if crop utilization of applied S is rather high,
 
actual residual acidity may be relatively similar for each source.
 

Policy Options Concerning S Sources--Strategies on the agronomic
 
issues need to cover two principal areas, i.e., (1) the long-term effects on
 
soil properties from additions of S and (2) the agronomic efficiency of S
 
sources as related to costs. Experiments should be established on 
several soil
 
types with acid reaction and 
coarse textures to determine the long-term effects
 
of using various rates of S sources under selected practical management condi
tions. Each experiment should be conducted for 5 to 10 years, and crop yields,
 
soil pH, exchangeable bases, and available P levels should be monitored. 
Ammonium
 
sulfate, gypsum, and elemental S should be included in the evaluations.
 

The agronomic and economic efficiency of various potentially available
 
S sources should be determined by conducting evaluation trials on soils and for
 
crops where S deficiencies are known to exist. 
 Various soil properties which may 
influence crop response to applied S, the hydrological condition, crop responses 
(yield, S uptake, and N uptake), and management practices would be noted. Yield 
responses would be correlated with the variables and analyzed in rlation to 
farmer cost and national costs of given sources of S. 

From these two activities the best of the alternative sources of S may
 
be selected for promotion and use for given areas. A change in cropping practices
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may be all that is needed in the short term. In the meantime, dried gypsum from
 

the Chittagong complex may be used as needed.
 

Zinc Sources
 

Typical sources of Zn fertilizers are zinc sulfate, zinc oxide, and
 
zinc carbonate. The sulfate and oxide forms are widely used. The sulfate form
 
is available in granular form and is more desirable than powder from the viewpoint
 
of physical handling. Zinc oxide and zinc carbonate are slowly soluble and thus
 
are used in powder forms to correct acute deficiencies. Also, they are less
 
availablc to crops on alkaline and calcareous soils than is zinc sulfate, which
 
is agronomically suitable both in granular and powder form. 
 Zinc sulfate may
 
also be used as a foliar spray. Zinc oxide and zinc carbonate are effective for
 
correcting marginal to moderate Zn deficiency when roots of seedlings 
are dipped
 
into suspensions of these Zn sources. 
 Little research has been done on comparing 

Zn sources in Bangladesh. However, zinc sulfate has recently been introduced
 

into the market and is being used to a limited extent.
 

Poli_cy Options Concerning Zn Sources--Research is needed to delineate
 
areas of deficiency, to define appropriate rates and frequencies of applications.
 

Only limited research is needed on Zn sources. Continued use of zinc sulfate
 
should be promoted in areas where crops respond to Zn applications.
 

Organic Materials and Biologically Fixed Nitrogen
 

The delta areas of Asia have grown rice, with seed and labor as 
the
 
sole inputs, for centuries. 
 Yields, although not high by modern standards, were
 

adequate and relatively stable.
 

Increasing population pressure has led to both an extension and inten
sification of rice production and, importantly, to a major increase in the
 
removal of organic matter as both straw and animal manure 
(undigested crop
 

residues) for domestic use.
 

Soil mineral reserves, soil organic matter, biologically fixed nitrogen
 
(BFN), and accession of minerals from rainfall and flood water can, in many
 

cases, adequately meet the needs of many cropping systems, particularly low
 

productive systems.
 

The change to higher yields and the exploitation of the poorer soils
 
combined with situations where the organic matter is not returned to the fields
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as crop residues, compost, or dung leads to a net drain on the mineral fertility
 

of the soil and the possibility of serious yield decline.
 

Until relatively recently, the decline in the mineral fertility of
 

fields was mitigated by relatively efficient recycling of all crop residues as
 
manure, compost, and ash, and the use of leguminous crops to build up nitrogen
 

levels.
 

Since the 1950s, mineral fertilizers (N, P, and K) have increasingly
 

been substituted for both organic recycling and BFN in many intensive farming
 

systems, and the disposal of organic residues has often become a major economic
 

and environmental problem, rather than a beneficial part of the farming system.
 

Recent large increases in the cost of fertilizers and particularly of
 
nitrogen have led 
to marked positive changes in attitudes to the role of inorganic
 

fertilizer, nutrient recycling, and BFN. 
 The current approach is to integrate
 

sound inorganic fertilization practices with the use of organics and BFN to the
 

maximum degree possible.
 

It should be clearly noted that all treatments aimed at improving the
 

fertility of the soil, and hence crop yields, have a cost, and unless the
 
treatments are seen to be profitable by the farmer, they will not be used. Even
 

if the treatments recommended are economically beneficial, and this fact can be
 

adequately demonstrated to the farmer, major changes in habits and practices will
 

come about slowly and only with intensive farmer education and encouragement.
 

Some practices, such as the recycling of human excrement, may remain
 

socially unacceptable, while the processi, and distribution of urban wastes
 

may prove uneconomical also.
 

The most efficient nutrient recycling system, however, can never be
 

totally effective, and continual inputs of plant nutrients as fertilizers into
 
the system will be needed. Although BFN is, and will remain, a major contributor
 

to 
the nitrogen balance, intensive grain production will continue to need rela

tively heavy inputs of fertilizer nitrogen. Therefore, maximum efficiency of
 

this fertilizer nitrogen is a key goal.
 

Although the preceding generalized outline is restricted to the role
 

of recycled organic materials in maintaining an adequate supply of plant nutri

ents for good crop growth, agricultural literature is replete with references
 

also to the beneficial effects of soil organic matter on crop growth. The
 
separation and evaluation of the effects of the plant nutrients contained in the
 

organic matter as distinct from the effects of the organic matter per se have
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rarely been adequately studied, however, and the situation in Bangladesh is 
no
 

exception.
 

High-yielding agricultural soils include those with very high and very
 
low levels of organic matter. Some of the best soils of the Mississippi delta
 
in the United States contain less than 0.5% organic matter and yet give excellent
 

crop yields.
 

Soil organic matter levels tend to stabilize as the cropping system
 

stabilizes. To increase the organic matter content by adding organic materials
 

is both very difficult and expensive. An illustration of this latter point
 

comes from long-term experiments in India 
(Gaur, 1982) which showed little or no
 

change in organic matter levels following the addition of 18 tons of farmyard
 

manure applied in alternate years for 16 years.
 

The role of nutrient recycling and organic matter in maintaining and
 

improving crop yields in Bangladesh is discussed as follows.
 

Plant Nutrients
 

Plant Nutrient Sources--For good crop yields, growing crops need
 
adequate supplies of the essential plant nutrients. Currently in Bangladesh the
 

nutrients of practical importance are nitrogen and phosphorus followed by
 
potassium, zinc, and sulfur. No marked modification of this situation is
 

expected up to 1990.
 

Sources of these plant nutrients available to the farmer arc of an
 
inorganic or organic nature. All common fertilizers are relatively pure
 

inorganic salts with the notable exception of urea which is 
an organic molecule;
 
however, urea when added to the soil is quickly changed into ammonium carbonate
 

which is an inorganic salt.
 

Organic materials available at the farm level are 
all of plant origin,
 

and plant and animal residies used on farms, therefore, contain most of the 

essential nutrients needed for plant growth, though not necessarily in the 

correct ratios. For example, potash is water soluble and therefore it readily 
lost from organic matter; in addition, organic combinations of elements, partic

ularly in the case of nitrogen, may not be initially available to crops.
 

Rainfall, dust, and flood water also add nutrients to the soil, often
 
in very significant quantities, although information on this is lacking for
 

Bangladesh.
 

The effectiveness of each of these forms of material in supplying
 
plants with nutrients is determined by the varying physico-chemical and
 
biological impact of the material in question on the rhizosphere environment.
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Fertilizer material, therefore, cannot be evaluated solely in terms 
of
 
its plant nutrient content; 
each material must be evaluated agronomically Under
 
the conditions prevailing in the field. Even though the agronomic evaluation
 

may be favorable in terms of nutrient value, the social, economic, logistic, and
 
production constraints can turn an apparently suitable material into one of
 

academic interest only.
 

Balanced Nitrient Supply--Balanced fertilization is the goal of all 
agricultural production systems. Balanced fertilization means applying those
 
nutrients to the soil 
that the soil cannot supply for full plant growth.
 
Balanced fertilization does not necessarily mean the supply of fLrtilizers in
 
fixed ratios of N:P205:K 20 of the order 2:1:1 
or 2:1:2 For example, if either
 
potash or phosphate is not needed, a 1:0:0 fertilizer would be considered
 

balanced under these conditions.
 

The final choice of type and quantity of fertilizer to use must be
 
based on the results of careful experimentation in farmers' fields with soils,
 
cropping, and manuring practices typical of the area. 
 With this approach, all
 
of the farmer's actions that improve 
or deplete the fertility of his fields,
 
including organic matter recycling and crop removal, 
are taken fully into account.
 

Soil fertility is dynamic; constant research monitoring is necessary
 
to prevent both farm and national level waste of fertilizer due to an application
 
of unnecessary nutrients and lower crop yields due to 
an inadequate supply of
 

plant nutrients.
 

Table IV-8, developed with the latest Bangladesh data, shows that in
 
terms of crop nutrients theoretically removed and actually added as inorganic
 
fertilizer, Bangladesh soils are 
in an apparent negative nutrient balance for
 
all three major elements. If depletion of soil nutrient reserves is to be
 
reduced, this gap in nutrient supply must be filled by BFN, the recycling of
 
plant nutrients in the organic waste, and fertilizers.
 

With the exception oi the information gained from the BARC/IFDC farm
 
survey (reported later), data generally available to show the amount of nutrients
 
returned to the fields by farmers in the form of farmyard manure (FYM), litter,
 
ash, compost, etc., 
are only sketchy at best and are not based on the results of
 
careful farm-level surveys and actual chemical analyses.
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Table IV-8. 	 Estimate of Major Nutrients Contained in Aerial Portion of Crops

and Applied as Fertilizer (Long Tons) in 1980/81'
 

In Aerial 
 Used as Nonfertilizer
 
Nutrients 
 Portion of Crop Fertilizer Nutrients
 

N 577,000 277,000 307,000
 
P205 281,000 123,000 158,000
 
K20 781,000 27,000 754,000
 

a. From A.J.M.A. Islam (1981).
 

The nitrogen returned in organic recycling is very difficult to esti
mate; burning and biological mineralization may result in volatilization or
 
leaching losses of nitrogen that 
are very heavy. However, much of the phosphate
 

&;idpotash removed in the crops must find its way back to the fields in the
 
forms of litter, ash, compost, and FYM and excreta, with the exception of
 

phosphate coverted into animal tissue and bone.
 

The recovery of fertilizer-applied nutrients by crops is 
low. But
 
with phosphate and potassium, there is 
little loss from the soil profile, and
 
soil reserves of these elements do build up 
over time with resultant benefits to
 
the level of soil fertility. 
With nitrogen, however, and particularly in the
 
case of urea use on wetland rice, up to two-thirds or more of the nitrogen
 
applied as urea fertilizer is frequently totally lost to the soil-plant system.
 

This heavy loss is 
due primarily to ammonia volatilization losses. Thus, in the
 
case of nitrogen the balance of N in Table 
IV-8 could reasonably be taken as
 

-487,000 tons, i.e. (-577,000 + 90,000). 
 This fact shows that in terms of plant
 
nutrient uptake, fertilizer nitrogen is 
supplying only about one-fifth of the
 

total estimated nitrogen uptake of crops.
 

In spite of the potential for losses, the crop production system over
 
most of Bangladesh is relatively stable in terms 
of yields (in fact, it is
 

increasing by about 3%/annum). 
 This situation indicates that approximately 80%
 

of the nitrogen economy of Bangladesh is coming from essentially biological
 

sources.
 

Organic Materials and Soil Fertility
 

Nutrient Effects--The yield-increasing value of the traditional 
organic
 
materials such as FYM, composts, etc., 
is due mainly to their plant nutrient
 

content. 
However, the long history of using organic materials for crop produc
tion, combined with the relatively recent understanding of the principles of the
 

inorganic nature of plant nutrition, has led many people to perceive organic
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materials as "natural" fertilizers and to perceive the inorganic salts 
introduced
 

as fertilizer only in the 19th century as 
"artificial" fertilizers, a term with
 

disparaging connotations for nonscientists.
 

Recent environmentalist concerns 
have compounded the unfavorable
 

attitudes of the uninformed to "artifical" fertilizers. The fact remains, how

ever, that there is no economically sound substitute for inorganic fertilizers
 

in our present intensive agricultural systems.
 

It must be stressed that there is no exclusivity in the organic or
 
inorganic routes to 
increased crop yields, only complementarity. The national
 

goal is therefore to maximize crop yields using all 
sources of plant nutrients
 

at their optimum economic level.
 

The range of organic materials that can be used in agriculture is very
 

w'12, varying from the plant-nutrient-rich oilseed cakes to 
straw and dilute
 

human and animal waste slurries. Some materials are excellent sources of plant
 

nutrients and will help maintain high crop yields when correctly used; others,
 

because of low or imbalanced nutrient content, may actually cause 
a yield
 

depression if carelessly used.
 

Physical Effects--Organic materials, such as 
FYM and particularly
 

straw, because of their relatively low nutrient content, are sometimes added to
 

farmers' fields at levels sufficiently high to make an impact on the physical
 

properties of the soil.
 

Increasing the organic matter of a soil is generally credited with
 

improving not only the nutrient content of the soil but also its physical
 

characteristics such as structure, water-holding capacity, and cation exchange
 

capacity.
 

Only rarely do field experiments show that organic matter applications
 

are followed by increases in crop yields 
over and above those due to the plant
 

nutrient content of the material applied. On the contrary, depressions of crop
 

yields have been recorded following application of straw, particularly under
 

waterlogged conditions.
 

Organic Recycling and Soil Nutrient Status
 

While it appears desirable for agriculture to recycle to the maximum
 

the organic wastes it produces, the social, environmental, and economic benefits
 

of such recycling are not always significantly positive. In fact, under many
 

conditions the use of inorganic fertilizers combined with sound crop production
 

practices is all that is needed to 
improve and then maintain soil productivity.
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[Any positive yield influence of applied organic matter under thesc conditions, 
i.e., where soil fertility is already high, is unlikely to occur, since high
yielding crops return considerable quantities of organic matter to 
the soil as
 
roots, stubble, and plant debris. A high-yielding variety of rice, for example,
 
will give grain to straw to root ratios of 2:2:1.
 

The use of organic matter is therefore to be seen 
not as a panacea for
 
increasing crop production but as a logical way to recycle plant nutrients with
 
the added benefit in some 
localized cases of a general improvement in roil
 

productivity.
 

Under normal farming conditions, organic recycling does 
not build up
 
soil reserves of plant nutrients unless the organic material is drawn from a
 
wider area than the area organically fertilized or, in other words, unless one
 
area 
is depleted of plant nutrients to the benefit of another area.
 

The value of organic recycling to a cropping system depends on the
 
nutrient involved; nitrogen, phosphorus, and potassium are the major elements,
 
but sulfur and 
trace elements may also be important.
 

Nitrogen--The nitrogen cycle is complex. 
 Nitrogen can be lost by
 
burning, ammonia volatilization, or nitrate leaching following microbial
 
mineralization of the organic matter, or it can 
remain in the soil as organic
 
matter unavailable to growing crops.
 

Nitrogen can be 
restored to the cycle through the use of inorganic
 
fertilizers and the biological fixation routes. 
 However, in the absence of a
 
major biological source 
of N in an intensive cropping system, N fertilizers are
 
invariably needed to achieve high cereal grain yields. 
This is the current
 
situation in Bangladesh, a situation which will not change before 1990.
 

Organic recycling is therefore a method of reducing the losses of
 
nitrogen during the N cycle and is complementary to N fertilization of cereal
 
crops and not a substitute for it. 
 Burning of organic matter results in a total
 
loss of all the N contained therein, and use 
of N fertilizers may depress BFN
 
levels. 
 The practice of deep placement of inorganic N reportedly enhances BNF;
 
further verification is needed.
 

Phosphate--Bangladesh has large areas 
of phosphate-deficient soils and
 
the only way to redress this deficiency is by the rational use of phosphatic
 
fertilizers; organic recycling will then help to maintain the level of phosphate
 
fertility developed. Organic recycling by itself cannot improve the phosphate
 
fertility status of a soil; therefore, until the phosphate levels of Bangladesh
 
soils are consid.2red adequate for optimum crop growth, phosphate recycled with
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the organic matter is of value, and this should be taken into any economic
 
evaluation of the practice. Recause ash contains the phosphate originally
 
present in the organic matter 
 burnd, ash recycling is important. 

Potash--Potash deficiency in Bangladesh is recorded, but 
lack of this
 
nutrient is currently not a major constraint to crop production. However, all 
crops contain large amounts of potassium, particularly in the foliage and straw. 
Many fields in Bangladesh are completely stripped of all the straw that they
 

produce, and potash removal is therefore heavy. 

The potash reserves of Bangladesh soils are generally good, but continual 
heavy depletion of potash by crop removal will eventually create more widespread
 

deficiency problems, particularly in the highly productive cropping systems.
 
Potash remains in the ash residue of any organic matter burned, and therefore
 

considerable recycling of potash already occurs 
in Bangladesh.
 

The potash status of the highly productive cropping systems should
 
be carefully monitored, and in the presence of a detected deficiency the use
 

of the fertilizer potassium chloride should be encouraged. 

Excessive use 
of high potash organic residues can trigger magnesium
 
deficiency in growing crops, particularly on the lighter soils, and the possi

bility of this negative effect must also be monitored.
 

Biological Sources of Nitrogen
 

Rhizobium--Fully nodulated and healthy roots of the leguminous plants
 
can fix a considerable amount of nitrogen, which then becomes available to those
 

plants and other crops.
 

Crop price factors have caused the area of leguminous crops grown
 
mainly in the rabi season to decline because of competition from Boro rice.
 

Grain legume rotations are a sound practice for reducing nitrogen
 

fertilizer demand; however, with the types and varieties of legumes grown in
 

Bangladesh, production is so low that any decision to increase grain legume
 
production must be made in terms of human nutritional needs and not on a basis
 

of soil N-supplying capacity.
 

The contribution of the planned production of grain/legumes to the
 
total nitrogen economy of the crops of Bangladesh, although significant, will be
 
small. No change in this situation is anticipated before 1990.
 

Green Manuring--This was a popular method of developing soil fertility
 

in the past and is still of value in soil reclamation projects.
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The idea of a smal I farmer growing a crop to plow under seems far
fetched, 
 and the fact that this practice of green manuring has not spread indi
cates its 
lack of appeal. There must be an identifiable economic benefit from
 

any crop grown.
 

Azolla--Widely used in 
 China and Viet Nam, the Azolla-Anabeana system
 
(a small water fern growing in symbiosis with a blue-green algae) is currently
 
being intensively studied as a way to 
fix nitrogen for later use by the rice crop.
 
It.may be useful in the T. Aman crop, but 
it is unlikely that this system will
 
have a major impact on 
the nitrogen supply of Bangladesh before 1990.
 

Blue-Green Alga--These organisms fix nitrogen and indeed they are an
 
important source of BFN in Bangladesh. Their culture and use 
as a source of
 
nitrogen is being actively developed. The time-horizon for the development of
 
suitable techniques and their widespread adoption by farmers is the 
same as that
 
for Azolla. Therefore, we anticipate no major increase in BFN from blue-green
 
algae before 1990; 
in fact as urea use increases, some reduction in BFN is to be
 
anticipated. 
The use of placed urea supergranules would allow algal BFN to
 
continue undiminished. 

The Bangladesh Situation
 

Population pressures change 
 farm practices. The historical development 
of organic recycling in China and Japan occurred because the ever-present threat 
of famine demanded yield maximization and organic materials were the only avail
able source of yield-increasing nutrients, particularly nitrogen.
 

In comparison, the people of Bangladesh and other deltaic countries
 
used the natural fertility of their soils 
to achieve a low but adequate yield
 
plateau which sufficed until population pressures began to build. 
 The natural
 
farmer reaction to increased food needs is to expand the acreage of cropped land
 
and develop the use of multiple cropping to the degree possible. Increases in
 
crop yield per unit area become attractive when there is little room 
left for
 
expanding acreages. The use of labor-intensive activities also is attractive
 
when labor can substitute for purchased inputs and population pressure can push
 
agricultural production in this direction.
 

The foregoing generalizations all have an economic base to which the
 
farmer, given sound technical guidance, will eventually react. If organic
 
matter recycling is seen to pay in terms of crop yield, then farmers will
 
increasingly use this approach.
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In Bangladesh almost all of the straw and litter is removed from many
 
fields for domestic and animal production use. In those areas where the straw
 
is not removed (mainly in the deep water areas), it is burned in 
 order to kill 
pests and diseases and to 
facilitate later cultivation activities. In the
 
former case, all plant nutrients contained in the straw and litter are lost from 
the field, in the 
latter case, however, only the nitrogen and a varying proportion
 

of the sulfur are lost in burning. 

Three types of organic manure are used in Bangladesh: farmyard manure, 
compost, and ashes. The typical Bangladesh treatment with FYM is only about one 
and one-half tons of material per acre (of unknown and often relatively poor 
nutrient content). This is a relatively insignificant quantity of organic matter 
in terms of physical effect on the soil, but the nutrient contents are probably 
significant in terms of influencing crop yields. Generally, FY1 is credited 
with containing 0.5%, 0.3%, and 0.5% of N, P2 0 and K20 , respectively, on a dry
 
matter basis. Compost and ash analytical data are not available.
 

Analysis of the IFDC/BARC farm survey data (Table IV-9) indicates
 
that, in Bangladesh, the overall average use of these three organic manures as 
fertilizers is very low. The average for the 1979/80 crop year was about
 
21.3 maunds per acre (17.6 md/acre of farmyard manure, 2.6 md/acre of compost,
 
and 1.1 md/acre of ashes). 
 Farmyard manure, the major organic fertilizer used
 
by the farmers in all crops and seasons, accounted for about 83% of the total
 

use of these three organic fertilizers.
 

Estimates of farm-level demand functions for chemical fertilizers
 
indicate that farmers use farmyard manure and compost as a supplement rather
 
than as 
a substitute for the use of chemical fertilizers and that the use of
 
FYN and compost has an insignificant or very small influence on the demand for
 

chemical fertilizers.
 

The use of organic fertilizers is widespread across locations and in
 
all seasons. However, for the 1979/80 crop year the use of these organic manures
 
was 
greater in the 1980 Aus season (57%) than in the 1979/80 Boro (28%) and 
1980
 
Aman (15%) seasons. The highest average levels of 
use of farmyard manure
 
(33.3 md/acre) and compost (6.2 md/acre) occurred in the 1980 Aus season and the
 
highest average levels of use of ashes (2.8 md/acre) in the 1979/80 Boro season.
 
Average levels of use of organic manures (Table IV-1O) were higher for potato
 
(60.0 md/acre), chili (40.0 md/acre) and other vegetable crops (34.8 md/acre) of
 
the Boro season, and in the paddy (40.0 md/acre) and jute (42.2 md/acre) crops
 
of the Aus season. 
The use of organic manures was considerably lower in the
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Table IV-9. Use of Farmyard Manure, Compost, and Ashes by Season,
 
1979/80 j angladesh
 

% of Total Used 
Seasons Farmyard Manure Compost Ash Total in 1979, Crop Year 

- ----------- (md/acre)--------

Aman 1979 4.82 0.18 1.06 6.06 
Boro 1979/80 18.08 0.59 2.79 21.46 28.2 
Aus 1980 33.29 6.18 0.77 40.24 56.7 
Aman 1980 6.16 1.35 0.10 7.61 15.1 

a 
Average of 

1979/80 Crop 
Year 17.64 2.59 1.05 21.28 

(%) (83) (12) (5) (100) 

a. Average weighted by areas cropped in the 1979/80 Boro, 1980 Aus, and
 

1980 Aman seasons.
 

Source: Sidhu, Baanante, and Ahsan (1982).
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Table IV-10. Cro_ Use of Organic Manures by Season 1979/80, Bangladesh 

Use of Organic ainuresSeasons-Crop Farmyard Manure Compost Ashes Total 
- (md/acre)...................
 

Boro Season, 1979/80
 

Paiddv LV 1.45 0.01 0.30 
 1.76
Paddy HYV 21.74 0.39 4.03 26.16 
All paddy 14.22 
 0.25 
 2.64 17.11
 
Wheat LV 
 17.05 2.37 0.68 
 20.10
 
Wheat HYI 
 26.33 
 0.59 
 3.88 30.80
 
Pulses 
 6.77 0.18 1.30 
 8.25

Oilseeds 
 12.92 0.33 0.70 
 13.95

Kawn 
 23.32 
 3.34 
 3.56 30.22

Potato 
 53.85 
 1.42 4.76 
 60.03
 
Spices 30.67 
 0 1.20 31.87
 
Oats Barley 7.61 
 0 
 0 7.61

Chili 29.30 3.84 6.84 
 39.98
 
Vegetables 26.08 
 1.89 6.85 
 34.82
 

Aus Seaso-n, 1980 

Paddy LV 31.93 
 7.73 
 0.84 40.50

Paddy IIY\ 34.19 3.00 0.53 
 37.72

All paddy 32.38 
 6.84 0.80 
 40.02

Jute 
 37.80 
 3.70 
 0.74 42.24
 

Aman Season, 1980
 

Paddy LV 
 6.45 
 1.20 0.03 7.68

Paddy HYV 
 4.70 1.67 0.03 
 6.40
 

Source: Sidhu, Baanante, and Ahsan (1982).
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paddy crop of the Aman season (7.7 and 6.4 md/acre in local varieties and HYVs, 

respectively). 

Production function estimates for different crops in each season 
indicate that, holding other factors constant, the use of andfarmyard manure 

compost hada statistically significant positive effect 
on paddy yields of the
 
1980 Aus season. 
However, the direct influence of these organic fertilizers on
 

paddy yields was 
quite small compared with the influence of chemical fertil

izers.
 

The use of a maund of FYM and compost per acre in the 1980 Aus 
season
 
increased yields of broadcast 
paddy by 0.01 md/acre and of transplanted paddy by
 
0.08 md/acre, whereas a maund of chemical fertilizer per acre increased paddy
 

vields by more than a maund per acre. 

At present, the direct contribution of FYM and compost to crop yields
 
in Bangladesh is quite small; it 
is small mainly because both the levels of use
 
and the inorganic plant nutrient content are 
low. However, it is important to
 
understand that these orbanic fertilizers, used at sufficiently high levels, may
 

have significant indirect effects 
on crop yield through their impact on the
 

physical properties of the soil. Improvements in the structure, waterholding
 

capacity, and cation exchange capacity of the soil, 
as a result of high levels
 
of use of organic fertilizers, may indirectly increase crop yields by enhancing
 

the effects of other factors of production on 
crop yields (positive interactions
 

of organic fertilizers with other factors of production on crop yields).
 

The limitations on expanding the supply of organic manures in
 
Bangladesh and the need for using animal dung 
as fuel suggest that use of organic
 

manures as fertilizer is expected to 
remain low. The benefits and costs of
 
policies designed to increase food and agricultural production in Bangladesh by
 

expanding the farmers' use 
of organic manures in crop production should be
 

estimated and compared with those of alternative policies (improvements in irri
gation, drainage and flood control, and price policies, etc.). Important con

siderations (and problems) in evaluating the benefits associated with the 
ij;,. of' 
organic manures are (1) the possible effects that the use of organic manures may 
have on crop yields through several seasons (residual effects) and (2) the 
effects that the use of organic manures may have on crop yields in interaction
 

with other inputs.
 

The availability of cheap plant nutrients 
as inorganic fertilizers
 

will retard farmer interest in the use of organics; inorganic fertilizers--when
 

all costs 
including labor, are taken into account--are seen to be more 
cost
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effective. Greatly increased convenience in handling is just one part of the
 

economic advantage. 

Comaio Withi China 

The 	IRRI data from China quoted by FAO indicate that the production and
 

use 	 of 1 tol of commune compost require I workday of labor. The compost contains 

about I kg/N which at that time (1977) was worth US $0.73, as urea. This gave an 

imputed daily wage equal to that in most developing countries of Asia at that
 

period.
 

in Bangladesh a kilogram of N from urea currently costs the farmer 

about US $0.40 or about 8 TK. This figure, which appears to be much lower than 

the 	 daily cost of labor in rural Bangladesh, is important because it does put 

the 	 nutrient content of organic materials into some sort of economic perspective, 

an approach which is very much needed if farm practices are to be understood and 

changed. 

The 	Chinese practice of organic recycling is very labor intensive and
 

needs a considerable degree of group direction and planning. Bangladesh practices 

are currently not so organized, but the use of FYN, composted household litter, 
and ash is very widespread. The common sight of neatly spaced heaps of such 

materials ready for incorporation into the soil shows that organic recycling is 

in fact a major agricultural activity in many areas of Bangladesh. This has 

been confirmed in the BARC/JFI)C farm survey. 

The following conditions indicate the major obvious ways in which 
organic recycling in Bangladesh differs from that in China: 

1. 	No formal recycling of human excrement is undertaken.
 

2. 	There is considerable use of animal dung and straw as a fuel, meaning a
 

heavy loss of nitrogen.
 

3. 	The pig, which is central to much of Chinese organic recycling activities,
 

is absent.
 

4. 	Unlike the Chinese farmer who is directed in his daily activities, the
 

Bangladesh farmer has freedom of choice.
 

Biogas Generators
 

The anaerobic fermentation of organic residues leads to the production
 

of methane gas, a potentially valuable fuel, and liquid residues which can be
 

used as a source of plant nutrients.
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In World War I, German farmers used methane generated from farm wastes 
as a fuel. 
 The Chinese have developed the use of small-scale hiogas units for
 
domestic use (FAO quotes 
I million units in operation), and apparently adoption 
of this technology is proceeding apace. 

The Indian experience, one of more relevance to the Bangladesh 
situation, is quite different. itIn India is believed that about 8,000 gobar 
gas units have been installed, mostly as individual plants owned by affluent 
farmers. Only two community plants (Etowah in Uttar Pradesh, and Karimnager 
in Andra Pradesh) are reported to be operating successfully. 

In Gujarat a study indicated that 71 of the 199 plants studied were 
inoperable (Kurien, 1981). 

Given the indian experience, it seems unlikely that biogas plants will 
play any significant role in the organic recycling by Bangladesh farmers before 
1990. 
 The main advantage is that gas is produced; fertilizer is a byproduct.
 

Policy Issues and Options 
1. Soil reserves, 
recycled plant nutrients together with biologically derived
 

nitrogen, are the major source of plant nutrients. Therefore, farmers need 
continual encouragement to 
increase the rational recycling of plant 
nutrients through the 
return of organic residues to fields. Quantitative
 
and qualitative studies of nutrient recycling are also needed.
 

2. Localized burning of straw or plant residues that carry pests 
or disease
 
or interfere with farm operations is acceptable, but the practice should be 
monitored to ensure that unnecessary burning is not taking place.
 

3. (a) The loss of nitrogen through the 
use of FYM, etc., as fuel can only be
 
reduced through the development of alternative cheaper energy sources. 
 The
 
development of arboricultural techniques using quick-growing species must
 
be considered a national priority.
 
(b) The loss of nitrogen from urea 
used in rice production is heavy. A
 
strong field action program following the IFDC China workshop in April 1982
 

is needed.
 
4. The biological sources 
of nitrogen are important but, of course, are not
 

expected to change or increase markedly within the period to 
1990. Any 
policy leading to an increase in grain/legume production, while possibly 
helpful in terms of an increased input into the N economy, must be determined
 
on the basis of population nutritional needs, not in terms of N fixation.
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5. 	 Phosphate-deficient areas imnst: receive a ra otina I phosphaLiC ferti Iizatlion. 

Organic recycl ing will 	 help to maintain tile soi L phospiate levels established. 

6. 	 Although pot-ash is needed by plants in large quantities, natural soil 

resources and organic matter and ash recycling have maintained available 

potash levels at apparently adequate levels in many soils. The potash 
status of Bangladesh crops needs constant monitoring in order to anticipate 

possible potash stress. Particular care must be taken in those areas of 

intensive crop removal. 

7. 	 Sulfur is recycled with the organic matter and in ash to some degree. 

Identified deficiencies of S need correcting by using elemental S or sulfur 

salts. A change in the cropping system practiced may hell). 

8. 	 Micronutrients are maintained at high levels when organic matter and ash 

are recycled. Identified deficiencies should be corrected by the ofuse 

the relevant inorganic salts. On high p1 soils, organic matter per se is 

beneficial in improving trace element availability. With water-logged 

soils, organic matter can interfere with the trace element nutrition of 

crops.
 

9. 	The best way to improve soil productivity is by the use of modern production
 

techniques. Very high 
levels of organic matter a-e maintained in intensive 
horticultural production, a practice which pays because of the high value 

of the crops produced.
 

Attempts to raise organic matter levels 
in areas of problem soils may
 
,e worthwhile; in general, 
it can be stated that the nonnutrient role of 
organic matter in agricultural production in Bangladesh is limited. 

Encouragement of sound husbandry practices, rational fertilizer use, and 
the return of crop residues for nutrient recycling is almost certainly
 

adequate to maintain long-term productivity.
 

Care must be taken to avoid excessive accumulation of organic matter
 

under intensive flooded-rice cropping.
 

10. 	 Soil organic matter levels should be monitored on a regular basis at certain
 

benchmark sites and where problems are seen to be developing, changes in
 

the cropping system will be needed.
 

11. 	 Formal community or family action to recycle human waste does not exist in
 

Bangladesh and is unlikely to exist by 1990.
 

12. 	 The collection and treatment of urban waste 
for farm use should be considered,
 

but this activity will certainly need to be heavily subsidized as transport
 

and distributior: costs will be high and farm-level value low.
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13. 	 Biogas g(.eration appears to be attractive, but Jndian experience, which
 

should be continually monitored, is not promising in tile short term.
 

Agronomic Reqjuiements of Nutrients to eMeet 

CroL) Production Goa Is 

Agronomic requirements of nutrients to meet crop production goals are
 
related to, yet distinctly different from, fertilizer demand. Although demand
 
is dependent upon physical crop response 
to fertilizer (as is agronomic require
ments to meet crop production goals), demand also depends upon social-economic
 
conditions such as price relationships, farmer attitudes, and availability of
 

supplies of all production inputs.
 

As used in this document, the agronomic requirements for nutrients 
to
 
meet crop production goals are sums of estimates of nutrients that are 
required
 
to produce stated quantities of crops. The estimates must be confined 
to real

istic crop yields, profit-maximizing rates of nutrient applications, and realistic 
areas for specific cropping conditions. Different requirements may be estimated
 

depending upon the specific areas 
which are allocated to various crops and upon
 

the allocation of fertilizers to various areas.
 

Many estimates have been made of nutrient requirements, projected
 

nutrient demand, and other fertilizer use-related projections. Generally, the
 
sources of data used and assumptions made in developing the estimates 
are given.
 

However, in some instances, there 
is confusion among various administrators,
 

planners, scientists, and specialists as to the meaning of the estimates and,
 
for that matter, even what the estimates project. Often projections made for
 

one purpose are referred to as projections for another purpose, even by the
 
4
 

authors themselves.


Very great care must be taken in referring to estimates and projections
 

in terms that are dictated by the methodology used. It is also important to
 

examine the validity of assumptions used in making estimates or projections.
 

The components of a nutrient requirement projection include the
 

following items:
 

1. Targeted production, defined as the quantity of each specific crop to be
 

produced in a specified time period.
 

4. See, for example, M. A. Islam (1980) and A.J.M.A. Islam (1981).
 



114
 

2. Area available for each crop, including shifts in area from one crop to
 

another, double and triple cropping, nonharvested area, and the yield 
potential for various crops within each crop production region. 

3. 	 Response of various crops :.o fertilizers, including te effect of 
variations in time, rate, and method of application on response; effect of 

nutrient losses due to leaching, volatilization, denitrification, and 
runoff; effect of variation in weather; effect of balanced cr unbalanced
 

nutrient applications; and effect of nutrient source.
 

4. 	Factors modifying crop production, including weather, availability of water
 
or drainage, and availability of supporting inputs (pesticides, improved
 

seeds, mechanization, credit).
 

5. 	Management ability of farmers in such areas 
as exposure to new ideas, 

incentives to adopt new technology, experience in using fertilizers and 

other practices, and labor supply. 

Considerations concerning the stratification of data into groups in
 

which similar crop responses may be expected and the estimates of the crop
 
response within these stratified groups (items 2, 3, 4 and 5 listed above) are
 
di:-!ssed in othei sections of this document. Considerations concerning the
 

delineation and definition of' production targets 
are discussed in the following
 

section.
 

Production Targets
 

The SFYP established production targets for 12 major and minor crops
 
for the terminal year (1984/85). Self-sufficiency in foodgrains (rice and
 
wheat) was a goal; 
none of the other crops was singled out for special emphasis.
 

The formulation of policy options for the development of the Bangladesh fertilizer
 

sector, however, requires consideration of fertilizer needs for an additional
 

5-year period up to 1989/90. Thus, production targets for all crops responding
 

to fertilizers must be established for 1989/90.
 

Production targets for foodgrains and other crops should be based on
 
the rate of population increase and per capita food requirements. Targets for
 
nonfood crops presumably are increased from the base year at the 
same percentage
 

rate as that used for the food crops. However, there is no guideline concerning
 
the rate of population growth for the 1985/86-1989/90 period nor for per capita
 
food requirement. If the birth-control program is significantly effective (a
 

reduction in population growth rate from 2.5% to 1.8% 
is targeted for 1984/85),
 

food requirements will he significantly reduced. If per capita consumption is
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to be significantly increased, food requirements will be measurably increased. 
A change in either or both of these assumptions would have a major effect on
 

reaching targets via full
 

projections of plant nutrient requirements. 

Except for foodgrains, there is no priority listing for the crops on 
the producton target list; i.e. there are no minimum or maximum production 
goals. Neither is there any estimate of the cost of 

implementation of the fertilizer supply and 
use scheme versus 
some modifications
 

in the scheme supplemented by imports.
 

Policy Options--The Ministry of Agriculture and Forests should
 
establish minimum and maximum goals 
on a crop-by-crop and year-by-year basis,
 
preferably through the year 1989/90. 
 As an alternative, nutrient projections
 
for policy options should include a high and a low projection with the basic
 
assumptions listed along with an 
evaluation of the degree of certainty or
 
uncertainty of the assumptions. 
 In addition to the minimum/maximum goals,
 
priorities of production are needed so that 
fertilizer allocations can be
 
established during shortage conditions. Production goals intermediate between
 
the minimum and maximum would also be useful in developing the priority list. 

Estimates of Nutrient Requirements
 

A review of the various projections and estimates revealed that only
 
four have been made on 
the basis of using fertilizer nutrients to increase food
 
production. Two were made on 
the basic assumption that a unit of fertilizer or
 
nutrient produces a given quantity of food (average for country). However, the
 
assumptions differed in quantifying the amount of food produced as 
a result of
 
fertilizer use, and other assumptions differed also. 
 The other two estimates
 
were 
based upon nutrient balance, i.e., nutrients removed from fields in crops
 

(requirements) and supply sources 
other than fertilizers.
 

The following comparisons are made not 
as a criticism but as an
 
illustration of the need for 
a sophisticated approach to 
the whole problem.
 
1. M.A. Islam--Crop Response Method--It was 
assumed that 50% of increased food
 

production would result from fertilizer use 
and that 5.28 kg of clean rice
 
or 4.5 kg of wheat flour results from each kilogram of fertilizer nutrient.
 
The basis of the estimates was that 2.183 million tons of rice (food) and
 
0.965 million tons of wheat (food) would be needed in 1984/85 in addition
 
to that in 1977/78 (base year). 
 The additional production would require
 
413,000 and 214,000 tons 
of nutrients for rice and wheat, respectively. It
 
was 
also assumed that an additional 95,000 tons of nutrients would be used
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for other crops. Thus, the total additional nutrient requirement to that
 

which was used in 1977/78 was 722,000 tons, and 1,053,000 tons of nutrient
 

would be required to meet the food production goals in 1984/85 as established
 

in the SFYP (Table IV-11).5 Individual nutrient requirements were estimated
 
by assuming that the ratio of nutrient use would be 5:3:1 by 1984/85. Thus,
 

the 	estimated nutrient requirements by this method are 585,000, 351,000, and
 

117,000 tons of N, P2 0 and ,,0, resj-ectively. 

2. 	A.J.M.A. Islam--Crop Response Method--The estimate of foodgrain produced by
 

a unit of fertilizer nutrient was obtained from regression of foodgrain
 

(rice plus wheat) production for the period 1969/70 to 1979/80 on quantity
 

of fertilizer used during the same period of time. The resulting
 

regression equation was this: foodgrain production = 9.71 + 5.30 (fertil

izer applied), where each food and fertilizer unit is expressed in units of
 
million tcns. If fertilizer contains 46% nutrients, this gives 11.52 kg of
 

foodgrain/kg of fertilizer nutrient which is about 43% greater than
 

M. A. Islam assumed. Total fertilizer requirement for 1984/85 was
 

calculated to be 1.926 million tons. 
 To estimate requirements for urea,
 

TSP, and MP, the total fertilizer requirement was partitioned at the
 

ratio of 8:4:1 for the respective products. This resulted in a nutrient
 

ratio of 6.1:3.1:1. Thus, when the fertilizer requirement is partitioned
 

and converted to nutrients, the estimate of nutrient requirement for
 

1984/85 is 545,000, 273,000, and 89,000 tons of N, P20 and K20
 

respectively (Table IV-11).
 

3. 	A.J.M.A. Islam--Nutrient Balance Method--This method estimates nutrients
 

contained in the quantities of crops required to meet the food production
 

goals and subtracts the estimated quantities of nutrients supplied from
 

soils and use of organic material. This residual is assumed to come from
 

fertilizer. But, since the total fertilizer nutrients are not taken up by
 

plants, an efficiency factor is used to estimate the quantity of nutrients
 

which must be applied (Table IV-12). The nutrient requirements to meet the
 

1984/85 food production goals, so calculated, are 697,000 and 348,000 tons
 

,
of N and P205 respectively. With this method, no requirement was found
 

for K20. However, soil K20 needs do vary, and it was recognized that the
 
requirement may be about 47,000 tons of K20 (Table IV-11).
 

5. 	The figure of 1,053,000 differs from Dr. M. A. Islam's figures because it
 
has been corrected based upon estimated nutrient consumption in 1977/78 which
 
was his base year for estimating increased food need.
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Table IV-11. 
 Summary of Estimates of Nutrient Requirements to Meet
 
Food Production Goals, 1984/85 and 1989/90 

Nutrient Requirements
 
Method 
 N 
 K20 Total
 

- (thousand tons) .---.-.----

1984/85
 
c c
1. Crop responseb 585 351 117 c 1,053 c
 

2. Crop response b 545 273 89 907
 
3. Nutrient balanceb 
 697 348 
 47 1,081

4. Nutrient balance 
 615 307 
 42 964
 

1989/90
 
1. Crop responseb 760 
 380 190 
 1,330

2. Crop response b 716 358 
 116 1,190

3. Nutrient balanceb 
 966 482 
 66 1,514

4. Nutrient balance 
 875 437 
 59 1,371
 

a. From tI.A. Islam (1980).
 
b. From A.J.I.A. Islam (1981). 
 Method 4 is similar to method 3 except that it
 
was 
assumed that deep-water rice would not be fertilized.
 
c. In the report these figures were 674, 337, 84, and 1,095 for N, P205 , K20,
and Iotal, respectively. N. A. Islam summed additional requirements 1977/78
tIo 1984/85 and nutrients used in 1979/80, but his base crop production year 
was 1977/78. The above figures art a result of the sum of 1977/78 nutrient 
use and additional requirements to produce the additional food. 
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Table IV-12. Estimated Nutrient Removal byCrops for 1984/85 and Estimated
 
SupplyFrom Soil and Organic -laterials and Need From Fertilizer 

Fertilizer 

Crop 
Nutrient 
Removed 

Nu t r i e nit 
Soil and 

SulppL) ... 
Chemical 

Nutrient 
Need to 

Crop Production 
(Million tons) 

by 
----------

crop_ Organic Material Fertilizer 
(thousand tons)--

Apply a 

NitrogUe n (N) 
Rice 16.53 470 350 120 400 
Wheat 1.96 54 27 27 90 
Others - 135 77 62 207 

TOTAL 659 454 209 697 

Phosphate (P205 )
 
Rice 16.53 189 88 
 101 252
 
Wheat 1.96 
 20 
 5 15 38 
Others  42 19 
 23 58
 

TOTAL  251 112 139 348
 

Potash (K20)
 
Rice 16.53 685 1,964 None None
 
Wheat 1.96 40 379 
 None None
 
Other - 146 227 None None 

TOTAL 
 871 2,570 None None
 

a. It is assumed that applied fertilizer N is 30% efficient and fertilizer
 
P is 40% efficient.
 

Source: A.J.H.A. Islam (1981).
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4. A.J.M.A. Islam--Nutrient Balance Method, Excluding P.p-Water Rice
 
Fertilization--Additional estimates of requirements were 
based upon the
 
same assumptions as above except it was 
assumed that deep-water rice would
 
receive 
no chemical fertilizer. The requirements were thus reduced to 
615,000, 307,000, and 42,000 tons of N, P2 0 and K20 , respectively, for 
1984/85 (Table IV-11).
 

For 1984/85 there is about a 20% difference between the high and low
 
estimates for total nutrient 
requirements, and there is 
more thin a twofold
 
difference for K20 requirements. All of the estimates were made on 
a macro
 
basis, i.e., assumptions were made for national averages (grain produced per
 
unit of fertilizer, nutrient supply from soil and organic materials, and fertil
izer efficiency. 
None took into account the 
rate of change of other factors
 
that affect yield or crop response to fertilizer. For the crop response
 
method, somewhat arbitrary allocations were made for individual nutrients. 
 The 
problems with such estimates are self-evident. 

The above estimates could be improved somewhat by modifying the 
assumptions and by stratifying the country into certain crop production situa
tions. However, it appears that at 
this time there is not enough sufficiently
 
reliable data 
on farm-level crop response to significantly improve the estimates
 
or to select one as 
better than others. 
 When the farm survey data are examined
 
in greater detail, they may present the base for refining the estimates.
 

Policy Options for Improving Estimates of Nutrient Requirements
 
Most of the recommendations pertaining to this issue have been
 

previously discussed. 
These included better definition of land areas by soil
 
fertility status and improved estimates of response of farmers' crops to
 
fertilizers. 
An example of a tabular model, given in Appendix Table IV-1, may
 
be useful in estimating nutrient requirements by building toward the total from
 
units of soils, crops, degrees of water control, and farmer management capabil
ity. Any estimate involves 
some degree of subjectivity, but the structuring of
 
the methodology and selecting units 
for which the best possible assumptions can
 
be made will result in improved estimates of nutrient requirements for meeting
 
food production goals.
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Optimal Allocation of Fertilizers Under
 

Adequate and Short SuLtP 1v Conditions
 

When fertilizer supplies are adequate, there is no need to allocate 
fertilizers. 
 The marginal return per unit of fertilizer, plus a family's needs 

for other crop products, will determine how farmers use fertilizers. Adequate
 
fertilizer 
supplies are predicated upon an equitable distribution system and an 
"open" market--open t., the extent, at least, that GOB may control fertilizer and 
crop prices but not establish actual production quotas for foodgrains, jute, or
 
other crops. It is also assumed that the other inputs required to produce the
 
farmer's choice of crops, such as 
seeds, credit, pesticides, etc., are available.
 
Because GOB can control fertilizer and crop prices through its subsidy program,
 
it, in effect, allocates fertilizers regardless of the quantity available. *When
 
fertilizers are in short supply, both the marginal 
return and the minimum produc
tion requirement become important. The HAF establishes priorities for production
 
of all crops and oversees the use of fertilizer on selected crops. There is not
 
too much difficulty in allocating fertilizers when supplies are equal 
to or
 
sli-ghtlv less than that 
requi red to produce the minimum crop requirements. When 
fertilizer supplies are sufficient to produce more than the minimum crop require

ments but are not adequate for unrestrained trade, the allocation is 
more
 

difficult.
 

Marginal returns to fertilizer use can be utilized as a guide for
 
making allocations. It has been recommended that an 
economic analysis be
 
made of the incremental returns from the use of fertilizer. After this has
 
been completed, the marginal returns 
from each plant nutrient, for all crops,
 
should be ranked in descending order. 
The ranking might appear somewhat as
 
shown in Table IV-13 when increments of 20 kg of plant nutrients are used.
 
Using this example, the first choice for allocating fertilizers is 20 kg of N/ha
 
for RYV rice in irrigated areas. If more nitrogen is available, the allocation
 
for the same HYV rice in the same aiea is increased to 40 kg N/ha. The next
 
incremental alloc3tion is 20 kg N/ha for HYV wheat in irrigated areas. 
 If a
 
crop with high marginal returns to fertilizer use under normal conditions appears
 
on 
the list but is not critical for food production, it receives no allocation
 
and the next choice is made. 
 Thus, mustard in Table IV-13 may not be essential
 
and it would be eliminated from the table. For political reasons it might be
 
wise to allocate fertilizer to producers of local rice varieties in the rainfed
 
area although fertilizer supplies would not reach this far under the recommended
 



121
 

Table IV-13. An Illustration of Ranking of Narginal Returns From 20-kg 
Increments of Plant Nutrients 

Geographicat Rainfed or Fertilizer Increment 
 Nargina
Crop Variety __Area a Irrigated N 2 20 ReturnsP205 


Rice-Boro IIYV I 0-20 - - 21.0 
Rice-Boro HYV I 20-40 - - 19.6 
Wheat HYV I 0-20 - - 19.5 
Rice-Aus HYV I 0-20 - - 19.0 
Rice-T. Aman HYV - I 0-20 - - 18.7 
Wheat HYV - I 20-40 - - 18.6
 
Rice-Boro HYV -
 I - 0-20 - 18.2
 
Potato HYV 
 I 0-20 - - 18.1 
Mustard Local - R 0-20 - - 18.1 
Potato HYV - I - 0-20 - 18.0
 
Rice-Boro HYV 
 - R 0-20 - - 17.6 
Rice Local - I 0-20 - - 17.6 
Rice-Boro HYV - I - - 0-20 13.3 

a. Soil types or groups delineated to give rather uniform response patterns

would be a better classification for optimum allocation, but physical problems

in distribution of fertilizers 
to soil areas may dictate selection of geographic
 
areas 
and estimating average response patterns and marginal benefit/cost ratios.
 
b. These ratios are artificial and probably have no resemblance to Bangladesh

conditions. They are used only to illustrate the technique.
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allocation procedure. Such atlocations are given priority, and the remai ning
 

fertilizer is allocated according to the table.
 

It must be remembe red that marginal returns change whenever there is 

a change in either the cost of the fert i Iizer or the price of the coinmodity. 

Maximum marginal returns to fertilizer use are obtained when small amounts are 

alplied on as much land as possible. However, this would require an elaborate 

distribution system. To overcome this problem, crop ranking tables could be 

made on a regional basis and fertilizer allocated accordingly.
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Appendix Table IV-1. 
 Tabular Model of Data Requirements for Projecting
 
Nutrient Requirements 

1. 	Soil unit:
 

(species-variety)
 

2. 	Crop:
 

3. 	Production target for year for this soil unit only:
 

a. Minimum, tons
 

b. Median, tons
 

c. Maximum, tons 

4. 	Productivity (yield without fertilizer):
 

Rainfed soils
 

a. 
 Local 	variety, kg/ha
 

b. HYV, kg/ha
 

Irrigated soils
 

c. 
 Local 	variety, kg/ha
 

d. HYV, kg/ha
 

5. 	 Area available (in this soil unit) Currently used for 

this crop: 

Rainfed area
 

a. Local variety, ha
 

b. HYV, ha
 

Irrigated area
 

c. Local variety, ha
 

d. HYV, ha
 

Currently used for other crops
 

e. Rainfed area, ha
 

f. Irrigated area, ha
 

Planned for this crop this year
 

Rainfed area
 

g. Local variety, ha
 

h. HYV, ha 

(Continued)
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Appendix Table IV-1. Tabular Model of Data Requirements for Proj-eSti_ 
Nut rient Requirements (Continued) 

Irrigated area 

i. Local variety, ha 

j. HYV, ha 

6. Production expected (without fertilizer): 

Rainfed area 

Poor weather ( % yield reduction) 

a. Local variety (5g x 4a), tons 

b. HYV (5h x 4b), tons 

Average weather 

c. Local variety (5g x 4a), tons 

d. HYV (5h x 4b), tons 

Good weather ( % yield increase) 

e. Local variety (5g x 4a), tons 

f. HYV (5h x 4b), tons 

Irrigated area 

g. Local variety (5i x 4c), tons 

h. HYV (5j x 4d), tons 

7. Base production: 

a. Low estimate (6a + 6b + 6g + 6h), tons 

b. Median estimate (6c + 6d + 6g + 6h), tons 

c. High estimate (6e + 6f + 6g + 6h), tons 

8. Production deficit: 

a. Low estimate (3a - 7a), tons 

b. Median estimate (3b 7b), tons 

c. High estimate (3c - 7c), tons 

9. Production to be made up by a. b. c. 
min. med. max. 

Fertilization of planned area, tons 

New double cropping, tons 

Shift in area from another crop, tons 

(Continued)
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Appendix Table IV-1. Tabular Model of Data Requirements for Projecting 
Nutrient Requirements (Continued) 

Remainder of table must be completed three times: for minimum target,
 
median target, and maximum target. 

10. 	 Area to be fertilized:
 

Planned, rainfed area
 

a. 	 Local variety, ha
 

b. HYV, ha
 

Planned, irrigated area
 

c. 	 Local variety, ha
 

d. HYV, ha
 

Double cropped, rainfed area
 

e. 	 Local variety, ha
 

f. 	 fYV, ha 

Double cropped, irrigated area
 

g. 	 Local variety, ha 

11. 	HYV, ha
 

Shifted crop, rainfed area 

i. 	 Local variety, ha 

j. HYV, ha
 

Shifted crop, irrigated area
 

k. 	 Local variety, ha
 

1. 	 HYV, ha
 

11. 	 Fertilizer rate (N-P205-K20):
 

Low yield farmer, rainfed area
 
a. 
 Local variety, kg/ha
 

b. HYV, kg/ha
 

Low yield farmer, irrigated area
 
c. 
 Local variety, kg/ha
 

d. HYV, kg/ha
 

Average yield farmer, rainfed area
 
e. 
 Local variety, kg/ha
 

f. 	 HYV, kg/ha
 

(Continued)
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Appendix Table JV-1. 
 Tabular Model of Data Requirements for Projecting
 
Nutrient Requirements (Continued) 

Average farmer, irrigated area 

g. Local variety, kg/ha 
h. HYV, kg/ha 

High yield farmer, rainfed area 

i. Local variety, kg/ha 

j. IIYV, kg/ha 

High yield farmer, irrigated area 

k. Local variety, kg/ha 
1. HYV, kg/ha 

12. Yield increase from use of fertilizer: 

Rainfed Irrigated 
Poor weather, low yield farmer 

Local variety, kg/ha a. b. 
HYV', kg/ha c. d. 

Poor weather, average yield farmer 

Local variety, kg/ha e. f. 
HYV, kg/ha g. h. 

Poor weather, high yield farmer 

Local variety, kg/ha i. j. 
HYV, kg/ha k. 1. 

Average weather, low yield farmer 

Local variety, kg/ha m. n. 
HYV, kg/ha 0. p. 

Average weather, average yield farmer 

Local variety, kg/ha q. r. 
HYV, kg/ha s. t. 

Average weather, high yield farmer 

Local variety, kg/ha u. v. 
HYV, kg/ha w. x. 

(Continued) 
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Appendix Table IV-I. Tabular Model of Data Requirements for Projectiig 
Nutrient Requirements (Continued) 

Good weather, low yield farmer 

Local variety, kg/ha y. z. 

HYV, kg/ha aa. bb. 

Good weather, average yield [armer 

Local variety, kg/ha cc. dd. 

HYV, kg/ha ee. ff. 

Good weather, high yield farmer 

Local variety, kg/ha gg. hh. 

HYV, kg/ha iA. jj. 
13. Production due to fertilization: 

Rainfed Irrigated
 
Poor weather, low yield farmer
 

Local variety (12a x Ila, 
12b x 11c), tons 

HYV (12c x lib, 12d x lid), tons 

a. 	 Total
 

Poor weather, average yield farmer
 

Local variety (12e x Ile, 
12f x 11g), tons
 

hYV (12 g x 
If, 	12h x 11h), tons
 

b. 	 Total
 

Poor weather, high yield farmer
 

Local variety (12i 
x Ili, 12j x 11h), tons
 

HYV (12k x lij, 121 x Ill), tons
 

c. 	 Total
 

Average 	weather, low yield farmer
 

Local variety (12m x Ila, 
12n x hic), tons
 

HYV (12o x lib, 12p x lid), tons
 

d. 	 Total
 

Average weather, average yield farmer
 

Local variety (12q x Ile, 
12r x h1g), tons
 

HYV (12s x 11f, 12t x 1lh), tons
 

e. 	 Total
 

(Continued)
 



128
 

Appendix Table IV-I. 
 Tabular Model of Data Requirements for Projecting
 
Nutrient Requirements (Continued)
 

Average weather, high yield farmer
 

Local variety (12n x Ili, 
12v x Ilk), tons
 

HYV (12w x lj, 12 x 111), tons
 

f. Total
 

Good weather, low yield farmer
 

Local variety (12y x Ila, 12z x lc), tons
 
HYV (12aa x lib, l2bb 
x Ild), tons
 

g. Total
 

Good weather, average yield farmer
 

Local variety (12cc 
x lie, 12dd x 11g), tons
 

h. Total
 

Good weather, high yield farmer
 

Local variety (12gg 
x Ili, 12hh x Ilk), tons
 

HYV (12ii x llj, 12jj x i1j), tons
 

i. Total
 

j. Low estimate (a + b + c), tons
 

k. Medium estimate (d + e + f), tons
 

1. High estimate (g + h + i), tons
 

Remainder of table must be completed three times for N, P205, and K20.
 

14. Nutrient requirements for (nutrient) 

Low yield farmer, planned area 

Rainfed Irrigated 

Local variety (Ila x 10a, lic x 10c), 

HYV (lb x 10b, lid x 10d), tons 

tons 

Low yield farmer, double cropped area 

Local variety (ila x 10e, lic x log), 

HYV (lb x 1Of, lid x lOh), tons 

tons 

(Continued)
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Appendix Table IV-1. 
 Tabular Model of Data Requirements for Projecting
 
Nutrient Requirements (Continued)
 

Low yield farmer, shifted crop area
 

Local variety (Ila 
x lOi, hic x 10k), tons
 

HYV (1lb x 10j, lid x 101), tons
 

Average yield farmer, planned area
 

Local variety (lie x 10a, 
Ig x 10c), tons
 

HYV (llf x 10b, llh x lOd), tons
 

Average yield farmer, double cropped area
 

Local variety (Ile 
x lOe, Ig x lOg), tons
 

HYV (11f x 10f, llh x 10h), tons
 

Average yield farmer, shifted crop area
 
Local variety (lie 
x 10i, lg x 10k), tons
 

HYV (11f x 10j, 
llh x 101), tons
 

High yield farmer, planned area
 

Local variety (Ili 
x lOa, Ilk x lOc), tons
 

HYV (llj x 10b, 111 
x 10d), tons
 

High yield farmer, double cropped area
 

Local variety (Ili 
x le, Ilk x 10g), tons
 

HYV (llj x 1Of, Ill 
x l0h', tons
 

High yield farmer, shifted crop area
 

Local variety (Ili x 10i, 
Ilk x 10h), tons
 

HYV (1lj x lOj, Ill 
x 101), tons
 

Subtotal, tons
 

GRAND TOTAL, tons 

15. Summary 

Minimum Median Maximun 

Crop production, tons 

Poor year 

Average year 

Good year 

Target Target Target 

(Continued)
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Appendix Table IV-1. 
 Tabular Model of Data Requirements for Projecting
 
Nutrient Requirements (Continued)
 

Nutrient requirements, tons
 

N
 

P205
 

K20
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V. 
ANALYSIS OF SELECTED AGRICULTURAL
 

DEVELOPMENT POLICIES 

An increase in foodgrain production in Bangladesh can be achieved by

successfully implementing policies that increase cropped 
areas and/or crop
 
yields. 
 Over the period 1970-81, total foodgrain production grew at an average
 
annual rate of about 2.6%; 
25% of this growth was due to expansion in cropped
 
areas and the remaining 75% due to
was increase in yields. 
 The following
 
policies are expected to help achieve the MTFPP 1985 foodgrain production
 
target: an expansion in the irrigated area 
(3.6 million acres), improvement of
 
2 million acres 
through drainage and flood control measures, maintenance of
 
incentive output prices to the farmer, and increased use of HYVs and
 
fertilizers. 
 The first three of these measures are expected to help increase
 
cropped areas and crop yields. 
 The HYVs and fertilizers are important for
 
increasing crop yields but may or may not 
be important for increasing crop
 
areas. 
 The general belief is that the provision of more irrigation and drainage
 
and flood control are necessary to facilitate the efficient use of fertilizer,
 
HYVs, and other purchased inputs and 
to reduce agriculture's dependence on 
the
 
weather. 
 In this context the policies for ensuring adequate farm-level supplies
 
of HYV seeds and fertilizers and for maintaining incentive output prices to the
 
farmer are complementary to the irrigation and drainage and flood control
 

policies.
 

Irrigation Policy
 

The proposed 100% expansion in the area irrigated is probably the most
 
important element of the MTFPP strategy. 
This expansion is expected to greatly
 
increase foodgrain production by increasing crop yields and cropped areas. 
 The
 
increased availability and use of irrigation will have a direct positive effect
 
on crop yields and also will (indirectly) increase crop yields by expanding the
 
use of HYVs, fertilizer, and other inputs.
 

Elasticity estimates of crop yields, with respect to the use of
 
irrigation, HYVs, and fertilizers, and fertilizer demand elasticity estimates,
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with respect to the use of irrigation and HYVs, can be used for estimating the
 
impact thaL the proposed expansion of irrigated area will have on crop yields.
 

Elasticities of paddy-wheat yields for the 1979/80 Boro season and of paddy
 
yields for the 1980 Aus and Aman seasons, with respect to the use of irrigation,
 
HYVs, and fertilizer estimated by the IFDC/BARC study, are presented in Table V-I.
 
These elasticities estimate the percentage change in crop yields due 
to a 1%
 
change in the use of irrigation, HYVs, or fertilizer, holding other factors
 

constant. They are particularly important for estimating the expected impact
 

that the proposed expansion of irrigated area in Bangladesh will have on crop
 

yields. These estimates indicate that irrigation may have quite important
 

indirect effects 
on crop yields by increasing the use of HYVs and fertilizer.
 

Estimates of the influence of irrigation on the use of fertilizer and HYVs 
are
 
also needed to estimate total effects on 
crop yields of the proposed expansion
 

in irrigated area.
 

Although there are no explicit estimates of the effect of irrigation
 

on the use of HYVs, the IFDC/BARC farm survey data show a high correlation
 
between the use of HYVs and irrigation. Therefore, it is not too unrealistic to
 

assume that the use of HYVs will increase in the same proportion that the
 

irrigated area increases. Thus, the proposed 100% increase in irrigated area
 

could probably increase the use of HYVs by 100%.
 

Fertilizer demand elasticity estimates obtained by the IFDC/BARC study
 

show that, holding other factors constant, the quantity of fertilizer used
 
(demanded) per acre of cropped land increased 0.105% and 0.211% 
as a result of a
 
1% increase in the use of irrigation and HYVs, respectively.
 

These estimates imply that the proposed 100% increase in irrigated
 
area is expected to increase the average level of fertilizer use (demand) per
 

acre of cropped land by 31.6%, 10.5% directly as a result of irrigation and
 

21.1% as a result of the increased use of HYVs resulting from irrigation.
 

The effect that the proposed 100% increase in irrigated area should
 
have on crop yields is determined by the influence that these percentage
 

increases in the use of irrigation, HYVs, and fertilizer are expected to have on
 
crop yields. 
This effect is computed from the crop yields elasticity estimates
 

shown in Table V-i as follows:
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Table V-I. Crop Yield (Production) Elasticities With Respect 
to the Use of
 
Irrigation, HYVs, and Fertilizer, Bangladesh, 1979/80
 

Three Seasons 
Boro 1979/80 Aus 1980 Aman 1980 Weighted a Average 

Production elasticities 
with respect to the 
use of: 
Irrigation - 0.018 - 0.005 
high-yielding varieties 0 .352b 0.087 0.047 0.145 
Fertilizer 0.117 0.074 0.038 0.071 

Weights of area cropped 0.28 0.30 0.42 
per season 

a. 
Weighted average obtained by using the sample distribution of the areas
 
cropped by season.
 
D. In the Boro season, because of the high correlation between irrigation and
 
HYVs, the elasticity estimate for HYVs probably shows the joint effects of
 
irrigation and HYVs.
 

Source: Sidhu, Baanante, and Ahsan (1982).
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Percentage
 
Percentage Increase Increase in
 

Crop Yield in Inputs Use Due to Crop Yields Due to
 
Inputs Elasticities Irrigation Policy Irrigation Policy
 

Irrigation 0.005 
 100 0.5
 
HYVs 0.145 100 
 14.5
 
Fertilizer 0.071 
 31.6 2.25
 
Irrigation policy effect on crop yields: 
 17.25
 

Thus, these estimates based on the IFDC/BARC study, indicate that the
 
proposed 100% increase in irrigated area could increase average paddy and wheat
 
yields by 17.25%. This is the expected increase in yields (production) of paddy
 
and wheat if the proposed increases in irrigated area have no effect on the
 

areas cropped in each season.
 

However, an increase in irrigated area will probably increase the
 
total areas cropped in each season. Assuming that the additional 3.6 million
 

acres to be irrigated will increase the area cropped per season by about
 
1.8 	million acres 
(50%), then the total area cropped per year could increase
 

about 20% (about 25% in Boro, 22% in Aus, and 17% in Aman). This expansion in
 
cropped area would result in an additional 20% increase in the total demand for
 
fertilizers, HYV seed, and total paddy and wheat production in Bangladesh.
 

In summary, the effects of the proposed expansion in irrigated area
 

would be as follows:
 

1. 	A 100% increase in the proportion of land cropped with HYVs and a 120%
 

increase in the use of HYV seed.
 

2. 	A 31.6% increase in the level of fertilizer use per acre of cropped land
 

and a 51.6% increase in the total demand for fertilizer (20% incr se due
 

to possible expansion in cropped area).
 

3. 	A 37.25% increase in paddy and wheat production in Bangladesh, 17.25% due
 

to expected increase in yields and 20% due to possible expansion in cropped
 

areas.
 

It is clear that the expansion in irrigated area can have its full
 
impact on foodgrain production in Bangladesh only if farmers 
are supplied with
 
fertilizers, H-YV seed, and other inputs adequately, efficiently, and on time.
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It is also clear from these results that the proposed expansion in
 
irrigated area (irrigation poiicy) by itself, will not be sufficient to obtain
 
the 53% increase in foodgrain production that is needed to achieve the 
production target of 20 million tons by 1985. Also, the proposed irrigation
 

pov icy will not expand fertilizer use (demand) by the 126% needed to meet the
 
1985 targeted level of fertilizer use of 1.9 million tonis.
 

Drainage and Flood Control Policy 

One of the policies proposed to meet the foodgrain production target
 
of 20 million tons by 1985 is to improve 2 million acres 
by drainage and flood
 
control measures for the Aman and Aus crops. This represents about 20% of the
 

areas cropped in these seasons.
 

The IFDC/BARC farm survey sample data indicate that in the Aus and 
Aman crops (paddy), about 25% of the total cropped area is considered by farmers
 
to be poorly drained land. Therefore, the proposed drainage and flood control 
improvement on about 20% of total cropped in these seasons canarea represent a 
reduction 1(20/25) x 100 = 80%) in the poorly drained cropped land of these
 
seasons and an increase [(20/75) x 100 = 26.7%] in the properly drained cropped
 

land.
 

Improvement in drainage and flood control is expected to increase
 
foodgrain yields, mainly by increasing the use of HYVs and fertilizer. The
 
influence that improvement in drainage and flood control 
can have on the use of
 
lYVs has not been explicitly estimated. 
However, the IFDC/BARC farm survey data
 
show a high correlation between poorly drained land and the use of local
 

varieties of paddy in the Aus and Aman seasons. 
 Therefore, it is not
 
unrealistic to assume that the 
use of HYVs in the Aus and Aman crops may
 
increase in the same proportion as the total properly drained cropped area
 

increases in these seasons 
through drainage and flood control measures. Then,
 
the proposed improvement of about 27% of the properly drained cropped areas in
 
the Aus and Aman crops could probably increase the use of HYVs in these two
 

crops by 27.0% or 19.4% for the three seasons, considering that 72% of the area
 
cropped annually is cropped in the Aman and Aus seasons, as shown in Table V-1.
 

The effect of the proposed improvement in drainage and flood control
 

on the use of (demand for) fertilizer per acre of cropped land can be estimated
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by using the fertilizer demand elasticities with respect to (1) poorly drained 
land area 	and 
(2) area cropped with HYVs. Such elasticity estimates obtained
 
by the IFDC/BARC study for the Aus and Aman seasons 
indicate that, holding all
 
other factors constant, the fertilizer use per acre of cropped land was
 
(I) increased 0.053% by reducing the poorly drained area 1%and (2) increased 

about 	 0.11% by increasing the use of HYVs 1%. 
Thus, the estimated 80% reduction in the poorly drained cropped area, 

implied by the proposed drainage and flood control improvement policy, could 
increase the use of (demand for) fertilizer 4.24% in the Aus and Aman seasons. 
The expected 27% increase in the use of HYVs could increase the use of (demand
 

for) fertilizer 2.97% 
in the Aus and Aman seasons.
 

These estimates indicate that the proposed drainage and flood control
 
improvement policy could increase the demand for fertilizers in the Aus and Aman
 
seasons about 7.21%. 
The farm survey data for 1979/80 show that about 70% of
 
the total fertilizer used in Bangladesh in a year (three seasons) is used in the
 
Aus and Aman seasons. Accordingly, the demand for fertilizer in a year will
 

increase only 5.05%.
 

The effect that this policy could have on foodgrain production by
 
increasing average yields through increased use 
of HYVs (19.4%) and fertilizer
 
(5.05%) can be estimated from the crop yield elasticities presented earlier in
 

Table V-1, as follows:
 

Percentage 
Increase in 

Percentage Increase Foodgrain Yields 

Crop Yielda 
Due to Drainage 

and Flood Control 
Due to Drainage 

and Flood 
Elasticities Improvement Policy Cont-nl Poli cy 

Use of: 
High-yielding varieties 
Fertilizer 

0.064 
0.053 

19.4 
5.05 

1.24 
0.27 

Percentage increase in yields due to this policy: 
 ;.51
 
a. Weighted average of estimates obtained for the 1980 Aus and Aman paddy crops
 
(Table V-i).
 

This policy could increase foodgrain production in Bangladesh by about
 
1.5%/year through its effect on crop yields. 
However, foodgrain production is
 
expected to increase more because improved drainage and flood control would have
 
a positive effect on the to':l 
cropped areas during Aman and Aus seasons.
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11V S-eed]-_ Po i cPy 

The proportion of land sown to llYVs in Bangladesh has increased
 

substantially since the mid-1960s, resulting in an overall increase 
in average 

yields. Si 'iificantly increasing average crop yields by substantially replacing 

local traditional varieties with HYVs is one of the cornerstones of the MTFPP 
strategy. In recent years as more of the relatively less suitable land has been
 

added to 1YV cultivation, the average HYV yields have started to decline.
 

Indigenous research to develop I[YV seeds suitable to Bangladesh's soil, water,
 

and climatic conditions, therefore, must be considered as an important component 
of the MTFPP production strategy. Progress in this area will help to increase 

the share of land sown to HYVs and to sustain future HYV yields even if there is 

no increase in irrigated areas or land improvement through drainage and flood 

control measures. 

The use of HYV seeds by farmers depends on the farm-level demand for
 

and supply of HYV seeds. The development of lHYVs more suitable to Bangladesh's
 

agroclimatic conditions and the adequate and timely supply of these seeds to
 

farmers will increase the demand for HYV seeds and thus their use.
 

In the short run, however, the proposed expansion in irrigated area
 

and land improvement through drainage and flood control measures will have an
 

important positive impact on the demand for HYV seeds.
 

Given the high correlation between the use of irrigation and HYVs, it
 

is not unrealistic to assume that the proposed 100% increase in irrigated area
 

could increase the demand for HYV seeds by 100%. If iriigation were to increase
 

the total cropped 
area by 20%, then the total demand for HYV seed could increase
 

by about 120% as a result of the proposed expansion in irrigated area; in
 

addition, the policy of land improvement through drainage and flood control
 

measures could increase the demand for HYV seeds by about 19.4%.
 

Therefore, holding other factors constant, the proposed irrigation
 

and land improvement policies are estimated to increase the demand for HYV seed
 

about 139.4% by 1985.
 

The timely and adequate supply of HYV seeds to the farmers is a
 

necessary condition for these policies (irrigation and land improvement) to
 

have an effect on foodgrain yields through the increased use of MYV seeds.
 

Policies designed to ensure the adequate and efficient supply of HYV seeds to
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the farmers, thus, are of critical importance for the expansion in irrigation 
and land improvement policies to realize their full potential in increasing 

foodgrain yields and production in Bangladesh. 

The existing limitations on expanding cultivated areas, the low crop 
yields, and the relatively low levels of 
use of irrigation, HYVs, and fertilizer 

suggest that expanded foodgrain production will come from increments in crop 

yields rather than from increases in the cropped areas. 

Irrigation, HYVs, and fertilizers, therefore, are expected to be the 
three most important factors affecting the future expansion of foodgrain 

production in Bangladesh.
 

Fertilizer Use Policy
 

In order to meet the foodgrain production target of 20 million tons by
 

1985, 
the MTFPP calls for a 126% increase in fertilizer use from 840,000 tons
 

during 1979 to 1.9 million tons by 1985.
 

Between 1963 and 1980 fertilizer sales in Bangladesh increased at the
 
longer term growth trend of about 15%/annum. However, during 1980 and 1981 
the
 

rate of growth of fertilizer sales declined 
to less than 5%/annum. Although
 

policies for promoting fertilizer use have received considerable importance in
 
the MTFPP production strategy, fertilizer sales have slowed down and remained
 

below the MTFPP targets. This slowdown in fertilizer sales appears to be
 

explained in part by the increase in fertilizer prices effected in November
 

1980.
 

The use (sales) of fertilizer depends on the farm-level supply of and
 

demand for fertilizer. Since the objective of the MTFPP is increse
to 


foodgrain production by, among other means, increasing the use of fertilizers,
 

policies should be designed and implemented to (1) secure the timely and
 

efficient supply of fertilizers to farmers in adequate quantities and (2) expand
 

the farm-level demand for fertilizers.
 

The proposed policies of expansion in irrigated area and of land
 

improvement through drainage and flood control measures will have 
an important
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positive impact on the farm-level demand for fertilizers. Indications from the 
fertilizer demand elasticity estimates obtained in the IFDC/BARC study are as 

follows:
 

1. 	 The proposed 100% expansion in irrigated area, holding other factors 
constant, will increase the demand for fertilizer per acre of cropped laud 
by 31.6%. Thus, if the total cropped area increases by 20%, the total 
demand for fertilizer will increase by about 51.6%, as a result of the 

proposed expansion in irrigated area. 
2. 	 The policy of land improvement through drainage and flood control measures 

will increase the demand for 'ertilizer by about 5.0%. 

Therefore, holding other factors constant, the proposed irrigation and 
land improvement policies are estimated to increase the demand for fertilizers 

by 	about 56.6% by 1985.
 

Policies directed to improving the efficiency of fertilizer
 

production, imports, distribution, and marketing to ensure the adequate and
 
timely supply of fertilizers to farmers are necessary to satisfy the expected
 

increase in the demand for fertilizers. Moreover, policies designed to improve
 

the 	supply of fertilizers to the farmer should have their own positive effect on
 
fertilizer use. 
 The important policies, in this respect, are all those policies
 
that enable the public and private sector organizations to deliver increased
 

quantities of fertilizers to a larger number of farmers on time and at the least
 

possible cost.
 

Other policies that may have a significant effect on the expected
 
increase in the use of fertilizers are those affecting the fertilizer and output
 

prices and the availability and cost of agricultural credit.
 

Fertilizer and Output Price Policy
 

Fertilizer and output prices may be influenced in a variety of ways by
 
government policies. In Bangladesh the foodgrain prices that farmers receive
 

are influenced by the extent of government involvement in foodgrain procurement.
 

These foodgrain prices are affected by, among other factors, 
the level of
 

procurement prices set by the government and the 
level of existing foodgrain
 

stocks. The success of a policy in increasing foodgrain production depends on
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(1) 	 the posit ive impact that such a policy can have on farmers ' output prices
 

and on production and (2) the cost 
 associated with the implementation and
 

operation of the policy.
 

Relevant estimates of price elasticity of supply of output can be used 
to measure the impact of higher producer prices on production. However, further 
work is needed to obtain proper supply elasticity estimates. 

The impact of higher foodgrain producer prices on the demand for (use 
of) fertilizer, HYV seed, and other inputs is determined by the relevant
 

elasticities of demand of 
 these inputs with respect to foodgrain prices. 

One 	of the policies of the 1TFPP is to 
maintain incentive output
 
prices to the farmer. Higher output price can be 
a powerful incentive for
 
farmers to increase foodgrain production through (1) expanded use of fertilizer 
and other inputs and k2) increased area of cropped land. However, in the 
absence of relevant estimates of output price supply elasticities and of input
 
demand elasticities with respect to the price 
of 	 output, it is very difficult to 
evaluate the impact that a given policy-determined change in the price of output 
can 	 have on production and on the demand for fertilizer and other inputs. 

Governments also use input price subsidies to provide farmers with
 
incentives to increase production. In Bangladesh 
 along with a policy attempting 
to support the farm price of rice, there is also a policy of subsidies on
 
fertilizer and 
 other modern inputs. In both cases the rationale is to provide 
the incentive to farmers to increase production. 

The policy with respect to fertilizer price, however, appears to be to
 
continue with the progressive elimination (initiated in 1980) of the subsidy.
 
According to the IFDC/BARC farm survey data used in this 
study, this policy had
 

the following results:
 

1. 	The prices farmers paid for fertilizer during the 1980 Aman sed.son were
 
substantially higher than those paid in the 1979 Aman season.
 

2. 	The farm-level fertilizer/paddy price ratio increased substantially from
 
about 1.2 in the 
1979 Aman season 
to about 1.8 in 1980 Aman because the
 
price of paddy did not change significantly during this time period.
 

The policy of eliminating the fertilizer subsidy in Bangladesh should
 
be evaluated in terms of (1) the benefits that result from the saving that the
 
government will have by discontinuing the fertilizer subsidy, i.e., 
the
 
magnitude of the subsidy and the operating costs of this policy, (2) the costs
 
that may result from the negative impact that the resulting increase in
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fertilizer price could have on agricultural productiou, and (3) the income 

distribution effects (equity) of this policy. 

The impact that a given change in the price of fertilizer may have on 

agricultural production is determined by the elasticity of supply of agriculture 

output with respect to the price of fertilizer and by the magnitude of change in 

the price of fertilizer. A change in the price of fertilizer also will have an
 
effect on the demand for fertilizer and for other inputs. These effects are 

determined, respectively, by the fertilizer price demand elasticity and by thp
 
elasticities of demand for other 
inputs with respect to the price of fertilizer.
 

in using elasticity estimates to evaluate output and/or fertilizer
 

price policies, it is very important to understand how these elasticity
 
estimates have been obtained and what they mean. 
For example, elasticity
 
estimates obtained "holding constant" the level of 
use of other inputs may be
 
used to 
estimate the impact of changes in the price of output and/or fertilizer
 

on 
crop production and o" the demand for fertilizer. However, in using these
 
elasticity estimates, it is important to understand that, when the price of
 

fertilizer and/or output changes, 
the levels of use of other inputs actually 

do not remain constant. 

Elasticity estimates with more relevance for evaluating output and/or 
fertilizer price policies should be obtained "holding constant" factors that 
actually are expected to remain constant in the short run, i.e., holding 

constant fixed factors of production such as land and capital, and exogenously
 

determined pricer of variable inputs such as labor and pesticides.1
 

As mentioned previously, proper estimates of output supply price
 

elasticities and those of elasticities of output supply with respect to the
 

price of fertilizer have not been obtained. Therefore, the impact of given
 
output and/or fertilizer price policies on crop production cannot properly be
 

evaluated.
 

Fertilizer demand elasticities with respect to the fertilizer/paddy
 

price ratio, however, were estimated by the IFDC/BARC study. These elasticities
 

estimate the effect that changes in the relative prices of fertilizer with
 

respect to paddy may have on the demand for fertilizer.
 

1. See Sidhu and Baanante (1979) and Sidhu and Baanante (1981).
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The fertilizer/paddy price ratio measures the price of fertilizer in
 
terms of the units of paddy the farmer has sold to buy one unit of fertilizer
 
(NPK). Thus, these elasticities estimate the simultaneous effects of changes in
 
prices of fertilizer and paddy on the demand for fertilizer, assuming that a
 
given percentage increase in the price of paddy 
or decrease in price of
 
fertilizer will have the same effect on the demand for fertilizer. Since the
 
price of paddy (or fertilizer) does not 
remain constant, these elasticity
 
estimates might be more reliable for estimating the change in fertilizer demand
 
due to 
a change in the price of fertilizer (paddy) than fertilizer demand
 
elasticities estimated with respect to the price of fertilizer (paddy), holding
 
constant the price of paddy (fertilizer) and other factors of production (Sidhu,
 

1981).
 

These fertilizer demand elasticities and crop yields (production)
 
elasticity estimates are 
used here to estimate the effect of 
a given change in
 
the fertilizer/paddy price ratio 
on fertilizer demand and on paddy and wheat
 
yields. In considering these results it is important to keep in mind that
 
elasticity estimates were obtained (1) holding other factors constant and
 
(2) assuming that a given percentage increase in the price of paddy or decrease
 
in the price of fertilizer will affect the demand for fertilizer in the same
 

proportion.
 

Fertilizer demand elasticity estimates obtained by the IFDC/BARC study
 
show that, holding other factors constant, a 1.0% 
increase in the fertilizer/
 
paddy price ratio reduced the demand for fertilizer by 0.35% in the paddy and
 
wheat crops of the 1979/80 Boro season, by 1.32% in the paddy crop of the 1980
 
Aus season, and by 1.0% in the paddy crop of the 1980 Aman season. 
 The average
 
effect of a 1.0% change in the fertilizer/paddy price ratio, for these three
 
seasons, 
was a 1.02% decrease in the demand for fertilizer.
 

The three-season average elasticity estimates of (1) the demand for
 
fertilizer with respect to the fertilizer/paddy price ratio (-1.02) and 
(2) crop
 
yields with respect to the quantity of fertilizer used (0.071%) can be used to
 

2. This is not an entirely satisfactory assumption. As discussed in Sidhu and
Baanante 
(1979) and Sidhu (1981), output price is a more powerful policy
instrument than fertilizer price to 
influence fertilizer use, output, supply,
and returns to fixed farm resources. But, it is not possible at this 
time to
 pursue the complicated analysis required to derive that type of result.
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estimate the effect that a given policy change in the price of fertilizer and/or
 
paddy would have on 
the demand for fertilizer and on crop yields, holding all
 
other factors constant. For example, if fertilizer and/or paddy price policies
 
were to increase the fertilizer/paddy price ratio by 
10.0% while holding other
 
factors constant, then the demand for fertilizer would decrease by 10.2%, and
 
the average paddy and wheat. yields would decrease 0.72%.
 

A more complete and refined model specification arid estimating
 
procedure can be used to obtain elasticity estimates more relevant to evaluate
 
fertilizer and/or output price policy. 
 Cross sectional farm survey data may be
 
used to estimate own individual and cross price demand elasticities for
 
fertilizer and other inputs and paddy and wheat supply elasticities with
 
respect tu the price of paddy and prices of fertilizer and other variable
 
inputs, holding constant short-run fixed factors of production (land, capital,
 
family labor, etc.). Once these estimates are obtained, a more complete and
 
accurate estimation of the effects of a price policy on 
the demand for (use of)
 
fertilizers and other inputs and on 
foodgrain production in Bangladesh can be
 

carried out.
 

Agricultural Credit Policy
 

The timely and adequate availability of agricultural credit is
 
emerging as 
an important factor in the private sector supply, distribution, and
 
financing of agricultural inputs. The greater emphasis given to the private
 
sector in the supply and distribution of agricultural inputs has increased the
 
importance of agricultural credit as a constraint to the farm-level supply and
 

use of agricultural inputs.
 

The availability and use of agricultural credit has increased signifi
cantly in recent years. In the year 1980/81 an amount of about TK 3.5 billion
 
was 
disbursed, representing a 31% increase in disbursements over the previous
 
year. However, the agricultural credit expansion is constrained by serious
 
difficulties in the existing credit delivery system. 
Poor recovery performance
 
and inconsistencies in borrowers' eligibility criteria and in the ranges and
 
levels of interest rates applicable across lending institutions and across
 
beneficiaries are some 
of the problems of the existing credit delivery system.
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Analysis of the IFDC/BARC farm survey data indicates the following:
 

1. The number of farmers who used agricultural credit during the 1979/80 crop
 

seasons was quite small. During tile 1979/80 Boro season only 6.1% of the
 
farmers in the sample used agricultural credit and in the 1980 Aus and Amran
 

seasons, only 2.8% and 4.6%, respectively.
 

2. 	There was considerable variation in the use of agricultural credit across
 
sampled locations (District-Thana) and across seasons. 
 Sample distributions
 

of credit used by farmers show Lhat during the 1979/80 Boro season use of
 
credit was the highest in tile locations of Chittagong and Jessore, during
 

the 1980 Aus season in the Rangpur and Dinajpur locations, and during the
 

]980 Aman season in the Chittagong and Dinajpur locations.
 

3. 	During all three seasons more credit was used by larger farm size (land
 

owned) groups. There was a strong positive correlation between credit use
 
and farm size. Credit use was also positively correlated with the farmer
 

ownership of other physical assets. Ownership of land and other physical
 

assets provide better security to the lenders and thus enable farmers to
 

have better access to credit.
 

4. 	The quantity of credit used per acre had a small but statistically
 

significant influence on the demand for fertilizer in the 1979/80 Boro
 

season and on the overall aggregate three-season fertilizer demand.
 

In agricultural production, credit is not an 
input and it should not
 
be treated as such. 
However, when farmers face financial constraints, as is
 
usually the case in Bangladesh and other developing countries, then the avail

ability and cost of credit become important factors, affecting the use of
 
fertilizer and other modern inputs and, thereby, agricultural production.
 

An agricultural credit program should be designed and implemented
 
according to the nature and magnitude of the financial constraints (rieeds) that
 

farmers experience in order to carry out agricultural p_'oduction to maximize
 

returns to their fixed factors of production (land, family labor, etc.).
 

The fact that farmers in Bangladesh use little credit and relatively
 

low levels of fertilizer and other modern inputs suggests that improvements in
 

the availability and delivery of credit are needed.
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Labor Employment Policj
 

The small size of landholdings and the widespread prevalence of
 
tenurial arrangements in Bangladesh reflect the lack of employment opportunities
 
outside agriculture and the ever-growing population pressure on rural land.
 

One of the major objectives of the MTFPP is, therefore, to increase
 
the level of rural employment ii: Bangladesh. Results from the IFDC/BARC study
 
are 
used here to estimate the potential effect of the irrigation, drainage, and
 
flood control policies on farm labor employment.
 

Average point elasticities, presented in Table V-2, measure the
 
percentage change in the quantity of labor used (workdays) per acre of cropped
 
land due to a 1% change in the use of irrigation, HYVs, or fertilizer,
 
respectively. A three-season average, weighted by the 
areas cropped in each
 
season, is obtained to derive implications about a full crop year.
 

The three-season-weighted average of employment elasticity estimates
 
presented in Table V-2 is used to estimate, in Table V-3, the possible effects
 
of the proposed irrigation and drainage and flood contrAl policies on employment
 
of farm labor. 
 These results show that these two policies could increase the
 
farm-level employment of labor per acre of cropped land about 10.3%. 
 However,
 
if the proposed expansion in irrigated area were to increase the total area
 
cropped per year about 20%, as 
previously discussed, then the effect of these
 
policies would be to increase farm labor employment as much as 30.3%.
 

Although these estimates refer only to 
the impact of the proposed
 
policies on the employment of farm labor, they are expected to have some
 
positive effect also on the off-farm employment of labor, especially in the
 
distribution and marketing of additional agricultural inputs and output.
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Table V-2. Average Point Elasticities of Farm Labor Employment With Respect to
 
the Use of Irrigation, HYVs, and Fertilizer, Bangladesh, 1979/80
 

Three Seasons 
Boro 1979/80 Aus 1'80 Aman 1980 Weighted Average 

Irrigation 0.142 0.009 0.011 0.048 
HYVs 0.060 0.012 0.021 0.030 
Fertilizer 0.093 0.037 0.039 0.053 

Weights of araa cropped 0.28 0.30 0.42 

a. Computed using regression analysis estimates of labor use presented in
 
Table VIII.21, of the IFDC/BARC study and sample means of variables.
 

Source: Sidhu, Baanante, and Ahsan (1982).
 

Table V-3. 	 Estimates of the Influence of Proposed Irrigation and Drainage and
 
Flood Control Policies on the Employment of Farm Labor, Bangladesh,
 
1979/80
 

Percentage
 
Effects
 

Percentage Effects Farm Labor of Irrigation
 
of Irrigation and Employment and Drainage
 

Drainage Policies on Elasticities Policies
 
Use of These Inputs With Respect on Labor
 

Per Acre of Cropped Land to These Employment
 
Irrigation Drainage Inputs Per Acre Per Acre
 

Inputs-Factors Policy Policy Total of Cropped Land of Croppgd Land
 
(1) (2) (3)" (4) 	 (5)-


Irrigation 100 100 0.048 4.8
 
HYVs 100 19.4 119.4 0.030 3.58
 
Fertilizer 31.6 5.0 36.6 0.053 1.94
 

TOTAL 
 10.32
 

a. Column (3) = Column (1) + Column (2).
 
b. Column (5) = Column (3) x Column (4).
 

Source: Sidhu, Baanante, and Ahsan (1982).
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VI. FF 
 .LIZER DEMAND PROJECTIONS
 

Any planning effort must be based on estimates of future demand.
 
Without such projections it is impossible to assess 
the need for additional
 
production facilities, 
to procure adequate quantities of fertilizers on a timely
 
basis or 
to judge the adequacy of present mixing, bagging, handling,
 
warehousing, and transportation facilities. 
 In the absence of demand
 
projections it is impossible to judge the size of foreign exchange requirements
 
needed for imports, 
the cost of government subsidies, or the amount of credit
 
that is needed to finance farmer purchases.
 

Historical Consumption
 

Fertilizer consumption in Bangladesh in terms of the three major
 

nutrients (N, P205 and K20) has grown from 144,600 mt 
in 1970/71 to 412,900 mt
 
in 1980/81 (Table VI-]). This represents a compound growth rate of 
over 11%
 
annually. However, consumption has 
 been very erratic from year to year. For
 
example, nitrogen consumption has shown declines in 3 of the past 
10 years and
 
potash consumption has increased 5 years and declined 5 years 
(Table VI-2).
 
Annual increases in nitrogen consumption of 30% or more have occurred three
 
times while declines of 20% or more have occurred twice during the past
 
10 years. Phosphate consumption has grown at a compound growth rate of 13%, and
 
nitrogen and potash have both exceeded a 10% compound growth rate during the
 
past 10 years (Table VI-3). 
 However, it should be noted that fertilizer con
sumption growth rates 
for all three nutrients have slowed considerably during:
 

the past 3 years.
 

The erratic variations in consumption from year to year have made
 
it difficult to forecast consumption. Most estimates 
that were examined have
 
not proven to be very rcliable. 
 In the past, usage in Bangladesh has been
 
closely related to the amount of donor grants. 
 In addition, fertilizer was
 
generally in short supply or did not reach the 
farmer by the time he needed it.
 
However, in recent periods supplies have been adequate. Donor funding was
 
US $132.9 million in 1979/80 and US $104.5 million in 1980/81; it is expected to
 
reach US $123.6 million and US $156.1 million in 1981/82 and 1982/83, respectively.
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Table VI-I. Bangladesh: Historical Fertilizer Consumption
 

Year N 
 P96_ K20 Total
 
- - ------------- ----- ('000 mt)- -----------

1970/71 99.2 35.0 
 10.4 144.6
 
1971/72 79.3 28.1 8.5 
 115.9
 
1972/73 128.8 
 4i.5 11.3 
 181.6
 
1973/74 125.1 
 43.8 11.2 
 180.1
 
1974/75 82.5 
 40.6 10.9 
 134.0
 
1975/76 147.0 54.8 
 14.4 216.2
 
1976/77 166.1 61.6 14.5 
 242.2
 
1977/78 222.6 
 90.9 
 25.0 338.5
 
1978/79 227.5 102.8 
 29.2 359.5
 
1979/80 254.1 115.0 
 27.6 396.7
 
1980/81 266.7 119.1 27.1 
 412.9
 

The 1970/71-1978/79 data are from Bangladesh Bureau of Statistics (1979); 
the
 
1979/80-1980/81 data are from the BADC Newsletter, July 1981.
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Table VI-2. 	 Bangladesh: Percentage Change in 
Consumption From Previous Year 

Year 	 N ___00i 
 0
 

1971/72 -20 
 -20 -18
 
1972/73 +62 
 +48 +33
 
1973/74 - 3 
 - 6 - 1
 
1974/75 -34 - 7 
 - 3
 
1975/76 +78 	 +35 
 +32
 
1976/77 +13 	 +12 
 + 1
 
1977/78 +34 
 +48 +72

1978/79 
 + 2 +13 +17
 
1979/80 +12 +12 
 - 5
 
1980/81 
 + 5 	 + 4 - 2
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Table VI-3. Bangladesh: Fertilizer Consumption Growth Rates
 

N PzmaY 20
(0/) 

10-year growth rate
 
Compound 10.4 13.0 10.1
 
Average annual 15.2 13.9 
 11.1
 

5-year growth rate 
Compound 12.6 16.8 13.5
 
Average annual 13.2 17.7 
 13.5
 

3-year growth rate
 
Compound 6.2 9.4 2.8
 
Average annual 6.3 9.6 3.2
 

Latest year 
 5.0 3.6 -1.8
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Methods of Projecting Fertilizer Demand
 

There are 
many different methods for making demand projections, but
 
there is 
not a "best" procedure applicable to all cases. Some methods are more
 
accurate this year; 
other methods may give more accurate results next year. All
 
methods require reliable historical data because all methods 
assume to some
 
extent that past trends and relationships will continue into the future.
 

Extrapolation of Trends
 

Probably 
 the most common approach to projecting future demand in most
 
countries is extending a straight line that best 
fits the historical data. This
 
line can be fitted statistically with regression procedures. 
 The trend line can
 
be mathematically expressed as 
a linear equation. Although what happened last
 
year may be the best indicator of what will happen next year, it may not give
 
valid indications for the 
long run, because large percentage increases can be
 

compounded into astronomical levels of use. 
 Also the time period used in the
 
calculation of the growth rate 
can distort the real long-run growth pattern,
 
turning cyclical market swings into fictitious growth markets. A slightly
 
different forecast will 
likely result for each different time period used to
 

compute the regression coefficients.
 

Once the trend equation is determined, it can be used to extrapolate
 
one 
or more years into the f-iture. This method is poor in forecasting turning
 

points because it does not account explicitly for the key factors that cause
 

demand to fluctuate from year to 
year. It is generally quite good for
 
short-term projections, and it is also satisfactory for projecting medium- and
 
long-term demand, particularly when the turning point consideLAzions are not
 
critical. 
 However, it will not provide numerical estimates of thle individual
 

contributions of policy measures 
and other variables affecting fertilizer
 

consumption. 
This method does not require any time series data other than
 
fertilizer consumption, and curvelinear equations 
can also be fitted.
 

Projections using straight-line trends based on 
the past 10 years data
 
are shown in Table VI-4. 
 Graphs of the historical data as well as projections
 

based on straight-line trends 
are shown in Figures VI-1 through VI-3. These
 
projections indicate nitrogen consumption reaching 451,000 mt of N by 1990/91.
 

This represents a compound growth rate of less than 6%. 
Phosphate consumption
 
would reach 212,000 mt of P205 or a compound growth rate of 6%. Potash would
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Table VI-4. Bangladesh: Historical and Projected Consunption Based on Straight

Line Trends 

Nitrogen Phosphate Potash

Year Actual Projec-ea Actual Projected Actual 
 Projected

- - -('000 mt N) - - -('000 nt P205 )- - - ('000 mt K20)-

1970/71 99.2 68 
 35.0 18 10.4 6
 
1971/72 79.3 87 
 28.1 28 8.5 8
 
1972/73 128.8 106 
 41.5 38 11.3 11
 
1973/74 125.1 125 
 43.8 47 11.2 13
 
1974/75 82.5 144 40.6 
 57 10.9 15

1975/76 147.0 
 164 54.8 67 14.4 17
 
1976/77 166.1 
 183 61.6 76 14.5 20
 
1977/78 222.6 
 202 90.9 86 25.0 22
 
1978/79 227.5 221 
 102.8 96 
 29.2 24
 
1979/80 254.1 240 
 115.0 105 
 27.6 26
 
1980/81 266.7 259 
 119.1 115 
 27.1 28
 
1981/82 279 
 125 
 31

1982/83 298 
 135 
 33
 
1983/84 317 
 144 
 35
 
1984/85 336 
 154 
 37
 
1985/86 355 
 164 
 40
 
1986/87 375 
 173 
 42

1987/88 394 
 183 
 44
 
1988/89 413 
 193 
 46
 
1989/90 432 
 202 
 48
 
1990/91 451 
 212 
 51
 

a. N = -37,745.7 +19.19*YEAR R2 = .86. 
b. P = -19,094.4 +9.7*YEAR R2 
= .90.
 
c. K = -4,378 +2.225*YEAR R2 = .83.
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reach 51,000 nt of K20 or a compound growth rate of about 6.5%. Note that these 
rates are considerably lower than most rates shown in Table VI-3. 

Historical Growth Rates
 

A common method of making projections is to look at the growth rate in 
recent years and to assume that each year in the future consumption will 
increase at this rate. The resulting curve, however, does not reflect the
 
experience of most countries consuming 100,000 nutrient tons 
or more. Most
 
countries that consume this amount 
increase consumption at a slower rate each
 
year. The curve 
for a country increasing at a constant percentage bends upward
 
(Figure VI-4). A related approach is to project a future year at 
a compound
 
growth rate and then connect the beginning and ending points.
 

Appendix Tables VI-1 
through VI-3 show the 1980/81 actual consumption 
and what the consumption of each nutrient would be at various growth rates. The 
curve 
in Figure VI-4 was derived from nitrogen, using a 10% annual compound
 
growth rate. Appendix Tables VI-4 through VI-6 use 
the same 1990/91 consumption
 
that would be attained with each growth rate. 
 However, consumption for each of
 
the other years is the constant absolute annual 
increase necessary to achieve
 
the 1990/91 consumption. 
The plot of these figures is a straight line. The
 
straight line in Figure VI-4 was plotted from the 10% growth rate in nitrogen
 
shown in Appendix Table VI-4. Note in Appendix Tables VI-4 through VI-6 how the
 
growth rate 
from year to year varies with this procedure. Again when a 10%
 
compounded rate is used until 1990/91 and then the same 
increase is assumed each
 
year (straight line), the 
rate of growth varies from 15.9% in 1981/82 to only
 
6.5% in 1990/91 (Appendix Table VI-4).
 

Area and Use by Crop
 

Another method of projecting future consumption uses crop area and 
recommended levels of fertilization for each crop. Ideally, this method should 
be the most accurate of the forecasting techniques; however, past performance
 
has shown that farmers rarely use fertilizer at the recommended rate. Thus,
 
either some percentage of utilization must be assumed in order to arrive at the
 
forecast, or actual usage levels per crop must be known.
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Food Requirements
 

Another method of forecasting demand is to project food requirements
 

and then estimate the fertilizer needed to produce the required amounts 
 of crops 
and livestock. Key variables it,this type of forecast are food consumption per

capita, population growth rates, and shifts in diets to more meat as income 

levels increase. Again, usage of fertilizer per crop is required, but such data 

are not available for Bangladesh. 

Regression Techniques
 

These techniques seek to establish a casual relationship between one
 

or more of the demand-influencing factors and fertilizer use. 
 Factors may be
 

socioeconomic, physical, technological, and institutional. They include crop
 

prices received by farmers, fertilizer prices paid by farmers, credit
 

availability, interest rates, 
farm income, irrigated area, area seeded with
 

high-yielding varieties, the availability of crop markets, fertilizer
 

availability, rainfall, crop mix, government's fertilizer price subsidies, crop
 

support prices, and agricultural extensio.i efforts. 
For policy analysis and
 

planning, casual models are more meaningful than other methods including trend
 

extrapolation.
 

However, ui-e of casual models 
requires a considerable amount of
 

accurate data to determine exact relationships. A major limitation is
 

projecting the values of the demand-influencing factors, which must be done in
 

order to project fertilizer market demand. Indeed it may be harder than
 

projecting fertilizer consumption because (1) there may be more year to year
 

fluctuation in these variables and (2) there are 
several more variables to
 

estimate. Another problem arises in the use 
of regression models i:,volving the
 

use of more than one independent variable. Factors such as irrigated crop area
 

and use of high-yielding varieties are correlatable because a good manager may
 

use both together while a poor manager uses neither. The intercorrelation
 

problem must be carefully treated if projection results are not to be distorted.
 

Regression models usually give good 
to very good results for short- and
 

medium-term projections but not as 
good for long-term projections. However,
 

these models do a good job in predicting turning points. Inaccurate historical
 

data and inappropriate handling of intercorrelations between market driving
 

forces and other statistical problems will prevent a forecaster from establishing
 

a meaningful casual relationship between fertilizer demand and each demand

influencing factor.
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In most councries fertilizer consumption is highly correlated with the
 
ratio of farm product price to fertilizer price. In Bangladesh the correlation
 
of total fertilizer consumption to rice/urea price ratios was -.61 (Table VI-5).
 

In addition to being relatively low the sign is opposite of what would be
 

expected.
 

Correlation was highest with a variable for trend (.94). 
 Population
 
(.91), crop acreage (.67), urea price (.62), irrigated area (.60), rice farm
 
price (.45), 
and area of HYVs (.40) were each more highly correlated with trend
 
than with fertilizer f2onsumption. Thus, there may not be a cause and effect
 
relationship but rather increases in fertilizer consumption and in the values of
 
these variables. 
 Perhaps some of the low correlations can be attributed to
 

problems in the data series used.
 

The BARC/IFDC Equity Study report contains estimates of a fertilizer
 
demand function per acre for Bangladesh during one year based on 3,238 obser
vations (Sidhu, Baanante, and Ahsan, 1982). 
 Variables such as fertilizer prices,
 
irrigation, sharecropping, HYVs, drainage, family labor, capital assets, credit,
 
education, and farm size are used. However, even for one year with this number
 
of variables the R2 was 
only .55. There is no way to know if these coefficients
 
would be applicable to other years with different rainfall and weather patterns,
 

but most likely they would not.
 

The method which uses economic variables has been of limited use for 
predicting fertilizer demand in Bangladesh primarily because these variables 
over time have not reflected cause and effect. Fertilizer may simply have been
 
unavailable in past years because Bangladesh did not have sufficient foreign
 
exchange to buy enough fertilizer and adequate donor financing was not
 

available.
 

It is thus difficult to develop equatio7-s with cause ard effect
 
variables to predict fertilizer usage in Bangladesh. For example, high prices
 
are thought to discourage usage. In 1974/75 prices 
were very high and usage
 
declined. 
However, did it decline because of price or because fertilizer was
 
not available? In 1980/81 fertilizer consumption was a record, yet prices were
 
higher than in 1974/75. The ratio of crop prices and fertilizer prices was the
 

lowest since at least 1972 (Figure VI-5).
 

1. Numbers shown in parentheses are 
correlated with fertilizer consumption.

Perfect correlation is 1.0. 
 If two variables are perfectly inversely correlated,

the coefficient would be -1.0. No correlation would be .00.
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Table VI-5. 	 Bangladesh: Correlation of Selected
 
Variables With Total Fertilizer
 
Consumption
 

Trenda .94 
Population b .91 
Crop acreage .67 
Urea tarm pricg c .62 
Irrigated area .60 
Rice farm pricec b .45 
Area of high-yielding varieties .40
 
Rice/urea price ratios c -.61
 

a. 1970-1980.
 
b. 1970-1978.
 
c. 1972-1980.
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Expert Estimates
 

Another way to estimate use is to let "experts" who are familiar with 
farmers and the farming conditions estimate fertilizer use. The estimate is
 
based on their "opinion" rather than on a formalized procedure. These experts 
can estimate nationally or regionally with regional estimates combined to obtain
 
a national estimate. 
This method is usually limited to short-term projections.
 

Delphi Method
 

A related method is the "Delphi-Method." It takes individual estimates
 
of several "experts" 
and returns them to each "expert," requesting him to revise
 
his original projection after reviewing the projections of the group. 
 This
 
starts a second round of individual estimates. 
 The degree of consensus should
 

improve with each round.
 

Leadinp Indicators
 

This method identifies and utilizes data that are effective in
 
predicting future fertilizer use. 
 These are called "leading indicators." The
 
possible leading indicators for fertilizer market demand in a country, for
 
example, might be the average farm income of the previous year, the amount of
 
credit used by farmers by a certain date, or 
the amount of high-yielding seeds
 
sold by a certain date prior to planting time. The leading indicators method is
 
us 
ally good only for projecting fertilizer market demand 1 year ahead.
 

Bangladesh Fertilizer Demand Forecast
 

After consideration of these various methods it appears that there are
 
basically two methods that 
are most suitable for Bangladesh:
 

1. Trend regressions
 

2. Growth rate assumption
 

The trend projections presented in Table VI-4 appear low in relation
 
to the growth rates shown in Table VI-3. 
 They should be viewed as an
 
alternative set of projections that represent a more conservative estimate.
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In view of the historical growth rates presented in Table VI-3, pro
jected compound annual growth ofrates 8% for nitrogen, 9% for phosphate, and 9% 
for potash have been selected for 1990/91 (Table VI-6). Obviously, the rates in
 
Table VI-3 would support a higher growth rate. 
 However, as 
the base on which
 
percentages are calculated increases, 
it becomes more and more difficult to
 
maintain growth rates higher than these selected. 
 Indeed only five countries
 
that consumed as much in 1972 as 
Bangladesh does currently have been able to
 
average these growth rates for all 
three nutrients during the past 8 years. 
 The
 
lower projections indicated by the regression calculations shown in Table VI-4
 
also make us reluctant to project higher rates. 
 Although we should not allow a
 
single short period to overly influence our long-term projections, the slow
 
growth during the past 3 years also dampens our enthusiasm for more optimistic
 
projections.
 

We have chosen to 
connect the 1990/91 estimates with a straight line
 
rather than assume a constant growth rate (Figures VI-6 through VI-8). 
 This
 
means 
growth rates during the first years of the projection period are higher
 
than those in later years (Appendix Tables VI-4 through VI-6). 
 For example,
 
with nitrogen the growth rates 
range from 11.6% in the first year to 5.7% in
 
1990/91. This is more realistic than having a constant rate of increase each
 
year.
 

These forecasts can be compared with those shown in Table VI--7 which
 
were made by GOB forecasters in 1979 and have not been revised. 
 When current
 
trends, and particularly growth rates during the last 3 years, are 
considered,
 
this 1979 GOB forecast seems overly optimistic. The GOB forecasts of fertilizer
 
product demand have been converted to nutrient tons. 
 In this conversion all the
 
phosphate was assumed to 
come from TSP. In 1979/80 40,644 mt of DAP was used
 
and supplied 7,300 mt of N. 
If this usage of DAP continues, this amount of N
 
could be added to 
these nutrient conversions. Phosphate is not affected.
 

The IFDC projections of total nutrient demand given in this report
 
(Table VI-6) are only 71% 
of the GOB projections of total nutrient consumption
 
in 1989/90 (the last year of the GOB projection period). However, the IFDC
 
projections are 28% higher than those which would be obtained by fitting a
 
straight line 
to the past 10 years of consumption (Table VI-4). Projections
 
made for 1989/90 by other investigators are shown in Table VI-8.
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Table VI-6. 	 Ba glI adesh: IFDC Proj.ected Nutr ie t.Consimpt i on, 
FY 1982-FY 1991 

Year 	 N P2O_ _KO_ Total 
- ('000 mt) ..--.----------

1980/81(actual) 266.7 119.1 27.1 
 412.9
 
1981/82 298 	 135 
 31 	 464
 
1982/83 329 	 152 
 35 	 516
 
1983/84 359 	 168 38 
 565
 
1984/85 390 	 184 
 42 	 616
 
1985/86 421 201 46 668
 
1986/87 452 217 
 49 	 718
 
1987/88 483 	 233 
 53 	 769
 
1988/89 514 249 57 820
 
1989/90 545 266 
 60 	 871
 
1990/91 576 	 282 
 64 	 922
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Table VI-7. Bagliadesh: GOB Forecast byProduct and Nutrient, 1981/82-.989/90
 

Year Urea TSP/DAP MI, Total N P,_a K20 Total 
.- - -- ('000 mt)- - -

1981/82 740 390 70 1,200 340 179 42 561 
1982/83 860 483 85 1,430 396 223 51 670 
1983/84 970 580 115 1,665 446 267 69 782 
1984/85 1,078 688 134 1,900 496 316 80 892 
1985/86 1,170 770 150 2,090 538 354 90 982 
1986/87 1,263 847 165 2,275 581 390 99 1,070 
1987/88 1,334 914 180 2,428 614 420 108 1,142 
1988/89 1,393 968 193 2,554 641 445 116 1,202 
1989/90 1,400 1,000 200 2,600 644 460 120 1,224 

a. Assumes all TSP. 

Source: llossain (1981). 
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Table VI-8. Alternative Estimates of Annual Fertilizer Requirements 
4n Bangladesh, 1989/90
 

Estimator - ,Urea 
Product 
TSP MP N_ 

Plant Nutrient 
i O_ K9 0 Total 

('000 mL of product) - -('000 mt of nutrient.)-
Hossain, BADC (1981) 
Islam, BRRI (Method 1, 1981) 
Islam, BRRI (Method II, 1981) 
IslaI, BRRI (Method 111, 1981) 
Elahi, BARI (1981) 
Huq, Soil Survey (1981) 

1,400 
2,100 
1,556 
1,902 
2,283 
4,281 

1,000 
1,047 

779 
949 

1,846 
3,363 

200 
110 
194 
99 

1,047 
1,881 

644 
966 
714 
875 

1,050 
1,969 

460 
482 
358 
437 
849 

1,547 

120 
66 
116 
59 

628 
1,229 

1,224 
1,514 
1,190 
1,371 
2,527 
4,745 

Sources: Russell (1981) and Ilossain (1981). 
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Policy Options for improvin Demand Forecasting
 

No one has a crystal ball 
that is comp]etely accurate in forecasting 

the future market demand in a country. Nevertheless, continuing efforts to
 

upgrade fertilizer market forecasts in a country like Bangladesh are critical.
 

Without them, it 
 would be difficult to plan and implement policy actions to 
increase the country's fertilizer use and its movement toward food self

sufficiency. Furthermore, in Bangladesh, where approximately 413,000 mt of 
plant nutrients was consumed last year and where foreign exchange is 
scarce, a
 

slight margin of forecasting error can mean a sizable cost to 
the government and
 

fa rme rs. 

Basically, there 
are four areas where the future fertilizer market
 

forecasting can be improved: 
 (1) as:uigning forecasting responsibility;
 

(2) collecting, recording, and revising relevant and reliable data 
on a
 

continuing and consistent basis; (3) increasing fertilizer market planners' and
 

analysts' knowledge of fertilizer arid the fertilizer market; and 
(4) training
 

fertilizer market planners and analysts in data processing and forecasting 
methods. In some countries, it has been found useful to name one agency to
 

coordinate all 
fertilizer market activities, including demand forecasting. Even
 

if one agency is not responsible for all fertilizer market activities, 
one
 

single organization should be assigned as 
the focal point for national
 

fertilizer supply and demand projections. For example, in Pakistan, the
 

National Fertilizer Development Center (NFDC) in the Government's Planning and
 

DevelopmenL Division has this task. 
From the standpoint of efficient
 

utilization of limited manpower skills and financial 
resources available, such a
 

focal point is important.
 

For policy analysis and planning, the use of regression mc-iels or
 
other casual models is 
useful in most countries. New data must be collected and
 

recorded accurately and current data must 
be examined for their accuracy and
 

revised as needed. Fertilizer market planners and analysts must increase their
 

knowledge of fertilizer products and the market areas which their analyses and
 
forecasts cover. 
No matter how accurate their data may be and how knowledgeable
 

they are of projection techniques, forecasters must understand the marketplace
 

functions, if they are 
to prepare better forecasts in the future. Projecting or
 

forecasting fertilizer demand is 
not a statistical gimmick alone; statistical
 

analysis must be blended with knowledge about the marketplace. On the other
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hand, if fertilizer market planners and analysts are not 
knowledgeable of
 
forecasting techniques, they have no choice but to stay with the only technique 
they know, which may not be the best,
 

With knowledge of forecasting techniques and insights into market 
conditions, planners, and analysts will be able to forecast more accurately the 
market demand in their country.
 



appenuix able VI-1. 
 BANGLADESH NITROGEN FERTILIZER CONSUMPTION BASED ON VARIOUS Gi.OWTH RATES
 
(1000 METRIC TONS N)
 

......RATE 80/81 ... 1/82 .. 82/83 83/84 . 84/85 85/86 86/87 87/88 .__.__ 88/89 89/90 90/91 

5.00 266.7 280. 294. 309. 324. 340, 
 357. 375. 414.
394. 434.
6.00 266.7 283. 300. 318. 337. 357. 
 378. 401. 425. 451. 
 478.
7.00 266.7 285. 305. 327. 350. 
 374. 400. 458.
428. 490. 525.
 
8.00 266.7 288. 311. 363.
336. 392. 423. 457. 494. 533.
9.00 266.7 291. 317. 345. 376. 

576.
 
410. 447. 488 531.
4........ 579. 631.
10.00 266.7 323.
293. 355. 390. 430. 472. 520. 
 572. 629. 692. 

11.00 266.7 296. 365.
329. 405. 449. 499. 554. 615. 
 682. 757.12.00 266.7 299. 335. 375. 
 420. 470. 526. 590. 
 660. 740. 828.

13.00 266.7 301. 341. 435.
385. 491. 555. 627. 709. 801. 
 905.
 
14.6O 266.7 304. 
 347. 395. ..450. 514. 585. 667. 867.
761. 989.
15.00 266.7 . 307. 353. 406. 466. 536. 617. 
 709. 816. 938. 1079.

16.00 266.7 309. 359. 
 416. 483. 650.
560. 754. 874. 1014. 1177.

17.00 266,7 312. 
 365. 427. 500. 585. 
 684. 800. 937. 1096. 1282.

18.00 266.7 315. 371. 438. 
 517. 610. 720. 850. 
 1002. 1183. 1396.
 

Appendix Table VI-2. 
BANGLADESH PHOSPHATE FERTILIZER CONSUMPTION BASED ON VARIOUS GROWTH RATES
 
(1000 METRIC TONS P 05)
 

RATE (%) 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91
 

5.00 119.1 125. 131. 138. 145. 152. 
 160. 168. 185.
176. 194.
 
6.00 119.1 126. 134. 142. 150. 151. 
 169. 179. 201.
190. 213.

7.00 119.1 127. 136. 
 146. 156. 16". 179. 191. 205. 219. 234.
8.00 119.1 129. 139. 150. 162. 175. 
 189. 204. 238.
220. 257.
 
9.00 119.1 130. 142. 154. 168. 183, 20J. 
 218. 237. 259. 282.
10.00 119.1 131. 144. 
 159. 174. 192. 2".1. 23e. 255. 281. 309.
11.00 119.1 132. 147. 181.
163. :01. '23. 247. 274. 305. 
 338.

12.00 119.1 133. 149. 167. 187. 210. 235. 263. 295. 330. 37g.
13.00 119.1 135. 152. 172. 194. 219. 
 248. 280. 355.
317. 404.
 
14.00 119.1 136. 155. 176. 229.
201. 261. 298. 340. 387. 442.
15.00 119.1 137. 158. 1ik1 208. 240, 
 275. 317. 419.
364. 482.
1.6.00 119.1 138. 
 160. 18b. 216. 250. 
 290. 337. 453,
390. 525.
 
17.00 119.1 139. 163. 225.
191. 261.
18o00 119.1 141. 166. 196, 306. 357. 418. 489. 572.
231. 272. 322. 379. 448. 528, 623.
 

Appendix Table VI-3. 
BANGLADESH POTASH FERTILIZER CONSUMPTION BASED ON VARIOUS GROWTH RATES
 
(1000 METRIC TONS K2 0)
 

RATE (%) 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 
 90/91
 

5.00 27.1 28. 30. 
 31. 33. 36.
35. 38. 40. 42. 44.
 
6.00 27.1 29. 30. 32. 34. 36. 
 38. 41. 43. 46. 
 49.
7.00 27.1 29. 31. 33. 36. 
 38. 41. 44. 
 47. 50. 53.
 
8.00 27.1 29. 34.
32. 37. 40. 43. 46. 50. 
 54. 59.
 
9.00 27.1 .. ... 30. " .... 35. 38. 42. 45. 54. 64._50. 59.
10.00 27.1 30. 3:. 36. 40. 
 44. 48. 58.
11.00 27.1 30. 33. 

53. 64. 70.

12.00 27.1 30. 33. 37. 41. 46. 51. 56.
38. 43. 48. 53. 60. 62. 69. 77.
67. 75. 84.
 
13.00 27.1 31. 35. 39. 
 43. 50. 56. 60. 
 72. 81. 92.

13.00 27.1 
 31. 35. 30. 46. 52. 59. 68. 77. 88. 
 920.
15.00 27.1 31. 36. 
 40. 47. 55. 59 
 72. 83. 95. 110.
16.00 27.1 31. 
 36. 42. 49. 57. 
 66.........77. .. 89. _ 103. 120.

17.00 27.1 32. 37. 43. 
 51. 59. 81.
70. 95. 103. 130.

18.00 27.1 32. 
 38. 45. 53. 62. 
 73. 86. 102. 120. 12.
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Appendix Table VI-5. BANGLADESH PHOSPHATE FERTILIZER CONSUMPTION BASED ON VARIOUS COMPOUND GROWTH RATES TO 
(1000 METRIC TONS) 

1990/91 

(NUMBER UNDERNEATH IN PARENTHESIS IS ANNUAL GROWTH RATE) 
(AMOUNTS SHOWN PLOT AS A STRAIGHT LINE) 

RATE (M) 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 

5.00 119.1 
. 

127. 
( 6.3) 

134. 
( 5.9) 

142. 
( 5.6) 

149. 
c 5.3) 

157. 
( 5.0) 

164. 
C 4.8) 

172. 
( 4.6) 

179. 
. ( 

187. 
4.2) . 

194. 
4.0) 

6.00 119.1 129. 

( 7.9) 
138. 

(C 7.3) 
147. 

( 6.8) 
157. 

C 6.4) 
166. 

C 6.0) 
176. 

( 5.7) 
185. 

C 5.4) 
194. 

( 5.1) 
204. 
4.8) 

213. 
j 4.6) 

7.00 119.1 131. 142. 154. 165. 177. 188. 200. 211. 223. 234. 
( 9.7) ( 8.8) ( 8.1) (7.5) (7.0) ( 6.5) ( 6.1) 4 5.8) 9.5) 5.2) 

8.00 119.1 133. 

(11.6) 

147. 

(10.4) 

161. 

( 9.4) 

174. 

( 8.6) 

188. 

C 7.9) 

202. 

( 7.3) 

216. 

( 6.8) 

230. 

( 6.4) 

243. 

6.0) 

257. 

5.7) 

9.00 119.1 135. 

(13.7) 
152. 

(12.0) 
168. 

(10.7) 
184. 

(9.7) 
201. 

( 8.8) 
217. 

( 8.1) 
233. 

(7.5) 
249. 

( 7.0) 
266. 

6.5) 
282. 

( 6.1) 

10.00 119.1 138. 

(15.9) 
157. 

(13.7) 

176. 

(12.1) 

195. 

(10.8) 

214. 

( 9.7) 

233. 

( 8.9) 

252. 

(8.1) 

271. 

( 7.5) 

290. 

C 7.0) 

309. 

c 6.5) 
11.00 119.1 141. 

(18.4) 

163. 

(15.5) 

185. 

(13.4) 
207. 

(11.9) 

229. 

(10.6) 

251. 

( 9.6) 

272. 

( 8.7) 

294. 

8.0) 

316. 

( 7.4) 

338. 

6.9) 
12.00 119.1 144. 

(21.1) 
169. 

(17.4) 
194. 

(14.8) 
219. 

(12.9) 
245. 

(11.4) 
270. 

(10.3) 
295. 

t 9.3) 
320. 

( 8.5) 
345. 

( 7.8) 
370. 

(7.3) 

13.00 119.1 148. 
(23.9) 

176. 
(19.3) 

205. 
(16.2) 

233. 
(13.9) 

262. 
(12.2) 

290. 
(10.9) 

319. 
( 9.8)-... 

347. 
( 8.9) 

376. 
( 8.2) 

404. 
7.6) 

14.00 119.1 151. 
(27.1) 

184. 
(21.3) 

216. 
(17.6) 

248. 
(14.9) 

280. 
(13.0) 

313. 
(11.5) 

345. 
(10.3) 

377. 
( 9.4) 

409. 
( 8.6) 

442. 
7.9) 

15.00 119.1 155. 
(30.5) 

192. 
(23.3) 

228. 
(18.9) 

264. 
(15.9) 

300. 
(13.7) 

337. 
(12.1) 

373. 
(10.8) 

409. 
( 9.7) 

446. 
C 8.9) 

482. 
8.1) 

16.00 119.1 160. 

(34.1) 

200. 

(25.4) 

241. 

(20.3) 
282. 

(16.9) 
322. 

(14.4) 
363. 

(12.6) 

404. 

(11.2) 

444. 

(10.1) 

485. 

( 9.1) 

525. 

8.4) 

17.00 119.1 164. 

(38.1) 
210. 

(27.6) 
255. 

(21.6) 
300. 

(17.8) 
346. 

(15.1) 
391. 

(13.1) 
436. 

(11.6) 
482. 

(10.4) 
527. 

( 9.4) 
572. 

8.6) 
18.00 119.1 170. 

(42.3) 

220. 

(29.7) 

270. 

(22.9) 

321. 

(18.7) 

371. 

(15.7) 

422. 

(13.6) 

472. 

(12,0) 

523. 

(10.7) 

573. 

(9.7) 

623. 

8°e) 



Appendix Table VI-6. BANGLADESH POTASH FERTILIZER CONSUMPTION BASED ON VARIOUS COMPOUND GROWTH RATES TO 
1990/91
(1000 METRIc TONS)
 

(NUMBER UNDERNEATH IN PARENTHESIS IS ANNUAL GROWTH RATE) 
(AMOUNTS SHOWN PLOT AS A STRAIGHT LINE) 

RATE ( ) 50/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 88/89 89/90 90/91 

5.00 
. 

27.1 29. 
( 6.3) 

31. 
( 5.9) 

32. 
( 5.6) 

34. 
( 5.3) 

36. 
( 5.0) 

37. 
( 4.8). . 

39. 
(_4.6}_ 

41. 42. 
(4 .4 ..... ( .2) -

44. 
( 4.0) 

6.00 27.1 29. 
(7.9) 

31. 
( 7.3) 

34. 
( 6.8) 

36. 
( 6.4) 

38. 
( 6.0) 

40. 
( 5.7) 

42. 
(5.4) 

44. 
C 5.1) 

46, 
4.8) 

49. 
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VII. FERTILIZER SUPPLY
 

Bangladesh derives its 
fertilizer supply from domestic production and 
imports (Table VII-l). In 1980/81, local production accounted for about 56% of
 
the total supply of about. 769,000 mt of alL products, thus reversing the supply
 

pattern of past years when 
imports provided the bulk of the national supply.
 
The 13ADC supply procurement in 1980/81 was down about from that of pre17% the 

vious year. Reflecting the lower import volume, the c. & f. value of imports in
 
1980/81 (Table VII-l) declined to about US $98 million from about US $131 
million
 

in 1979/80. 

The principal issues of the fertilizer supply policy are obviously
 
those that 
relate to domestic production and more cost-effective import
 
strategies. 
 The overall Bangladesh fertilizer policy seeks to conserve foreign
 
exchange by building local production capability through the use of indigenous
 

reserves 
of natural gas and by improving import strategies.
 

Fertilizer supply planning must be based 
on accurate forecasts of
 
effective market demand--those quantities of individual fertilizer products that
 
farmers are expected to purchase. As indicated in an earlier section of this
 
report, wide disparities in market demand forecasts 
from various sources provide
 
grounds for concern as to the reliability of forecasts being used in current GOB
 
fertilizer supply and use planning. 
The IFDC demand forecasts diffr substantially
 
from those prepared and being used by GOB agenicies as a basis for determining the
 
quantities of fertilizer needed to 
support the ongoing MTFPP and the succeeding
 
Third Five-Year Plan (TFYP) now in preparation. These demand forecasts are
 
compared in Table VII-2. 
 For supply planning purposes, the demand projections
 
have been modified to approximate the buffer-stock requirements of a 3-month
 

supply of urea 
and 5-month supply of other fertilizers.
 

The fertilizer raw materials base and policy implications of fertilizer
 
supply system planning are considered separately for each of the three primary
 
plant nutrients--nitrogen, phosphate, and potash--since they differ in substance
 
and scope. Sulfur is also considered, for its usage is certain to increase as
 
deficiencies 
are more fully identified and crop production is intensified.
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Table VII-1. BADC Fertilizer Supply Procurement byjource
 

Year 
1977/78 1978/79 1979/80 1980/81 

Urea 
Domestic, '000 mL 229.8 278.9 309.3 357.8 
Imports 
Volume, '000 mt 260.2 348.3 286.3 63.9 
Value, million US $ 46.55 70.73 63.21 15.24 

TSP 
Domestic, '000 mt 38.4 60.2 58.9 74.2 
Imports 

Volume, '000 mt 114.3 105.0 173.6 193.7 
Value, million US $ 20.37 20.96 43.17 61.24 

DAP 
Domestic, '000 mt 0 0 0 0 
Imports 
Volume, '000 mt 0 83.7 42.2 36.2 
Value, million US $ 0 20.25 15.40 13.08 

MP 
Domestic, '000 mt 0 0 0 0 
Imports 

Volume, '000 mt 37.5 76.7 60.0 42.8 
Value, million US $ 3.97 8.67 9.44 8.84 

All Products 
Domestic, '000 mt 268.2 339.1 368.2 432.0 
Imports 

Volume, '000 mt 412.0 613.7 562.1 336.6 
Value, million US $ 70.85 120.61 131.22 98.40 

Source: Volume data from Hossain (1981). Value of imports from private 
communication, IFDC consultants, Dacca. 
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Table VII-2. 
Fertilizer Market Demand and Supply Need Forecasts, 1980/81-1989/90
 

Nitrogen (N) Phosphate (P205 ) 
 Potash (K20)
Market Demand Supply Needed Market Demand Supply Needed Market Demand 
Suply Needed

Year GOB IFDC GOB IFDC 
 GOB IFDC GOB IFDC GOB IFDC 
 GOB IFDC 

('000 mt nutrient) 
a
1980/81 269 
 119 
 27


1981/82 340 298 52 306 179 135 196 
 142 42 31 45 33
1982/83 396 329 0 337 223 152 241 
 159 51 35 55 37
1983/84 446 359 
 367 267 168 285 175 69 
 38 77 40
1984/85 496 390 509 
 398 316 184 336 191 80 
 42 85 44
1985/86 538 421 549 429 
 354 201 372 
 208 90 46 94 48
19rP/87 580 452 591 460 390 217 407 
 224 99 49 103 51
1987/88 614 483 623 491 420 
 233 433 240 108 53 112 
 55
1988/89 641 514 648 522 445 
 249 455 256 116 
 57 119 59
1989/90 644 545 651 553 460 
 266 466 273 120 
 60 122 62
 

a. Actual sales for 1980/81.
 

Source: 
 GOB market demand derived from data in Hossain (1981).
 
IFDC market demand forecast from Table VI-6.
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Fertilizer Raw MateriaLs
 

Bangladesh's potential for increasing its self-reliance on domestic
 

fertilizer production is limited by its modest raw materials base. Of the
 

important fertilizer materials (natural gas, phosphate rock, sulfur, and
 

potash), Bangladesh possesses only natural gas, and this is currently being used
 
as a feedstock for the manufacture of ammonia for subsequent conversion to urea. 
All other fertilizer raw materials must be imported.
 

According to the SFYP, total recoverable reserves of natural gas are
 

estimated at 9.6 trillion ft33 . Current (1980) gas production comes from four
 
fields located in the eastern part of the country; total well capacity is
 

estimated at 225 MMCFD. Gas production and consumption in 1978/79 totaled about
 

38 MMCF. A new field is to be developed at Bakhrabad to supply ammonia plants
 

planned for Chittagong. Gals use is confined mainly to the immediate production 
areas for lack of adequate Liarismission and distribution infrastructure. 
Although detailed gas utilization data were not available, it is belteved that a
 

significant portion of annual output is used in ammonia manufacture.
 

Interruptions in natural gas supply, caused in part by its diversion
 

for thermal power generation, have led to curtailments in ammonia/urea
 

production at the UFF plant at Ghorasal. This suggests the need to develop and
 

implement policies designed to assure adequate and reliable supplies of gas for
 
use in existing and new ammonia plants. These policies should include expanded
 

exploration programs, particularly in the western region, and the improvement 
and/or construction of new gas delivery systems. 
 Although the consideration of
 
national energy policy is beyond the scope of this report, it is suggested that
 

natural gas policies be clarified and priorities set for natural gas use based
 
on its economic value for alternate uses. The use of natural gaF. in planned
 

export-oriented urea plants should be considered within the context of
 
priorities of gas needs for other domestic applications. Ammonia plants must
 

have an assured source of gas supply both now and in the 
future and should be
 

accorded top gas use priority.
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Fertilizer Production 

Nitrogen 

Urea is the predomi nant I orm of fertilizer nitrogen used in
 
Bangladesh. The native reserves of naturalI 
 gas and productiorn economics suggest 

that urea will undoubtedly continue to be the mainstay of nitrogen fertilizer
 

supply in the future. Relatively smalI amounts of ammonium sulfate, also
 

)roduced domestically, and limited juianities of imported DAP are also used and
 
will probably play supporting roles in the nitrogen supply system in the coming
 

decade. As noted later, DAP may 
 have the potential to gain in importance. 

The degree to which local urea production must be increased to satisfy 

domestic needs will naturally be determined by the market demand forecast and 

product mix scenarios which are selected in setting and meeting future 
fer tilizer production goals. 

Two supply schemes have been postulated to illustrate this point. In 
the first scheme, which represents the product mix usually used in Bangladesh 

planning, it is assumed that during the decade of the 1980s all of the nitrogen 

will be supplied as urea, all of the phosphate as TSP, and all c' the potash as
 

MP. Two supply/demand outilook scenarios are developed (Table VI1-3) using the 

previously noted GOB and IFDC market demand forecasts and GOB projections of
 

domestic production.
 

When the GOB demand estimates are used, urea production marginally
 

outpaces domestic demand beginning in 1986/87. However, when the IFDC demand
 

forecast is used, domestic production exceeds demand in 1983/84 and provides
 

significant exportable sur'-,luses in the ensuing years. In both instances, 

shortfalls in domestic production in the intervening years will have to be met
 
by imports. 
 If the IFDC market demand forecast scenario is accepted, a
 
coisiderably larger saving in foreign exchange would accrue at 
a much faster
 

rate.
 

In the second nitrogen supply scheme it is assumed that 25% of total 

P205 demand will be supplied by DAP. This scheme is somewhat similar to the 

fertilizer supply pattern that existed in 1980/81 when about 20% of the P205 was 
supplied by imported DAP. The substitution of DAP (18-46-0), which contains the
 
equivalent N of 0.39 tons of urea per ton of DAP, for TSP decreases the quantity
 

of nitrogen that must be supplied by urea or another nitrogen carrier to satisfy
 
the market demand for fertilizer nitrogen. 
The rationale for this substitution
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Table VII-3. 	Bangladesh Urea Supply/Demand Outlook Assuming Total Nitrogen Demand to be
 
Supplied as Urea
 

Demand/Supply
 
N Urea Projected Urea Balance
 

Year GOB IFDC 
 GOB IFDC Production GOB IFDC
 
('000 mt)-	 - -----------

1980/81a 262 
 570 	 315 
 255
 
1981/82 	 352 306 765 
 665 	 618 -147 -47
 
1982/83 	 410 337 891 733 
 700 -191 -33
 
1983/84 459 367 998 798 845 
 -153 +47
 
1984/85 	 509 398 1,107 865 
 915 -192 +50
 
1985/86 549 429 1,194 933 
 1,112 - 82 +179
 
1986/87 591 460 1,285 1,000 1,304 
 + 19 +304
 
1987/88 	 623 491 1,354 1,067 1,402 
 + 48 +335
 
1988/89 648 522 1,409 1,134 1,420 + 11 +286
 
1989/90 651 553 1,415 1,202 1,420 
 + 5 +218
 

a. Actual urea sold in FY 1981. Excludes DAP sales.
 

Source: See Tables VII-2 and VII-6.
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is developed in succeeding paragraphs. Table VII-4 shows the effect of including 

DAP in the supply scheme on the urea supply requirements as related to tile GOB 

and IFDC nitrogen arid phosphate demand forecasts. As expected, tie introduction 

of DAP decreases the indicated gap between urea demand and supply quite rapidly. 

Exportable surpluses of urea are indicated as early as 1982/83 if the IFDC demand 

forecast is t ollowed and in 1985/86 it the GOB demand forecast is applied. 

Because of the host of imponderables associated with demand fore

casting and supply development, it is highly doubtful that either of these
 

supply/demand scenarios will apply in a practical sense. This largely academic
 

exercise is useful in that it indicates the beneficial effect of importing DAP 

in decreasing the urea capacity required to meet domestic market needs. Any 

potential excess urea capacity can, of course, be directed to the export market.
 

An examination of existing and planned urea production capability and
 

related policy issues follows.
 

Domestic Production--Urea is currently being produced from locally
 

available natural gas at three plants: the NGFF at Fenchuganj, the UFF at
 

Ghorasal, and the recently commissioned (December 1981) ZFCL plant at Ashuganj.
 

The NGFF plant also produces small quantities of ammonium sulfate. All plants
 
are government owned. The NGFF and UFF facilities are operated by the BCIC.
 

The ZFCL plant is independently operated. Existing plants have a combined
 

installed capacity of 874,000 tpy of urea and 12,000 tpy of AS. 
 Salient
 
features of nitrogen fertilizer plant capacity and operation (excluding ZFCL)
 

are given in Table VII-5.
 

In 1980/81 combined urea production at NGFF and UFF was reported as
 

315,000 tons. Production in 1981/82, including contributions from ZFCL, is
 
targeted for 618,000 tons. Although improvements in output have been realized
 

at both the recently rehabilitated NGFF plant and the UFF plant, fror,, a 

historical perspective, production at both locations has been errdtic and 
unacceptably low. Annual capacity utilization rates have averaged less than 60% 

during the past decade. The performance record of the ZFCL plant remains to be
 

established.
 

Despite low levels of dcmestic production, reported urea production
 

costs are significantly lower than the cost of imported urea. 
 In 1979/80, the 

urea production cost at UFF was reportedly about US $100/ton and at NGFF, about 

US $120/ton (basis 15 Taka = US $1.00). It is not clear whether this cost
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Table VII-4. Bangladesh Urea Supply/Demand Outlook Assuming 25% of Total
 
P205 Demand Supplied as DAP
 

Supply/
 
DAP Imports N Demand for Urea Projected Demand
 

mt N Content N Urea Urea Balance
 
Year GOB IFDC GOB IFDC GOB IFDC GOB IFDC Production GOB IFDC
 

('000 mt)---------------

1980/81 315
 
1981/82 107 77 19 13 333 293 723 637 618 -105 -19
 
1982/83 130 87 23 16 387 321 841 698 700 -141 +2
 
1983/84 154 96 28 17 431 350 937 761 845 -92 +84
 
1984/85 183 104 33 19 476 379 1,035 824 915 -120 +91
 
1985/86 211 113 38 20 513 409 1,111 889 1,112 +1 +223
 
1986/87 222 122 40 22 551 438 1,198 952 1,304 +106 +352
 
1987/88 235 130 42 23 581 468 1,263 1,017 1,402 -139 +385
 
1988/89 248 139 44 25 604 497 1,313 1,080 1,420 +107 +340
 
1989/90 252 148 45 27 606 526 1,317 1,143 1,420 +103 +277
 



Table VII-5. Bangladesh Nitrogen Fertilizer Production
 

Rahman (1981).
 

NGFF (Fenchuganj) -[IFF, 

Urea Amonioum Sul fate 

Year Production 
Capacity 

Utilization, % Producti oil[t 
Capaci ty 
Ii zat ion, % 

('000 mt) ('00( -nt000 
Startup daLe 1962 1969 
Rated capacity 106 12 

1970/71 56 53 6 50 
1971/72 
1972/73 

47 
39 

44 
37 

3 
6 

25 
50 

1973/74 61 57 10 83 
1974/75 
1975/76 

58 
53 

55 
50 

5 
6 

42 
50 

1976/77 
1977/78 
1978/79 
1979/80 

77 
61 
55 
104 

73 
58 
52 
98 

9 
10 
5 

10 

75 
83 
42 
83 

Average 61 58 7 58 

Production 
cost, TK/mt,
1979/80 
August 1982 

1,800 
3,265 

1,740 
-

Source: 

..... 

Production 

('o Pit) 

340
 
-

-


175 

221 


1i 

229 

208 

151 

236 

257 


186 


(Ghorosa I)
 
Urea
 

Ca.p..i ty
 
Ut iIizat i on,
 

1970
 

52
 
65
 
3
 

67
 
61
 
44
 
69
 
76
 

55 4! 

1,500
 
2,363
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figure includes bags and bagging. The more recent. August 1982 production costs, 
bagged ex-factory, are reported as NGFF US $145.11/nit, UFF US $105.02, and ZFCL
 
US $160.00 (basis 22.5 Waka = US $1.00). The average c. & f. cost of imported
 
bagged urea in 1980/81 was US $238/ton. Although domestic urea production costs
 
will probably rise in response to 
rising gas and manufacturing costs, the low
 
cost of indigenous 
natural gas shiould ravor local production over importation 
and should thereby support the GOB policy of nitrogen self-sufficiency.
 

Existing urea units have been adversely affected--although to
 
differing degrees--by a wide range of problems including shortages of raw 
materials, disruptions in power supply, and a host of mechanical, electrical,
 
and instrument failures. These equipment-related problems have been due largely 
to poor physical condition of equipment and inadequate preventative maintenance.
 

Maintenance downtime has often been excessive because of the lack of
 
availability of foreign currency to purchase necessary replacement parts and
 
plant supplies. Perhaps even more importantly, production has been constrained
 
by lack of plant management and operating expertise. The critical shortage of
 
experienced plant technicians has been exacerbated by the outflow of technical
 
personnel 
to middle eastern countries where salaries and employment conditions
 

are more rewarding.
 

The nation's nitrogen supply strategy is based on meeting the antici
pated growth in urea demand by raising domestic production through
 

rehabilitation of existing facilities dnd by constructing new ammonia urea
 
plants at Chittagong and Ghorasal. The Chittagong Urea Fertilizer
 
Limited 
(CUFL) plant, to be funded by a consortium of international financial
 
organizations, will have a capacity of 1,000 tpd of ammonia and 1,700 tpd of
 
prilled urea. Plant commissioning is targeted for 1985/86. The Ghorasal plant
 
expansion, designated the Polash Urea Fertilizer Project (PUFP), 
is to be built
 
with the assistance of the People's Republic of China and will have 
a capacity
 

of 100,000 tpy of urea; completion is stated for 1984/85. Three other plants
 
proposed for Mymensingh, Begumganj, and Sylhet are in the preliminary planning
 
stages, but available information is too scant to consider their possible impact
 
on the domestic supply situation. Contributions to future domestic urea supply,
 

on a plant by plant basis, are 
shown in Table VII-6, which compares projections
 
of production with the GOB and IFDC demand forecasts discussed earlier in this
 

section.
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Table VII-6. Urea-Supply and Demanid Outlook, 1980/81-1999/90 

Demand Supp ly/Demand Ba IancerodProduction GOB" .FC 
Year NGFF UFF ZFCL 

GO . . IFDCPUFP CUFL Total1 -- . I 1 11 I I1 1- 11 
- ('000 lit) .................
 

1980/81 90 225 
 315 570 
 -255
1981/82 90 240 288 
 618 765 735 
 665 637 -147 -117 -47 -19
1982/83 70 220 
 410 
 700 891 841 733 698 
 -191 -141 -33 +2
1983/84 85 285 475 
 845 998 937 798 
 761 -153 -92 +47 +84
1984/85 85 285 
 475 70 
 915 1,107 1,035 865 824 
 -192 -120 +50 +91
1985/86 85 285 
 475 80 187 1,112 1,194 1,111 933 889 
 -82 +1 +179 +223
1986/87 80 280 475 95 
 374 1,304 1,285 1,198 1,000 
 952 +19 +106 +304 +352
1987/88 80 275 
 475 95 477 1,402 1,354 1,263 1,067 1,017 
 +48 +139 +335 +385
1988/89 75 270 475 
 95 505 1,420 1,409 1,313 1,134 1,080 +11 
 +107 +285 +340
1989/90 75 270 
 475 95 505 1,420 1,415 1,315 1,202 1,143 
 +5 +109 +218 +277
 

a. Case I assumes total nitrogen demand under the GOB demand 
forecast to be supplied as urea. Case 11
assumes 
that the nitrogen of nitrogen demand will 
be met by urea and importing DAP to satisfy 25% of P205
demand. 

b. Same as note a, except that 00LFDC market demand estimates are used in place of the GOB market demand 
estimates.
 

Note: NGFF = Natural Gas Fertilizer Factory; UFF 
= Urea Fertilizer Factory; ZFCL 
= Zia Fertilizer Chemicals
Limited; PUFP = Polash Urea Fertilizer Project; CUFL 
 Chittagong Urea Fertilizer Limited.
 

Source: Production data from Rahman (1981).
 



187
 

Another urea facility, the Karnaphuli Fertilizer Company (KAFCO), 
is
 
being considered for Chittagong. This plant, a joint venture of the GOB and
 
Swedish/Danish private interests, is intended to produce 
urea for export.
 
Planned plant capacity has been reported as 570,000 tpy of urea; completion is
 

targeted for mid-1980.
 

PolicL Issues and Options--The overall GOB policy for increasing
 
nitrogen self-sufficiency calls 
for expanding production by renovating and
 
upgrading existing urea facilities and constructing new plants using indigenous
 
natural gas. The successful implementation of this policy will depend on the
 
speed with which strategies are devised and carried out to 
(1) relax and/or
 
remove the human, physical, and financial constraints to past plant performance
 
and (2) facilitate the planning, organization, and execution of new plant
 

construction programs.
 

1. The limited availability of technically competent plant managers
 
and operators has been and continues to be a major impediment to efficient plant
 
operation. The lack of facilities, programs, and materials needed to hire and
 
train workers in the numbers required for proper plant operation is a serious
 
constraint to human resource development. The previously mentioned exodus of
 
skilled technicians aggravates the problem. 
The GOB recognizes the personnel
 
constraint and is taking steps to expand in-country training facilities and
 
training programs with UNDP, IFAD, and other donor agency assistance. Also,
 
BCIC personnel have participated in IFDC-sponsored production maintenance
 
training programs at home and abroad. 
The BCIC is reportedly conducting
 
in-company training programs based on knowledge gained from participation in
 
these courses. Although progress in personnel training is being made, the
 
problem remains critical and deserves expanded GOB support. Although worker
 
skills will be improved through the establishment of new training facilities and
 
programs, actions must be taken to stem the outflow of experienced plant
 
personnel to more acceptable levels. This could be accoiplished, as has been
 
suggested by others, by increasing worker incentives to remain in Bangladesh, by
 
imposing employment time minimums as 
a condition of employment, or by
 
restricting the number of technicians permitted to 
leave the country at a given
 
time. Another alternative is to 
train greater numbers of workers to take into
 

account anticipated departures.
 

2. The fertilizer plant rehabilitation programs seek to overcome the
 
earlier noted physical resources constraint to plant performance by (1) adding
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and replacing equipment, (2) modifying plants, (3) improving maintenance to 

enable plants to operate at higher capacity utilization rates, and 

(4) minimizing plant downtime resultLing from interruptions in utilities and raw 

material supply. Specific plant improvement programs are well defined in the 

World Bank, USAID, and other donor agency reports and will not be repeated here. 

Full government policy support will be required to expedite their 

implementation. 

3. The operation of existing urea plants continues to be adversely 

affected by the uncertain and often inadequate availability of foreign currency 

funds tu purchase imported raw materials, spares, catalysts, and chemicals. If 

desired production improvements are to be made, the GOB must take steps to 

assure the timely and adequate availability of foreign exchange funds to 

pLrchase those items that are necessary to maintain the plants in proper working 

cot2 ition and meet established production rates. Plant management should accept 

the responsibility for planning and scheduling plant needs, taking into account 

the often excessively long purchase and delivery lead times, but other agencies 

must also work to supply plant needs in a timely manner. 

4. The principal policy considerations associated with new plant 

construction relate to the speed with which these new facilities are built and 

brought up to suitable and sustainable operating rates. The long and costly 

delays connected with the construction of the ZFCL plant can be minimized by 

strengthening and streamlining the technical and financial planning processes 

involved in new project development and implementation. Closer coordination 

between the GOB and potential donor agencies is mandatory from project inception 

to conclusion. Responsibility and authority for conducting the needed technical 

and economic feasibility studies must be clearly delineated and early agreement 

reached with the financing organizations on overall procedural aspecLs including 

process and contractor selection and project management. 

5. Another facet of nitrogen fertilizer production policy relates to
 

the form of urea product to be made in the proposed new plants. Today, most of 

the urea made worldwide is produced in a prilled form. This is also the case in 

Bangladesh. However, there is a trend toward production of granular urea, 

largely because it is physically superior to the prilled form. Urea granules 

are generally harder and stronger than prills and therefore less su;ceptible to 

breakage during transport and handling. Also, urea granulation proces-es permit 

the production of a wider range of particle sizes than can be made by prilling. 
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The agronomi c meri t s urea lia rgerof us ing of pa rt i cIe s izes have beenI demons rat.,Id 
particularly on rice, in some localities in Asia. It is suggested that granular 
urea be considered for the proposed new urea plants, particularly those intended 
to serve the export market where granular urea currently commands a premium price 
over the prilled form. 

6. As plans for the construction of the export-oriented plant

proceed, policies and strategies will have to be developed for marketing the
 
product in a manner most beneficial to the GOB. Target market countries will 
have to be identified, a .arketing plan devised, and an 
organization put. into
 

Ice to carry out this assignment.
 

Phosphate 

The principal 
source of fertilizer phosphate used in Bangladesh is
 
TSP; DAP is a secondary source. Relatively small quantities of Hyperphosphate, 
a ground phosphate rock product, have been imported in the past. 
 In 1980/81
 
(Table VII-1) about 36,000 mt of DAP was imported and about 41,000 mt was sold
 
by BADC. In 1980/81 the c. & f. value 
of phosphate fertilizer imports (TSP and
 
DAP) accounted for 75% of the total c. value
& f. of all fertilizer imports. 
The need and opportunities for effecting foreign exchange cost savings by
 
judicious phosphate supply planring are 
evident.
 

Current phosphate supply policy, which mast await clarificati, of the
 
agronomic suitability and farmer acceptance of DAP, is focused on expanding
 
domestic TSP production by renovating and improving existing production units at
 
Chittagong. 
The gap between supply capability and demand is to 
be filled mainly
 
by importing TSP.
 

The large disparity, nearly 50%, between the phosphate market demand
 
forecasts of the GOB and those of IFDC, 
as discussed earlier (Taile VII-2), adds
 
to the difficulties in fiture phosphate supply planning. 
 If it is assumed that
 
all of the phosphate demand called for by the GOB market forecast is to be
 
satisfied by TSP and that local TSP production conforms to current GOB
 
production projections (discussed later), the void between demand and supply
 
expands rapidly (Table VII-7) necessitating growing expenditures for imports.
 
If the same assumptions are applied to the IFDC phosphate market demand
 
forecast, the imbalance between supply and demand narrows 
substantially, as
 
shown in Table VII-7 and import costs are correspondingly lower.
 



---

190
 

Table VII-7. 	 Phosphate Suppl y and Demand Outlook, Assuming Market Demand for 
Phosphate__(P,,) is to be SuppI ied as TSP 

Projected Supply/ 
Domestic Deman'l Demand Balance

Year Production GOB IFDC GOB IFDC 
.......-.----------- - (' 000 -


1980/81 	 30
 
1981/82 	 50 426 309 -376 -259 
1982/83 90 524 346 -434 -256 
1983/8' 	 100 
 620 380 -520 -280
 
1984/85 110 	 730 415 -620 -305 
1985/86 	 105 
 809 452 -704 -347
 
1986/87 100 885 487 
 -785 -387
 
1987/88 95 941 522 
 -846 -427
 
1988/89 95 
 989 557 -894 -462
 
1989/90 95 1,013 594 -918 
 -499
 

Source: 	 Projected production from Rabman (1981). 
GOB and IFDC market demand from Table VII-2. 
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If it is assumed that DAP is introduced into the supply scheme of
 
the future to supply 25% of market demand for P20 
 the imbalance between TSP
 
demand and local production is of course reduced proportionally. Table VII-8
 
illustrates the supply and demand outlook for TSP and DAP using the GOB and IFDC
 

phosphate demand forecasts. 

The import costs associated with the phosphate supply schemes presented 

above are discussed later. 

Domestic Production--Domestic production of TSP is centered at the 
Chittagong TSP complex built in 1969/70 but, because of the War of Independence
 
and legal disputes, not effectively operated until the mid- to late 1970s. The
 

plant consists of two production units with a combined design capacity of
 
152,000 tpy. Plant production and operating rates are summarized in Table VII-9.
 
The TSP production is based entirely on 
imported sulfur and phosphate rock since
 
Bangladesh possesses neither of these raw materials. The government-owned
 

complex is operated by BCIC.
 

Although statistics from different sources vary, annual TSP production
 
has generally been around 40,000-50,000 tons in the period 1976-79. A new high
 
of 71,000 tons was reportedly achieved in 1979/80. The production cost of TSP
 
in 1979/80 was reported as about US $290/mt (basis 15 Taka = US $1.00). This is
 
substantially above the average 
c. 
& f. value of TSP imports of about US $250/mt,
 
bagged, in that year. In 1979/81 the c. 
& f. value of imported TSP was about
 
US $316/mt. The economics of domestic production versus importation of TSP
 
deserves further scrutiny as noted later in the discussion of alternate phosphate
 

supply strategies.
 

Plant performance has suffered severely from excessive plant downtime,
 
with capacity utilization rates averaging about 30% during the past 5 years.
 

Equipment failures and maintenance problems accounted for about hlf of the
 
plant downtime. 
 Shortages of raw materials, power supply disruptions, and
 
BADC's failure to lift fertilizers have been responsible for most of the
 

remaining lost time.
 

Following several studies on the disposition of the TSP complex by
 
outside consultants, 
some of which presented conflicting views, a rehabilitation
 

project was prepared by The World Bank to raise production at the Chittagong
 
facilities closer to plant design capacity. 
This project, scheduled for
 
implementation in 1982/83, is to provide replacement and standby equipment;
 

improve plant utilities including steam, power, and water treatment facilities;
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Table VII-8. Phsjphate Suil y and D)enand Outlook Assuming That arket Demand for 
Po sphatLe PaO) is to be Sujpl ied by TSP (75%) ind DAP (25'"0) 

Demand Demand Supply/Demnand Outlook 
Domestic TSP IGOBFDC GOB 1FDC 

Yea r Product i on TSP DAP TSt' DAP fSP DAP ISP DAP 
. . . . . . . . . . . . . . . . ('000 m .)- - - - - 

1980/81 30 215 41 194 36 
1931/82 50 320 107 233 77 -270 -107 -183 -77 
1982/83 90 :393 13) 259 87 -303 -130 -169 -87 
1983/84 100 465 154 285 96 -365 -154 -185 -96 
1984/85 110 548 1813 :311 104 -438 -183 -201 -104 
1985/86 105 598 211 339 113 -493 -211 -234 -113 
1986/87 100 663 222 365 122 -563 -222 -265 -122 
1987/88 95 707 235 391 130 -612 -235 -296 -130 
1988/89 95 741 248 417 139 -646 -248 -322 -139 
1989/90 95 761 252 446 148 -666 -252 -351 -148 

a. Values for 1980/81 are estimaLed production and actual sales and imports of 
TSP and DAP. 
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Table VI1 -9 . Bangladesh Annual TSP Production, '000 mt 

Annual Product ion Average Annual
Year TSP Unit Y TSP Unit 1i Capacity Utilization, % 

(Comb ined,) 
1974/75 32 27c
 

1975/76 41 34c
 

1976/77 38 32c
 

1977/78 41 
 27
 
1978/79 52 
 34
 
1979/80 71 
 47
 
Production cost 
TK/mt 1979/80 4,357
 

a. Started up in 1969, renovated in 1973, shut down until 1977. 
b. Completed 1970, war damage repaired 1973, commissioned 1974. 
c. Capacity utilization rates based on capacity of TSP Unit II only. 

Note: The startup potential capacities of TSP Unit I (in 1969) and TSP
 
Unit It (in 1970) were 32,000 tpy and 120,000 tpy, respectively, 
i.e., a combined capacity of 152,000 tpy. 

Sou rce: Rahman (1981). 
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anid make iml)ovelllents initrilniuentation. An important compoieit of the pIlnt 

rI'hlbil itt tjil, l eurt is the instil lation oita granulatio n unit to convert the 

powdere! TSP product to a more marketable granular form. According to the World 

Baink estimates , conple tion of the rehabilitat ion project will increase the 

CIaiwtv utilization rate of the plant t) about 80%, or about 12),000 tpy )f 

grinilr TSP. The BCIC, less optimistic, estimates a capacity utilization rate 

of about 7(}%", eq1uival]1elit to a yearly production of 10))},000-110,000 tons. 

Projected annual TSP production rates for the lq8 q-9O period were given in 

Table VII-. 

The SFYP refers to the coistruction tf a TSP facilit,, at Khulna. 

Presumably the plant would operate on import el phosphoric acid and rock to 

produce a granular TSP product. Process and pl1ant capacity details have not 
been determivd. The Khulna plant wouldt not be expected to he in operation 

.
ut il.after 184/85 

P'olic, I ssaes.a.idt. it j, s-- In essence, the prevai ling G0B ferti izer 

supply strategy calls for mlolernizing and tipgrad ing tlt Chittagong TSP complex 

Lt raise production to aluit 100.}000-120,000 tpv of ISP. This represents only a 

smnll tracti,, of projected ll,.i}/9) lemilalI, (Table VII-2) as given in both the 

GOB and I!FC deinan, forecasts. It lprvs-nmt pratctice is fol.lowed, the remaining 

phosphate fertilizer would he imported rimri l in the form of TSP. 'The addi

tion of the Khlntta unit could vouttilnlltte to local production, hut until definite 

plans are Imiade its in1pact cilni t he ,va :ll.ed. 

The focus of domeistii phosphate production policy, as it relates to 

increasing production at Chittagong, is similr in imany respects to domestic 

nitrogen proluctiou policy in that it at tempts to alleviate or the human,remove 


physical, and tinancial constraints assci ted with tPast phosphate production. 

To increase local phosphat e outptut tLher is a vitalt need to (1) expai/nd and 

intens an pf develupteul t , L2 ) exped it imapI lemtei t i on of p1lan t;l}tlower 

rehabilitatin programs, and (3) providIe funds to purlchase needed raw materials 

and plant suppliLes. These aspects of fertilizer production poli cy were 

discussed e mrlier and wil not he repeated here. 

A more definitive plosplhate flrtLilizer supply strategy is clearly 

needed. F"urthter consider tion should he giv en to alternative suipply systems 

which involve (1) the domestic proditction and/or import of agronomically 

sittable phosphates that are more cost effective than TSP and (2) the more 

economical domestic production o TSP.
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An 	IFDC report (Klein, 1981), prepared as a background paper for this
 
report, identifies and presents a preliminary economic evaluation of several 

alternative supply schemes.
 

Based on the results of agronomic tests and past use experience with
 
rock phosphate, the report suggests that 
more economical, less soluble forms of 

plhosphate (as compared with SI'P), such as partially acidulated phosphate rock, 
might satisfactorily be used 
in large sections of the country where acid soils
 

predominate. Accordingly, an 
evaluation was made of 
a phosphate fertilizer
 
suppiy system based on local TSP and PAPR production. 
 The report also examines
 
the economics of local TSP production using alternative raw material sources 
and
 
discusses the potential cost 
henefits of producing a semi-granular rather than a
 
fully granulated TSP product as contemplated in the currently proposed
 
Chittagong plant modification program. 
The 	phosphate supply schemes considered
 
in this study, together with estimates of investment and production costs
 
associated with each, are summarized 
in Table VII-lO. The total cost of 
supplying the nation's phosphate needs, via domestic production and needed 
supplemental imports, by each of these schemes is given in Table V II-1.
 

The 
report presents these conclusions:
 

1. 	The cost of producing granular TSP (GTSP) from imported sulfur and
 
phosphate rock 
is higher than the cost of importing GTSP in bulk and
 

bagging it locally.
 

2. 	The 
cost of producing GTSP from imported phosphoric acid is currently
 
marginally lower than importing GTSP; 
this cost differential is expected 
to
 
moderate in the future.
 

3. 	A semigranular TSP product (SGTSP) can be produced more economically than a
 
fully granulated product. A SGTSP product 
can be made by a simple
 

modification of the proposed granulation plant.
 
4. 	On the basis of 
1981 prices, PAPR can be produced at substantially lower
 

cost than GTSP. Preliminary estimates indicate that about
 
US $50 million/year (based on 1981 dollars and 1990 use rates) might be
 
saved by substituting PAPR for GTSP in those areas where Hyperphosphate has
 
been found to be a satisfactory source of P205
 

5. 	The cost of facilities to produce GTSP and PAPR can 
be paid out in about
 

2 years of operation.
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Table VI I - 10. -lto rma tivie Phis ph ea SujpI y__ Schomes for Ba "gl .desh 

Product i ot, Product Production Cost, Fixed Capital 
'000 mtL Cost US /mt . Investment 

Scheme Product(s) Product P,101, Million US _Product 1P_0 Mill ion US $ 

1 GTSP a 100 47.5 33.4 334 703 7.7 

2 SGTSP 300 142.5 85.2 284 600 12.7 

3 GTSP 300 142 5 87.9 29:3 617 33.8 

4 GTSP 120 57.0 - - - -

PAPRh 345 138.0 - - - 35.0 

465 195.0 106.1 228 544 

5 GTSP 120 57.0 - - - -

PAPR :345 138.0 . - 

465 195.0 106.1 228 544 55.6 
c
AS 75 - 11.4 152 - 

6 GTSP 1'0 57.0 - -- -

PAPR 345 138.0 - - 

465 195.0 106.1 228 544 35.6 

GYPSUM 102 - 3.9 38 - 

7 SGTSP 300 142.5 85.2 284 600 33.7 
AS 75 - 11.1 148 - 

8 GSSPd 120 25.2 19.6 164 778 5.7 

9 GTSP 320 152.0 - - - -

PAPR 785 196.3 . 

1,105 348.3 248.4 225 713 136.0 

AS 75 - 11.3 151 - 

d GTSP gra. iperphosphate, -4.5% ,T P2 = triple s t-ozi OT.-..... 
b. PAPR = part iaily acidula ted phosphate rock, 40% total P2 05 . 
c. AS = ammonium sulfate. 
d. GSSP : granular single superphosphate, 21% total t205. 

So urce: KI em (1981) 
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Table VII-11. 	 Cost of 10-Year (1980/81-1989/90) Phosphate Supply; by
 
Alternative Phosphate Supply Schemes 
 in Table VII-10 

Cost Category.. Total PhosphateScheme Domestic Products Iniorted TSP SuP v Cost 

--- ----------- (million US $) . ...... 
1 306 
 1,813 
 2,119
 
2 698 1,360 	 2,058

3 
 719 
 1,360 
 2,079
4 
 863 
 1,084 
 1,947

5 
 863 
 1,084 
 1,947

6 
 863 
 1,084 
 1,947

7 
 698 
 1,360 
 2,059
8 
 202 
 1,929 
 2,131

9 	 1,468 
 364 
 1,832


All imported TSP 
 2,083 
 2,083
 

a. Total 
supply for a 10-year period is 6,944,000 tons TSP or TSP equivalent.

b. Domestic production as TSP or TSP equivalent. 
See Table VII-1O for product

breakdown.
 

Source: Klem 	(1981).
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6. 	The IAP can he imported more economically than the TSP. Its exptded use 

in Bangladesh shouldl be e couraged by first resolving the qfuestions which 

have been raised regarding its agroniomliic effectiveness and farmer 

acceptantce. 

The report recolnmends that a miore Ithorough study he made of all of the 

siggested a Ito rnaLive phospha te supplyv svstems. It fturther recommends that an 

agronomic' L.a.tsting program be carr(ied OUt to conlfirn the utility of PAPH 

products, but cautions against undue delays in marketing. 

Po tash 

Mu riaLte of potash is the sole sonurce of fertilizer potash currently 

used in Bangladesh. It is the lowest cost fori of potash and wi 1 certainl.y 

cntinue to he the iajor source of fertilizer potash in the years ahead. The 

use of ;ighepr cost forms of potash such as sultifate of ptash (SP) and sulfate of 

potash magnesia (SPM) can he justified only in those inustacets where agronomic 

ieeds for nonchloride potash have been demontst rated or where their dnali use as 

sil fur carriers warrants teir substantially higher cost. it ,an equivalent Q0 

coniteit basis, SP us tallv costs about twice as much as MP. 

The pot ash market demand estimates prepared by tit GOB antd I[DC show 

wide variations (Table VII-12). According to the GOB forecast, MP supply needs 

would reach 203,000 itt in 1989/90. The IFDC estimate sees 1989/9<)0 M'P demand at 

about half that Level, or about 103,000 tnt. 

There are 1o known reserves or p roiduiction of poLash fertilizer in 

Bangladesh. The country's potash fertilizer needs will continue to be supplied 

total Iv froi imports. 

Pol icv 1ssues and Qptions--Because Bangladesh has Ito pot.h im ineral 

btse to support local prluction, the potash suipply aLternat,iwys and rMlated 

policies and strategies are confined main ly to assuring cost-effective 

procurement and timely delivery of agronomically suitable products. 

Muri ate of potash i s available in three princ ipa I grades--s tandard, 

coarse, and granular--which differ mainly in pact'icle s iz. The standard grade 

is of the smallest size (approximately minus 14-. plus 65-umesh, Tyler), followed 

by coarse grade (approximately minus 8- plus 35-mesh, Tyler), and granular grade 

(approxinately minus 6- plus 14-mesh, Tyler). AlIl. grades contain a minimum 60% 

K20 content. 
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Table VII-12. 	 Projected Muriate of Potash
 
Supply Needs, FY 1981-90
 

Demanda
 
Year 
 GOB Forecast 
 IFDC Forecast
 

-..
('000 mt).......
 

1980/81 b 45
 
1981/82 75 
 55
 
1982/83 92 
 62
 
1983/84 128 
 67
 
1984/85 142 
 73
 
1985/86 157 
 80
 
1986/87 172 
 85
 
1987/88 187 
 92
 
1988/89 198 
 98
 
1989/90 203 
 103
 

a. To be supplied by imports.
 
b. Actual sales 1980/81.
 

Source: 
 See Table VII-2.
 



200
 

The stanlard grade is the cheapest form, currently sellig (ex-Canada)
 

on Lhe export markvt for about US $5-$10/mt less than the coarse grade. 

Granullr grade is more expennsive than the coarse grade, but only reLatively 

mirnor quantities are triled intt.ernationally. Sitce experience has shown tLhe 

standard graule product to he uLtirelv suithble for use in Bangladesh, on a cost 

basis there can he no just i liation for huying any other MP product. 

The particle size of standard grade .IPproducts varies between 

producers. If supplier prices are the same, the largest particle size should be 

purchased to minimize dust problems and faciI iLate handling arnd farmer appli

cat ion opera Lions. 

Sri" fir r 

Crops suffering Irom deficiencies of sulfur have only recently been 

observed in Baingladesh, and te full exent of these deficiencies remains to be 

determined. Agroronists assigied to provide information for this report have 

estimateld sulfir need of about 18,000 tpy. Agrontom ic sulfur needs have been 

discussed in the secLion of this report which addresses nutrient sources and 

reqlti rvleLtt ., 

Policv, Is-stes and Ojti-ons--FOangl adesh possesses no known indigenous 

s"Lfur reserves. The only locally available sulfur sou rce is Lthe waste gypsum 

p roduced at the Chrittagong TSP complex. 'Ti'elCI e st imates tha. aboit 

250.000 mt ot gypsum, conLainirg about. 43,000 Mt of sulfur, is presently 

available. This represents a 21-year supply based on the 18,00U tpy demand 

estimaLe cited above. 

Tie iFDC report on phosphaLe supply alternatives also exami ned 

atterrative sulfur sources. According to this study, of the many s'l fur 

compounds that can be used as sources of agricultural sulfur, those that appear 

most promising for Bangladesh are elemental solfur, single or double 

superphosplhate, gypsum, and ammotniun sulfate. 

The handling of elemental sulfur with conventional fertilizer plant 

equilment can lead to plant safely problems. Under some conditions, TSP diluted 

to less than 40% P205 with sulfur can result in explosive concentrations of 

sullfur in parts of the nianufacturing equipment. 'The use of ground elemental 
sulfur for di-rect application can lead to similar safety problems in the course 

of sulfur grinding and handling operations. For these reasons, the processing 

and use of elemental sulfur as a source of agriculturalI sulfur in Bangladesh 

should he approached with cauLion, if not discouraged. 
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Supplying sul fur in the form of single or double superphosphate is
 
tantamount to supplying sulIfur in the form of TSP 
 and gypsum. If the use of 

gypsum as a source of sulfur can be economically justified, the use of single 
and/or double superphosphate may aiso be economical. Conversely, if the use of 

gypsum cannot be economically supported, it is unlikely that the use of single 
or double superphosphate will be justifiable. Thus, the task of evaluating the 
cost effectiveness of these sulfur supply alternatives can be reduced to
 
comparing gypsum and other sul fur-bearing materials 
 such as ammonium sulfate. 

The IFDC study estimated that ammonium sulfate might be produced from 
gypsum (assuming ammonia production at Chittagong and no cost for the gypsum)
 
for US $130/nit, bagged. The BCIC estimated that 
gypsum can be sun dried and 
bagged for US $45/nit. This cost estimate appeared to be excessive and a lower 

figure for US $25/mt was suggested as more realistic. The average transport 
cost to BADC distribution centers was taken as US $12.50/mt. To supply the same 
total sulfur and nitrogen content, I nit- of ammonium sulfate is equivalent to
 
!.5 mt of gypsum plus 0.46 mt of urea. Using 
 these product equivalencies and 
transport costs resulted in delivered costs (Table VII-13) of US $142.50 and 
US $163.84 tc supply equal quantities of nitrogen and sulfur as ammonium sulfate 
or a combination of gypsum and urea, respectively. 

This analysis, subject. to 
the validity of the underlying assumptions,
 
suggests that ammonium sulfate produced from waste gypsum is a more economical
 
source of agricultural sulfur than waste gypsum used in conjunction with urea.
 

Further in-depth technical and economic feasibility studies are 
required to more fully assess the economic merits of alternative sulfur supply 
systems including the possible roles of SP and SPM. A study of the possible
 
role for sulfur-containing potash fertilizers should consider tLese dual purpose
 
products in light of the agronomic needs for potash and sulfur by crops in
 

various regions.
 

Fertilizer Imto rts 

Although nitrogen imports should diminish as 
domestic production
 
capability increases in the years ahead, Bangladesh clearly will need to 
import
 
increasingly substantial quantities of phosphate and potash fertilizers.
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TabIle VI I-I. ComLiaraL ive Costs of SuppI vi ng E Iuiva Ient Quint iiies ot N and S 

Ammoni um Sil Ifate (AS) AS Product Lj 11va louts 

I ton x $1301int $130.00 Gypsum, 1.5 toLs x $25/1t = $ 37..r0 
I'l*,isport cu>st Urea, 0.46 ton x $21!0/imt= 101.84 

1 x $12.50 12.50 Transport cosL 1.96 tons x 312.50/mLt = 24.50 

ota I Iei e red cost $142.50 Total. delivered cost $163.84 

S iur:rc e Klei (1981). 
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Accordingly, import policies, particularly those which seek to lower import
 
costs tLrough improved product 
selection and procurement strategies, need
 

further Assessment.
 

The pIrincipal import-related constraints to 
ferti lizer supply are
 
(I) a cIirniic lack of foreign exchange which limits the nation's abiliLy to
 
finance needed fertilizers and forces 
it to rely in greater measure onl donor
 
assist.Lduv, (2) dcficiencies in procurement procedures including improper
 
plainn ing and :;chduling f imports which hive, at times, caused disrupt-ions in 
the orderly11 ow and ava i Ia iliLy of fertilizers, and (3) lack of adequate port 
fa.iliLies which adds to the time and cost of unloading and handling imports. 

Lntil relaLively recently, fertilizers have been imported in bagged rather than 
L, less expensive bulk torm, thus exacerbating the foreign exchange constraint 

noted above. 

Import.CssFrin xci ~ 
Nit rogen/h osphate Policy, Issues and Otions-.- Impor ing DAP to replace 

TSP to the degree permitted by prudent agronomic practice, i.e., w,;.ere a single
 

product containing both N anut P may be used eflectivelv, deserves consideration 
because of DAP's tavorable transport and, handling costs and the generally low
 
cost of its nitrogen component , as colmipa red to urea anid other 
 solid nitrogeniOuiS 

ferti lizers. 

The higher total nutrient content oi )AP (18-46-0), as compared to TSPI 
(0-46-0), provides a significant saving in transport and hand ling costs. Since 
freight rates (ocean, river, overland) are set on a product weight basis, the 
transportati on cost for DAP is about 30% lower than that for TSP on a per unit 

plant food basis. Viewed from another perspective, since the phosphatic
 
contents of IAP and TSP are 
the same, the nitrogen component of DAP is moved 
throughout the delivery system at no cost. Similarly, the nitrogen component
 

can he warehoused, handled, and bagged at 
no extra cost, leading to additional 
savings in these cost categories relative to urea. 

The economic implications on nitrogen supply cost of importing DAP as
 
a substitute for TSP are examined from three aspects.
 

1. The effect of importing l)AP 
on urea import costs in a period of domestic
 

supply deficit.
 

2. The costs of supplying nitrogen from 
imported DAP and domestically produced
 

urea.
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3. 	 The compa rativye e ororii( )f importing )AP .and export ing urea when
 

exp)ortalle surpiiluses arc ;vai Iable.
 

1. 	 !Ip.ir r i l)lAP/R,',It u iug 1rc lirlulo rts, 

Tiht, cost ofI niitrtgen] ii iporltedi D)AP mayIh b et-eLrinved fro tire 

iver',. L. & 1. costs of 'ISP 1 :S $i l b/lilt) and DA' (IS $3 l .33/miIL) il)Ortedl 

Mu" Bang ladesh in I980,S 1. The, diftrece if piouciit cost (US $45.17/mt) may 

he taken as the cost "f, the itrtrogen MO.IS AutN) in I Mt of )AP. Utnder this N
 

,M t. ssig merit , th e uitroel in D)AP is vau lle a t US $151) . 1)4/ nrt N. In 80/81,
 

the 	 avera.ge c. A 1. vauIe of importedi urea wasU;S $238.50/nLt urea , making the 

cost 'fnitrogen iniimlortedf urei IS $518.4H/mt N. Iln this example, the cost of 

utroge in implort d DPI is about one-half tlhat of Lhe nitroge in import ed 

S ice I lt '"t D I):\ cn ain s the saume qirt itv of Iotf l is 1 It of 'ISP 
p lus the lit llivdll le t ofrn 	rog(n' ).139 rit of urea , every ton it DAPl wfhich is 

imported (in place of TSP) will reduce Lh imlport reluirrement for urea lby 

).39 nW. The resl lLnL siving f'om thi s subist itution of DAP for 'rSlP will depend 

on tire cost I the nitrogen in )AP as compa ret with tie cost of the 0.39 mL of 

imiported tlji which it replaces, whi dt'heperils on the dif fereinces in the 

iipo rL.ed co:: ts ol IDAP ani TSP. Average iiionth ly prices I)AIP arid tISP, f.ob. 

Timpa, are gr piihed in Appendix Fi gure VII-I for the period 

July 1, 1979-June 30, 1982. I)i tfierncs in Lhese p-i cs are g iven in Appendix 

Table VII-I and graphed in Appendlix Figure V1-2. Significait fluctuations in 

price dirferelitials may lie noted dunring tfhis period; price ditEferences ranged 

train about. US $75 Lo US S17/ut andil averaged about. US $45/mt. 

In 	 1980/81, the diffterenice bet en average ct. & . cosLs of DAP and 

'ISP imporLs in Bangladesh was about US $49/iL. Co incilertally, a;rp;oxiiiiatrlv 

the same differentia applies at the present time. The US $45/mL price 

differential may be taken to represent tie cost of 0.39 lt. urea. Iin 1980/81, 

the average c. & f. cost of imported iurea was US $238.50/mLt; Lhus , Lhe cost of 

0.39 rut of lniportef urea was about US $93. Tire diference beLtweun the cost of N 

in I rut of iirported I)AP arid that in 0.39 lilt of inp<ortecL urea is US $48. In 

1980/81 about 42,000 nL of DAP 'was importefd. If ura iiriorts hid been in fact 

reduced by 0.39 rut for every Lori of IAIP imipijorted, the saving inlcost arid foreign 

exchange world have been about US $2 nil li oni. Reduciring riea Jiports by 

substititing DlAP For TSP will lower fert ilizer import costs aind save fore ingi 

excha ne if the cost of N in DlAP is lower hai the cost of N in im iporLed iurea; 

http:avera.ge
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the magnitule of the saving will be governed by Lhe respective world( market 

prices of DAP, TSP, aid urea which, in turn, will e influenced by suppli/demand 
factLors.
 

GeneraLly, the world markeL price of N in DAP (expressed as urea 

equivalent ) has been lower than that of li ,reas indicated iniAppendix 

Figure VI I-3, which shows the monthly average i uterminat, i oil spot, market prices 

of "red And urea equivalent, in DAP for 197U-82, basis f .. , bulk, U.S. Gulf. 

tn . . ,& f. or farm-gate basis, the di fe'ernce in cost between N in DAP and N 

i I'c"re woui ld have been grea er becau se of IAP' s a f o remeiit i oned t raispo rt., 

ha dling, aud storage cost advantages. 

2. Ctompr rahiwy Costs of N in )AP cdn l)omestic Urea 

Costs of N in ipnlcrted DlP and in doiiest ialIly croduced urea should be 

comp.'rrd it the farm-gat. KstimaLts oftthe osLt "cI eclh ace available at the 

PIDP but noL' th ll ii eve l. Therefore, these costs are comparcJ on an ex-PI)P 

wa re use 	 hasis. 

As nted above, the cost of nitrogen inimlortel [):\P depends on the 

Iiferene in cosLs between DAP amnd TSP. The value of N in I)AP, expressed in 

dlWlars per metric Lon of urea equivalent, is given in Table VI1-14 for various 

,itfereiitial.s in DAP and TSP price. The current cost dif-ferential of about. 

US $45/iiL is equivalent Lo a urea value cf ab ot. US $115/mt. 'lhis cost applies 

at the PUP warehouse level since the nit rogec componen t of D at zero1,l' imcves 

co)st frc)m port to PDP. There is no difference in the pcer ton cost cot hand]ing, 

baggi ng, and storing 'l'SP and AP except for a higher inventcry carrying charge 

for )AP ,ice to its higher per ton cost as ,compaired with TSP; the lifference in 

inve"torv a iy ing charrges is ignored in I.his Analysis. 

Recently reported ex-tactdory costs of clmMsticallv made orea, by 

plant, are given in Tale VI I-15. The average cost of transicert ing urea to PUP 

wa rehmoses served by Ghorasal has been estirmated at about US $10/mt. The average 

cosL of storage aL the t'PPs has been e'sL irateh at about US $4/mnL. Accordingly, 

a charge of US $14/nL has been acdded Lo the ex-factory costs at all planLs 

(Table ViI-15) Lo derive, an estimated ex-P DP wa rehouse c:ost of domestical ly 

produced urea. 

A comparison of lthe ex-IPUP warehouse costs of N in imported IA!' 

(Kahle VII-14) and N in domestical ly produced urea (Table VI!-15) indicates that 

at a US S4 5/mr price dlifference between DAP and 'I'SP, the cost. of N in irimporled 

IAP (expressed as urea equivalent cosL) is modestly lower ;ahlceuci US $4/rnL) than 
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Table VII -1. V-alIue' N t rogeni_ in IAP 

Co.st Diffeorence DAP Over TSP Value of Nitrogen in D\P 
..- ../ t eq iva lent ) 

5-) 
40 

90 
102 

45 115 
50 128 
55 141 
60 154 

a . Basis 0.-3 i mL rea e1 Iva lent /t/ DAP. 
. ]Del i.ve ed to the f in. 
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_ered[able I I- 15. Estimated PI)P li , Cost o f_-Dome.st__ .a II __roduc.ed Urea 

Plant Cost at Factor, Cost at PDPa 

($/mr) ($/mt) 
NGI"I. 

(Fevnchnganj ) 145.1 1 159 
UFF 
(Ghorasa l) 105.02 119 
ZI"C 1, 
(As\hugaij) 160.00 174 

a. Es tianted by adding 14/mt to exfaory cost for delivery 
fro fitc~t 0ry to PDP. 

http:roduc.ed
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that il i!ra produced la ('horarsarl aid significantlyIlweI tharn that mate it the 

.thier .hMestLC urat, factories. W<ith the iti lC m'v.nlst.tan ,rten iilil)i'o in nt 

operation L"teti e i sectios, Lhe cos t of dlorie . icd lvi imadte ii r a sholIdiin iar er 

i, lowe'red, Lhiert'iiv po:ssi blv e imin t ng or lesseningig h' ,cost ifference 

,eLwetern N in imioported DAP ;)Ai ill hnIllt i C,. Th i preliminary Appilraisa lnI 

shioilr bie rcev luateitiusirig more ret i St A( tlil dtt tmr tihe ex-PIP warehouse 

cus t A utomriestI Cd Ic madhie uiri. 

3. Impo)rt i rig IkOv'/lairt rug Ii 

Ih' ,on ai-iat i 'e ,'tOiLiit , ,tllAIfltre i gii (,x hiige imI i cat ions of 

mirl -.rting DAP iind exp)rting ug .A Ac iiri itenl, below. 

'T. cost oft irrit t ir i enexch, ui, witliv for N in I)AP will varv wiLh 

the cost. ditierence hbetweeni I)\P d Pt. Again, it a cost diifference of 

1S $4 /it, the' foreign exchnge 'os1 ,i the 0. M , t DAP ist ofuri,e(uivtlent- in 

US $45. 

lihe thfore'i.gn exihirgt' ge'nin'iitn'u t'om the export sill( of A like amr1oun1t. 

(0.39 it) of iomeiist i lv nlit urvea can ie established fromi the Iriice offered 

Against a recenit BC IC sellin.rg t enier f or 45,0(0 mt of urea. The top price 

offered was IS SI O/mit of irt,, , miiak i g 0. M .v,)r'h US $62 .40.
 

Li tier the condl i tiols out I i rni, ;i ,we, imiport ir 1 It o1 IDAP and 

exporting like iluintitt of N is urea will i prodiuce a gain ini foreign exchange 

of US $17. 40. Ex.ressed in ,anrother merit'r, tih, lr eign exchange gain in 

expt)*tinrg I M 0llofrva at US StbO/miL and ilniponrting niitrogen etuivalent to I lt 

of ,rea is I)AP (2.56 it DAP) at a cost of US .$115 is US $45. 

Althoug4h tihe fort'ign exchang.,,e bIalanle 'etween, urei exlorts and DAP 

imports will varv with product selling aird Iu ing pri ces prea\,iling in the world 

ira rk t, il Al likelihood a iositive Ireign txt'lhingt, ialance will hW' achieved 

!I exlporCting ug' a and ilporting i)AP since. from ar historical perslective, the 

cost itfiitr gpn in I)A' has genrerallyI r.''i Itnwer than the cost ,ot rrea iiiLrogen. 

4 . ltihr Coirsidherations Re lated to DAP 

The cost imp licatiols of irrmportinrg I)AP ii place of l'SI are of singul ar 

iir)ortrance; neverLheless, avii lability and use aspects of Lhese prouucLs a]so 

musL Ibe considered in mking purchisr;g dec isions. 

Fo(r exm.ple, DAP ty aI Lirge of prodilCorsis produiced rgt' iiumber over"d 

broad SpeCtrLni of iocations; lhis availability enhances reliability of supply, 

widens Lhe choice between supplievrs, and increases opllortuniLis for obtaining 

more competitive purchase prices.
 

http:sellin.rg
http:thfore'i.gn
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The physical, clemical, and handling properties of DAP arc generally
 

as 
good as, or in some cases better than, those of TSP. An important Feature of
 

DAP is its compa.Ltii ity with rea; mixtures of TSP and urea interacL to form a 

wet mixtu re. Also, tHe smill quantiLy of free acid generally present in TSP 

causes deterioration ot nonsyntletic bags and sewn bag closures. 

Int roduced into Banglalesh a few years ago, DAP has received limited 

;rc'epLanl e. Some agronomists question its slitahiliLv for use in rice 

fertiiizaLtion in Bangl;,lesh; farmers reportedIy\ are inot aware of )AP's potential 

agronomic value and cannioit. readily distiiguish it from TSP. To promote farmer 

accepLance and stiimllte demnd, BADIE is planning, witlh fund ing assistance from 

USAID arnd other ,onors, to increase the qluantity of I)AI to he imported in 1982. 

It i.sto he used in a major ma rket Lest progranm supported by a aleaIer and a 

farmer promotional program in RIaj ihahi Division. The promotion of I)AP based on 

sound agronomic progirams shoaurI receive policy support from the government and 

its implement i ng ageic i es. 

5 . M-onitoa iuiro rWm Pilo sph-a L-e__ (MAP) 

The transponr and hand lirg cost advantages attributed to DAP also 

apply to granulrar mouoairioniim phospihate (MAP). It is Itroduced in various 

grades, of which 11-54-0 is probably the most important at the present time. 

Its possihle use in the longer term in Bangladesh should be considered; however, 

at present the product is avai lable from only a restricted number of suppliers, 

and it is thinly Lraded initLhe international market. '['raditionally, before the 

ser iouis eruosion iii fert ilizer prices in 1081/82, MAP sold in the export market 

at pric(' s a;dproximat .ly equal Lo )AP; currently (September 1982) the spot market 

price o f MAP, bIulk, f.o.b,. U.S. (iult Coast is ahout $180/mt compared to DAP at 
about $175/mt. The difterential in price is reportedly due to ik, Light supply 

For export purposes. In the U.S. doomestic market, MAP commlards a premiut of 

between. $10 antd $15/mt over DAP and is funneled first to that market. Although 

the foreigin exchange iipl i cations for MAP may he favorable as compared to TSP 

arid DAP, its ut iity aid acceLptanice fron an agronomic standpoint remain to be 

con i rtnned. 

PoLash Pollyscand ptions--The case for the cont inued imporLa-

Lion of stardard grade KIP, rither than the more expensive coarse or granular 

grades of MP, as a means of conserving foreign exchange was made earlier. 

Currently potash, like most other fertilizers, is tn surplus supply on world 

markets and piices are depressed far below levels of a year ago. As a conse
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iluence, pricp different, ials bet.ween various grades have seen significant. 

erosion. These differentials will in all likelihood be restored, a. Least in 

pairt, to their more traditional levels as the current gap between supply and 
dtemn , is narrowtd through self-adjusting market. actions. The price 

,ilfer.it ial betweell sLiandard and coarse grade NP1was about US $15/mt (f.o.b. 

vssel, vx-Ln da) in Wite 1981. (n Lhat basis, savings of about 

VS I'. millin and US S10.7 lillion would he realized if the cmn Ilative potash 

requirmllLt S t rm i01/82-I 989/90 indi cated hy the GOB ani 1'DC market. demand 
orerast s , rSltec vely , were mLt Iv ilport ing stLandard rather than coarse grade 

M1P. The cur nlt (:August 1982) diftereitn ial, h owever', is more in the order of 

US $5-$10/Mn. 

Procuiiremeint Practices 

Procurement Policy 1ssues and OpL ions--The essent ial respons ibi li Lies 

of the proculrement function are to (1) purchase fertilizer products of defined 

quantity and quality at the lowest ,delivered cost ind (2) arralge WIiivery ill 

accordance wtth establiShel arrival schedules. 

Miany factors int luence purchaiste price ,nI transport cst of fertilizer 

ilm rts. The more important includ e quanitiLy, Lime, ,andl suo L of purchase and 

shipment; form of purchase (bagged or bulk); mletlhod ald 11conditions payment
 

(cash, credit, barter, donor credit or grant, e.); and ot her prchase 

restrictions (source and vessel flag). 

Most of Bangladesh eieilizer are purchased witht imports 

donor-supplied credit or grant funds. The quantity of fertilizer that may be 

purchased under a fixed grant is thus i:sually determined by its c. & f. cost. 
The c. & f. co,' t may be mininized by (1) taking :il''ntagg of inventn, cycles in 

supplier countrie' by scheduling shipllments in the oftpeak season,: when 

inventories are highest anrd prices lowest, (2) arranging for shipments il
 

maximum size lots consistent With Lhe capalilities of port receiving and 

handling tac i iies to minimize ocean freight costs, (3) schedul ing vessel 

arrivals to conform to availability of port facilit, ies and varehouse space to 

minimize demurrage charges, (4) scheduling arrivals Lo reduce in-country storage 

Lime and storage-relaLed losses, (5) purchasing products in bulk form with 

in-country bagging, and (6) purchasing least. cost fe rt ilizer products which meet 

Bang ,adesh agricul ,ral requirements. 

http:ilfer.it
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Cii'unt Iv, abioIIt a dOzen donors provi.de funds to prclhiase iliporcteod 

ferlt. i z ris. The terms inl condiditions of thse financi ng agreements often vary 

in ruspvtL Lo prodiuts thit may he purchased, product sources, piroculctill]ri 

Alp ro'al, aidcar,I ), l it rs. , ',sirict ions, mon itoc'ring metho s, tic.comlne shipping 

TlLse vari at i ons cont i but to di f ri cuI L ies in p lann ing anl imI menLi ig the 

impt- p')ctrtpp' L program. Elforts shul hie cont in to leiiru'ade doiocs to 

auopt a imret' nifo stm "I stnialardts ini tLhe ir ]oani aid grant ireeiiiiLs. 

lrO i replnitit pl ning nl import progiramming hiavt been imp roved ilionigh 

mont Lhly fet ilizer s ituatini rtptr thstLieRAIDC MonthIv Fecrtilize r Newslottec), 

pl anninrg Ail coordli nat ion meet inrgs, arid coti inerrerr of purclas in procedutres. 
lowever , the BADt poLcemiitL sia ff arid atsi i nvol veut ii otf sliore pUiichas iig 

nil d ratr kiiowle, of worl d market ecti ilze sources arid avdiVl) i I ity, 

lrlduct pricinig sti'ciinLe, sales orgaizatiois aid iainlps at lit, ocean freight 
rate At iicLi're , sli pi' i .-;Ls anid opt i o. , hag arid hagg i rg cast s, port 

tac ili t.ion , andi doiaor siipptly capabiiliti es aid corsti'ca it. 

Bangliadesh iililoi{t piiuoiii'lt pal icie s arid pratt ices are Lo he he 

sjill ort 3-ritortli coisutdnicy for 1982. Thc ohjL ivesat a I IC relieduld late 

ft Lis rursILuarc, ar, to eva luanto irid recomnlrenrd imlirovometsiLn inrtihe iipot 

pl rI*L 'nori'L aid prcog ratirminrg sysLeim i i order L rmaxinizv it s cost ef iciency. 

Tihe Active iinvolveentii of HADC couiiLterparLs and persoreil froml otlier govermiieit 

ageic i es iin tlie impleiniritat ori or this consn ncy shoul lr:iiice MirLice 

knowledge base andl thus cotribut Lo imiiiprovermrernat prOilcr enr., policiesiirte Lth 

inld pracLi cos. 

http:provi.de


212 

Appendix Table VII-]. Difference Between Prices of DAP and TSP 

Nonth/Year 1979 1980 981 1982 
($mt, f.o.b. Ta mpa)-----------

Jainuay 
February 

-
-

65.30 
60.50 

27.40 
23.10 

56.87 
44.60 

Va rch - 60.80 17.30 45.00 
April - 49.90 21.90 41.50 
May - 30.80 30.50 43.60 
June 39.20 31.20 42.90 
July 50.20 40.10 33.10 -
August 57.00 45.40 45.50 
September 63.90 44.10 47.50 
October 68.50 42.00 47.00 
November 75.30 40.90 46.30 
December 56.90 40.40 55.50 
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VIII. FERTILIIZER MARKETING AND I))STRIBUTION 

in Bangladesh, the fertilizer marketing and distribution function is
 

tltrus ted to the BADC, an autonomous government-owned agricultural inputs body
 

,Ipe rating under Lhe jurisdiction of the Minist ry of Agriculture and Forests.
 

he Supply Wing, one of five wings of BADC, is responsible for procuring, 

ii st ribut ing, and market ig a 1l fertilizers except smal I quantities of ammonium 

sulfate sold directly by BCIC to tea growers. Other wings carry out similar 

marketing and distribution functions pertaining to seeds and irrigation 

equipment. Planning, finance, and administrative duties are handled by separate 

wiings. 

in addi. tion to the inadequate aad unreliable supplies from domestic 

and imporL sources that continue to constrain increased fertilizer use, 

deficiencies in the marketing and distribution system also impede expanded 

fertilizer use. Lack of suitable aid sufficient transportation and handling 

equipnlent and shortages of warehouse space impair BAIDC's abiIi ty to provide tihe 

needed fertilizers at the p'op r Lime and place. Deficiencies in the 

organizationa l structure and operation of the marketing apparatus act against 

expansion of fe'tilizer use by failirg to bui ld dealer capabi!itv and motivation 

to promote increased sales. Current government input/output policies and 

programs Iikewise tend to limit tile abi IiLy or desire of farmers to purchase and 

use fertilizers in tile most. efficet manner. These problems are well 

recognized by government policvrmakers as evidenced by the nunrerous fertilizer 

sector improvement programs now underway and/or in developmental stages. 

With tile concurrence and cooperation of BA!)C, tire USAID-funded 

Fertilizer Distribution Improvement Project, supported by a wide arra. of other1 

activities sponsored by foreign donors, has identified problem arvas and laid the 

foundaLion for formulating a comprehensive approach for improvirg the fertilizer 

marketing and distribution system. These improvemenLt programs represent an 

important step in enhancing tile equity and expansion of fertilizer availability 

and use, necessary prerequisites for achieving govecrnment plans to increase food 

production. Under the aegis of BADC, several prcgrams have been launched to 

upgrade and improve tire marketing and distribution system. 

This section examines the main objectives of these programs, the pro

gress which has been made i n their implementation, and the actions that remain 

to be taken particularly as they apply to the formulation and conduct of overall 
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fertilizer supply and use policy. Marketing and distribution are treated
 

separately, for whi Le there is a large measure of itU rdependence between the
 

*t, implepolicy issues and program development differ both in character and 


mentation strategy.
 

Policy issues relating to fertilizer procurement, a part of BADC's 

marketing and distribution responsibility, were covered earlier in the supply 

section of this report. 

Fertilizer Market in 

A brief review of the evolution of the fertilizer market and marketing 

mechanism is useful in gaining a better perspective of the marketing problems 

that confront the BADC and the actions that are being taken and need to be Laken 

to resolve them. 

Market Features 

For administrative purposes, fertilizer sales are divided into the 

following geographical units (Figure VII-1): 4 divisions, 21 districts, 

418 thanas (each about 125 mi2 in area), and 4,420 unions (each made up of about 

15.villages). There are approximately 65,000 villages throughout the country. 

In a country with a poorly developed transportation and communication infra

structure, serving the needs of a geographically dispersed fertilizer market 

poses tormidable problems. 

Fertilizer sales in Bangladesh have increased from about 460,000 long 

tons in 1975/76 to about 875,000 long tons in 1980/81 (Table VIII-:j. In 

1980/1, urea accounted for about 64% of total sales; TSP abont 25%; and DAP and 

NP about 5% each. Relatively minor sales of other ferti.izers made up the 

remainder. 

Viewed regionally (Table VIII-2), fertilizer sales since 1975/76 have 

grown in all divisions, with the highest rates of growth in the Khulna and 

Rajshahi divisions. In 1979/80, the shares of national fertilizer sales were 

distributed among the divisions approximately as follows: Chittagong, 31%; 

Khulna, 28%; Dacca, 26%; and Rajshahi, 15%. On a district basis, sales in 
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Figure VIII-1. Bangladesh BADC Marketing Divisions. 



Table VIII-1. Bangladesh Fertilizer Sales, 1975/76-1980/81-

1975/76 
_____ 

1_l7_6_/7__7 
Year 

1977178 978-/7 9 ... 979/ 0 1980/81 

Urea 
TSP 
DAP 
MP 
Other 

TOTAL 

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

312 
110 

22 
14 

458 

353 
126 

-
22 
i1 

512 

('000 
480 
192 

-
41 
6 

719 

Tons) 

469 
174 
38 
44 
8 

733 

533 
205 
42 
46 
11 

837 

561 
215 
41 
45 
13 

875 

Source: Data for 1976-80, 
Data for 1980/81, 

from lHossain (1981). 
from BADC Newsletter, July 15, 1981. 



Tabl e VI 1-". .-gonla I FerL i I izer Sales PattLern, 1975/76-1979/80 

Yea r 
D[iv *i ion 	 1975/76l 19~76/ 77 19 7 7/7 8 -1 '78/79-79
 

-. - .- - .- . . .-.-. ..-- (000 T ll s)
 

bacca 130 1I0 193 204 210 
(Al i Lt agong 160 174 227 2315 21 
Kim I na 105 132 190 196 2:34 
Raj shih i 63 07 109 98 131 

TOTAl, 	 458 513 719 733 842 

Soii rc e: ftossain (1981). 
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1979/80 (Table VIII-3) 
were highest in the Comilla, Dacca, and Chittagong
 
districts and represented about 
15%, 9%, and 8% of total national sales,
 
respectively. Sales iu tihe other district,- varied between 3% and 70/ 
 of the 
national total.
 

Verti[izer sale:s are seasonai wi tiLe volume and ratio of products
 
sold varying from month to month (Figure VIII-2). Diring the 1978/79 and 
1979/80 years, 
sales in the Aus season averaged 29% of annual sales, and sales
 
in the Aman and Boro 
seasons accounted for about 32% and 39%, respectively.
 
Boro 
season sales have grown in recent years as a resu lt of expanded wheat
 

planting. 

BADC 'a rke iuli, rgan izatLioll 
The organizational structure of BADC's Fertilizer Movement, Storage, arid 

Sa les Divi sion, headed by the Nember lDi rector-Supply, is shown in Figure V111-3.
 
lie a']qua rt e red in Dacca, thie Generail ranager-Supply assisted by the managers of
 
movement, 
 storage, and sales, is responsible f-or the procurerent, distribut ion,
 
and sale of fertilizers th roughout the country. Offices and "
artatIs,nairitained 
at the loca I fe rt i I ize r p1 ant s and ports to coo rdi nate ard expedite movemen ts to
 
and from these supply sources. Fertilizer distribution and sales activities are
 
organized and executed on a divisional, district, and thaia Ievel.
 

Prices
 

Until recently fertilizers were sold to farmers at country-wide prices 
fixed and subsidized by the government. Ilistorically, prices moved steadily 
upward reflecting increases in world market prices ('Table VI11-4) and reduction:s
 
in government 
 fertilizer subsidies. Tn April 1982 farm.-level pr-.ces were 
deregulated on a trial basis in Chittagong Division. 
Continuous monitoring of
 
dereguiat-ed farm-level prices indicat.es that in heavy easyuse, access areas 
prices have been lowered and that, while prices in high transport cost areas have 
increased slightly, fertilizer availability has improved. The apparent success 
in Chittagong suggests th.at consideration be given to deregulating prices in all 
other Divisi.ons. 

Old arketingSystenm 

Until 1978/79, BADC's marketing system was decidedly public sector 
oriented. The wholesale function was confined to BADC arid 97 TCCAs, which had
 

http:indicat.es


222
 

Table VIII-3. Fertilizer Sales by District, 1979/80
 

Sates 
District '000 Tons 

Dacca division 
Dacca 71.7 

Kishoreganj 44.6 

Mymen singh 51.2 

Tanga ii 29.3 

Faridpir 20.0 


Chittagong division 
ChiLLagong 65.7 
hill tracts 3.5 
Noakhal i 36.5 
Comil la 127.9 
Svhet 27.3 

Rajshahi division 
Raj shahi 57.2 
Dinajpur 43.5 
Rangpur 43.5 
Bogra 58.2 
Pabna 31.7 

Khulna division 
KhuI na 12.2 
Barisal 25.6 
Patuakhali 8.8 
Jessore 40.6 
KushLia 43.5 

TOTAL 8 4 2 .5a 

a. Does not agree with total in Table VII[-1 due to rounding. 

Source: Hossain (1981). 

%0
 
of Total
 

8.5
 
5.3 
6.1 
3.5 
2.4 

7.8 
0.4 
4.3
 

15.2 
3.2 

6.8 
5.2 
5.2 
6.9
 
3.8 

1.4 
3.0 
1.0
 
4.8
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Table VIII-4. Official Government Farm-Level lVer~ilizer Prices 

Effect ive TSP
 
DaLe Urea Powder Granular DAP HP 

- ------------ (K/i,,d)-- - --------
April I 1, 50974 40 40 -30 
.Ju1y 1 1976 60 48 48 40 
uIlv 1, )'78 70 55 55 - 45 

flct. lo, 0 7  - 70 -
Ang . 27, 1979 90 60 70 90 55 
-, , 98) 110 80 90 110 70 

Dt'c. 7, 198! 132 "95 115 132 90 
,Jul 1 1982 148 110 140 148 110 

Source: (1) Hll and Benton (1980). 
(2) flossain (1981). 
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been granted wholesale dealerships as policy ofa decision the gvernlnent to 
promote cooperatives. Private sector involvement was restricted to the retail 
dealer level. Under this so-called Old Marketing (FigureSystem VI1-4), 
fertilizer moved tie sourcesfrom supply to the market areas in two stages. In 
the first stage, fertilizer was moved from the pimnary supply sources (local 
fertilizer p;lants and ports of entry) to iWt.erm-di ate warehouses, either
 
directly or via transit warehouses. The second stage 
 involved distribution from 
the intermediate warehouses to and l'hariaBADC TCCA Sales Centers. Inisome
 
cases, fertilizer was transported directly the
from primarv supply source to the 
thana level warehouses. The BADC was responsib!e for all transport and 
warehousing costs, i ncl udi ng ofthe cost de livery to TCCA thana wa rehouses, many 
of which were leased from BADC. The TCCAs had been a.arded exc usive sales 
territories and effect asin acted BADC sales auinLts in those areas.
 
Reportedly, 
 the TCCAs assumed sales responsibilities in all the thar as of the
 
Comilla district, the largest fertilizer sales di';trict. 
 As whlesalers they
 
were 
 granted a wholesaler's dtiscount "f TX 3 0 .5/ton.
 

At the thana level, the R3ADC and the 
TCCAs sold fertilizers to retail 
dealers and memberTCCA village cooperatives, Krishi Samabaya SamiLy (KSS), who 
i.n turn sold fertilizers to fa rmters. Although farmers could buy fertilizers 
directly from thanaBADC sales centers, few dlid s ince the price thewas same as 
that charged the dealerby ani since there was aded inconvenience, such as
 
arranging transport and obtaining bank drafts lor 
payment, associaLed with
 
direct purchases. Under U lS, 75% of
the about the fertilizer sold annually
 
reached 
 the farmer through the BADC wholesale system and 25% through the TCCA 
sales network.
 

Dealer Commissins---Under the OHS, the fertil izer dealer received a 
commission in the form of a discount from the official fertilizur price to cover 
the cost of transportation, storage and handling, and other business costs as 
well as his profit margin. The dealer coiiimmission was based on tihe disLance of 
the dealer's registered shop from the TSCs or the TCCA warehouse from which he 
was registered to purchase fertilizers. Prior to 1978, a tour-tier distance 
system was used. In 1978, a two-tier distance system was introduced: for 
distances up to 6 miles the commission was TK 4/md; for distances beyond 6 miles 
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Figure VII11-4. Flow Chart, BADC Fertilizer Distribution System, 1979/80. 
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the commission was TK 6/md. These commiss ions applied to all regions of Lhe 
country except Le Chittagong Hill Tracts, where the difficul travel and high 
transportation cost required that the four-tier distance scale of COmlmissions be 

retained. 

Retail dealer commissions, as reported by BAI)C, showed significant
 
upward movement 
 under the OlS (Table Vll-5). According to an IFDC study, in 
1977/78, the BADC paid dealers an average commission of 8.6% of BADC's gross
 
sales revenue. This low level 
 of commission reportedly left little profit for 
the dealer after allowing for his fertilizer transport, handling, and other 

costs. 

Deale r_ AOintimeits-.Under the OMS, dealers were appointed by BADC 
upon approval of a comaittee composed of BADC's thana inspector, the Ministry of 
Agriculture's thana extension officer, the local union council chairman, and a 
representative of the Deputy Commissioner at the thana level. Foll owing
 
commi ttee a pp rova I , tie dea I e r 
was oh 1i ged to enter iinto an agreement wi t ItBADC 
which included the following stipulations: 
1. Fertilizer would be sold only in his specified union at official government 

prices. Sales would be made only to "bona-fide" farmers, excluding tea 
estates, sugar mills, and government bodies or others for resale. 

2. The dealer's shop would be located within tile specified union in a location 
accessible to farmers. The dealer would maintain normal business hours, 
post government prices, and distribute BADC promotional materials. 

3. Fertilizer purchases would be made only from the TSC in which he was 
registered. Payments for purchases would be made only by a pay order drawn 
on a batik as stipulated by BAI)C. 

4. Cash, stock, and sales register would be maintained and sub jec" to 
inspection by BADC thana inspectors.
 

'Th'e'BADC generally li'. ted the number of private dealers registered in
 
-'auniont..Lo 15.. No such restrictions applied to the number oi KSS dealers that 
could operate in a given union. 
According to BADC records, 
as of July 1978
 
there were 42,949 registered fe-tilizer dealers in Bangladesh. 
About one-half
 
of these dealers were considered active, i.e., dealers who purchased fertilizer 
at least 
once every 3 months. Based on an estimated 22,000 active dealers in,

'197,7/78, annual' sales per active dealer averaged 32.7 tons.
 

Dealer Profile--The fertilizer business is a seasonal 
one. In the 
offpeak seasons fertilizer sales do not generate a sufficient volume of business
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Table VIII-5. URetail Dealer Commissions Undr' OMS 

Year Average CuIiniiss ion 
(TK/!o )o 

1973/74 
1974/75 
1975-78 
1978/79 

45.00 
60.00 
120.00 
141.00 

So-irce: Hi1 anf i-eL- 1980).--------
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for fe rt iI i zor d(alers to ma inta in genera Illy des ired levels of inucore. Thuis 
for dea I ers to sell onv f'ert, i1i zers i s uncommon. Most find it iecessary to 
engage in other business activities Lo supplement their income. Under the OIS, 
the typical fertilizer retail dealer was a small general shopkeeper who sold a
 
wide variety of household and other goods. 
 Fertilizer selling was 
relegated LO
 
a part-time activity. Interviews wi th active OPS fertilizer dealers, made by 
lt"DC in 1978/79, indicated that only about 38% were full-time fertilizer 
dea Iers. 
 Abo iL 34% were part-time fertilizer dealers engaged ili other
 
commercial activitics, and 28%o were 
 farmers who sold fertilizers on a part-tinm. 
basis. 

!:ertilizer Promo~tiol--The promot i o f fert i li zer use i n Bang ladesh 
rests almost solely with the )DA(EM) TThe BADC arid its ize r playferti dealers 

on ly a minor role 
 in stilih activities. The promot iOlIa] activities of BADC are
 
carried out by its Tliana Inspectors, who are responsible for 
providing dealers 
with information on fertilizer use tLhrough personal coritact s ard (listribution of 
appropriate Iiterature. Tlhana Inspectors are also reportedly responsible for 
promot ing use through personal contacts with farmers, farm groups, influential
 
village leaders, and schools.
 

The effectiveness of Thiana Inspectors in carrying out those functions 
cal be improved. At the present time they lack the time and resources to cover 
the extensive areas assigned to them in an effecLive manner. Except for
 
leaflets on DAP properties and 
 use to farmers, no other literature or posters 
are known to have been distributed. Fertilizer dealers reportedly are not
 
sufficiently knowledgeable about the proper handling and use of fertilizers, nor
 
are 
they adequately informed of the fertilizer recommendations being made by
 
agricultural extension agents. 
 Therefore, they are ill-prepared to provide
 
farmers with the 
 technical assistance needed to expand fertili/L r use and 
efficiency. 

The BADC and other government and donor agencies are cognizant of 
these shortcomings. As noted later, plans have been made and programs initiated 
to organize much-needed dealer training programs. 

Credit_--Credit is a powecful force in fertilizer marketing since
 
neither fertilizer dealers nor farmers possess the monetary resources to sustain 
their activities on a cash basis.
 

Ii 1977/78, BADC arranged with the Bangladesh Krishi Bank to provide
 
loans to fertilizer dealers in selected areas 
and under stipulat.ed conditions.
 

http:stipulat.ed
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In that year, only 271 dealers had been granted loans totaling 1K 2,134,000. 

Simlariy, participat.ion and borrowing were low in 1978/79. A pilot credit 

program of FAO operates thronlgh selecLed cooperativps. According to an1 FDC 
consul tant survey, banks and other 
funding programs are dtisbursing relatively 

small iport. ions of the funLdts reportedly dvailalIe for fert. i lizer dealer loans. 

The bulk of the credit soughtL by dealers is provided by friendS. relatives, 

traders, dnd professional moneylenders, often at highi interest rates. 

Institut ioia l credit is available to fIarners under so-calied Normal. 

Agricultural Credit Prograiiis (NACP) of various government, cooperative, and 
commercial banks and a Special Agriculttnral Credit Program (SACP) introduced in 
1977. The laLter involves the Bangladesh Krisii Bank and six nationalized 

commercial banks. Under the SACP, TK 1 billion of agricultural credit is Lo be 

disbursed( annual ly. 

Agricultural credit di.shIrsemnts under NACP and SACP are summarized 

in Table ViI1-6. The large decliie in dislursements in 1979/80 was attributed 
to the severe drought during the planting season and the lack of fertilizer 

supply. 

It has bee" estimat el that about 14% of total fertilizer purchases 
(based on retail valie) was linanced by institutioaal credit in 1975/76. Under 

the SACP, credit available for fertilizer purchases increased. In 1977/78,
 

institutional loans for fertilizers accounted for an 
estimated 15% of total 
institnt. ial dishursements to the agricultural secLor and represented 22% of 
the retail vaue of fertilizer purchases. Estimates indicate that fertilizer
 

purchased by institutional loans declined to about 
12% of total sales in 1978/79 

and suffered a fmrther reduction to abouL 7% in 1979/80. Although institutional 

credit is available at attractive interest rates, access to thes, loans is 
overly difficult and tLime consumilg. iarmers prefer to 
horrov from individuals 

o ften at considerably higher interest charges. 

It Lan be concluded that institntional credit is not conveniently 

available to fert:ilizer dealers and farmers in sufficient quantities to provide 

the stimulus necessary to rapidly accelerate fertilizer demam. 

arkeLig__ConqstrainiLs--The many admini stralive and operational 

veaknesses of the OIlS alverselv af ferLed its ability to provide the necessary 

product supply and to promote the sale of increased quantities of fert.iIizers 
required to meet projected food targets. Several of these problem areas were 

highlighted in the preceding paragraphs. Some of the most important are 

summarized below:
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Table VIi-6. Agricultural CrediL Disbursements
 

Estimated
1975/7. 1976/77 1977/78 1979/80 
----------- - (TK mil[ion)--------- - ---

NACAP 513 724 932 625 
SACP - 230 682 287 

Source: Economic and Social Commission for Asia and the Pacific (1980).
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1. 	Inadequate and unreliable supplies from 
local fertilizer plants and imports
 

exacerbated by (a) plant operational problems, (b) poorly programmed
 

imports, (c) improperly coordinated lifting schedules, and (d) inefficient 

and costly movement and handling systems. 

2. Insufficient transportation capability and limited and poorly localed 

warehouse capaci ty.
 

3. 	A poorly organized and generally inefficient retail dealer network
 
resuLting [rom and/or encumbered by (a) burdensome and 
restrictive dealer 

appo intment polices, procedures, and regulations; (b) restrictions on 

dealer purchase sources, sales territories, anrd sales prices; 

(c) 	difficulties in lifting fertilizer purchases, including frequent
 

product outages or shortages, lack of freedom 
in product selection, and 

inordinate delays in liftirigs; (d) lack of technical assistance and market 

development capabilities due, in part., to inadequate product knowledge; 

(e) 	inadequate financial resources 
and profit motivation to mainLain 
desirable stock levels and promot.e the increased sale of fertilizer; and
 

(f) 	Lack or appropriate and workable dealer and 
farmer credit programs to
 

support fertilizer purchases.
 

New arketin Svstem
 

Recognizing the limitaLions of the OMS, 
the GOB and BADC, aided by 
funding under USAID's F'ertilizer Distrilution Project, instituted a broad range 
of marketing system reforms that gave rise to the so-called NMS. The NMS was 
introduced on a trial basis first in the Chittagong Division in December 1978; 
it was expanded to the Dacca and Khulna Divisions in January 1980 and finally Lo
 
the Rajshahi Division in July 1980. 
 The BADC retained IFDC to provide marketing
 

and distribution consultancy services and 
to assist in implemienLing the NIS. 

O1jec Lives arid Imp !.emIn ontat SLfgtLisi-c -ba cent iaI ofe t he NMISi orn ra a ir t 

is to Sul)port the expans i on and equ ity of frt i I i zer use ilrlnangl adesh by 
increasing the effici ency of del iveri rg I eri Ii'rs to farmevrs. Most of BAI)C's 
local fertilizer distribut ion and marketing nnlct ions wil Ihbe transferred to 

private dealers; the cOnVic iou is that private deal rs, grive"' .pl)ropriate 
i ncenLtives, will conipete anid respond to meet i rig .lrner needs in d more cosL
effective manner than 
was Lhe ease inrthe inNS. 

The following concepts were to le ebnliedl in tie ;t rucLiire 

(Figure VIII-4) and mana gemen t of the NNS: 
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1. 	 The BADC would discontinue selling to dealers from its large numher (418) 
of local TSCs. Instead, sales would be concentrated at a fewer number of 
so-called Primary Di st ribut ion Points, mainl y Lhe inLermediate warehouses 
under the OMS, and thu local fei I zer tctories. Exct'ptions were made 
for BADC to continue to "peraLe TSCs in remote areas and those areas not 
adequa tely served by dealers piurchasing from PDPs. The reduction in dealer 
supp l y points to more manageable levels should promote increased 
operational efficiency and lower RAI)C disLribution costs as dealers would 
assume ail transportation costs beyond the P)P or factory sourcing points. 

2. 	 l)eiler licensing limitations and restirictions would be lifted and
 
liberalized. Any 
 individual or organization, public or private, would be 
allowed to register as a fertilizer dealer and buy from any BADC sales 
point, P)P or 'rSC, and sel I and t ransport ferti Iizer anywhere in the 

country except within 5 mils oI the 	 national border. 
3. 	 The BADC would increase lealer commissions so tlhat dealer profits would be 

commensurate with their- needs and incrased fertilizer sales would be 
aggressively promoted. Quantity discounts would be offered to encourage 
wholesaling. Dealer resale prices would not be restricted as long as they 
d:lid not exceed official governrent farm-level prices. 

4. 	 The development ofU institutional credit programs would be encouraged to 
assist fertilizer dealers and farmers in financing fertilizer purchases. 

Before and during the coiirse of iml)lementing Lhe NMS, various 
government di rectives were promulgated t:o establ ish, and sometimes later change, 
regulations and procedures governing the implementation process. Some of the 
most i niportani t are summarized below: 

1. 	 Dealers were required to purchase a minimum of I ton, in any combination of 
products, from a PDP warehouse and 20 md (1,645 1b) from a "'SC. Uniform 
dealer discounts (commissions) were set at TK 230/ton for liftings from 
PDPs, and TK 5.0/md (136.1/ton) for Liflings from TSCs, except in the 
Chittagong Hlills Tract. Effective December 7, 1981, dealer discounts were 
increased to TK 28 0/ton from PDPs and TK 6.0/md (163.3/ton) for TSCs. 

2. 	 The Chitlagong Hills Tract was withdrawn from the NMS. In this district, 
the minimum purchase quantiLy was 10 md. l)ealer commissions varied with 
distance; over 6 miles it is TK 9.0/md and under 6 miles, TK 7.0/md. 
Dealers in other districts were restricted from buyirig from TSCs in the 
Chittagong Hills Tract, and dealers in that distr;ct were rol permitted to 

sell fertilizers outside the district. 
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3. 	The maximum purchase per lifting was 20 tons; reportedlv this p,roviso was 

later rescinded. 

4. 	Dealers were reqtuired to have a delivery order from the BADC Thana
 

Inspector before olb tainirg fertilizer from the storekeeper at a PDP. The 

Thana Inspector's delivery order was not requi red for purchases from a 'SC. 

5. 	A new BADC criterion for closure of TSCs allowed TSCs to remain in operation 

until sales volume declined to less than 50%0 of its level under the OIS. 

This action was reportedly taken to assure fertilizer availabilIty to the
 

fa rme r.
 

The 	BADC's plans for other improvements in the NtlS, as expressed by
 

the 	Ministry of Finance in its contacts with USAID, included (a) the establish

ment of a staffing pattern and organizational structure to complement the NIS; 

(bi 	development and i lementation ol a dealer training program; and 
(c) estab

lishment of a dealer classification system to aid in the equitable allocation of 

fertilizers in times of fertilizer shortage. 

Implemner.:ation Status and [mpact--The I FDC consultants have made three 

evaluations of the operation of the NMS un ler the terms of the marketing ain
 
distribution consultatcy servicos agreemet with BADC . The commerti; which
 

follow are based largely on the results of tlose evaluations. 

Under the initial concept of the NMS, sales to dealers were to be 

concentrated at PDPs and factories; TSCs were to le phased out except in remote 

areas and where adequate Farmer service wa;s not being provided by dealers 

supplied from PDPs.
 

In implementing the NIS, tie BADC determined Lhat more PDPs were 

required than were avai lable through the tonversion of existing intermediate 

warehouses. Fourteen addiLional PlPs were esLah,lishvd, of ,,wicli thre were 

subsequently closed. The BADC currently operates 79 PO)Ps proposesatlr' the
 

establishrment of 17 more, bringing the total to 96. lhe initial NMS plan called
 

for closing 234 TSCs and retaining 88. lhe original plan was changed by the 

government directive that TSCs ould remain in operation tntil sales volume
 

declined to less than 50% of tie volume under the OMS. this
As a result of 


directive and the reported reltctance of BADC field staff .o close any TSCs, 

only 11 TSCs were closed (Table VI1[-7), al in Chittagong Division. 

Auparently, some TSCs that had been closed in the first-year trial period of 

the NMS in Chittagong have since been reopeted. Accoriding to I[DC's third 

evaluation report, on the basis of BADC's sales volume criteria, 69 TSCs should 
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Table V II-7. PDP and TSC StaLus 

Exi stig and 
Nu mbe r

TSCs to he _ .iC _,_._) TSCs 

D)i vi.s oil Thanas Proposed eDP_feL. ine,Ldi',osed Clos.,sed 

Chit tagong 103 23 37 4t II 
Dacca 112 28 22 61 -
Khul ia 90 17 8 63 
Xaj Slia Iii 113 28 21 64 

'oT.L 418 96 88 234 11 

I . Some existings TSCs Lo become PDPs_ 

Sollrc': MooLs (1982). 
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be closed. More reontv ly, BADC has taken action to accelerate' closure of 

redundant TSCs. Setaining TSCs beyond those needed to adeqna tely serve tie 

local farmers can only have an adverse impact on the anticipated reduction ini 

HAIIC dist)ribution costs. 

,.\lthough PDP wa rehouses accounted for less than one-third of BAIJC 

sales Ications in calendar wereyear 19)80, about 72% of BAI)C's sales to dealers 


madte from PIDP warehouses (Table VIH-8). In the second half 
of 1980, when the 

NNS was fully operative, sales to dealers from P)Ps represented 78% of total 

sales nation, ide. Dalta available for Chittagong indicate the continued shift of 

leater purchases to PUPs. In the first year of operation of the NIS in 

Chittagong, about 81% of dealer sales were made from P)Ps; in the second year 

the figure had risen to 88%. 

Significant increases in sales to (leal e's from ll)l) warehouses, as
 

compared witlh OMS sales to dealers from 
 all 'IISCsin the tliaras in which the P)P 

warehouses are located, idicate thfat the N.IS is fosterinrg considerable 
2 inttra-thana movement of fertilizers. Dealers are ltying large quanrtities of
 

fertiLizer for 
 sate in tharias other than thoC e in wlhich they are purchased. 

The N4IS has had a .negativeimpact oni the fertilizer sales artivities 

of TCCAs, whiclh enjovedt a Ftavored status under the (tIDS. Under the NtIS, TCCAs 

have been dlenied territori al e:xclusivity ard wholesaler commissions; they mmt 

pay tranisporta tion costs, anld they receive the same comiissio ntis iven to private 
dealrs. Reportedly, B\IAC cont tintues to lrovidhe credit to some inithe form of 
bank loan gtarantees. \Iso, some TCCAs provide farieri credit through the 

FAO-fund crelit program. Must TCCAs Mintain larger wareliouses and employ a 

greater number of more highly qualifie d ipople than do priv/ate dealers. They 
find it diffi ult to compete with private lealers whose overhcad audo peritirg 

costs are often conside ralily lower. F"r this reason, SOlle '!,CAs are reportedly 

vonsidoring withdra.wing Ft-oun the ferti izer" busi ness. Sufficient atid equitable 

qiantity l isoiitts to TCCAs anl qual if ei private wholesale dealers could
 

provide the needed incentive for TCCAs to continie to plierate attd could also
 

form the basis for establishLtg a system of comiL]eti rg puli( arid private 

who tesal ers.
 

Developing an expanded, proicierrt arid rompLet it ivi, private dealer
 

network is a cornerstore of the NMS, and I FIJC's thiiid evalullt i ,if the NNIS
 

reports on the degree to which this 
network has been a chieved. Based ott
 

iterviews with 1,000 active 
fertilizer dealers and a randomized selection of 
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Tlabl e VIII -8. CmasoofSal1es to [DealIers Frtom PDPs and TSCs, 1980 

.Dvisin ... Sales Volume % of 
Division Total 

'000 tons)--

Dacca 
PDP 
TSC 

161.5 
72.2 

69.1 
30.9 

TOTAL 233.7 100.0 

Chi ttagong 
PDP 217.5 87.7 
TSC 30. 12.3 
TOTAL, 248.0 100.0 

Kh lna 
PP 
SC 

78.6 
53.9 

59.3 
40.7 

TOTAL 132.5 100.0 

Raj shal ia 
PDP 
TSC 

93.4 
54..5 

63.2 
36.8 

TOtTAI, 147.9 100.0 

NAT IIN.I. TOTAL 
IP 
 551.0 
 72.3
TSC 211.1 
 27.7
 
TOTAL 
 762.1 
 100.0
 

A. NMS figtress f- u ly-Decmbr 1980 only, OS in operation pri or to that 
peri,,i.
 

Sonirce : MooLs (1982).
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fcrmler 'l lers , ithe eva lat ion profi les the pr ivate Fort i I Zerz lea Iec mi 

exmlnines the factors that in iiluence hi s des i re and abi I i ty to romote tie in

creased use of ferti I izer. The major findings sumnari zed as fol lows, provide
 

d hisis i or recommend iig pol i cy and admninist rative 
acti ols to he taken Lo
 

expind and strengthen the dea ler pl og ra,
 

I . Under the liberal izei NIS registration procedures, ferLi Iizer dealer
 

registratlions rose from al)rtL 44,400 to 48,500. Al est imate(, "',000
 

registrants are active dealers operating l I -Lime shops; another 5,000

6,000 are shopl ess, part-t ime "hat-type" suhdealers. 

2. 	 Nearly two-thi rds of the NNIS dea lers are engaged iii o Lier conmlerciala 

busiriesses, exclusive of f arming. About 80% off the dealers a Iso engaage ill 

farming. The dealer's average investment in tihe ferL i I iztr lih siiness is 

ahouL TK 19,600 (uip from the previous year); ; vrage ripi Lta I investment in 

his ot.,.')r business activities is about '['1 16, 700. Ne r lv Lwo-thi rds of 

muLti.ple business dealers report that their other enterprises are more 

profi.table than tie furt I I izer business. 

3. 	 About 407, of the act ive dealers sell t() sudcaI ers. Eacir sel Is to ain 

ave rage of seven subldea Iers , who buy [roil :ri average ) I two sources . About 

20% of the active deal.ers sell aboLt 00% or more of total sales to sub

deal.ers ratlher than to farmers aiid inight be considered wholtsalIers. Except 

for the remote regions,, commi ssiolls paid by dealer:s to , ',I,,ua Iers ralliged 

between 3.0 to 4.0 TK/md. 

4. 	 Under the NMS, dealers made larger irdividral lifLtings Lhau under Lite OIS;
 

NNS liftings averaged 87 md compared witi less than 40 id unider the OIS.
 

About two-thirds of the dealers reporte(l signiificant sa les increases in
 

FY 1981 over FY 1980. About two-thirds of deai er sales to kirmers ire in
 

less than ful.1 ba quaianLtities.
 

Dealer Rections-- T h e I FIC dea le r survey indi ca ted that wi thout 

exception, dea ers 1Preferced le NNIS to the OIS. However, i t a lso irdicated a 

decline in active dea lers (flre to seve ra 1 shortcomings of tle NIS. '[hese comp]ai.its, 

which dealt with both the operati,mal aslects of the systel iandI it.s limited lir,. fit 

moti vat:ion, suggest the need for revisions in BAIDC dealer poIlicy. 

Dealers report.ed that I cK ofU product, iarLiularIv in pe,;kse irs , 
contintles t-o hold down sales; on a nat iorla l basis 'leal,rs r'llorteL, that losses 

of saLes averaged about 8%. Excessive interferenc' on ite 'art ( Tlina 

lnspectors in inspecting sales and stock records was c ited :; aoleraLiona l 

http:report.ed
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problem. Other complaints centered on the inordinate time required to lift 
fertilizer purchases; three to five days was not unusual. These delays were
 
ascribed to the BADC regulation requiring dealers to obtain a delivery order
 
from a PDP Thana fnspector, rather than directly from the storekeeper, before 
loading his purchase. Because a PDP usually consists of multiple warehouse
 

locations, the Thana Inspector is often not available when needed 
 at a given
 
warehoiuse. Another complaint was that dealers were not permitted to rift
 
prodtIcLs of their choice but had to accede to BADC's choice of a product mix. 

The proit motivation concerns dealt mainly with lack of capital, low 
profit .iargiiis, and increases in short-weight bags. About Lwo-Lhirds of the 
dealers surveyed indicated that they lacked adequate working capital to finance 
inventory and construct storage facilities. Dealer working capital requirements 
h,ive increased signifticantlv with increases in fertilizer prices, the latest in 
December 1981. Dealer commtissions were also increased in December 1981; 

however, in the recent past, increases in dealer commissions have generally 

lagged behind price increases. Under the NNIS, dealer commissions as percentages 

of sales prices have declined markedly (Table V[1i-9). According to the IFDC 
dealer survey, on a national basis deal er margins, after deducting transport 
costs, averaged 4.59 TK/md and 1.15 TK/md for fert-ilizers purchased at PDPs and 
TSCs, respectively. While capita! requirements have risen, access to 

institutional credit has posed a major problem to dealer.,. About 40% of the 
dealers polled stated that they have no instittitional source of credit. The 
large and increasing number of short-weight bags contributes to lowering dealer 
margins and profitability. Based on loose (less than full bag) sales, shortages 
in bag weight have increased from between 0.5 to 1 seer/md to 1.5 to 2 seers/rd. 
Losses resulting from receiving less tLhan full measure of purchased quantities 

are important because over 60% of retail sales are in the loose !orm. Farmers 
buying full bags are also being shortchanged when bags are short weighed. 
According to an IFDC survey ot 250 bags of domestic and imported fertilizer, 

over 50/, were underweight. by moce than the 0.1 kg weight tolerance; the 
shortages were greatest with domestic products. 

Farmer Reactions--As part of the Third Evaluation of the NNS, IFDC 
consultants interviewed a randomized selection of farmers to ascertain the 
nature of the factors that constrain increased farm-level usn of fertilizer. 
These responses provide the basis for evaluating the effectiveness of the NIS in 
serving farmer needs and identifying those areas that need improvement through 
policy and administrative actions. 
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Table VJI J-9. Dealer's SaLes Commission as Percentage of FerLi izer Sates Price 

Dealer's Commission 
as % of Sales Price Urea 

Granular 
TSP 

Powdered 
TSP DAP MP 

December 1 1979 
at PDP 
at TSC 

12.0 
7.1 

15.3 
9.1 

15.3 
9.1 

12.0 
7.1 

18.7 
11.1 

November , 1980 
at PDP 
at TSC 

7.6 
4,5 

9.3 
5.5 

10.5 
6.2 

7.6 
4.5 

12.0 
7.1 

December 7,1981 
dt PDP 
at TSC 

7.8 
4.6 

9.0 
5.2 

10.8 
6.3 

7.8 
4.6 

11.4 
6.7 

Source: Hoots (1982). 
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The number of fertilizer retail shops has increased marginally under 
the NMS, hut the number of BADC warehouses remains virtually unchanged from tihe 
days of the ()MS. There has been no significant change in the farmer's access to 
fertilizers under the NMS. Lack of product at specific locations, particularly 
during seasons of peak demand, persists as an important constraint to demand, 
despite adequate in-country stocks in recent years. Depending on location, 
between 30% and 50% of the farmers interviewed indicated that they could not buy
 

the tertilizers that they desired. Lack of availability reportedly led to 
reductions in fertilizer usage ranging from 6 to 9 seers/acre. 

Most of the farmers stated that the high price restricted their use of 
fertilizers. At the time of the IFIC survey, fertilizer prices had increased by 
.ALtt 55% siice December 1978, whereas farm crop prices had reportedly, risen by 
Aiout 36%. According to the IFDC report, the fertilizer prices paid by farmers 
were slightly higier than the posted government retail price (Table VIII-10). 
In the remote areas, farmer prices often exceeded the official price by 5 to 

TK/,, Iut in the high use, easy access areas, farmer prices often were 3 to 
4 TK/md lower than the government price and thus reflected lower transportation 
cost and dealer competition. FertiL izer dealers claim that they lose about 
2 kg/50-kg bag when they sell to farmers in loose quantities. They in turn 

increase the prices charged farmers to make up 
for this loss. 

Lack of farmer credit was cited as another major deterrent to 
fertil.izer use. Sources and use of credit in fertilizer purchasing were 
discussed eaclier. According to the IFDC farmer survey, about 66% of the 
farmers polled stated that lack of credit restricted their use of fertilizer. 

The farmers' need for more technical assistance on the proper use of 
ferLilizer is clearly manifested from the results of the IFDC stlrv:,y. Less than 
10% of the farmers and dealers queried said that they had been visited by exten
sion services personnel. Although farmers need such services, the BADC and its 
dealers currently offer little in the way of farmer assistance. The expansion 
and strengthening of the dealer role in technology transfer is viewed as 
essential to supplementing the extension seurvices offered by other government 

bodi es. 

Il order for the BADC to supply such farmer assistance services 
through its dealers, it must first make organization and sLaffi rig changes. 
Training programs are needed so that dealers can provide assistance in an 

effective and sustained manner. 
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Table VIII-IO. Official Fertilizer Prices and Prices Paid byFarrers, 
May-Jime 1981 

Prices 
Paid by Official 
Farmers Price 
.------- (TK/md)--------

Urea 
Granular TSP 

111.77 
94.97 

110 
90 

Powdered TSP 
I)AP 

83.29 
112.22 

80 
110 

NP 72.71 70 

Source: Moots (1982). 



244 

larketing 	 Policy Issues and Options
 
Marketing system problems continue to impede 
 fertilizer use in 

Bangladesh. Although a notable degree of improvement has been achieved under 
the innovative reforms of the NMS, del:ys and/or deficiencies in the
 
implemenLation process have 
 limited the realization of the full potential
 
henefits ol the system. It be
must remembered, however, Lhat the NMS is 	 still 
in the 	 formative stages; thert, has not been sufficient time to make several 
changes needed to improve and strengthen the system. The following sections 
summarize the miosL import.int marketing-relaLed constraints to increased
 
fertilizer 
use as 	 well as proposals for their relaxation or removal. 

PIanning--The farmers' full demand for fertilizers has riot been met 
despite the availability of adequate stocks on a countrywide basis. Although 
distribution system deficiencies (as discussed later in this report) may be
 
largely responsible for this predicament, improvements in the 
procurement and 
marketing processes should 	 increase the efficiency of the distribution system 
and make Lh2 desired fertilizers available to farmers in a more timely, 
convenient, and cost-effective manner. It is suggested that greater emphasis be 
placed on developing BADC annual marketing plans based on 
a caretul assessment 
of market needs by region, by product, and by time period. To improve the 
re1iability of market forecasts, changes may be required in market data 
development and evaluation techniques. This, in turn, suggests the need for
 
adjusting the BADC organizational structure to provide 
for a stronger market 
research and planning group to develop and monitor the implementation of both
 
short-	 and intermediate-term marketing and distribution plans. In formulating
 
and executing a cost-effective annual marketing/distribution 


pl.an, market demand 
must be reconciled with product sourcing (domestic and import); allowance :hould 
be made for moveinent and storage capabilities. This action mandates a close
 
coordination 
 of the 	BADC purchasing, sales, movement, and storage functions
during 	 the plan preparation and execution stages. Eftective implementation of 
the marketing plan will call for improvements in import programming, plant 
lifting procedures, movement scheduling, and management information systems for 
the timely collection, maintenance and dissemination of production and marketing 
and distribution data. 
 The BADC Monthly Fertilizer Newsletter is a very useful 
planning tool. 

As part of the consultaricy services agreement with BADC, IFDC is 
assisting BADC in the formulation, implementation, and monitoring of annual 
marketing plans.
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Operational Efficiency--Under the NMS, increased operational
 
efficiency and a subsequent cost 
saving were to be realized by closing down most
 
of its vast number of TSCs and consolidating BAI)C's sales 
in fewer wareihouses 
(PDPs), efficiently located and operated. Changes in NMS 
implementation
 
strategy, namely the directive 
 sLipul.tating that TSCs may remain open until soies 
volume drops to below 50% of its OMS value and the reluctance of BAI)C field
 
staff to close TSCs 
even after this criteria has been met, initially led to the 
closing of only 1] TSCs is compared with over 200 TSCs originally slated for
 
closure under the NMS. 
 The expected efficiencies in operation and cost benefits 
of the NNS cannot be gained by operating what may be considered a hyb rid system 
that retains many of the inefficioncies and higher costs of the OS. More 
recently, actions have reportedly been take to close those TSCs that qualify
 
for closure under the "50% 
loss of sales" directive and those otherwise
 
considered redundant. As suggested by the 1I"Wh 
 marketing consultant, some of
 
the TSCs designated for closure might be rented to 
 larger volume private lealers 
seeking additional storage and sales facilities.
 

The operating efficiency of PDP sales offices and dealer convenience
 
and cost reductions would be enh;,aced by rescinding the rule that requires
 
approval by the Thana Inspector prior to dealer lifting. 
Dealer procedures for
 
buying from the PDPs should be made the same 
as those that apply to purchases
 
made at the TSCs, where orders are processed directly by the storekeeper.
 

Consideration should be given to 
restoring the 3-ton minimum lifting
 
quantity at the PDPs 
as a means 
of reducing order processing and handling time, 
and improving operational cost efficiency. 

Market Expansion--To promote increased and more efficient use of
 
fertilizer by farmers will require that BADC expand and intensify its market
 
development functions by (a) organizing and strengthening its internal marketing
 
capabilities and programs, 
(b) developing and motivating its 
dealer organization
 
to more effectively promote the sale of 
its products, and (c) establishing
 
programs to 
support the activities of other national 
research and extension
 
agencies charged with responsibilities The
for providing farmer assistance. 

BADC is well aware of the necessity to participate more fully and effectively
 
in such market development activities and has planned and/or instituted such
 
programs as part of its implementation strategy for the NiS.
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Un,Ier t ie N'IS, the resltis 1 i tv for p roro ti jig i c reased sal I es ot 
fert iIi zers L, Ii t.,ile rs I shi I tI i- II \I)A i tideeI) eileltiL trt.i i zer det e Csto 

herc1 ore,, it is i'S t iit,','est t 1 t-g' i zti the deal r IIetwork a1d to 

1,rov ide t leit, (le I I ers w tIh InetIs ,Ili il tiIcllelitt. s iiere(t'ss. I'V to o 'rforll t Iei 
,iss Igntd s I .s ird ma rktt ie\ L,lopiltent Iiirt nitiis I t t CeCiI t, os( e feet i ti a rI .. 
The results of IFDC dealer surveys make it evident that the business management, 
fertilizer technology, and selling and market development skills of dealers are 

in need of further enhancement. 'The kAi)C deiler 'evelopmtie ani tr,iinirig
 
pr'rograim, which is 
 heiIg itrplemented with IFlC ,jssi.st,aitce ut le, r the USAMD
 
iiinling, is It'sigired to rdui'ess 
 reU let r know ledge rOll.striiitits. The dealer 

trarining prgr:rm is to he cutiu tel by tAJV i,rs) titel; tire first step will Ibe
 

the t-'aining ()f a catdr of ,tua 
 iiiel IAl)t Li iners. 
'Thie ft'lt er's linmited ki(,wleifg , f irr'e,'t fert i lize r practices is :111 

important constr.iint to iflC r'ea.sedI ertil Ii r t ,. 'l'lie fertrl izr. lealetr, 1y
 
vi rtuIe of his It-l'ttert 
 wurtrctth It e i rdn'5 theirt' (OnmmnOi ilte'rest , is
 

ill a iIl ,epositioll to inltI ii' the -itrier ,nld i ll trentt lis pirh ises. 
 An
 

important objective of the BADC dealer training program is to 
upgrade the
 
fertilizer-rse knowledge of dealers in order that they might be better able to
 
provide needed technical assistance to iarmers. 
 Carried ouL in cnjunction with 
the DA(EM), this aspect of dealer training should qualify deaIers to supplement 

the extension services offered by the NAF. 

Wi ithoit realldi lv rvaijib le credit , Ia 'tttrers have been uin,ible trr'hito ase 
fertilizers and other agricultural ipjtts, ani dealers have heert iinabile to 
purchase aridl maintain adejtrate fe'rtilzer stocks. The IBADC, with tihe assistance. 
of IFDC co stilsiitrts, has teve loped severalI ;alterrate in-kind schemires that iiigit
 

enabte the BADC to provide eligib edle let's w thlshort.-term credit needed to
 
finance fertilizer inventories ard to cnconrrge 
tealers to extend siort-.term 
credit to farmers. One of these schemes is sl;ted for impl)ementation oi a trial 
basis in the Dacca Division in the hill ot 1982. If successful it will be 

extended to other divisions. 

Financial motivation is the key factor itt encouiraging greater tealcer 
involvement ilt market development efforts. I)ealer profit itargiris should be 
sufficiently appealing to attract capaln e ;rlrd f iuanicially resl tsible 
individuals to the business. Dealers quest ioned itt Iianglaiesh indic,,ted thrat 
low margins inhibit their sel ling of fertilizer and that their I irmited cpit:rl 
and energies are put to more prohlitable Irse ii other ettrpri ses. There 
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is a strong need to reexamine the scale and structure of dealer commissions to 
ensure that dealers are adequately compeusated for their investments in capital 
and time. Volume and seasonal discounts based on cost savings to BADC should be 
and are being considered. Additionally, dealer awards might be instituted to 
recognize and reward superior performance against established sales and farmer" 

service criteria.
 

The classification of dealers is necessary to establish and promote a
 
class of fertilizer wholesalers. These wholesalers would an increasing
assume 

share of the cost of handling and selling fertilizers and would le rewarded
 
accordingly through adequate volume 
 discounts and the other incentives noted
 
above. The BADC, assisted by IFDC marketing consultants, has formulated
 
eligibility criteria for granting wholesaler status to and has
dealers 


delineated dealer responsibilities and perquisites. The vxpeditious
 
establishment of class wholesale dealers and
a of dealer associations is
 
endorsed. A dealer ulassification system will prove useful in carrying out
 
fertilizer allocation 
programs in times of national supply shortages. 

The negative impact of the NMIS on the prefcrred wholesaler status of 
the TCCAs under the OMIS was not d earlier, as was the possibility of their with
drawal from the fertilizer market. However, the continued participation of 
TCCAs in fertilizer marketing should he encouraged because the competiLion which 
they provide to private dealers is likely to increase fertiiizer availability 
and product choice to farmers. The establishment of wholesale dealerships 

should enable TCCAs to compete with private dealers on a cost jasis. Criteria 
for wholesale dealer status should be applied uniformly to TCCAs and private 

dealers.
 

Orygnizatiou--Adjustments are needed in the organizatiozial structure 
and staff of BADC's Suppiy Wing to support the NMS marketing trategy of expanding 

and strengthening the role of the fertilizer dealer. 

The BADC dealer development andi training program, now-in itsoformative 
stages, will provide training to dealers to upgrade their knowledge of fertilizer 
products, enhiince their business management acumen, and improve their professiona. 
selling and market development capabilities. FertiLizer promotion, credit, and 
farmer assistance programs are important elements of this dealer training effort 
to be developed and conducted by BADC with technical assistance from IFDC marketing 
consultants. Timely and regular visits by BADC sales personnel are to be made an 
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integral part of the BAI)C program aimed at assisting dealers in sales program 

levelopment and execution, providing dealer services, ard building iuch needed 

rapport between BAl)C and its dealers. 

T provide the necessarv dealer training anid sales service programs 

will require the add iion of d training function to the bADC marketing 

organiizationt. lit II"DC cotisilLatt's ruuotiniuendation to create the position of 

Manager ('railiing) with responsibilities for developing and implemeiting dealer 

trninirg progr;aims has been imp lemetited and staf alippoi ntnieuts [ave [oen made. A 

restrrcturing of the current sr les functiu1 into a more broadlI based marketing 

function is suggesLed Lo suppport the expande! denaier sales program at the 

district al tihina levels. The BAI)C's potential participation in administrating 

dealer credit programs gives rise to a need for a credit department with 

responsibi it. ies for establishing, adminis tOring, and monitoring credit policies 

and programs. The IFIC consultant has suggested creat ion of the post of Manager 

(Credit) and a support. staff at the district level to implemenet the credit 

program. The credit fuction and the staffing needs are under study. 

These structural changes in t organization of the Supply Wing should 

impro ,EADC's marketing e[ficiencv in promoting sales to and through dealers. 

The outlook is for significant increases in fertilizer sales in the years 

lmiediately ahead. It.is therefore prudent to exani no the capability of Lhe 

overall marketing organ izatio(n to handle the increases in sales volume foreseen 

for the futuire. At BADC's request, Il'l)tC consnltants are worki ng to determine 

ways of improving marketing effi ci ency and max iii zi rig perfornance and cost 

effectiveness in the immediate future. 

Fertilizer Control Standards--Most large fertilizer cn.buinh; 

count ries have developed staridards and enforcement. procedures for regulating the 

chemical analyses and weights of fertilizers to protect consumers against the 

fraudulent. practices of unscrupulous and/or inept fertilizer manufacturers and 

dealers. As tertitizer sales expand, the development and application of such 

consumer protection measures will become increasingly important in Bangladesh. 

Fertilizer arialysis sLandards and methods of sampling and testing will 

be needed. Enforcement legislation will have to be enacted and regulatory 

agencies and implemention procedures established. fnformation on the stLandards 

and regulatory procedures used in other countries is readily available arid can 

serve as the basis for developing fertilizer controls appropriate for use iK
 

Bang.adesh. 
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To encourage production of up-to-grade fertilizer, quality control
 
procedures at manufacturing plants should he improved. Bagging scales and
 
weighing operations should be examined periodically to assure accuracy of bag 
weights within accepted weighing tolerances. To discourape product adulteration 
or short weighing at the dealer level, inspection services will have to be 
established within the 
context of existing enforcement regulations.
 

Fertilizer Distribution
 

Overall Situation
 

Earlier sections of report referred to local ofthis have shortages 
.ipply arising from inadequacies and ""reliability of supplies from domestic and
 
import sources and also from deficieincies and constraints in the inland 
transportation network for fertilizer. Even though these shortages are evidence
 
of real problems that require serious attention, it shouldhe noted that in this 

past year almost 1 million tons of tertilizer was distributed throughout 
Bangladesi, and in the majority of 
cases supplies were avai lable at district and 
PDP level. inmany cases the problems of nonavailabilit.y are organizational
 
rather than infrastructural in nature, and many of these difficulties are being
 
addressed by BADC with the assistance of consultants in developing the NMS.
 

Distribution System Studies
 

Over at least the past decade, studies on the Bangladesh fertilizer 
system and transportation systems have proceeded on . continuous basis. There
 
have been several major studies, and all aspects of fertilizer import, handling, 
transportation, and storage affecting BA1)C interests have been investigated.
 

Key studies include the Economist Intelligence Unit (EIU) Report
 
(1978), a comprehensive examihation of the 
total distributior system and the
 
National Fertilizer Storage Plan (NFSP), which 
includes a very detailed study
 
of movement of fertilizer from all sources 
to all PDPs by all modes of transport.
 

1. See international Engineering Company, Inc. (1981).
 



250
 

Other sLudies have been underLaken for BAJIC and other government agencies and 

for LransporLaLion and port auLhorities by privaLe and puhlic agencies and
 

consultants, including USAIt), the World Bank, and 
IFDC
 

The transportaLiotn troblems , thlereftore, 
have been not with Lhe
 

.,vail i ility off sLldies, but Wth iterpret tion and imnpletmenrtation of the r anv 

proposAIs and reCOiliendaLtiurs. For this reason, in connection with the present 

policv stidy, a review was utlertaken of existLing studies of the overall svstel 

for supply,. listrib"lion , ard storage of fert i I izers in Bang! adtesh (('iavton, 

1981). This review was intended to assist BADC in interpreting tl studies and 

levelo~ping the recommended syste=u. This review is the prlnci pal basis for
 

recommndaitt oi t this sect ion. 

As indic ated above, alI Lhough 
there are di fficul ties and organizational
 

weaknesses, Oxisting systems are coping with present leveis of fertil izer supply
 

ant hisLrihuLion. \ith improvemerts projected under UlSAI1), 
 Lhe World Bank, aud
 

other donar agency proposals, tansport;at ion aind storage faci lit ies should meet 

relinrremnent.s through this decide. 

Ote 01 thelmore i'tiportant current tprojects is th WorldW Bank 

Fertilize r Transport improvemvnet Project, which conce,ntrates on the key 

infrastructur.l corstraints and IimILatLions affectring frt i .itzr LransportaLion 

and handlin tihrouighout Bang Iuleshll. Principal components incitle port 

improvements; facilities tor import of fertilizer in bulk; development of key 

travnsit/stiorage points (Shirimonii and disLribution cenLers (BliaMgabari) for
 

fert ilizer; imlprovements to the railway system, includling tLhe key rail ferry at
 

Baha 'ira ad GhaL; storage; and technical support for improvemenL of managemuenc 

and inventory control systems. 

DistribuLion Sjstem Concept 

In order to make the most efficient use of limited transportation and 

handli ing faci I ities, present, and future, it is reconmended Lhat fertiizer be 

moved through the system on a completely regular basis, as far as possible 

toward the point of final consumpLion. In the case of BADC, this is the PIP 

level. For the concept to be effective, it is essential that , reliable 

torecast of demaid down to th POP level be avail abl e. The system is tlhen 

conceived as a sLock-bt,ilding operation to PIP level, with iovemrenuts planned in 
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advance and all operations controlled and monitored centrally by BADC. Creation 
of a central control unit in BADC Headquarters to undertake this function is 

recommended. 

Transport facilities should all be planned on the basis of regular 
movement throughout the year, with necessary adjustments during the monsoon 

period. Output from the production units is already on as regular a basis as 
can he achieved, and imports should also be phased on as regular a basis as 
possible. Storage at Chittagong and Chalna ports anl at the production units is 
then viewed as buffer storage for transportation purposes only arid is intended 
to quaranite regular dispatches by the planned transport means. All storage for 
market i n, purposes is at the POP level. in addition to achieving the most 
effective and cost-efficient of transportuse resources, regularity o1 movement 
also allows considerable improvement in handling efficiency throughout the 

sys tem. 

BuIk Ipo 

Input from the production un its has been discussed in an earlier 
sect ion, as well as improvements in import procurement arrangements. Major 
benefits to Bangladesh are possible by converting all imports from bagged to 
bulk as quickly as possible. 

Savings in toreign exchange and overall cost arise as a result of much 
lower labor handling and loading costs for bulk in the developed country and 
from the lower bagging coFt in the developing country. Considerable local 
employment is generated, and irdigenous packaging materials can be used. 

A number of bulk shipmnents have now been handled by BAI)C, and these 
efforts should be conti nued. A study Lour for senior BAlC managers was made 
around Indian ports and factories in early 1982 and the tour :p ort contains a 
number of recommendations on organizational and handling aspects which should be 
implemented (BADC/USAID/1FIiC, 1(82). A recent calculation of savings by 
importing in bulk at 1982/83 levels (275,000 mt) shows a saving of US $9 million 
in foreign exchange and US $4 million overall. 

Recommendations for handling of bulk imports at the anchorage and in 
the port at ChitLagong and at the river offl oading berths at Chalna were made in 
the distribution review and in the tour report. Suitable methods, including 
bagging on board, bagging alongside, and bagging inside and outside the port 
area, are available for the various locations. 
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Rail Movement
 

The staLe-owned rail system is mainly single track and of two gauges. 

The broad gauge system serves the wesLern side of Lhe country. 'Tienarrow gauge 

system serves mainly Lth eastern sidte, with a vit.al raUL ferry link across the 

Jairruria rivr from Bahadlurahad Ghat to serve the agriculturally irmporLant area of 

"North Bengal." The narrow gauge system crosses the broad gauge system at two 

places in North Bengal. 

The system is generally in poor cmdition in all respects arid the 

potential for movement of gools, including tertilizer, is not being achieved. 

,ith the inrvestmeriLs ani iprovemer ts elnvisaged uiider the Worldl Bank Project, 

there is l ittle doubt Lhat future rail-carrying capacities wi I he more than 

adlequate to meet the growing requi rements for movement of fertilizer,
 

particularlv witlh the in rodution of tini L rains. It is important that BADC
 

ma inta in centact wi Lhthe rai lway authori ties, the World Bank, BCIC, IF)C, and
 

others irvolved in tire planning arld introdurtion of unit Lrain services for 

fei ilizers. Attention must I)e paiI tu loading reqirements at factories and
 

porLs, offloadting, ard storage facili Lies and operation of the Bahadurabad Ghat
 

fe rry--all viLa] cornponenLs (or Lhe LoLal scheme.
 

Road MAvenren t 

Rcad transport, has developed into aimajor mode of traisportatLion since 

Inidepende nce, although most of the highway network cusists of fairly narrow 

roads, with the system inLerrrutpted by rmrous ferry crossings and restricted 

bridIges. There are enough trucks available [or movelent of fertilizer, and 

prob lems of Lritransport prourmirerneiL appear- to he connected withLii rt. ract a rrarnge-

Iments and payment levels raLher Lhan with Lru-k availability. The B:\I)C should 

continue wiLh present eforLs toward improvement in this area; however, it is 

not recomimended that BAIIC acquire Lheir own Lransport. 

Wa te rwav Movemiren t 

Bangladesh is as well provided with waterways as any country in Lhe 

world. Barge transport is Lhen of major importance for movement of all 

product.s, including fertilizer. Equipment is generally in a poor sLate of 
repair, compounded by probielms in management and deficiencies in contnunicaLions. 

Separate studies are in general agreement., however, that existing capacitLy, wi i 
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some improvements from various programs underway, is adequate to meet all 
present and forecast requirements for movement of major commodities, i.ncluding 

ferLilizers. 

As with road movements. BADC is currently addressing problems'of con
tracting and operating procedures and these efforts should continue. 

Warehous i ng 

Problems of inadequate storage facilities in the consuming wereareas 

recognized at an early stage, And considerable assistance to BADC has been
 

provided by a range of donors--in particular USAID--to supplement BADC's 
 own 
construction programs.
 

The NFSP identified 
a need for 657,500 tons of storage capacities at 
port, transit, and PDP locations to meet projected demand at 1985 levels. This 
includes 495,000 tons of PDP capacity at 88 l.ocations. These figures do mt
 
include storage capacities for bulk and bagged fertili 
 zer at the production
 

units, which amount to some 140,000 tons ini total.
 

These figures are shown in Tables VIII-I1 and V 11-12.
 

The capacities calculated under the NFSP are based on a range of
 
safety stocks 
 that. take into account the known deficiencies in inmirastructural 

and management systems. With improvements in these areas, it apppears likely 

that the capacity projecLed for 1985 should suffice for some years beyond that 
date. This is particularly the case if the emphasis is transferred to dealer 

and village level storage. 

As discussed earlier, it is desirable for both distribution and 

market ing purposes to maintain sLocks in the market region, located as far 

forward as possible Low lrdthe point of final consulption. With LhV basic lDII 

network established, emphasis should now be placed on providig; storage at 

dealer and vi.Ilage level in the 20- to 100-ton size range. Under the NMS, the 
t.ransfer of TSCs from BADC to dealers is being encouraged and many of these are 

of 200-ton or 4 00-ton capacity. The dealer/retailer/cooperative/vil. lage storage 
network is thus seen as being mainly in 20- to range.the 4 00-ton Many of these 

may serve for storage of other products, particularly herbicides, pesticides, 

seed, and agricultural produce. 
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Table VIII-li. Nominal Storage Capacity at Fertilizer Plants 

Tons 

No. Days 
Storage at 
Projected 

2 erai Rate 

BuL]k urea 
Bagged tiraa 

10,000 
2,500 

35 
9 

Ghorasa I 
Bulk urea 
Bagged urea 

50,000 
10,000 

60 
12 

Ashugaiij
Bulk urea 
Bagged urea 

40,000 
8 OO' 

28 
6 

Chi tta uug 
Bulk TSP 
Ba gged TS P 

15,000 
4,00( 

53 
14 

TOTAL 139,500 
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Table VIII-212 'WJigbhsingProgram to Neet NFSP 1985 StorL_ _geuireLent 

Tons
 

Existing capacity at NFSP sites, including USAID Phase 1 12_7),00
Remainig BADC Hard Core Program 14,000
USAID Ph*.;e 1I Program 162,000
USA ID Phase TfI Program 120,000
OLher donors: World Bank, A1)B,..IFAD,"German and Dutch financing 104,000
Other construction to be funded: 129,300 
TOTAL 657,500 
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Organization and Control 

The concept of tile supply and distribution system developed in earlier 
sections envisages regtular movement through the system throughout the year. 
This requires effective forward planning together with effective operation once 
established. The BADC ust he fully committed to and involved tn the planning 

of this system and its subsequent oper;ation. It is recommended that a central 
control unit be established, most logicalIy located in BADC leadquarters. 

The basic function of the unit is to control and monitor all 
)perations involving supply, transportation, storage, and of ftake of 

fertilizers. An important function of the unit is to act as a central data 

bank, providing essential information to many divisions in ail wings of BADC. 
The data function is coordinated wi th transporLat ion control section; i t a Oii 

also provide information for procurement, distribution, marketing, financial, 

stock planring, and auditing purposes. 

The transportation control section would be fully coordinated with the 
control- unit for operation of the unit train system proposed in the World Bank 

Project; in fact, it would logica'y undertake this function. 

The central control unit would also cooperate with the market planning 
group discussed earlier in this section under "Marketing Policy Issues." 

Requirements of Phys.cal Distribution Facilities 

Although major capita.l expenditures are allocated for production 
purposes, the need for significant matching expenditure on distribution and 

handling facilities is not always recognized. This is not altogether the case 
in Bangladesh, where the need for considerable major expenditures is recognized, 
as for example in the NFSP and warehousing program and the World Bank Ferti lizer 

Improvement Project. 

Throughout the whole system, however, from production or import to the 
PDP storage level, there is a continuing need for major capital, investment. It 

is recommended that BADC maintain a high awareness of requirements and 

developments in providing distributirin facilities. A indication of these 

requirements is given in Appendix Table VIIf-1. 
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Future Development of the Fertilizer Supply ystem 

Lnteration of ProducLion and Marketing/Distribution Functions
 
In Bangladesh 
 domestic fertilizer production responsibilities are
 

shared by BCIC and ZFCL. The 
 operation of the marketing and distribution
 

function is vested in BADC. 

The main policy issue facing a fertilizer sector operating uuder such 
a division :.f responsibilities and authorities is the coordination of both
 
functions to effect a least cost overall supply system. 
Effective coordination 
of the production and marketing functions can be achieved through an integrated
 
production-marketing-distribution system wherein shipments to field warehouses
 
are made on a regular planned schedule to match highest sustainable production 
levels. In essence, distribution becomes an extension of the production
 
function. Such an integrated production-marketing system would combine the 
beefits of high plant capacity utilization rates with maximum efficiency of use 
of transport and storage facilities. 

To facilitate the establishment of a more cost-effectiveintegrated
 
production-distribution 
 system, it is recommended that the GOB conduct an 
in-depth study of the feasibility of consolidating the fertilizer production and 
marketing functions under one national fertilizer organization with overall 
responsibility for the development and operation allof phases of the Bangladesh 
fertilizer sector. The fertilizer industry consolidation study might be under
taken under the sponsorship of a national fertilizer secretariat 
 including
 
representatives of the PC, the MAF, 
 the Ministry of Industry, BADC, BCIC, and 

the Ministry of Finance. 

Private Control of the Fertilizer Supply_ Sstem 

Short-range policy should deal with the many aspects of implementing 
the NMS, but consideration shutild also given the longer termbe to development 
of the marketing and distribution system. The issue remains that of further 
improving the performance and cost effectiveness of the fertilizer system as 
it strives to serve an expanding market. 

One approach to increasing efficiency and decreasing cost -f the 
marketing and distribution function is based on the belief that farmer interests 
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are better served by competition in the market lace. The NNS represents an
 

application of the thesis that private dealers, vying for the farmers'
 
patronage, can serve farmer needs in a more efficient and less costly manner
 

than a pubiic-sector organization engaged in a si.milar endeavor. A logical
 

extension of this concept would be to transfer to private hands production
 

and/or the entire procurement, marketing, and distribution system now assigned
 

to BADC. Such actions should be undertaken only after a comprehensive study of
 
the economic, social, and political benefits and impacts of such a change of
 

responsibilities. ImporLant questions 
to be answered relate to the motivacion
 

and capability of the private sector to 
provide the human, technical, and
 

financial resources necessary to carry out 
the marketing and distribution
 

and/or production functions more effectively than the public sector can. The
 

Government's role in interacting with a private sector-operated fertilizer supply
 

system requires serious study that should include the future role of cooperatives.
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Appendix Table VIII-1. 	 Summary of Requirements: Equipmnt aid Facil ities 
for Impot LHandi.g and DistribuLon of FerL iiZt 

Based on the distribution system envisaged and the assumptiot:s and 

proposals in "The Review of the Fertilizer Distribution and Handling System n 
Bangladesh" IFDC, July 1981, the following list outlines the main physical 

facilities required to handle total fertilizer requirements at the 1984/85 

level. Where conveyor systems or "mechanized" loading is specified, this 

assumes manual stacking in the rail wagon, barge, or truck, but movement by 

conveyor systems up to that point. 

. Ashuganj Urea Plant 

a. 	 Coveted, mechanical, rail loading facilities capable of loading one 

60-wagon train/shift. 

b. 	 Covered barge loading facilities capable of loading 1,000 tpd (day 

hours). 

2. 	 Ghorasal Urea Plant
 

As for Ashuganj, above.
 

3. 	 Fenchuganj Urea Plant 

a. Covered rail loading facilities capable of loading 30 wagons/shift. 

4. 	 Chittagong Port Area 

a. Two berths in port dedicated to receiving bagged (hand) fertilizer 

imports, each capable of receiving 1,500 tons/shift from lighter or 

from vessel alongside. Truck shuttle service to BAIDC warehouses 

outside port area. 

b. 	 BADC working area in warehouse outside port area, for "standardizing'' 

fertilizer bags at import handling rate using two berths (2 x 1,500 tons/ 

shift) with direc: movement to rail, road, and barge loading facilities 

and to storage. 

c. 	 Warehouse accommodation for at least 1 month average throughput. 

d. 	 Facilities in port for loading to bay crossing barges and coasters at 

minimum rate of 1,000 tLpd (from BADC and/or TSP plant). 

e. 	 Covered mechanized loading facilities for rail and road at BADC site, 

supplied directly from import-handling area (b) and also from storage 

(c). Rail loading to handle one 6 0-wagon train/shift. Truck loading 

to handle minimum 200 x 5.ton trucks/day. 
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5. Chittagong TSP Plant 

a. Covered rail loading facilities capable of loading one 60-wagon train 

in 24 hoirs, one/week. 

b. 	 Truck loadiig to hanridle miiiimum 60 x 5 ton trucks/day. 

6. Chalna Port 

a. Two berths in port dedicated to receiving bagged Firtilizer imports 
from 	 lighters or froin po!itoon berth at rate of 1,500 tons/shift each 

on two-shi ft operat ionI. 

b. 	 Conveyoi" svs tem from ier ths to BAI)C working a rea in warehourse for 
"staindardizing'" ferti iler bags at imnport hanidl inrg rate. Conveyor 

svsten to barge loading and to storage. 

c. lThird 	 dedicated berth r all-weather ioading out to barges, with 

mechanized/conveyor loadinug to handIe 2 x I,000-toi barges/day (to 
Shiromonii), during day hour:s plus 1,0()0 Lp( ave irage i"Lu() other harges. 
Conveyors from woikiig area (b) and 	 froi storage (1). 

d. 	 Warehoise accoimrioda tion for at least I rmonith's average Lhroughput. 

7. Shiromoni transit center 

a. 	 Covered facilities for off loading 2 x I,000-ton harges/,day during day 

hours. Conveyor sysLem direct to rail and truck loading-out facilities, 

also to storage. 
b. Covered, iechanized, rail loading facilities, capable of loading 2 x 

6 0-wagon trains/day, during day hours. 
c. 	 Covered mechanized, road loadirng facilities, capable of handling a 

miniunmin of 200 x 5-Lon trucks/day, during day hours. 
d. 	 Buffer storage capacity for at least 2 weeks throughput at average 

rates. 

8. All source locations for rail dispatches (all above except Chalna) 
a. 	 Adequate rail siding capacity for storage of wagons and marshalling of 

trainloads. 

b. 	 Shunting facilities. 
c. 	 Wagon ma intenance facilities to handle minor and running repairs. 

9. All unit train destinations (PDPs) 

a. 	 Covered offloadig area, strongly recommended capable of handling full 
6 0-wagon train at one time. 

b. 
 Buffer storage in immediate offloading area capable of: accepting one
 

full trainload.
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10. Bahadurabad Ghat rail wagon ferry 

a. Essential improvements as in The World 
b. Capacity to move one full trainload in 

1984/85 levels as miriimum requirement. 

Bank 

each 

project. 

direction every day for 
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Annex I
 
BANGLADESH FERTILIZER SUPPLY AND USE POLICY CONSENSUS REPORT 

Project Summary Sheet 

Goal
 

To develop a National Fertilizer Policy which, if implemented, would
 
be effective in meeting the agronomic requirement of crop nutrients in
 
Bangladesh consistent with GOB's crop production target through 
1990.
 

Objective
 

In concert with Bangladeshi expertise in engineering, marketing, 
socioeconomics, and agriculture, develop a consensus document that would define 
strategies for an optimal allocation of external and internal resources (fiscal, 
research, organizaLional extension) for fertilizer supply and use.
 

budget Estimate
 

$130,000.
 

!I" 



Background
 

The maintenance and the improvement of the fertility of the soils of
 
Bangl.adesh is crucial to achieving food grain self-sufficiency, a cornerstone of
 

the 	 agricultural development strategy of the Bangladesh government. The 
contribution of fertilizer in increasing yields has been demonstrated and is
 

widely recognized. A host of internally and externally funded programs are
 

focused on relieving various constraints to increased fertilizer use.
 

Fertilizer supplies are being expanded through bilateral grants for 
fertilizer
 

purchases and programs for expanding domestic fertilizer production. To provide 
for timely availability of fertilizers at the farm level, projects such as the
 

USAiD-funded Fertilizer Distribution Improvement Project have been implemented.
 

A primary goal of this effort is to ensure equitable availability and use of
 

fertilizers hy small and tenant farmers, the majority of the Bangladesh farm 

population. 

Though substantial funds are being .spent on overcoming fertilizer
 

supply and availability problems', yeti!uncertaihtty persists as to fertilizer use
 

in the years ahead. The followingjsJsues, among others, seem to require study 

in this regard:
 

1. 	The yield-response ratios of chemical and/or organic ferti. izer as 
related
 

to various crops;
 

2. 	The desirability, efficacy, and scope of combining use of chemical and
 

organic fertilizer arid other crop nutrients;
 

3. 	 Likely budgetary burdens for domestic manufacture/importation of chemical
 

fertilizer through 1990;
 

4. 	Review of past use and future prospects of organic fertilizers;
 

5. 	Access, ability, and willingness of various classes of farmers towards
 

chemical!organic fertilizer;
 

6. 	Pricing policies for fertilizer;
 

7. 	Soil fertility classification and application races of fertilizer for
 

various crops;
 

8. 	Use of fertilizer with maximum efficiency; and
 

9. 	Adequacy of present organizational arrangements in promoting use of
 

fertilizer.
 

There is a clear and urgent need for a long-term coordinated, national
 

fertilizer supply and use strategy. This strategy needs to be developed by the
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integration of the fertilizer-related product ion, marketing, and use knowledge 
which exLsts both in Bangladest, and elsewhere. The need for basing this 
strategy onI as wide a knowledge base as possible becomes even more important as 
soil fertility and fe rtilizer use problems become increasingly complex and as 
rising energy costs escalate fertilizer supply costs. Bangladesh, in the past, 
has focused ttention on only three nutrient eleaients, N, P, and K, used in the 
form of simple fe rtilizers. loday, however, the crop-nutrient situation is 
becoming more comp lex, and strategies for low cost supply and delivery systems 
for tie various crop nut rient:s are needed for meeting the agronomic requi rement. 
In this regard, the potential contribution of organic source of pLant nutrients 

needs to be investigated. 

The International Fertilizer Development Center (IFIDC) with its 
diverse experience in Bangladesh in collaboration with BC! C, BADC, and BARC is 

singularly quaL.ified to assist Bangladesh in the developmen t of a national 
fertilizer supply and use strategy. iFDC's cadre of experienuced engineering, 

marketing, socioeconomic, and agricultural specialists encompasses the range of 
disciplines required to formulate an effective national fertilizer l icy. 

Further, the close working relationship between IFDC and the neighboring 

National Fertilizer Development Center (NFDC) of the Tennessee Valley Authority 
(TVA) enables IFDC to draw upon a major source of fertilizer knowledge in the
 

United States.
 

ProjectyMandate
 
(Initial Statement of the Terms of Reference)
 

1. 	 The project mandate is to write a consensus document which sets forth 

long-range (up to 1990) national fertilizer supply and use strategies aimed 

at:
 

a. Minimizing foreign exchange costs for fertilizer,
 

b. Maximizing crop response with existing resources, and 
c. Ninimizing the adverse effects of shortage of chemical fertilizers.
 

2. 	 The set of identified strategies shonld take into account and be based on 

an in-depth analysis of the following points: 
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a. 	 Demand
 

(1) 	Five-year plan figures.
 

(2) 	Historical and other .tre4nds . " 

(3) 	Critical analysis of demi.nd figures. 

(4) 	Modified projections.v. 

b. 	 Supply
 

(1) 	Production (actual and alternatives).'
 

(2) 	Imports (actual and alternatives).
 

c. 
 Estimate cost (foreign exchange and local currency of annual
 

fprfilizer requirements.
 

d. 	 Fertilizer use: Socioeconomics and Agronomics .
 

(1) 	When, where, how, and by whom used: 
 Marrket in" iii;a:Pd quity 

evaluation.
 

(2) 	Estimation of yield impact.
 

(3) 	Critique of current fertilizer r'c6mend ation's . 
(4) 	Improvement of recommendations.
 

(a) 	Research needs.
 

(b) 	Extension needs.
 

e. 	 The contribution of organic matter (field, household, village, and 
urban residues) anrd pol.ential for development. 

f. 	 Potential for improving the efficiency of fertilizer nutrient use. 
g. 	 Industrial modifications of conventional sources of nutrients and 

their potential impact on level and efficiency of fertilizer use. 
h. 	 Potential for reducing phyiscal, inefficiencies in handling, 

distribution, and use. 

i. 	 Rate of use of nutrients: Development of optimal allocation under 
conditions of adquate arid short supplies of N, P, and K fertilizers. 

Propsed Activities 

The planning of a national fertilizer sector strategy should be based 
on a critical assessment of the state of the art of those sciences and 
technologies impinging on 
fertilizer use in Bangladesh. Therefore, a full 
review of the following areas as they impact on the Bangladesh fertilizer
 

situation is needed:
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1. Soil classification.
 

2. Soil fertility. 

3. Crop production agronomy.
 

4. Socioeconomics of small farm systems and equity issues.
 

5. National level fertilizer-related economics.
 

6. Fertilizer marketing.
 

7. Fertilizer production engineering.
 

To handle this activity, Bangladesh counterparts are needed for each
 
of the preceding areas. As the objective of the proposed project is to develop
 
a consensus document, it is essential that the greatest care goes into the
 
selection of the Bangladeshi counterparts. They must be senior and highly
 
respected experts in their subject areas 
and yet have the breadth of experience 

needed to develop a consensus report. 

To launch the project, IFDC would send two experts soil(one fertility 
specialist and one economist.) to Bangladesh to meet with each Bangladeshi
 
counterpart individually and also in working groups in order to 
refine the terms
 
of reference with BADC and USAI!) (Dacca) and to develop the necessary
 

information base for the study. 

Thereafter, an JFDC team will 
develop a National Fertilizer Sector
 
Strategy draft report. 
 This draft report will be forwarded to the Bangladesh
 
counterparts who, after having thoroughly reviewed the document, will attend a
 
1-week workshop at IFDC. The objective of this workshop will be to write, based
 
on a consensus revision of the draft report, a final 
project report. IFDC will
 
then edit. and reproduce the final project report. 
 The final report will be
 
widely distributed both in Bangladesh and amung donors. 
 After a suitable period
 
for within government and donor discussion, a National Fertilizer Strategy
 
Seminar will be held in Bangladesh at which IFDC staff and counterparts will
 
present the findings of the final project report 
to BADC and USAID/Dacca and to
 
senior officials. Development of followup activities would follow from this
 

seminar.
 



Proiect and Schedule and Budge
 

Project Item 
 Time 	Period -- IFDC StaffTime . . udget US $ 
1. 	 IFDC staff to 
Bangladesh for project initiation October 1980 2 months (2 x 
4 weeks 2 air tickets Muscle
 a. 	 Discussions between IFDC and BADC/AID to 
 of which two in-country) Shoals-Dacca and refinalize terms of reference 


turn 	plus 15 days per
 

diem
 
b. 	 Identification, nomination, confirmation
 

of counterparts
 
c. 	 Development of available information
 

2. 	 Develop an 
IFDC 	draft project paper November-end
 

March
 
a. 	 Industrial products 
 I month
 
b. 	 Marketing 
 2 months
 
c. 	 Agroeconomics of fertilizer use 
 4 months
 
d. 	 National fertilizer economics 
 2 months
 
e. 	 Socioeconomics of fertilizer use 
 2 months
 
f. 	 Typing and internal review 
 0.75 	months
 

3. 	 Distribution of draft project repirt 
 April 1, 1981
 
4. 	 joint IFDC/Bangladeshi counterpart workshco
 

at IFDC: To develop final consensus report May 18-22 
 7 air tickets Dacca-


Muscle Shoals and
 
return plus 7 x 10 days
 
per diem
 

TOTAL IFDC Staff Time 
 2 months
 
5. 	 Preparation of final 
report typing, editing, July 1, 1981 
 $5,000
 

reproduction

6. 	 iFDC staff to Bangladeshi for in-country 
 September 1.5 months 
 3 air tickets Muscle
seminar presentation to policymakers and 
 1981 (3 x 7 days 	 Shoals-Dacca and return


development of followup activities 
 per diem)
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GOVERNMENT OF THE PEOPLE'S REPUBLIC OF BANGLADESH
 

NINISTRY OF AGRICULTURE AND FORESTS
 

Memo ra ndum 

Government has decided to prepare "Bangladesh Fertilizer Supply and
 
Use Policy Consensus Report" to define strategies for an optimal allocation of
 
external and internal resources 
for fer ilizer supply and use in consistent with 
the national food production target Lhrough 1990. This is to be developed by 
the intregaLion of fertilizer related production, marketing, and use knowledge
 
which exists in Bangladesh and elsewhere. 
 The 	planning of national fertilizer
 
sector :trategy should, therefore, ie based on a critical assessment of the 
state of art of those science and technologies impinging oii fertilizer use in 
Bangladesh. A full review of soil cliarac te ristics and 	 fe rtility, crop
production agronomv, 
Fert 	ilizer ecooiics, fertiizr production engineering and 

maLketing is, therefore, recoMiiielid as of the consensusthe Iasis report. 

A comit tee has been consL tituted with the following pe rsons to 

critically assess th.e specific siiljecL areas to prepare the consensus report ol 

ferti izer supply and use policy with respect to the Ternms and References 

lentionied below: 

Nae Assigned Subject Area 

1. 	 Mr. A. Zamari Khan Chairman
 
Member Director
 
BADC
 

2. 	Dr. Munirul Hit1 Member Soil Classification 
Di rector 
Soil Survey 

3. 	Mr. Ata Elahi Member Soil Fertility
 
Project Director 
Soil Fertility Inst.
 

4. 	Dr. Azizul Islam Member 
 Crop Production Agronomy
 
Agronomist, BRRI
 

5. 	Mr. Kobbad Hossairt Member Fertilizer Marketing
 
Manager (Sales), BADC
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Name 	 As _ ned Subject Area 
6. 	 Mr. Ikhlesur Rah lan member Fertilizerc Production
 

Executive Director
 
Fertilizer IndusLries
 
Rehabilitation Project,
 
BC I C
 

7. 	 Dr. Ekramul Ahsan Member-Secretary Fertilizer Economics
 
Member Di rector
 
BAR C 

Terms and References 

1. 	Each member of the committee will review all available information in
 

the assigned subject areas as referred in the job descriptions.
 

2. 	 Each member will prepare a position paper on the assigned subject areas. 

3. 	The position papers will be presented in a seminar to be held during
 

mid-F'ebruary, 1981.
 

4. 	 The revised position papers will be critically reviewed in reconciliation 
with relevant knowledge elsewhere in a seminar to be held in March, 1981 it 

the International Fertilizer Development Center (IFIC), Muscle Shoals. U.S.A. 

5. The Consensus Report will be finalized after the seminar at IFDC in March, 

1981.
 

The committee will start working immediately. A copy of the project 

proposal and the job descriptions of each of the members are enclosed herewith. 

A.Z.M. Obaidullah Khan 
Secretary
 
Ministry of Agriculture & Forests
 

Copy forwarded for information and necessary action to: 

1. 	Chairman, Bangladesh Agricultural Development Corporation.
 

2. 	Executive Vice-Chairman, BARC.
 

3. 	Director, BARI.
 

4. 	Director, BRRI.
 

5. 	Chairman, BCIC.
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6. 
Mr. A. Zaman Khan, Member Director (Planning), BADC.
 
7. Dr. Munirul tHuq, Di;rector, Soil Survey. 
8. Hr. Ata Elahi, Project Director, Soil Fertility Institute.
 
9. Dr. Azizul Islam, Agronomist, BRRI.
 

10. Dr. Eicramul Ahsan, Member Director, BARC.
 
11. Mr. Kobbad Hossain, Manager (Sales), BADC.
 
12. 
 Mr. Mukhlesure Rahman, Executive Director, Fertilizer Industries Rehabil itatiol 

Project, BClC. 

13. Member Director (Supply), BADC.
 

14. Director (Production), BCIC.
 



An.ex I II
 

NATIONAL FERTILIZER POLICY STUDY
 

TERMS OF REFERENCE
 

Aglicu!Lural Economist 

1. 	Review and evaluation of relevant agriculture and fertilizer-related
 

policies in Bangladesh (both macro and micro aspects).
 

Macro: 	 Pricing of agricultural commodities
 

Pricing of fertilizer
 

Subsidy and publi c finance issues
 

Credit issues
 

Food production policy
 

Micro: 	 Improvement of delivery and extension services to increase equity
 

and efficiency in fertilizer use and to address demand related 

constraints. (This section will draw heavily on the Adoption 

Demand and Equity studies.) 

2. Socioeconomic and political description of the country and developing re

lationship between fertilizer and food production.
 

3. 	Review of 1st Five-Year Plan (tairget, achievement) and review of 2nd
 

Five-Year Plan with respect to agriculture, food, and fertilizer.
 

4. 	Economic evaluation of crop responsc to fertilizer use (from equity and
 

adoption-demand study) and comparison with experimental results.
 

5. 	Fertilizer demand forecasting--review and critique of fertilizer demand
 

forecasts.
 

Crop Production Agronomist
 

Collect and review all available information (both published and
 

unpublished):
 

1. 	As felated to the estimation of the crop nutrient balance of Bangladesh
 

soils. Nutrients applied in organic matter or as symbiotic N or as
 

fertilizer, in irrigation or floodwater, etc., and nutrients removed as
 

. . 
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plant material including all vegetative growth removed for fodder, for 

litter, for fuel, etc., must be taken into account. The balance should be 

developed for 1980 and projected to 1990.
 

2. 	 As related to current day fertilizer recommendations including an 

evaluation of their agronomic and economic validity and degree of farmer 

use. 

3. 	 As related to the development of crop production targets up to 199u 

quantifying the role of crop nutrients in achieving the established 

targets. 

4. 	 As related to improved forms of fertilizer and fertilizer practices and thE 

role of these in the next decade in reducing fertilizer needs while 

maintaining targeted yield levels. 

5. 	 As related to the present and projected role or organic matter in 

maintaining and improving soil fertility. Include in this section the role 

of symbiotic N. 

Prepare a draft position paper based on the foregoing, quantifying 

annual crop nutrient needs in terms of fertilizer and organic matter up to 1990 

by crop, soil unit, and area. 

N. B. Individual plot data from trials and demonstrations must be 

presented in addition to treatment means. 

Soil Ferti 1it_ Expert 

Collect and review all available literature on soil fertility in
 

Bangladesh (both published and unpublished):
 

1. 	 . related to current capabilities to carry out soil fertility and
 

fertilizer use research, including facilities, staff, and projects now
 

underway or planned.
 

2. 	As related to procedures for formulating fertilizer recommendations,
 

including the role of research findings.
 

3. 	 As related to current day fertilizer recommendations, including an 

evaluation of their agronomic and economic validity and degree of farmer
 

use.
 

4. 	 As related to the potential for improvement of fertilizer recommendations 

and their adoption by farmers. 

/
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5. 	 As related to an eva Iuat ion of current methods of transmi tt i fg the resu ILts 
of ferti lizer research to farmers. 

Prepare a draft position paper based onf the foregoing, quantifying
 
present and future (up to 1990) fertilizer requirements in terms of N, P05-

K 0, S, Zr., and other needed nutrients by crop, soil unit, and area.
 

N. B. Individual plot dat a from trials and demonst rations must be
 
presented in addition to treatment means.
 

Soil. Classification Expert 

Collect and review all available s;oil classification information and
 
knowledge (boLh published and unpublished):
 

1. 	 As related to those physical factors controlling cropping systems practiced 

in Bangladesh. 

2. 	 As related to the fertility of The soil in terms of p1t, organic matter, 
nutrient element status, and chemical conditions restricting plant growth. 

3. 	 Current status of soil mapping and tuture plans. 
4. 	 As related to the changes imposed on the fertility of the soils by the
 

crops grown and the cropping systems now practiced and expected to be
 
practiced over the period of 1990 and the implications of the changes
 
described on future plant nutrient needs. 

5. 	As related to the changes imposed on 
the organic matter levels of the soil
 
by crops grown and the cropping systems now practiced and expected to be
 
practiced over the period to 1990 and the implications of the changes 
described on fertility the future ofsoil and role organic materials in 
maintaining and improving soil fertility. 

Prepare a draft position paper based on the foregoing, describing the
 
fertility status of Bangladesh soil units as currently mapped and the
 
implications for organic matter and fertilizer use up to 1990.
 

Marketing Expert 

Collect and review all available information (both published and
 
unpublished) as related to the following items:
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I. Fertilizer Use
 

A. 	 Fertilizer requirements
 

1. 	 State estimates of annual fertii lizer nutri ent requi rements by 

c rop, by reg i on, th rough 1990 based on 1)roduc L i on goa I s 

identi fied in the national plan. 

B. 	 Fertilizer demand 

1. 	 Establish apparent fertilizer consumption for period 1965-80 by 

region, by product, and, if possible, n~y crop using sales records 

of BADC. 

2. 	 Forecast annual fertilizer demand for period 1980-90 by region 

and by crop, where data availabilitv Fermi ts. Forecasting 

techniques may include models using time series data and/or those 

ta .ng into consideration culLivated area, agriculture 

intrastructure, availability of credit, irrigation, and 

fertilizer cosL:product price ratios, etc. The effect of 

possibl.e alcerations in the fertilizer subsidy program will be 

considered as a factor in determining fertilizer cost:product 

price ratios. 

3. 	 Compare estimated fertilizer requirements with demand forecasL. 

Identify potential constraints to achieving goals set in 1980-90, 

including: unfavorable fertilizer:product price ratios, 

limitations in research information, inadequacy of fertilizer
 

extension activities, lack of fertilizer availability and
 

insufficient knowledge by the farmer.
 

II. Fertilizer Supply
 

A. 	 Domestic production
 

Establish planned domestic production goals up to 1990 by product.
 

Indicate major constraints which could reduce planned production.
 

B. 	 Imports
 

(Receiving facilities and delivery systems to warehouse will be
 

studied during 1981 and the expert's findings will be incorporated in
 

the final report.)
 

1. 	 Fertilizer imports--For the period 1965-80, tabulate import
 

tonnages by product, by form, by source of origin, and by port of
 

entry, including average annual CIF value. Also, assess
 

procurement practices.
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2. 	 Determine annual import requirement of raw materials and finished 

fertilizers to meet supply needs to 1990. 

C. 	 Carryover stocks
 

1. 	 Yea r-end inventory--For period 1965-80. determine annual 

carryover stock tonii.ige, by grade, at primary production centers 

arid distribution warehouses. This data may be required on a 

monthly basis. 

D. 	 Fertilizer deliveries to domestic market 

1. 	 Apparent consumption--f.'or period 1)65-80, determine fertilizer 

delivered annually for farm use based or, domestic production, 

imports, exports, industrial usage, and carryover stocks. 

III. 	Fertilizer Marketing
 

A. 	 Marketing mechanism 

1. Describe the organization and functions of BADC's fertilizer 

handling operations. Define procedures followed in forecasting 

annual market needs and procuring fertilizers from domestic and 

foreign sources. )escribe and assess the adequacy of the 

overall fertilizer marketing system. Assess the administrative 

capacity of BADC to manage public sector distribution and 

marketing of fertilizers. 

2. 	 (Receiving facilities and delivery systems to warehouse will be 

studied during 1981 and the expert's findings will be 

incorporated in the final report.) Assess the adequacy of the 

Physical distribution system to delivering fa rmi needed 

fertilizers on a timely basis. How might BADC's system of 

movement contracting be improved. Delineate major constraints 

an( 	suggest remedial action.
 

3. 	 Describe the private fertilizer wholesaler and dealer system. 

Assess the extent to which dealer competition promotes efficient 

distribution and pricing. Estimate the investments and seasonal 

inventories of wholesalers and dealers. 

B. 	 Fertilizer Prices, Costs, and Margins
 

1. 	 Fertilizer prices--Describe the national subsidy program and
 

price policy. Give BADC's pricing policy for sales, by grade.
 

Denote the pricing policy and credit terms for sales to other
 

groups, such as banks, farmer grower groups, and private sector
 

dealers.
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2. 	 Farm-gate costs and margins--Estb-IisI i and verify averages 

delivered farm-gate prices by sales region. based on f'.o.b. 

warehouse price and costs associated with farm delivery. 

Determine fertilizer costs and margins with the distribution 

system, by sales channel. 

C. 	 Credit--Determine and evaluate 

1. 	 The role of credit in fertilizer purchases. 

2. 	 The sources, mechanisms, and types of credit available to dealers 
and farmers. Comment on present and future availability of 

credit by source and discuss credit delivery procedures and 

repayment schedules. 

D. 	 Market development activities 

1. 	 Describe the role of BADC and its programs for fertilizer ma rket 

development and promotion. 

2. 	 Describe and comment on the role of government programs in 

fertilizer extension and promotion. 

1. 	 Determine the need for additional fertilizer extension promotion, 
and farmer education, and identify possible mechani sins and 

funding sources for their execution. Highlight the 

responsibility of government agencies and delineate the possible 

role of mechanisms and progiams by which BADC might participate 

in market development and farmer assistance programs (e.g., dealer 
training, farm meeting, research funding, etc.). 

E. 	 Fertilizer control legislation. Evaluate adequacy of current and 

proposed regulatory controls affecting fertilizer sales and consumer 

protection. 

F. 	 Strategies for D)evelopment of the Fertilizer Sector.
 

Develop an overall strategy through the year 1990, based on short- and
 

intermediate-term strategies and designed to meet possible changes in
 

supply, performance of present and planned production facilities, 

market demand, and distribution infrastructure. Tile broad strategy 

will 	be composed of a series of short-term strategies dictated by 

imposed or desired circumstances relative to demand, supply, and 

marketing. Discuss the potential role that the private sector may 
develop in the importation, manufacture, distribution, and wholesaling
 

of fertilizer.
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G. 	 Project annual fertilization demand by quantities of fertilizers and 
nutrients through 1990.
 

H. 	 Fertilizer marketing and distribution strategies. 
1. 	 (Receiving facili ies and de Livery systems to warehouse will be 

studied during 1981 and the expert's findings will be 

incorporated in the fial report.) Assess adequacy of current 

distribution system, based on identifiable constraints in modes 

of transportation and physical infrastructure, to handle current 

and future increases in projected demand. Recommend delivery 
system changes required to accommodate handling and timely 

delivery of increased tonnages. 

2. 	 Review the suitability of prevailing marketing policies, 

strategies, and programs in light of o,changing environment which 

may involve a growth and possible shift in location and demand 

and product type. RecommenI changes where appropriate. 

3. 	 Recommend needed changes in, or expansion of, market development 

activities, fertilizer extension, promotion, technical 

assistance, and farmer ediucation programs required to facilitate 

the transition to a projected higher fertilizer use base. 



Terms of Reference for Fertilizer Production Engineer
 

1. 	Outline history and achievements of present production facilities.
 

Annual production targets by type and quantity of fertilizer to December
 

1980. Actual annual production by type and quantity of fertilizer to 

December 1980. Reasons for differences between planned and actual. 

production. 

2. 	Outline of proposed developments in production facilities up to 1990.
 

Planned production by type and quantity of fertilizer to December 1990.
 

Critique of planned production figures based on historical trends and on
 

degree of elimination of past constraints to full capacity utilization.
 

Included will be the identification and impact of fertilizer storage and
 

movement constraints on the production units: (a) Up to December 1980
 

and (b) anticipated up to December 1990.
 

3. 	Economics of local production: (a) Give estimated production costs of
 

TSP, urea, and ammonium sul[ate for the period up to December 1980 and
 

(b) 	give estimated projected costs up to December 1990.
 

4. 	 (a) Assess the quantiLy and availability of phosphogypsum for agricultural 

use and (b) estimate cost of producing sLandardized phosphogypsum bagged 

in suitable 50-kg plastic bags ex-factory Chittagong. 

5. 	Make a preliminary assessment o the poltentialities for the productLion in 

Bangladesh of granular urea, briquetLed urea, modtified TSP, sulfur-conLaining 

fertilizers, and trace element-containing materials for agricultural use 

in Bangladesh and recommend needed prefeasihility studies. 
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