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FOREWORD

This volume presents the proceedings of a workshop titled “Alleviating Micronutrient Malnutri-

tion through Agriculture in Bangladesh: Biofortification and Diversification as Long-Term, Sus-

tainable Solutions.” The premise of the presentations and discussions was the urgent need to

create a new paradigm for agriculture—where agriculture’s vital role in providing nutrients for

human populations is assimilated into research, investment, and policy decisions by the agricul-

ture sector as well as the health and nutrition sectors.

The workshop comprised two sessions. The first, held at the BRAC Centre for Development

Management, Rajendrapur, Gazipur, on April 22–23, 2002, was attended by an interdisciplinary

group of approximately 40 participants involved in research and applied activities to improve

agricultural production and human health and nutrition in Bangladesh. The group discussed

various topics linking agriculture with nutrition and health and developed recommendations for

policies and follow-up actions. These discussions were summarized and the recommendations

presented at a one-day closing session held at the Sasakawa Auditorium at ICDDR,B in Dhaka

on April 24.

At the closing session, Mr. Motiur Rahman Nizami, minister for Agriculture and chief guest

of the workshop, and special guest Mr. Ayub Quadri, secretary, Ministry of Agriculture, deliv-

ered speeches1 confirming the steadfast commitment of the GOB to solving the widespread

problem of malnutrition. Mr. Nizami emphasized the important connection between the nutri-

tional status of the population and economic development for Bangladesh. Better dietary quality

means healthier children with improved cognitive abilities. Future generations of mothers will be

better nourished, giving birth to even healthier and smarter children with the potential to make

important contributions to economic growth. Mr. Quadri explained that solutions for a range of

nutritional deficiencies rely on interdisciplinary communication between plant scientists and

xi

1 These speeches are included in the Closing Session section.



human nutritionists. He emphasized that the GOB must provide the necessary resources to

reduce the unacceptably high level of malnutrition. Another special guest at the closing session,

Dr. S.B. Siddique, director general, BRRI, pointed out the unexplored potential of plant breeding

to make a significant, low-cost, sustainable contribution to reducing micronutrient deficiencies

in the Bangladeshi population.

Nanna Roos

Department of Human Nutrition

The Royal Veterinary and Agricultural University

Copenhagen, Denmark

Howarth Bouis

International Food Policy Research Institute

Washington, D.C., U.S.A.

Nazmul Hassan

Institute of Nutrition and Food Science

University of Dhaka
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Khandaker Aminul Kabir
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PART I

OPENING SESSION



1

INTRODUCTION

This workshop was organized to explore the

potential of agriculture to alleviate malnutri-

tion in Bangladesh, particularly micronutrient

undernutrition. Malnutrition persists as a

major problem and affects millions of people

in Bangladesh.

By way of background, it is widely agreed

that higher-yielding varieties of rice and wheat

have had a positive impact on cereal supplies

and farmer incomes. Now, more than three

decades into the Green Revolution, cereal

prices have fallen substantially. However, the

supplies of nonstaple foods such as pulses,

fruits, vegetables, fish, and animal products

have not kept pace with population growth

and consumer demands generated by aggre-

gate income growth. The prices of these

nonstaple foods have risen—with the conse-

quence that dietary quality for the poor either

has worsened or, at best, will be difficult to

improve. Increasing the supply of a wide

range and large number of nonstaple foods

will be much more difficult and expensive

than increasing the supply of a relatively small

number of cereals, roots, and tubers.

At the same time, in the past two decades

human nutritionists have generated a substan-

tial body of scientific evidence showing that

(a) micronutrient malnutrition affects a high

proportion of developing-country populations,

especially children and women, and (b) an

adequate supply of minerals and vitamins is

necessary for food security, defined as reliable

access to food of a sufficient quantity and

quality to sustain a healthy and productive

life. Nutritionists were once optimistic that

supplementation and commercial fortification

programs could do much to reduce the preva-

lence of micronutrient malnutrition. These

programs can be cost-effective and will con-

tinue to be needed for the foreseeable future;

but a growing consensus is emerging among

nutritionists that (a) the recurrent costs in-

volved in these programs are unsustainable,

(b) these programs do not and cannot reach

all who are in need, and (c) the primary solu-

tion lies in better-quality food, which the poor

desire but cannot afford.

Poverty, of course, is why millions of people

do not have access to sufficient high-quality
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food to meet their daily needs for nutrients.

Malnutrition is the primary cause of high mor-

bidity rates and suffering for millions, con-

tributing to early death, impaired cognitive

development for children, and lost working

capacity for a large proportion of the popula-

tion. In addition to human costs, malnutri-

tion also impedes economic development.

The World Bank has estimated that malnutri-

tion costs 5 percent of South Asia’s gross

national product (GNP).

Bangladesh has proven itself capable of

achieving remarkable progress in dealing with

severe public health problems. For example,

over the past 25 years, the mortality rate among

children has declined and life expectancy has

increased remarkably (World Bank 2001). How-

ever, similar progress is lacking in the case of

nutrition. The proportion of undernourished

children—particularly severely undernourished

—has shown a slight decline over the past

three decades (World Bank 2001); but the

absolute number of people affected by mal-

nutrition, including micronutrient deficien-

cies, has risen. Increasing the production of

and improving access to nutritious foods,

particularly for the poorest segment of the

population, must receive high priority.

In Bangladesh, agricultural research has

successfully managed to increase crop yields

and reduce production costs, particularly for

rice. An active food policy in Bangladesh has

helped stabilize and even lower rice prices in

real terms through the modernization of rice

production. Analyses have indicated that the

macroeconomic food policy in Bangladesh has

contributed to reducing malnutrition among

children (Torlesse, Kiess, and Bloem 2003).

However, an explicit recognition of the con-

nection between food production and the

consumption and nutrition needs of the pop-

ulation is lacking in agricultural research and

in rural development planning. At present,

such an integration of agriculture and nutri-

tion is weak or lacking.

MALNUTRITION IN BANGLADESH

For decades, insufficient intake of food to

meet the daily energy requirements has been

a fundamental problem for a large proportion

of the population in Bangladesh. Hunger as a

consequence of poverty and natural disasters

has been a part of life for generations. Since

the International Conference on Nutrition,

held in Rome in 1992, it has been recognized

that micronutrient deficiencies—known as the

“hidden hunger”—are severe public health

problems in Bangladesh as in many develop-

ing countries. It has also been recognized that

sustainable solutions to micronutrient mal-

nutrition are urgently needed. However, a

decade later, the problems persist, and the call

for new initiatives to develop sustainable solu-

tions to malnutrition, including micronutri-

ent deficiencies, is as urgent as ever.

Malnourished Children

Stunting and wasting are measures of growth

failure in children typically caused by an in-

sufficient and unbalanced diet combined with

poor hygienic conditions. Since the mid-1980s,

the prevalence of stunting has declined some-

what (Table 1). However, despite the improve-

ment, the prevalence of undernourished pre-

school children has remained unacceptably

high, above 50 percent in terms of stunting

(Table 1). In the same period that the relative

proportion of malnourished children has

declined, the total population has nearly dou-

bled, meaning that the absolute number of

children affected by poor nutritional status

has increased.

The child nutritional status of Bangladesh

is also lagging when compared with the status

of other countries in South Asia (Table 2).

4 INTRODUCTION



Vitamin A Deficiency

Vitamin A deficiency has been recognized as a

nutritional problem in Bangladesh since the

1960s. Severe stages of vitamin A deficiency

cause eye damage, leading to night blindness

and ultimately to blindness. Milder stages of

vitamin A deficiency cause impaired immune

response and increased morbidity and mortal-

ity among children and pregnant women. The

first population-based survey, conducted in

Bangladesh in 1982/83, indicated that approx-

imately 30,000 children each year became per-

manently blind due to vitamin A deficiency

(HKI/IPHN 1985). At that time, the preva-

lence of night blindness among preschool

children was found to be 3.8 percent in rural

areas. More recent surveys have shown the

prevalence of night blindness among children

to be less than 1 percent, indicating that the

INTRODUCTION 5

TABLE 1 Overview of nutritional status of preschool children in Bangladesh

Stunting Wasted

Location height/age weight/height Sample Age

Year or sex –2 SD (%)a –2 SD (%) size (months) Reference

1981/82 Rural 57 20.0 510 0–59 INFS (1983)

1982/83 Rural 60 15.7 2,801 3–59 HKI (1985)

Urban 77 15.9 4,310 3–59

All 68 15.4 5,937 3–59

1985/86 Rural 69 15.4 1,535 6–59 BBS (1987)

Urban 57 14.0 1,140 6–59

All 68 15.3 2,675 6–59

1989/90 Rural 68 14.7 1,243 6–59 BBS (1991)

Urban 58 14.0 671 6–59

All 65 15.5 1,914 6–59

1992 (Feb–Oct) All 64 16.7 2,110 6–71 BBS (1994)

1995/96 Boys 52 15.9 1,349 6–71 BBS (1997)

Girls 51 17.3 1,265 6–71

All 51 16.6 2,614 6–71

1998 Boys 55 15.1 25,432 5–59 HKI (1999)

Girls 55 13.6 24,009 5–59

Rural 55 14.4 49,219 5–59

1999 Boys 55 14.5 25,926 5–59 HKI (2001)

Girls 55 12.3 23,533 5–59

Rural 55 13.5 49,459 6–59

2000 Rural 51 11.9 2,850 6–71 BBS (2002)

Urban 38 10.8 1,150 6–71

All 49 11.7 4,000 6–71

a Reference data: National Center for Health Statistics (NCHS) growth reference, the so-called NCHS/WHO
international reference population.



number of children in the severe stage of vita-

min A deficiency has decreased (HKI 1996).

This positive development is attributed to the

supplementation programs targeting biannual

distribution of vitamin A capsules to preschool

children. However, vitamin A deficiency, iden-

tified as a low serum retinol level, remains a

significant public health problem among ado-

lescents and pregnant and lactating women

who are left out of the supplementation pro-

gram (Ahmed 1999; HKI 1998).

Iron Deficiency

Iron deficiency (and associated anemia) is the

world’s most widespread nutritional disorder,

with children and women being the most vul-

nerable groups. This is the case in Bangladesh

as well, where approximately 70 percent of all

women are anemic—one of the highest preva-

lence rates in the world (Ahmed 2000; INFS

2001). Anemic pregnant women are at high

risk of giving birth to underweight babies or

of maternal death. For children, iron defi-

ciency may lead to impaired learning capacity

and retarded cognitive development. In Ban-

gladesh, adult men also often suffer from ane-

mia, which causes reduced working capacity

and increased morbidity. The human and eco-

nomic costs of iron deficiency are therefore

enormous. Recently, an analysis of the eco-

nomic consequences of iron deficiency in 10

selected developing countries indicated that

the median economic loss amounted to 4 per-

cent of the GNP. In Bangladesh, the estimated

economic loss of iron deficiency was 7.9 per-

cent of the GNP (Horton and Ross 2003).

Supplementation or dietary programs to

control iron deficiency in a population are

lacking (Beaton and McCabe 1999; Ruel and

Levin 2000), and renewed efforts to develop

efficient strategies are urgently needed. The

underlying dietary problem of iron deficiency

is not only low iron intake but also low bio-

availability of dietary iron. The typical Bangla-

deshi diet has a high content of antinutrients,

particularly phytate, which inhibits the absorp-

tion, and thereby the bioavailability, of iron

and other minerals.

Iodine Deficiency

Iodine deficiency disorder (IDD) is a problem

of alarming magnitude in Bangladesh. One-

fifth of the total population has goiter, a dis-

order caused by iodine deficiency. Forty-three

percent have either clinical or subclinical evi-

dence of IDD. Mental retardation due to IDD

is estimated to affect 0.4 percent of the pop-

ulation (IPHN 2000). Fortification of salt is

recognized as an efficient and often the only

way of overcoming iodine deficiency in a pop-

6 INTRODUCTION

TABLE 2 Malnutrition prevalence in Bangladesh, Pakistan, Nepal, and Sri Lanka, for the 

years 1990–99

Child malnutrition Bangladesh Pakistan Nepal Sri Lanka

indicator 1990–99 –2 SD (%) –2 SD (%) –2 SD (%) –2 SD (%)

Low weight for age 62.0 39 48 36

Low height for age 57.5 43 54 22

Low weight and height for age 60.0 41 51 29

Source: World Bank World Development Indicators CD-ROM, 2003.



ulation living in an iodine-deficient region like

Bangladesh. Iodized salt is available in Ban-

gladesh, but more effort is needed to secure

high-quality fortified salt and make it acces-

sible to everybody.

Zinc Deficiency

Zinc deficiency is not officially recognized as

a public health problem in Bangladesh, but

research has shown that it is most likely to be

a serious problem in many developing coun-

tries with diets poor in animal foods. The

magnitude of the problem is not known be-

cause a simple biochemical measure for low

zinc status in humans is not available. Zinc

deficiency causes growth retardation in chil-

dren and may well be an important reason for

the persistent high rates of growth failure in

Bangladesh. Strategies are needed to increase

the zinc in the diets of vulnerable groups as

well as the bioavailability of zinc within vul-

nerable groups of vulnerable groups (Ruel

and Bouis 1998).

Calcium Deficiency

In recent years rickets, which is caused by

calcium deficiency, has emerged as a public

health problem in certain pockets of Bangla-

desh. About 9 percent of children in Chakaria

Upazila, Cox’s Bazar, showed clinical signs of

rickets (Kabir 1998). The prevalence of rickets

was estimated at 4 percent among children

in the greater Cox’s Bazar district (Karim,

Chowdhury, and Gani 2000). Helen Keller

International has recorded a rickets preva-

lence of 1.9 percent among children in the

areas covered by the Nutrition Surveillance

Project (NSP) (HKI 2000). The finding of a

high prevalence of rickets is likely to be just

one of several nutrition-related problems

affecting many more children. Biochemical

measures of early stages of calcium defi-

ciency are not available at present. It is evi-

dent, however, that the calcium content in the

Bangladeshi diet is poor. Efforts to increase

the intake of calcium-rich foods are therefore

highly desirable.

ENERGY AND NUTRIENT INTAKE 

IN RURAL BANGLADESH

The dietary energy intake and the intakes

of selected nutrients as recorded in national

representative surveys are shown in Table 3.

Energy intake over time shows a decline, al-

though the trend is not statistically significant

(Hels et al. 2003). The figures are mean pop-

ulation intakes; the poorest segment of the

population experiences either permanent or

seasonal deficiency of energy intake. The mean

protein intake is sufficient to meet the recom-

mendations for the mean population but is

likely to be less than sufficient in the poor

households. Rice is the primary source of

energy and of protein, and deficient intakes

of energy and protein go hand in hand.

The surveys indicate that calcium intake

has been consistently low over decades—well

below recommended intakes. However, con-

troversy exists about the validity of the rec-

ommendations for calcium intake for popu-

lations in developing countries (FAO/WHO

2002), and the ultradeficient intake levels of

calcium may not have proportional dramatic

nutritional consequences on population level.

The amount of iron in the diet appears

to be acceptable, assuming a moderate bio-

availability of 10 percent. However, the bio-

availability may well be less than 10 percent.

The high prevalence of iron deficiency found

in the Bangladeshi population strongly indicates

poor availability of iron. The rice-dominated

diet is likely to have a high content of phytate,

which strongly inhibits the absorption of non-

heme iron. Also, iron content in the foods

listed in the food composition tables may be

INTRODUCTION 7



overestimated. Many other nutrients, such as

riboflavin and vitamin C, are likely to be con-

sumed in suboptimal quantities. It is evident

that the quality of the Bangladeshi diet is

insufficient to cover the nutritional needs of

the population and of the poor in particular.

This, along with insufficient access to health

services, constitutes the basis of the country’s

chronic problem of malnutrition.

The available food composition tables are

incomplete for many nutrients, including vita-

min A and iron, and the estimated intakes of

nutrients are therefore not completely valid.

FOOD PRODUCTION AND 

CONSUMPTION IN BANGLADESH

Household food security in Bangladesh is

among the worst in the world, although a lit-

tle less desperate than some decades ago. In

particular, the poorest 14 percent among rural

households are recognized as being ultra–

food deficient (World Bank 2001). Food intake

is closely linked to local food production, and

local agriculture practices therefore directly

affect the food eaten, especially among the

rural poor. Maache-bhate-Bangalee means “Fish

and rice make a Bengali.” The climate and

hydrological conditions of Bangladesh are

favorable for rice culture; and in the monsoon

season, when at least a third of the country is

flooded, the floodplains and rivers provide a

rich aquatic environment for a productive and

diverse fish fauna.

The Role of Rice in the Diet

The Bangladeshi diet is dominated by rice,

which is often accompanied by small amounts

of nonstaple foods such as dal (pulses, usually

lentil soup), vegetables, and fish (Table 4). To

8 INTRODUCTION

TABLE 3 Energy and nutrient intake in rural Bangladesh

Recommended Recommended

1962/64 1975/76 1981/82 1995/96 intake for intake for children

(1052 hh) (674 hh) (597 hh) (945 hh) adult mena age 1–3 yearsa

Energy 9,780 8,900 8,260 8,040 10,600 5,150
(kJ/person/d)

Protein (g/person/d) 58 59 48 46 45 12

Calcium 273 305 260 227 1,000 500
(mg/person/d)

Iron (mg/person/d) 10 22 23 11 14 (28)b 6 (12)b

Riboflavin 0.5 0.9 0.7 0.5 1.3 0.5
(mg/person/d)

Vitamin C NA 9.5 13.3 NA 45.0 30.0
(mg/person/d)

Notes: Intake values are population means. Data are from national surveys conducted by INFS. hh = house-
holds; kJ = kilojoules; d = day; g = grams; mg = milligrams; NA = data not available.
a Energy and protein recommendations are dietary reference values from FAO/WHO/UNU (1985). Mineral
and vitamin recommendations are from FAO/WHO (2002).
b Recommended iron intake, assuming 10 percent bioavailability. Recommended intake assuming 5 percent
bioavailability is shown in parentheses.



minimize, if not completely avoid, hunger,

the poor place highest priority on consuming

rice. Rice is an inexpensive source of dietary

energy and protein but a poor source of bio-

available minerals and vitamins. Consump-

tion surveys consistently show that rice alone

supplies more than 80 percent of the energy

and the majority of the protein intake for the

population and that the consumption of rice

has remained fairly constant over the past

decades (Hels et al. 2003). Rice production in

Bangladesh has increased tremendously since

the mid-1970s following the Green Revolu-

tion; and as the production of rice has grown

faster than population growth in the same

period, its price after adjusting for inflation

has fallen by 40 percent.

Production and Consumption 

of Nonstaple Foods

After buying rice, poor households spend the

remainder of their meager food budget on

nonstaple foods. A recent study showed that

only 3 percent of energy intake came from

fish and animal products in rural Bangladeshi

households, but they had to spend 25 percent

of their food budget for purchasing these fish

and animal products (Bouis et al. 1998).

The extreme dominance of rice in the diet

leaves those nutrients not present in rice (or

present in very small amounts) to be sup-

plied from the very small amounts of non-

staples. Unfortunately, along with the success-

ful production increase in rice, the inflation-

adjusted prices of nonstaple foods, such as

fish, meat, fruits, vegetables, and lentils, have

risen by 50–100 percent. The fall in inflation-

adjusted rice prices over the past decades

means that the poor could have spent a higher

proportion of their food budgets on nonstaple

foods. However, the concurrent price increase

for nonstaples makes it unclear whether the

net effect on the intake of nonstaple foods has

been positive or negative.

INTRODUCTION 9

TABLE 4 Food intake in rural Bangladesh

1962/64 1975/76 1981/82 1995/96

Item g/person/d g/person/d g/person/d g/person/d

Rice 512 493 451 427

Wheat 16 29 31 17

Roots 81 52 63 70

Pulses 28 24 8 10

Vegetables 142 126 120 113

Fish 28 23 23 32

Meat 5 4 5 6

Eggs 1.6 1.2 1.2 3.0

Milk (ml) 22 17 15 13

Edible oil 6 3 3 6

Sugar and sweets 7 7 9 6

Sources: Ahmad and Hassan (1983); Jahan and Hossain (1998).

Notes: Values are population means of raw foods; g = grams; d = day; ml = milliliters.



At the national level, the diet may have

become less diverse, particularly for the rural

poor. A recent small-scale study (not nation-

ally representative) showed that changes in

food intake over time vary by location, and

that the intake of some nonstaples has in-

creased over time in selected villages (Hels et

al. 2003). However, the study also confirmed

that the intake of nonstaple foods has been

consistently low over decades and insufficient

to supply the recommended intake of nutri-

ents. Vegetables, the most accessible nonstaple

food for the poor, are an important source

of micronutrients that make consumption of

bland food staples more palatable. However,

availability of vegetables is often seasonal, and

the traditional gardening practices do not

favor a high diversity of crops and varieties

suitable for off-season production. Vegetables

are a particularly important nonstaple food

(Table 4). Their low price makes them more

accessible to the poor; in fact, consumption of

vegetables declines marginally with income

(Bouis et al. 1998). Particularly for poor women,

vegetables are often the main nonstaple food

in the diet because fruits and animal-source

foods are far less accessible (Zeitlin et al. 1992).

Food consumption surveys consistently

show that consumption of animal products

and fruit increases as income increases. Of the

very small intakes of animal foods, fish (espe-

cially small fish) is the single most important

food, whereas meat is eaten very infrequently

and in tiny amounts. Since the mid-1950s, the

fish available from capture fisheries have be-

come increasingly scarce, and the fish from

the open-water fisheries of Bangladesh have

declined in terms of quantity and biological

diversity. This is reflected in rising prices and

declining accessibility of fish for consumption

by the poor.

Among the important reasons for this neg-

ative development are (1) increasing pressures

due to the growing population in Bangladesh

and (2) environmental changes caused by flood

control and irrigation projects (Tsai and Ali

1997). Along with the introduction of high-

yield rice varieties, flood control and irrigation

have contributed to the successful increase

in rice production; yet, the designers and im-

plementers of these hydrological projects

did not take into account the value of or the

impact on floodplain fish production. Flood

control and irrigation have reduced the area

of flooded land and disrupted the natural

migration routes and spawning habitats of

many fish species. The total production of

fish has declined, and the fish species’ com-

position has changed. Along with the prob-

lem of unsustainable management of fish

stocks, habitat reduction and destruction are

the main constraints on maintaining or in-

creasing the fish supplied from open-water

fisheries.

To compensate for lost supplies of fish from

open-water fisheries, aquaculture of carp has

successfully been introduced and extended in

rural areas throughout the country, contribut-

ing an increasing share of fish for consump-

tion. Studies have shown that small indige-

nous fish species are an important source of

vitamin A and calcium in poor households in

rural Bangladesh (Roos, Islam, and Thilsted

2003) and that the replacement of small fish

with cultured carp species may have a nega-

tive impact on the nutritional quality of the

diet in these households (Gillespie and Had-

dad 2003).

CALL FOR DIALOGUE BETWEEN

AGRICULTURE AND NUTRITION

Stepping up the dialogue between agricultur-

ists and nutritionists is necessary to secure the

future supply of foods that meet the nutri-

tional demands of the Bangladeshi people.

10 INTRODUCTION



Agricultural Research and Development

The nutritional properties of agricultural prod-

ucts, including rice, have traditionally not been

recognized directly in agricultural research

such as plant breeding. However, this does not

mean that agricultural research and develop-

ment have not improved the nutritional situa-

tion of the population. The nutrition benefits

may accrue indirectly from increased crop

production and consequent lower food prices.

The ongoing agricultural research, as carried

out by BRRI, BARI, and other national insti-

tutions, helps the poor through economical

pathways such as (1) higher farmer incomes

through increased productivity, (2) more em-

ployment and higher wages in the agricul-

tural labor force through increased demand

for labor, (3) stimulation of linkages with the

local nonfarm economy through increased

demand for agricultural inputs and consumer

products, and (4) lower food prices due to

increased supply. Programs to increase pro-

duction have been implemented through the

Consultative Group on International Agricul-

tural Research (CGIAR) and various national

agricultural research organizations.

Nutritional Research and 

Intervention Strategies

Human nutritionists have focused on supple-

mentation, fortification, and, to some extent,

dietary diversification as the three principal

intervention strategies to meet the challenge

of reducing malnutrition in Bangladesh. Sup-

plementation has proven to be a successful

strategy to reduce rates of severe vitamin A

deficiency among children. However, supple-

mentation does not solve the underlying dietary

problems and can address only selected nutri-

ents in selected population groups. Although

supplementation is needed as an emergency

strategy to relieve the immediate situation of

malnutrition for millions of people, it is not a

sustainable solution for the long term. Fortifi-

cation has proven effective in reducing iodine

deficiency—in fact, it is the only efficient strat-

egy for achieving such reductions in deficient

populations—but it has had limited success

in reducing deficiencies of other nutrients such

as vitamin A and iron. However, human nutri-

tionists have paid little attention to agricul-

ture per se as a complementary means to solv-

ing the dietary quality problem, for example,

through plant breeding that aims to create

varieties with improved nutrient content or

bioavailability.

Future Responsibilities for Alleviating

Malnutrition in Bangladesh

The Green Revolution’s production successes

provide strong evidence that substantial invest-

ments in agricultural research can change

food production patterns worldwide. How-

ever, the nutritional consequence of this pro-

duction success has been interpreted in differ-

ent ways. In one interpretation, the focus on

production of cereals has had unintended con-

sequences: it reduced the diversity of tradi-

tional cropping systems, and farmers adopted

simpler rotations of the higher-yielding and

more profitable cereal crops and abandoned

protein- and micronutrient-dense crops (Ross,

Combs, and Duxbury 1997). For example,

today, the production of pulses in South Asia

is only 87 percent of what it was 30 years ago.

According to this view, past plant-breeding

efforts have fueled some of the reduction in

dietary diversity. It has contributed greatly to

solution of the problem of low energy intake

while exacerbating the problem of micro-

nutrient deficiencies.

Alternative interpretations of the develop-

ment recognize the fact that inflation-adjusted

cereal prices have fallen, to the benefit of

everybody—including the poor. As farm-level
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productivity has increased, rural incomes have

risen and stimulated broader economic growth

than would otherwise have occurred if the

world community had not invested resources

in the Green Revolution. The diets and the

nutritional situation of the poor might be far

worse today without the exceptional increases

in cereal productivity that have been attained

(e.g., if cereal prices had risen substantially

instead of declining).

The net impact of this development in the

overall food supply on the dietary quality

and micronutrient status of the population

has not been analyzed. For the given level of

resources that have been spent on agricultural

research for developing countries, should

these resources have been invested differently,

perhaps with more allocated for research on

pulses and less invested in research on cereals?

What was the economic and nutritional cost

of the environmental impact of the Green

Revolution in terms of the lost supply of

fish? Should the research and development

objectives have covered a mix of productivity

and nutrition objectives, perhaps by paying

more attention to the nutrient density of spe-

cific crops? If the overall amount invested in

agricultural research had been increased and

invested in an optimal mix of crops and 

productivity-nutrition objectives, would this

have improved the nutritional situation for

deprived populations in Bangladesh and other

developing countries? These are difficult but

important questions, which have yet to be

addressed in a careful, systematic way. Answers

may be the key to reversing the trends of mal-

nutrition and making the future better than

the past.

To develop a strategy to eliminate mal-

nutrition in Bangladesh in a long-term, sus-

tainable way, a better dialogue between the

agriculture and nutrition sectors is the first

crucial step.
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2

WORKSHOP GOALS, STRUCTURE,

AND RECOMMENDATIONS

WORKSHOP GOALS

The aim of the workshop “Alleviating Micro-

nutrient Malnutrition through Agriculture in

Bangladesh: Biofortification and Diversifica-

tion as Long-Term, Sustainable Solutions” was

to improve the dialogue between agricultur-

ists and nutritionists. The specific objectives

for the meeting were to

• take stock of Bangladesh’s current agri-

cultural programs and policies related to

human nutrition,

• identify programs and policies that are

already apparently helping to improve nutri-

tion in Bangladesh and those that show

great potential,

• identify gaps in the present knowledge of

links between agriculture and human nutri-

tion, and

• communicate to government and non-

governmental agencies recommendations

for agricultural programs and policies for

improving nutrition.

WORKSHOP STRUCTURE

To achieve these objectives, the workshop was

structured in three sessions:

1. A technical working session, with 12 se-

lected presentations on technical issues

related to the interaction between agricul-

ture and nutrition. The presentations pro-

vided updated insight into current research

activities and ongoing programs related

to biofortification, dietary diversity, and

human nutrition in Bangladesh. The pre-

sentations are included as chapters in these

proceedings, along with two other chap-

ters developed for these proceedings but

not presented. (See the list of contributors

at the end of the book.)

2. A discussion working session during which

the workshop participants, in groups and in

plenary, made recommendations for future

agricultural policies needed to contribute

to the alleviation of malnutrition in Bangla-

desh. The recommendations were comple-
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mented by a compilation of knowledge

gaps that could constrain implementation.

3. A closing session during which the recom-

mendations were communicated to the

GOB representatives and to NGOs, donors,

and research institutions.

The two working sessions were held April

22–23, 2002, at the BRAC Centre for Devel-

opment Management, Rajendrapur, Gazipur.

The working sessions were attended by nearly

40 participants representing national and inter-

national institutions and organizations pro-

fessionally engaged in research or programs

for food-based approaches to alleviating mal-

nutrition in Bangladesh (see Appendix 2). The

final session, held at the Sasakawa Audito-

rium, ICDDR,B, Dhaka, was chaired by Dr.

David Sack, director of the ICDDR,B. This

session was open to an invited audience of

representatives of the GOB, research institu-

tions, donors, and NGOs. Dr. Nazmul Hassan,

INFS, welcomed the invited guests on behalf

of the organizing institutions, and Dr. Howarth

Bouis, IFPRI, summarized the previous days’

technical sessions and the recommendations

given by the workshop participants.

Remarks on the workshop were delivered

by three guests: Mr. Motiur Rahman Nizami,

minister for Agriculture; Mr. Ayub Quadri,

secretary, Ministry of Agriculture; and Dr.

S.B. Siddique, director general, BRRI.2

Finally, a panel of four workshop partici-

pants representing the research and develop-

ment societies gave their view of the work-

shop’s achievements. The panelists were Dr.

S.M. Monowar Hossain, director, Horticulture

Research Centre, BARI (agriculture research

representative); Ms. Shahnaz Awal Zakaria,

Food Security and Disaster Management Team,

USAID (bilateral representative); Mr. Emranul

Huq Chowdhury, director, UDDIPAN (NGO

representative); and Dr. Liaqat Ali, professor

and coordinator, Biomedical Research Group,

BIRDEM (health and nutrition research repre-

sentative). The workshop panel agreed that

important steps were taken during the work-

shop to tighten the links between agricul-

turists and nutritionists in research and policy.

The workshop proved that an enthusiastic

spirit exists among professionals to better

integrate efforts to increase food production

in the agricultural sector and to improve nu-

trition for the poor.

This workshop was an independent follow-

up to a previous workshop, “Food-Based Strat-

egies for Improving Nutrition in Bangladesh,”

held April 26–27, 1998, in Dhaka. The current

workshop reflected the encouraging steps

taken in research and policies since the 1998

workshop, particularly regarding the idea of

biofortification as a complementary food-

based strategy to dietary diversification as a

long-term, sustainable solution to improving

nutrition.

WORKSHOP RECOMMENDATIONS

Following the 12 presentations on technical

issues of biofortification and dietary diversi-

fication in relation to human nutrition, the

participants worked in five groups to identify

recommendations for alleviating malnutrition

in Bangladesh through agriculture research

and policies for food production strategies.

The recommendations were presented and

discussed in a plenary session chaired by Dr.

Howarth Bouis, IFPRI.

The workshop participants’ recommenda-

tions on policy issues are grouped and pre-

sented in five categories:
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1. biofortification of rice and nonstaple

foods,

2. dietary diversification—nonstaple plant

foods,

3. dietary diversification—animal foods,

4. data requirements for understanding link-

ages between nutrition and agriculture,

and

5. education and health policies to comple-

ment agricultural strategies.

A summary of the recommendations was

presented at the closing session. They are as

follows.

1. Biofortification: increase nutrient

density in rice and other foods

• Recommendations

1. Improve the micronutrient content in high-

yielding rice varieties by support and accel-

eration of the ongoing research programs

at BRRI and international research insti-

tutions. Incorporate micronutrient density

as a quality parameter in the Super Rice

(new plant type).

2. Include energy density and consumer pref-

erences (e.g., satiety) as quality parameters

for released rice varieties in future breed-

ing programs.

3. Investigate ways to initiate biofortification

programs for nonstaple food crops.

• Background

Rice contributes to more than 80 percent of

the energy intake in Bangladesh; it is, there-

fore, a suitable carrier for increasing the intake

of essential micronutrients. The increase in

rice yields and rice production over the past

three decades has been a great success story

for Bangladesh’s agriculture. Because the pop-

ulation continues to grow, a continued increase

in rice yield remains a top priority. At the

same time there must be a new objective of

improving the nutrient content of rice. To

that end, a start has been made in Bangladesh

through funding from the ADB and USAID,

and the work now continues under the CGIAR

Challenge Program “Biofortified Crops for

Improved Human Nutrition.” Local institu-

tional support should be given to accelerate

this research. As soon as an appropriate high-

iron rice can be developed, an efficacy trial

estimating the impact on iron status in iron-

deficient children should be undertaken. Also,

with evidence indicating a correlation between

levels of trace minerals in rice seeds and

improved nutrition, the feasibility of breeding

for several trace minerals simultaneously war-

rants careful investigation. To ensure the suc-

cessful introduction of future nutrient-dense

rice varieties, indicators for consumer prefer-

ences (e.g., satiety) should be incorporated

into breeding programs.

At present, little priority is given to improved

nutrient densities of nonstaple foods. Along

with giving priority to biofortification of rice,

consideration should be given to which non-

staple foods are suitable for biofortification.

2. Dietary diversification

• Recommendation

1. Programs and policies are urgently needed

to accelerate the production of nonstaple

foods.

• Background

For the past three decades, the production

of almost all nonstaple foods—fish, pulses,

fruits, vegetables, milk, eggs, and chicken—has

not kept pace with population growth. Unlike

rice prices, the prices of nonstaple foods have

risen, making it even more difficult for the
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poor to consume foods that provide the vita-

mins and minerals required for growth and

good health.

2.1. Nonstaple plant foods—

vegetables and fruits

• Recommendations

1. Develop an action plan for vegetables and

fruits—for example, with the aim of achiev-

ing self-sufficiency in vegetables and fruits

in Bangladesh by 2020.

2. Strengthen the diversity of vegetables and

fruits through (a) maintenance of indige-

nous genetic material and (b) development

of hybrids and pest-resistant varieties

through conventional breeding and use of

biotechnology.

3. For major vegetables and fruits, develop

varieties that (a) grow well in the off-season

and (b) have high contents of important

micronutrients.

4. Promote homestead gardening (pusti bagan)

with vegetables and fruits in view of impor-

tant deficient nutrients in the Bangladeshi

diet, such as vitamin A, vitamin C, iron,

and calcium. Base the crops, varieties, and

design of the pusti bagan on the specific

agro-ecological situation and the promoted

crops’ nutrient content.

5. Make planting materials available to the

homestead gardeners by developing local

nursery and distribution systems. Undertake

analysis of the nutrient content of avail-

able material (improved and local varieties).

6. Target gardening programs to women,

providing them necessary training on pro-

duction, processing, and cooking.

• Background

Like the Action Plan for Pulses and Oilseeds,

an action plan for the production of vegeta-

bles and fruits is needed as a policy tool to

develop the nonstaple plant food production.

Self-sufficiency by the year 2020 is a realistic

target if necessary priority is given to (a) vege-

tables and fruits in the areas of technology

generation (crop improvement, crop protec-

tion, soil and water management, postharvest

technology), (b) technology transfer and adop-

tion, (c) support services (quality seed produc-

tion and distribution, improved supply systems

for fertilizer and pesticides, expanded irrigation

facilities, mechanization of field operations,

establishment of specialized cold storage, and

credit availability to growers), (d) improving

the production system (homestead and peri-

urban production, horticulture in cereal-based

cropping system), and (e) proper marketing

systems.

Seasonal availability of vegetables and fruits

—a significant problem—needs to be targeted

through the development of perennial crop-

ping systems as well as through improved

postharvest handling and conservation. In-

tegrated pest management and, if suitable,

organic practices should be considered to

reduce environmental degradation.

Homestead gardening has successfully been

promoted by NGOs to increase vegetable and

fruit production and consumption. Studies have

shown that homestead gardening increases

consumption of vegetables in terms of amount

and diversity. Programs should be developed

and implemented through the participation

of local residents and NGOs, and nutritional

information should be an integrated compo-

nent of the programs. Vegetables tend to be

less favored than other nonstaple foods (e.g.,

animal food), and initiatives to increase vege-

table production need to be complemented by

nutritional information to motivate a higher

consumption of nonstaples, particularly among

women, children, and other groups vulner-

able to micronutrient deficiencies.

WORKSHOP GOALS, STRUCTURE, AND RECOMMENDATIONS 17



2.2. Nonstaple plant foods—

commercial horticulture

• Recommendations

1. Develop horticultural crops to be grown

in rotation with rice for more food, more

income, and better soil health. The devel-

opment of vegetable-based cropping sys-

tems should be strengthened by research

links between BRRI and HRC/BARI.

2. Strengthen periurban vegetable production

to ensure a year-round supply of vegetables

to urban areas.

3. Promote intensive orchard farming.

• Background

The production potential for horticulture in

Bangladesh is far from being fully exploited.

The yield and quality of many horticulture

crops are poor due to biotic and abiotic

stresses and the lack of improved planting

material. The production is highly seasonal and

prices unstable. Due to scarcity of land, the

crop yield must be increased through improved

technology and through logistic support to the

producers, including improved postharvest

operations related to handling, storage, and

marketing of fresh and processed produce.

Technology dissemination should involve

cooperation between Bangladesh government

agencies, NGOs, and the private sector.

2.3. Nonstaple plant foods—

pulses and oilseeds

• Recommendations

1. Take steps to implement the Action Plan

for Pulses and Oilseeds.

2. Strengthen research on variety develop-

ment, cultural management, and pest con-

trol of major pulses to maximize yield.

3. Encourage the technology transfer of

pulses and oilseeds through pilot produc-

tion schemes.

4. Improve storage, marketing, and process-

ing of oilseeds.

• Background

The reduced production of pulses and the

increase in population has created a wide gap

between demand for and actual availability of

pulses in Bangladesh. However, the yields can

be increased through improved culture tech-

nologies. BARI is executing a pilot project on

mung beans, black gram, and lentils for their

higher yield and quality.

Bangladesh produces various oilseeds such

as mustard, sunflower, safflower, coconut, and

groundnuts. The current production of edible

oil is 114,000 metric tons, which supplies only

33 percent of demand. A substantial portion

of the deficit is imported. The Action Plan for

Pulses and Oilseeds for the period 2001–2007

has been prepared by BARI with an estimated

target of edible oil production of 182,000 met-

ric tons. The plan emphasizes variety im-

provement, quick technology transfer, and

improvements in the processing and market-

ing of edible oil.

2.4. Animal foods—fish

• Recommendations

1. Open-water fisheries: Reverse the negative

development in biodiversity and produc-

tivity of open-water fisheries by (a) im-

plementing a sustainable community-based

management system, (b) allocating support

to fish habitat protection and restoration,

and (c) regulating water-sharing for irriga-

tion and fish habitats.

2. Aquaculture: Develop and extend profit-

able and sustainable production technol-
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ogies for nutrient-dense indigenous fish

species.

• Background

Fish is the most important animal food in

the Bangladeshi diet, and open-water fisheries

are the most important source of fish avail-

able for consumption. Fish consumption in-

creases with household income, and there is a

great demand for increased production. Small

indigenous fish species (SIS) predominate in

the diet; and some species rich in micronutri-

ents are an important source of vitamin A and

minerals in poor households.

Carp-pond culture contributes an increasing

share of fish for consumption. Pond poly-

culture should be further developed and ex-

tended to rural areas to increase the fish sup-

ply and generate income. The key constraints

for extending carp polyculture are access to

quality seed (fingerlings) and access to exten-

sion services.

Research has shown that nutrient-dense SIS

can be produced in polyculture with carp with-

out negative impact, but production technolo-

gies for nutrient-dense SIS are needed.

2.5. Animal foods—poultry and eggs

• Recommendation

1. Support programs to increase access to vac-

cination services, extension services, micro-

credit, and poultry breeds adapted to the

Bangladeshi environment.

• Background

Experience from projects in Bangladesh

have shown that semiscavenging poultry and

egg production systems targeting rural women

can reach the poorest of the poor and have a

positive impact on the household economy.

These encouraging programs need further

support to benefit more people.

2.6. Animal foods—milk

• Recommendation

1. Accelerate dairy production by developing

programs for extension, credit, and quality

breed and feed for dairy cattle.

• Background

Dairy production in Bangladesh is far below

what is required to supply the population’s

need. Milk importation is a burden on the

country, so support to increase domestic pro-

duction would benefit the food supply and the

economy.

3. Data requirements for understanding

linkages between agriculture 

and nutrition

• Recommendations

1. Sustain support for the collection of in-

dependent, comprehensive, and represen-

tative data on nutrition and food security

in rural and urban Bangladesh.

2. Develop mechanisms and agreements to

share data between institutions in Bangla-

desh to avoid duplication of efforts and to

enable effective use of limited resources.

3. Compile a new edition of a food composi-

tion table for Bangladesh using data from

all available sources.

• Background

The design of policies and programs to alle-

viate malnutrition should be based on a sound

understanding of the magnitude and causes

of malnutrition in a particular location. The

close monitoring and evaluation of policies

and programs are crucial to determining

whether their aims and objectives are met and

identifying opportunities for improvement.
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The most recent edition of a food compo-

sition table for Bangladesh was published in

1988. Since then, more data on food composi-

tion have become available. Furthermore,

there have been many developments in the

understanding of human nutrition, particu-

larly with respect to micronutrients.

4. Education and health programs 

and policies to complement 

agricultural strategies

• Recommendations

1. Develop mechanisms for effective col-

laboration between various sectors and

institutions—in particular, agriculture, fish-

eries, and health.

2. Make nutrition education an integral part of

food-based nutrition and health programs,

and include it in curricula for agriculture

and health professionals and workers.

3. Promote homestead food preservation.

Make support available for research on

indigenous food preservation technologies

and their development.

4. Until Bangladesh is able to eliminate micro-

nutrient deficiencies through food, con-

tinue programs for supplementation and

fortification.

• Background

To address the interdisciplinary nature of

malnutrition, intersectoral collaboration is

important to reach long-term, sustainable

solutions. There should also be institutional

collaboration among government, NGOs,

research agencies, and professional organiza-

tions. In view of the urgent need for inter-

sectoral and interinstitutional collaboration,

existing food, agriculture, nutrition, and health

policies should be reviewed.

Research has shown that nutrition educa-

tion enhances the nutritional impact of food-

based programs, and high priority should be

given to the integration of nutritional educa-

tion in other sectors.

Seasonality in nonstaple food production

is pronounced in Bangladesh, and there is an

urgent need for suitable conservation methods

to stabilize availability and prices, which will

benefit both food producers and consumers.
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Summary of Presentations

The workshop presented a unique opportu-

nity for scientists and professionals from dif-

ferent sectors to discuss how a mutual effort

can make an important contribution to alle-

viating malnutrition in Bangladesh. It was re-

peatedly expressed during the workshop that,

in practice, opportunities for interdisciplinary

work and collaboration are severely limited.

Better communication across disciplines would

facilitate the spread of basic knowledge and

understanding of the problems and methods

outside of one’s own discipline. The chapters

presented here provide examples of activities

and experiences that integrate agriculture and

nutrition; they also report on relevant issues

within sectors and disciplines. The chapters

should be viewed as complementary; they

provide information on current activities and

catalogue areas for further exploration of

future interdisciplinary activities.

“Global Efforts to Breed for More Nutri-

tious Crops” and “Breeding for Iron-Dense

Rice in Bangladesh” report on direct, ongoing

efforts to integrate nutritional quality into agri-

cultural research. Additional basic research is

needed before biofortified rice can be made

available to consumers. However, this initia-

tive to systematically explore how to increase

the nutritional value of rice and other staple

foods is a pioneering example of integrating

nutrition into agricultural research.

“Rice in the Bangladeshi Context: Con-

sumption, Preferences, and Contribution to

Energy Intake and Satiety” highlights the fact

that in Bangladesh, as in other countries, rice

is more than a source of energy and nutrients.

It is also part of the culture. If consumer per-

ceptions of rice quality are overlooked in

breeding programs, the introduction of more

nutritious rice varieties may not be successful.

Several presentations report on aspects

of increasing dietary diversity as a strategy

to improve nutritional quality. Presentations

covered a range of topics on nutrition, food

production, and more. The impact of dietary

quality on individual nutritional status in poor

households was presented in two chapters. In

“Dietary Diversity in Bangladesh: Evidence

from the Nutritional Surveillance Project,” the

correlation between poor nutritional status

in children and poor dietary quality in terms

of low dietary diversification is demonstrated.



The chapter indicates that household food

production can directly influence the quality

of children’s diets, and that improved home

gardening practices can lead to greater dietary

diversification in the households. The impor-

tance of large-scale systematic data collection

is highlighted as a fundamental tool for under-

standing the patterns and underlying causes

of nutritional problems, information that is

essential for development of efficient inter-

vention strategies. “Relating the Bangladeshi

Diet to Iron Deficiency” also deals with the

relation between dietary quality and nutri-

tional status. The iron status of Bangladeshi

women was modeled as a function of nutrients

and other compounds in the diet, which showed

that iron status had a positive correlation with

the intake of dietary iron. Policy analysis

suggested that improved iron status up to a

point could be achieved cost-effectively

through breeding for iron-rich rice. Increased

consumption of fish and animal foods would

achieve a similar result, though the high cost

of these foods may make increased consump-

tion impossible for the populations most vul-

nerable to iron deficiency.

In terms of amounts consumed, vegetables

are the most important nonstaple food group

available to poor households. Two NGOs with

long-term experience in improving nutrition

through vegetable gardening at home pre-

sented analyses of the impact of their pro-

grams. “Addressing Nutritional Problems with

Homestead Gardening: CARE’s Experience

in Bangladesh” shows that the intended nu-

tritional effects of production and income-

augmenting interventions need to be com-

bined with health education to reduce the risk

factors for disease in the adopting households.

“Homestead Gardening for Combating Vita-

min A Deficiency: The Helen Keller Inter-

national, Bangladesh, Experience” reports

that improved homestead gardening practices

significantly contributed to increased vitamin

A intake among children and mothers in poor

rural households. Green, leafy vegetables 

are the dominant—and sometimes only—

nonstaple food in diets of poor women, who

are particularly vulnerable to micronutrient

malnutrition.

Improving the commercial production of

vegetables, fruit, and pulses is another approach

for improving dietary quality—by increasing

the supply and thereby lowering the price of

nutrient-rich nonstaple foods. Investments in

agricultural research to improve production

of nonstaple foods have been relatively neg-

lected in favor of investments to improve pro-

duction of staple foods. Population growth

and other factors that increase demand for

nonstaple foods have tended to outpace

growth in supply so that the prices of non-

staple foods have tended to rise. “Alleviating

Malnutrition through Horticulture” and “Pulses

in Bangladesh: Production, Problems, Prospects,

and Future Plans” discuss ongoing research

activities and serve, in the context of these

proceedings, to motivate consideration of

how nutrition objectives could be integrated in

the development of commercial nonstaple

plant production in the future. “Nutritional

Impact of For-Profit Vegetable and Fishpond

Production” reports on a study of the nutri-

tional impact of small-scale, for-profit fish-

pond and vegetable-production interventions.

The study indicated that these interventions

had little direct impact on household consump-

tion of these nutrient-dense foods. However,

they were highly profitable activities and thus

were important for increasing the supply of

these nonstaple foods.

It is well documented that consumption of

animal-source foods—fish, meat, poultry, and

milk—is extremely low among poor Bangla-

deshis. The very low intake of animal-source

foods is a fundamental part of the chronic
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problem of malnutrition in Bangladesh. Fish

is the most important animal-source food in

poor households. There is a great, latent

demand for animal-source foods. It is often

reported—in these proceedings as well—that

the intake of animal foods, including fish,

increases with household income.

Because floodplain and river fisheries are

the most important sources of fish, access to

and management of these resources are cen-

tral to increased fish production. However,

floodplain fishery and agriculture depend on

and, in fact, compete for the same natural

resources. “Lessons and Experience in Inland

Fisheries Management and the Impact on

Consumption of Fish” presents examples of

how poor households have lost access to

floodplain and river fisheries in the past

decade, with a consequent negative impact

on household fish consumption. Carp aqua-

culture production is rapidly developing in

Bangladesh and has partly, but not fully, com-

pensated for the lost floodplain fishery.

However, carp species are not as rich in

micronutrients, particularly vitamin A and

calcium, as are some of the small fish species

traditionally consumed. An important source

of vitamin A and calcium in poor households

is lost when carp replaces small fish in the

diet. “Small Indigenous Fish Species in Aqua-

culture in Bangladesh: Contribution to Vita-

min A, Calcium, and Iron Intakes” and “Cul-

ture Potentials of Small Indigenous Fish Species

in Semi-Intensive Polyculture with Carp” dis-

cuss how the nutritional advantages of small

fish can be incorporated in aquaculture by

integrating vitamin A–rich indigenous species

into existing carp aquaculture.

Whereas fish is the most important animal-

source food in the diet of poor households,

poultry is the most important livestock prod-

uct. Chickens, traditionally raised on scav-

enging of waste products, are the most wide-

spread form of small-scale livestock produc-

tion in Bangladesh. Success in achieving an

improved model for traditional poultry pro-

duction at the village level are discussed in

“Semiscavenging Poultry Production Model:

Role in Egg and Meat Production in Rural

Bangladesh.” Through improved breeding

and establishment of services for vaccination,

credit, and extension, poor rural women were

able to increase egg and poultry production

profitably and thereby improve household

income. However, this model for improving

poultry production was developed without

a human nutrition component, so the poten-

tial impact on household nutritional status

remains an open question.

Milk intake in poor households is extremely

low. Over the past decades, a number of ini-

tiatives have been taken to increase national

dairy production, as described in “Promotion

of Smallholder Dairy Production in Bangla-

desh.” A common perception is that cow milk

is nutritious for children. However, as long as

milk has a high market value, poor families

cannot afford to serve milk to children, even if

they produce it. A future challenge is, there-

fore, to lower the price of milk and of cattle.

In summary, the presentations offer impor-

tant additions to present knowledge and expe-

rience in joining agriculture and nutrition, as

well as strategies to be explored in the future.

Our hope is that these chapters serve as a tool

for continued improvement in the dialogue

and to identify knowledge gaps to be filled

by future work. Readers are encouraged to

contact individual authors with comments

and requests for further information. Contact

information is presented in Appendix 2.
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GLOBAL EFFORTS TO BREED FOR 

MORE NUTRITIOUS CROPS

H.E. BOUIS

ABSTRACT

Can commonly eaten staple food crops be

developed that fortify their seeds with essen-

tial minerals and vitamins? Can farmers be

induced to grow such varieties? If so, would

this result in a significant improvement in

human nutrition at a lower cost than existing

nutritional interventions? An interdisciplinary,

international effort is under way to breed for

mineral- and vitamin-dense varieties of rice,

wheat, maize, beans, and cassava for release

to farmers in developing countries. Not only

does plant breeding hold great promise for

making a significant, low-cost, and sustain-

able contribution to reducing micronutrient,

particularly mineral, deficiencies in humans;

it also may have important spin-off effects for

increasing farm productivity in developing

countries in an environmentally beneficial

way. After the onetime investment is made to

develop seeds that fortify themselves, recur-

rent costs are low. No behavioral change is

required from consumers. Indeed, the strat-

egy seeks to take advantage of the consis-

tent daily consumption of large amounts of

food staples by all family members, including

women and children, who are most at risk for

micronutrient malnutrition.

INTRODUCTION

A strategy of breeding plants that enrich them-

selves, plants that load high amounts of min-

erals and vitamins into their edible parts, will

be successful only if farmers are willing to

adopt such varieties, if the edible parts of

these varieties are palatable and acceptable to

consumers, and if the incorporated micro-

nutrients can be absorbed. In examining the

feasibility of a plant breeding strategy, it is

imperative to address five core questions.

FIVE KEY QUESTIONS

1. Is it scientifically feasible to breed for

staple food varieties whose seeds are

micronutrient-dense?

At least three cases of agricultural research

projects in developed countries have success-

fully manipulated the efficiency of mineral

29



uptake of plants and the mineral content of

plant seeds, all of which have been commer-

cially successful. In Australia, zinc-dense wheat

varieties developed at the University of Ade-

laide are already being grown on a commer-

cial basis. In the United States, an iron-efficient

soybean has been developed to overcome

problems of iron-deficient soils, and cad-

mium levels in durum wheats have been

reduced through plant breeding so as to meet

quality standards in countries importing U.S.

wheat.

The Australian wheat strategy was moti-

vated by previous, more basic scientific re-

search at the Waite Agricultural Research

Institute involving the trace minerals man-

ganese and copper. The prior research sug-

gested that genetic variation in the uptake

and grain content of manganese, copper, and

other microelements was associated with tol-

erance to low availability of the elements in

the soil.

2. What effect will breeding for

micronutrient-dense seeds have 

on plant yields? Will farmers adopt 

such varieties?

Good nutrition balance is as important to

disease resistance and stress tolerance in plants

as it is in humans. Efficiency in the uptake of

mineral micronutrients from the soil is associ-

ated with disease resistance in plants, which

leads to decreased use of fungicides. Micro-

nutrient deficiency in plants greatly increases

their susceptibility to diseases, especially fun-

gal root diseases of the major food crops.

Breeding for micronutrient efficiency can con-

fer previously unattainable resistance to root

diseases. This means a lower dependence on

fungicides, where they are already being used.

Micronutrient-efficient varieties grow deeper

roots in mineral-deficient soils and are better

at tapping subsoil water and minerals. When

topsoil dries, roots in the dry-soil zone (which

are the easiest to fertilize) are largely deacti-

vated, and the plant must rely on deeper roots

for nutrition. Roots of plant genotypes that

are efficient in mobilizing surrounding exter-

nal minerals are not only more disease resis-

tant but are better able to penetrate deficient

subsoils and make use of the moisture and

minerals contained in subsoils. This reduces

the need for fertilizers and irrigation. Plants

with deeper root systems are more drought

resistant. Micronutrient-dense seeds are asso-

ciated with greater seedling vigor, which in

turn is associated with higher plant yield.

A significant percentage of the soils in

which staple foods are grown are deficient

in these trace minerals, which has kept crop

yields low. In general, these soils do in fact

contain high amounts of trace minerals,

enough for hundreds or thousands of crops.

However, because of chemical binding to other

compounds, these trace minerals are unavail-

able to staple crop varieties presently used.

Depletion of trace minerals from soils may

never occur at all, owing to various inadver-

tent additions.

Therefore, the traits of efficiency of uptake

of trace minerals from the soil and of loading

those trace minerals into the seed are compat-

ible with breeding for high yields. Farmers

motivated by profit can be expected to adopt

genotypes with trace mineral–dense seeds.

3. Will breeding for micronutrient-

dense seeds change the processing 

or consumer characteristics 

of staple foods?

Mineral micronutrients comprise a tiny frac-

tion of the physical mass of a seed, perhaps

10 parts per million. Dense seeds may contain

perhaps as many as 50 parts per million. Such
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small amounts should not alter the appearance,

taste, texture, or cooking quality of foods.

4. Will micronutrient intakes be increased

to a significant degree? To what extent

will the extra micronutrients in staple

foods consumed be bioavailable?

For poor populations, whose low incomes

preclude the consumption of desired levels of

nonstaple foods, the consumption of food sta-

ples dominates diets. For example, primary

food staples provide in the range of 40–55 per-

cent of total iron intakes for lower-income

households. If a single food staple (e.g., rice in

Bangladesh) provides 50 percent of total iron

intakes for a poor population, then doubling

the iron density in that food staple will result

in a 50 percent increase in total iron intakes.

Iron intakes for low-income women in

developing countries range between 50 and

75 percent of recommended daily allowances.

Despite well-known difficulties with deter-

mining useful benchmarks for recommended

daily allowances of iron, it would seem evi-

dent that a 50 percent increase in intakes of

bioavailable iron would be of considerable

benefit to anemic women with such low iron

intakes.

A key issue, then, is whether the percent-

age of bioavailability of the extra iron con-

tained in nutritionally improved food staples

will remain constant or decline. A high prior-

ity is to investigate this issue in iron-deficient

human subjects in a developing country. A

second key issue is the range of genetic diver-

sity in iron density that can be identified for

use in breeding programs, which will deter-

mine the maximum level to which trace

mineral density can be increased. Germplasm

screening thus far suggests that the trace

mineral content of cereals can be doubled at

minimum.

A breeding strategy of lowering the level of

inhibiting substances (antinutrients such as

phytates) in the grain has often been sug-

gested as a way to increase the bioavailability

of minerals already consumed. Phytin, the

primary storage form of phosphorus in most

mature seeds and grains, is an important com-

pound required for early seed germination

and seedling growth. Phytin plays an impor-

tant role in determining the mineral reserves

of seeds and thus contributes to the viability

and vigor of the seedling. Selecting for seed and

grain crops with substantially lower phytin

content could have an unacceptable effect on

production, especially in regions of the world

with soils of low phosphorus status or poor

micronutrient fertility (Graham and Welch

1996).

The optimal breeding strategy from the

point of view of bioavailability may be to in-

crease levels of promoter compounds such

as amino acids, peptides, or polysaccharides.

Certain amino acids (cysteine, lysine, and

particularly methionine) enhance iron and/or

zinc bioavailability (Hallberg 1981). These

amino acids occur in many staple foods, but

their concentrations are lower than those

found in meat products. A modest increase

in the concentrations of these amino acids in

plant foods may have a positive effect on the

bioavailability of trace minerals in humans.

These amino acids are essential nutrients for

plants as well as for humans, so relatively small

increases in their concentrations in plant tis-

sues should not have adverse consequences

on plant growth.

5. Are there other lower-cost, more easily

sustainable strategies for reducing

micronutrient malnutrition?

Unlike the continual financial outlays re-

quired for supplementation and fortification
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programs, a onetime investment in breeding-

based solutions can yield micronutrient-rich

plants for farmers to grow around the world

for years to come. It is this multiplier aspect of

biofortification across time and distance that

makes it so cost-effective (Table 1).

In an analysis of commercial fortification,

Horton and Ross (1999) estimate that the

present value of each annual case of iron defi-

ciency averted in South Asia is approximately

$20. Consider the value of 1 billion cases of

iron deficiency averted in years 16–25 after a

biofortification research and development

project was initiated. The nominal value of

$20 billion (1 billion cases times a value of $20

per case) must be discounted because of the

lags involved between the time that invest-

ments are made in biofortification and when

benefits are realized. At a 3 percent discount

rate, the present value would be approxi-

mately $10 billion; at a 12 percent discount

rate, the present value would be approximately

$2 billion (see Hunt 2002).

These calculations count no benefit to those

with anemia whose hemoglobin concentra-

tions indicate an improvement in iron status

but not to the extent that they are no longer

considered anemic. Iron-biofortified crops

would reach more than 1 billion such iron-

deficient people each year, under an assump-

tion of a 25 percent spread of these bioforti-

fied varieties in developing countries, or more

than 10 billion iron-deficient people over a

decade. Biofortified crops would also reach

those who are iron-sufficient but whose iron

stores would be increased.

If $150 million in discounted investments

were spent on developing, testing, disseminat-

ing, and maintaining iron-biofortified food

staples, under the previously stated scenario

the cost would be 15 cents for each case of

iron deficiency averted ($150 million divided

by 100 million cases averted) and 1.5 cents for

each iron-deficient person reached ($150 mil-

lion divided by 1 billion iron-deficient people

reached). As a basis for comparison, the cost

of commercial fortification is 10 cents per

person reached, whether the person is iron

deficient or not, which is equivalent to about

20 cents per iron-deficient person reached.

The cost of iron supplementation is $2 per

iron-deficient person reached.3

High-iron and high-zinc traits appear to be

genetically linked. Thus, it should be rela-

tively easy to breed high-iron and high-zinc

varieties simultaneously. The previous calcu-

lations above do not take into account any

human nutrition benefits from increased zinc
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TABLE 1 How much nutrition an $80 million investment can buy, by intervention

Supplementation Fortification Plant breeding / biofortification

Provides vitamin A supplementation
to 80 million women and children
in South Asia for two years, 1 in
15 persons in the total population,
at a cost of 25 cents for delivery
of each pill, each effective for six
months.

Provides iron fortification
to 33 percent of the
population in South Asia
for two years. Cost of
fortification is estimated 
at 10 cents per person per
year.

Develops six nutrient-dense staple
crops for dissemination to all the
world’s people for consumption
year after year. This includes
dissemination and evaluation of
nutritional impact in selected
countries.

3 Commercial fortification delivers a higher dose

of iron than biofortification under what is cur-

rently thought possible using conventional breed-

ing. Supplements, of course, deliver an even higher

dose than commercial fortification.



intake, nor do they reflect the improved pro-

ductivity that can be expected due to higher

loading of zinc into seeds. And, of course, the

calculations do not count any benefits prior

to year 16 or after year 25, even though bio-

fortified varieties would be available before

and after these years.

PROGRESS WITH RICE USING

CONVENTIONAL BREEDING

The CGIAR Micronutrients Project is a mul-

tidisciplinary effort among plant scientists,

human nutritionists, and social scientists at

seven collaborating institutions: the Interna-

tional Center for Tropical Agriculture (CIAT),

International Maize and Wheat Improvement

Center (CIMMYT), IFPRI, and IRRI within

the CGIAR; the Waite Agricultural Research

Institute, University of Adelaide, in Australia;

and the U.S. Department of Agriculture–

Agriculture Research Service’s Plant, Soil,

and Nutrition Laboratory (PSNL), located at

Cornell University.

The general objective of the project, which

began research in 1995, is to assemble the

package of tools that plant breeders will need

to produce mineral- and vitamin-dense culti-

vars. The target crops are rice, wheat, maize,

Phaseolus beans, and cassava. The target micro-

nutrients are iron, zinc, and vitamin A. For

these crops and nutrients, this project is con-

ceived as a prebreeding study to determine

• the range of genetic variability available for

exploitation by future breeding programs,

• the bioavailability of micronutrients con-

tained in the grain (or root) of the best

selections,

• the genetics and the physiology or bio-

chemistry of selected traits, and

• screening protocols for use in later breeding

programs.

Encouraging research results to date can be

summarized as follows (Graham, Welch, and

Bouis 2001):

• Adequate genetic variation in concentra-

tions of beta-carotene, other functional

carotenoids, iron, zinc, and other minerals

exists in the major germplasm banks to

justify selection.

• Micronutrient-density traits are stable across

environments.

• In all crops studied, it is possible to combine

the trait for high micronutrient density

with the trait for high yield, unlike the traits

for protein content and yield, which are

negatively correlated.

• Genetic control is simple enough to make

breeding economic.

• It will be possible to improve the content

of several limiting micronutrients together,

thus pushing populations toward nutritional

balance.

• Bioavailability of the extra nutrient in elite

breeding lines is high for rats and, where

the density is high enough for the test, also

for human colon cell lines. Tests on human

populations are now a high priority.

With respect to rice, iron density in un-

milled rice varied from 7 to 24 parts per mil-

lion (ppm, or mg kg–1) and zinc density from

16 to 58 ppm. A benchmark was established

in that nearly all the widely grown Green Rev-

olution varieties were similar, about 12 and

22 mg kg–1 for iron and zinc, respectively.

The best lines discovered in the survey of the

germplasm collection were therefore twice as

high in iron and 2.5 times as high in zinc as the

most widely grown varieties today. High iron

and, to a lesser extent, high zinc concentra-

tions were subsequently shown to be linked to

the trait of aromaticity. Most aromatic rice

varieties such as jasmine and basmati are high
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in both iron and zinc and are generally high in

most minerals (Graham et al. 1999). The close

linkage to aroma suggests that iron density

in rice expresses as a single gene trait since

aroma is itself controlled at a single locus. As

in other crops, these micronutrient-density

traits have been combined with high yield.

A promising aromatic variety, designated

IR68-144 and already being tested at IRRI

because of its superior agronomic and con-

sumer characteristics, was found to be high in

iron. This aromatic variety has approximately

80 percent more iron (after milling) than stan-

dard IRRI releases. It is early maturing, high

yielding, and disease resistant. Bioavailability

tests using rat models and in vitro techniques

are promising. The ADB and USAID are cur-

rently funding this development work.
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BREEDING FOR IRON-DENSE RICE 

IN BANGLADESH

K.A. KABIR, M. HAQUE, M.A. HOSSAIN,

S.S. DIPTI, AND I. TETENS

ABSTRACT

Fifty rice varieties collected under different

categories from various sources were grown

at the BRRI field during the 2001 transplant

aman season ( July–November). Precautions

were taken during harvest and processing to

prevent mineral contamination. All samples

were hand-pounded before being analyzed

for iron and zinc content.

The iron and zinc content varied consider-

ably within the different categories of rice

measured. Overall, the local varieties had a

higher content of iron and zinc than high-

yielding varieties. Furthermore, the present

study confirms that the aromatic rice varieties

in general have higher iron and zinc content

than non-aromatic rice varieties. A positive

correlation between the iron and zinc con-

tent of milled rice was found in the varieties

measured.

Based on preliminary iron and zinc data,

the researchers selected about 34 varieties as

parent materials for use in the breeding pro-

gram. The Breeding Division of BRRI has

undertaken a crossing program to incorporate

or accumulate iron-density regulatory genes

in popular modern varieties of rice.

INTRODUCTION

Rice, the staple food for the Bangladeshi

people, will continue to hold its predominant

position in the nation’s diet in the future. In

Bangladesh, rice alone constitutes 92 percent

of the total food grains produced annually.

It provides about 80 percent of the people’s

energy intake (Tetens et al. 2003), the major-

ity of their protein intake, and a considerable

proportion of several micronutrients in their

average daily diet (Hels et al. 2003). Further-

more, rice is the only major source of several

micronutrients (especially iron and zinc)

among the part of the population that has

limited access to animal foods.

Despite rice’s prominence in the Bangla-

deshi diet and its position as a significant

source of micronutrients for distinct parts of

the population, it delivers low levels of bio-

available iron. The source of iron in rice,
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nonheme iron, has low bioavailability, and

most of the iron in rice is bound to phytates,

which inhibit iron absorption. These con-

ditions in rice equate to a level of iron bio-

availability of 1–2 percent.

In rural Bangladesh, iron deficiency, which

hinders growth and development in early child-

hood and during pregnancy and lactation, is

significant among certain population groups.

Approximately 50 percent of pregnant women,

45 percent of nonpregnant women, and 53 per-

cent of children below 5 years of age suffer

from iron deficiency.

Based on these facts, the researchers have

developed a strategy to increase the concentra-

tion of iron in rice, with the aim of engi-

neering high-yielding, iron-dense rice varieties

(Graham, Senadhira, and Ortiz-Monasterio

1997; Gregorio, Senadhira, and Htut 1999)

adapted to growing environments in different

parts of Bangladesh.

METHODS AND MATERIALS

For this study, the 50 rice varieties collected

from different sources fall under the following

categories: high-yielding varieties (HYVs, of

which 14 were collected), HYV aromatic vari-

eties (3), local popular varieties (6), local aro-

matic varieties (16), and imported varieties (11).

All 50 rice varieties were grown at the BRRI

field during the 2001 transplant aman season

( July–November). Precautions to avoid iron

contamination were taken during the crop

harvest, which took place from the end of

November to early December 2001. Rice sam-

ples for mineral analyses were milled by

wooden mortar and pestle at BRRI, with spe-

cial care taken to ensure that all rice was milled

to the same degree. The samples were sent to

Australia to Waite Analytical Service, Depart-

ment of Plant Science, University of Adelaide,

for analysis of iron and zinc content.

RESULTS AND DISCUSSION

The iron content and zinc content of milled

HYVs of non-aromatic rice are presented in

Table 1. Among the 14 HYVs, the iron content

varied between 5.50 and 10.00 mg/kg. BR11

had the lowest and BRRI Dhan 40 had the

highest iron content. Of the 14, the zinc con-

tent varied from 15.33 to 24.43 mg/kg, with

BR23 having the lowest and BRRI Dhan 30

having the highest. The average (± SD) values

of iron and zinc content in these HYVs were

7.88 (± 1.29) and 19.29 (± 2.93), respectively.

The iron content among the three aromatic

HYVs listed in Table 2 ranged from 10.26 to

11.22 mg/kg, and the zinc content varied from

19.70 to 21.72 mg/kg.

The iron and zinc content of the six local

non-aromatic rice varieties is presented in

Table 3. Among the six local rice varieties,
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TABLE 1 Iron and zinc content of 

high-yielding non-aromatic rice varieties

Variety Iron (mg/kg) Zinc (mg/kg)

BR4 7.88 21.40

BR10 8.77 21.32

BR11 5.50 15.39

BR22 7.77 21.68

BR23 6.71 15.33

BR25 6.59 17.52

BRRI Dhan 30 8.77 24.43

BRRI Dhan 31 7.81 19.57

BRRI Dhan 32 6.90 17.33

BRRI Dhan 33 6.64 22.21

BRRI Dhan 37 8.68 18.41

BRRI Dhan 39 9.51 22.20

BRRI Dhan 40 10.00 17.43

BRRI Dhan 41 8.80 15.86

Mean 7.88 19.29

SD 1.29 2.93



Binni rice had the highest content of iron

(11.31 mg/kg) and of zinc (27.30 mg/kg),

whereas Rajasail had the lowest value of iron

(7.25 mg/kg) and of zinc (18.33 mg/kg).

Among the 16 local aromatic rice varieties

listed in Table 4, the iron content ranged

from 9.34 mg/kg in Barisal Kataribhog to

16.94 mg/kg in Kalosail. The zinc content

ranged from 20.09 mg/kg in Barisal Kalijira to

36.56 mg/kg in Jira Katair.

The iron and zinc content levels of the six

imported aromatic rice varieties are presented

in Table 5. The iron content of the varieties

varied between 8.43 and 14.05 mg/kg, with the

highest iron content found in Basmati super

and the lowest found in Basmati 385. The zinc

BREEDING FOR IRON-DENSE RICE IN BANGLADESH 37

TABLE 2 Iron and zinc content of 

high-yielding aromatic rice varieties

Variety Iron (mg/kg) Zinc (mg/kg)

BR5 10.26 20.31

BRRI Dhan 34 11.22 21.72

BRRI Dhan 38 10.34 19.70

Mean 10.61 20.58

SD 0.53 1.03

TABLE 3 Iron and zinc content of local

non-aromatic rice varieties

Variety Iron (mg/kg) Zinc (mg/kg)

Pajam 9.18 21.71

Nizersail 10.24 20.51

Rajasail 7.25 18.33

Latasail 11.19 19.88

Binni 11.31 27.30

Ranga binni 10.32 25.67

Mean 9.91 22.23

SD 1.52 3.51

TABLE 4 Iron and zinc content of local

aromatic rice varieties

Variety Iron (mg/kg) Zinc (mg/kg)

Kalijira 10.56 24.69

Chinigura 10.31 24.30

Barisal Kataribhog 9.34 20.94

Kalosail 16.94 26.90

Begarhat local 11.52 35.67

Bogra Kalosail 9.89 25.43

Sakkurkhora 10.11 26.51

Jira Katair 13.56 36.56

Kataribhog (232) 10.92 20.71

Kataribhog (4363) 11.09 20.58

Sada sailla 13.01 25.61

Surjomukhi 11.82 21.46

Chiniatap 10.51 24.02

Barisal Kalijira 10.21 20.09

Lalsailla 10.20 25.43

Jeera 9.60 22.32

Mean 11.22 25.08

SD 1.91 4.86

TABLE 5 Iron and zinc content of

imported aromatic rice varieties

Variety Iron (mg/kg) Zinc (mg/kg)

Basmati 370 11.24 26.34

Basmati 385 8.43 23.52

Basmati 386 9.35 25.50

Colonel Basmati 12.06 26.30

Basmati super 14.05 27.74

Shadi 12.36 27.30

Mean 11.25 26.07

SD 2.31 1.67



content varied from 23.52 to 27.74 mg/kg,

with Basmati super again containing the high-

est content and Basmati 385 again containing

the lowest.

Among the five IRRI varieties listed in

Table 6, the iron content varied between

8.04 mg/kg in variety IR72 and 11.75 mg/kg

in the Milagrosa variety. The zinc content

varied from 20.46 mg/kg in variety IR64 to

31.33 mg/kg in variety IR68144. The average

values of iron and zinc content in these va-

rieties are 10.25 mg/kg and 25.81 mg/kg,

respectively.

The summary of the analysis is presented

in Table 7. Mean iron and zinc content varied

from 7.88 to 11.25 mg/kg and from 19.29 to

26.07 mg/kg, respectively. Imported aromatic

varieties had the highest iron and zinc content

followed by local aromatic varieties.

A positive correlation was found between

the iron and zinc content of all the milled rice

(Figure 1). Based on preliminary data on iron

and zinc content, 34 varieties were selected

for use as parent materials in the breeding 

program. The Breeding Division of BRRI has

begun a crossing program to incorporate 

or accumulate iron-density regulatory genes

in popular modern varieties of rice. All the

local varieties and some HYVs are photo-

period sensitive, flowering only during October–

November in Bangladesh. To generate an F
2

population within the 2002 period, two crops

must be grown and thus special tech-

niques must be applied to induce flowering.

F
2

population will be generated from these

crosses, and selected plants will be bulked for

advanced generation in the future. Advanced

lines obtained through hybridization will be

screened for high iron content, high zinc

content, and other acceptable agronomic char-

acters directly from the F
4

generation. The

present study showed a positive correlation

between the content of iron and zinc, which

indicates that no separate breeding program

is required for the development of high-zinc

rice varieties.
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TABLE 6 Iron and zinc content of some

rice varieties obtained from IRRI

Variety Iron (mg/kg) Zinc (mg/kg)

Milagrosa 11.75 25.26

IR68144 11.47 31.33

Azucena 11.13 28.40

IR64 8.87 20.46

IR72 8.04 23.38

Mean 10.25 25.81

SD 1.68 4.22

TABLE 7 Iron and zinc content of different categories of rice variety

Rice category N Iron ± SD (mg/kg) Zinc ± SD (mg/kg)

BRRI HYV non-aromatic rice 14 7.88 ± 1.29 19.29 ± 2.93

BRRI HYV aromatic rice 3 10.61 ± 0.53 20.56 ± 1.03

Local non-aromatic rice 16 9.91 ± 1.52 22.23 ± 3.51

Local aromatic rice 16 11.22 ± 1.91 25.08 ± 4.86

Imported aromatic rice 6 11.25 ± 2.31 26.07 ± 1.67

IRRI rice 5 10.25 ± 1.68 25.81 ± 4.22

Note: Values are mean ± standard deviation.



CONCLUSION

The development of iron-dense rice varieties

in Bangladesh may be a suitable strategy to

help eradicate the high prevalence of iron-

deficiency anemia there, especially among

children and pregnant and lactating mothers.

The present study shows a considerable range

in the iron content and zinc content of dif-

ferent categories of Bangladesh-grown rice.

The results indicate that the content of iron

and zinc is higher in the local rice varieties than

in the high-yielding rice varieties and that aro-

matic rice varieties tend to have a higher con-

tent of these two micronutrients than do the

non-aromatic varieties. The iron content in

milled rice is closely correlated with the zinc

content.
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RICE IN THE BANGLADESHI CONTEXT:

CONSUMPTION, PREFERENCES, AND

CONTRIBUTION TO ENERGY INTAKE 

AND SATIETY

I . TETENS AND S.H. THILSTED

ABSTRACT

In rural Bangladesh, average rice consump-

tion per capita has remained almost constant

for the past two decades. Rice contributes

about 80 percent of total daily energy intake

with no significant variations among seasons,

sex, or age groups. Surveys have shown that

the Bangladeshi rural people prefer specific

rice varieties for different purposes. While

price is a very important determinant for the

preference for specific rice varieties, other de-

terminants such as taste and satiety capacity

of rice varieties are also significant.

INTRODUCTION

The old Bangladeshi proverb “Fish and rice

make a Bengali” more than indicates the im-

portance of these two food items for Bangla-

deshis. Quantitatively, rice constitutes by far

the largest part of the diet and thereby con-

tributes the largest proportions of energy and

protein.

Earlier national surveys in rural Bangladesh

showed that the average daily consumption of

rice ranged from about 450 g to 510 g of raw

rice per day per consumption unit4 (Ahmad

and Hassan 1983). Comparisons with more

recent surveys suggest that this average intake

has remained almost constant throughout the

past two decades, even though seasonal and

regional differences in rice consumption still

appear ( Jahan and Hossain 1998; Hels et al.

2003).

Our recent study confirmed earlier find-

ings that the energy contribution from rice

is around 80 percent of total daily energy

intake in all age groups, excluding children

under 3 years of age. No differences in energy

contribution from rice were found between

seasons, but a significantly higher energy con-

tribution from rice (p < 0.05) was found in

the Mymensingh district compared with the

Manikganj district. The Mymensingh district

can be characterized as a district with a

40

4 A consumption unit (CU) is defined as an indi-

vidual present at all meals served in the household.

Food intake is calculated as the total consumption

of each food in all households divided by the total

number of CUs in the households (FAO 1967).



modern rice production system, whereas the

Manikganj district has a more traditional rice

production system, suggesting that production

is an important determinant of consumption.

Changes in the amount of rice and the types

of rice eaten have the potential to affect the

contribution of rice to total energy intake to

a considerable degree.

RICE PREFERENCES IN 

RURAL BANGLADESH

The physicochemical characteristics of the rice

varieties preferred in Bangladesh have been

described as long, slender rice grains with high

amylose content, low to intermediate gela-

tinization temperature, soft-gel consistency,

and high imbibition ratio (Choudhury 1973;

Unnevehr, Duff, and Juliano 1992; Juliano

and Billareal 1993). Most of the rice con-

sumed in Bangladesh is parboiled.

In an attempt to study further the reasons

for these rice preferences, we conducted in

collaboration with IFPRI a rice preference

study as part of a bigger agricultural produc-

tion and food intake survey. The heads of 931

households in three rural areas were asked

about their preferences for modern high-

yielding varieties (HYVs) of rice as compared

with traditional local rice varieties, for specific

target groups and occasions. Next, the indi-

viduals were asked to give reasons for their

preferences. The results showed distinct pat-

terns of preferences of rice depending on the

purposes of use (Table 1). HYVs, which are

cheaper than local rice varieties, were mainly

preferred by daily laborers and during peri-

ods of food shortage. This indicates that the

price of rice is a crucial factor for consump-

tion (Table 1).

The majority of respondents (77 percent)

preferred traditional local rice varieties for

special occasions. The reasons for the prefer-

ences showed a clear pattern and pointed to

three distinct major determinants for the rice

preferences: price, taste, and satiety capacity

(Table 2).

The conclusions of this study are that Ban-

gladeshis have very clear concepts of their

own preferences for rice, the main constituent

of their daily diet. Another important finding

was that, in this setting, questionnaires seem

to be a suitable research tool for obtaining

information on rice preferences.

With the rice preferences known, our next

step was to match this information with the

physicochemical characteristics of Bangladeshi

rice (Tetens et al. 1997). This led to a series of

studies showing that selected physiological

effects (measured as the glycemic index) vary

considerably with rice variety and rice pro-

cessing (Larsen 1999).

SATIETY AS A QUALITY PARAMETER

Satiety is defined as the state where there is

little or no general drive or motivation for

eating. Satiety can be categorized as acute or

long-term, covering the time of eating during

the meal and the time between two meals,

respectively (Blundell 1979). Based on the

results from human glycemic index studies,

we selected two Bangladeshi rice varieties,
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TABLE 1 Preferences for modern HYVs

or local rice varieties (LOCAL) for specific

purposes among heads of household (n = 931)

in rural Bangladesh

Rice preferences HYV LOCAL

For daily laborers 80% 20%

For preschool children 59% 41%

During food shortage 83% 17%

For special occasions 23% 77%



Ranga binni and BR11, that differed mainly

with respect to amylose content and sticki-

ness (Table 3).

A study was designed to test whether these

two rice varieties differed with respect to their

satiety capacity. On two separate days, 23

healthy Bangladeshi men (with a mean age of

40 ± 11.7 years SD) participated in the study,

whereby they were assigned to one of the two

rice varieties in a cross-over design. With this

design, each subject served as his own control.

All men fasted overnight before breakfast was

served in the morning. The breakfast con-

sisted of cooked rice and a spicy vegetable

sauce in amounts carefully calculated to pro-

vide the same amounts of cooked rice per

kilogram of body weight for each individual.

After five hours, lunch, consisting of the 

same rice variety as in the morning meal, was

served ad libitum until each individual

reached full satiety. Each subject’s consump-

tion was carefully measured. The energy

intake from Ranga binni (the low-amylose

rice) was significantly higher than that from

BR11 (the high-amylose rice), suggesting that

the satiety capacity of low-amylose rice is

considerably lower than that of high-amylose

rice.
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TABLE 2 Main reasons for preferences of specific rice varieties for different occasions among

heads of households (n = 931) in rural Bangladesh

Percentage of heads of households

Rice preferences Main reasons giving each reason

For daily laborers Stays longer in stomach 39

Allows one to do harder work 28

Is cheaper 20

For preschool children Easily digestible 33

Better taste 21

Gives body strength 17

During food shortage Is cheaper 45

Stays longer in stomach 27

For special occasions Guests like it 48

Better taste 39

Good flavor 23

TABLE 3 Characteristics of the two 

rice varieties in the study of satiety and

Bangladeshi rice

Ranga binni BR11

Size and shape Medium bold Medium bold

Approximate 7.6 26.5
amylose 
content (%)

Protein content 9.6 8.2
(%)

Cooking time 13.5 16.5
(minutes)

Stickiness Highly sticky Nonsticky

Volume expansion 3.5 3.8
ratio

Dry matter of 33.6 28.1
cooked rice (%)



These preliminary results need to be con-

firmed in further studies, including other

settings and population groups, before the

satiety capacity of a certain rice variety can

be included as a quality parameter in breeding

programs for new rice varieties.

CONCLUSION

In rural Bangladesh, rice contributes about

80 percent of the total energy intake. Bangla-

deshi rural people have distinct preferences

for specific rice varieties for different pur-

poses. Price is still a very important determi-

nant of rice preference, but other determinants

such as the taste and satiety capacity of rice

varieties are also significant. To ensure the

successful introduction of new rice varieties,

indicators for consumer preferences should

be further developed and incorporated into

breeding programs.
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DIETARY DIVERSITY IN BANGLADESH:

EVIDENCE FROM THE NUTRITIONAL

SURVEILLANCE PROJECT

H. TORLESSE, H. MOESTUE, A. HALL, S. DE PEE,

L. KIESS, AND M.W. BLOEM

ABSTRACT

Recent surveys show that about half of pre-

school children and mothers in rural Bangla-

desh are undernourished. Households consume

low-quality diets with little diversity because

they lack the resources to grow or purchase

micronutrient-rich foods. The low dietary

intake of micronutrients has negative conse-

quences for child growth and development

and for women’s health and productivity.

This chapter explores the quality and di-

versity of the diet in rural Bangladesh and

examines some determinants and outcomes

of dietary quality and diversity using surveil-

lance data collected by the NSP. The analysis

used data that the NSP collected on preschool

children, mothers, and their households dur-

ing 66 rounds of data collection in rural Ban-

gladesh between January 1991 and December

2001.

Data from 1999–2001 show that both the

frequency and the diversity of nonrice food

intake in rural Bangladesh are low. When

rice prices fall, functionally landless households

are able to spend more on nonrice foods.

As household expenditure on nonrice foods in-

creases, the frequency and diversity of non-

rice foods in the household diet increase,

and the percentage of underweight children

decreases. Fewer than 10 percent of rural

households have improved or developed

homestead gardens; in 2000 these households

consumed nonrice foods more frequently and

had a more diverse diet than households with

traditional homestead gardens or no gardens

at all.

NSP findings show that dietary quality,

including diversity of diet, is an important

factor contributing to nutritional status in

Bangladesh. Homestead gardening has the

potential to improve the nutritional status of

household members, but traditional garden-

ing practices need to be developed so that

households produce a wide variety of vegeta-

bles and fruits throughout the year. The NSP

has 12 years of experience in nutritional sur-

veillance and can provide the mechanism to

monitor and evaluate the impact of policies

and programs on nutrition and food security.
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INTRODUCTION

The prevalence of undernutrition in Bangla-

desh is higher than in any other country in the

world not experiencing overt famine (Bennish

and Ronsomans 1992). Recent surveys con-

ducted by the NSP of HKI and the IPHN have

shown that over 50 percent of Bangladeshi

children are stunted (HKI/IPHN 2001a) and

45 percent of their mothers are undernour-

ished (HKI/IPHN 2001b). Also common are

micronutrient deficiencies, including iron

deficiency, the leading cause of anemia in the

country, which affects one-half of pregnant

women and preschool children and one-third of

older children, adolescents, and nonpregnant

women of childbearing age (HKI/IPHN 2002).

The past decade has seen a modest improve-

ment in nutritional status (HKI/IPHN 2001a);

nevertheless, the high prevalence of under-

nutrition is a clear sign that much more needs

to be done.

Efforts to improve nutritional status often

involve agriculture because dietary intake is a

determinant of nutritional status, and agri-

culture provides both food and income to pur-

chase food. In Bangladesh the agriculture

sector has made substantial gains in increasing

rice production over the past three decades

(Ahmed and Haggblade 2000). However, agri-

cultural policies have not been directed spe-

cifically at households, which still lack the

resources needed to grow or purchase enough

micronutrient-rich foods, such as animal foods,

fortified products, fruits, and vegetables. The

low intake of micronutrient-rich foods has

important implications for nutritional status

because deficiencies of several micronutrients,

including iron, zinc, and vitamin A, are linked

with poor growth and development (Allen

1994). This chapter uses surveillance data col-

lected by the NSP over 12 years to explore the

quality and diversity of the diet in rural Bangla-

desh and to examine some determinants and

outcomes of the dietary quality and diversity.

THE NUTRITIONAL 

SURVEILLANCE PROJECT

Since its inception in 1990, the NSP has been

an independent source of high-quality data

for policymakers and program managers in

many development fields, including agricul-

ture, nutrition, health, disaster management,

and poverty alleviation. NSP data are used to

estimate the prevalence and severity of under-

nutrition in the country, advocate for emer-

gency relief and development efforts, moni-

tor progress toward development goals and

trends in rural development, and monitor and

evaluate programs.

As one of the longest-running surveillance

systems in a developing country, the NSP now

has a dataset that exceeds 600,000 households.

The sampling design was revised in 1998 to

provide data that are representative at the divi-

sional and national levels. Data are collected

from 9,000 households every two months by

NGO partners, with quality control, analysis,

and dissemination provided by HKI and IPHN.

These data include indicators of the nutri-

tional and health status of children and their

mothers, food consumption patterns, access

to safe drinking water and sanitary facilities,

agricultural (food) production, household food

security, and socioeconomic status. By collect-

ing data on this broad range of indicators, the

NSP is able to link information on manifesta-

tions of child and maternal undernutrition

with information on the direct determinants

of undernutrition (dietary intake and disease)

as well as the underlying determinants (house-

hold food security, child care practices, health

environment and health services).
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The NSP data include indicators, determi-

nants, and outcomes of dietary quality and

diversity. The NSP data collectors ask mothers

to recall the quantity of rice, wheat, and oil

consumed by the household in the previous

week and the number of days that household

members ate common nonrice foods in the

previous week. These nonrice foods include

fish, eggs, lentils, green leafy vegetables, and

yellow or orange fruits or vegetables. Intake

of a particular nonrice food is considered

“regular” if it was consumed by one or more

household members on at least four days in

the previous week. An indicator of dietary

diversity is derived by calculating the number

of the previously mentioned common nonrice

foods that a household member ate at least

once during the previous week.

Indicators of Dietary Diversity

Weekly rice consumption per household mem-

ber has declined slightly from about 3.2 kg

in 1992 to 2.9 kg in 2000, but it still accounts

for the bulk of household energy intake.

Between 1999 and 2001 fewer than 20 percent

of households ate green leafy vegetables or

yellow or orange fruits or vegetables regularly

in the previous week. In 2000, 31 percent of

children aged 24–59 months ate fewer than

three of the common nonrice foods in the

previous week. These findings indicate that

both the frequency and diversity of nonrice

food intake are low.

The percentage of households consuming

fish, green leafy vegetables, and yellow or

orange fruits or vegetables at least four days

of the previous week varies seasonally, peak-

ing in December for fish and green leafy vege-

tables and in June for yellow or orange fruits

or vegetables. This seasonal variation in dietary

intake reflects the agricultural calendar and

underscores the importance of collecting data

every two months.

Since December 2001, the NSP has col-

lected nationally and divisionally representa-

tive data on daily energy intake per household

member using the seven-day list-recall method

(Gibson 1990). With software developed by

HKI, data on the quantity of all beverages and

food consumed by household members in the

previous seven days are converted to a value

of energy intake per household member. NSP

data from December 2001 indicate a wide

geographical variation in the percentage of

households consuming less than 1,800 kilo-

calories per person daily, from 13 percent in

Rajshahi division to 35 percent in Barisal dis-

trict. It is also expected that there will be a

seasonal variation in energy intake.

Although the micronutrient content of a

diet tends to increase with the amount of

energy it contains, this is not always true. A

diet containing adequate energy may lack suf-

ficient micronutrients. As total energy intake

is not necessarily a good indicator of dietary

quality, the NSP data on household energy

intake will be used to derive better indicators of

dietary quality (e.g., the percentage of energy

intake provided by nonrice foods such as fruits,

vegetables, and animal foods). It will also be

possible to determine whether the household

diet contains sufficient micronutrients, such

as vitamin A and iron.

Implications of Rice Price for Dietary

Diversity and Nutritional Status

Among functionally landless households5 in

rural Bangladesh, the percentage of under-

weight children in June each year between

1992 and 2000 was negatively correlated with

mean household expenditure on nonrice foods

(p < 0.001). To confirm that increased house-
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hold expenditure on nonrice foods was asso-

ciated with increased consumption of nonrice

foods and a more diversified diet, the relation-

ship between household food expenditure

and the frequency with which household

members consumed nonrice foods was exam-

ined. Analysis of data collected in June 2000

revealed that functionally landless households

that spent more on nonrice foods consumed

nonrice foods more frequently (p < 0.01) and

had a more diverse diet (p < 0.001) than house-

holds that spent less (Torlesse, Kiess, and

Bloem 2003). The findings therefore suggest

that dietary quality and diversity are impor-

tant factors contributing to the nutritional

status of children in Bangladesh.

Functionally landless households lack the

resources they need to grow and purchase

sufficient food of adequate quality. These

households spend much of their household

food expenditure on rice, a cheap source of

energy. In the 1990s, during periods of wide

fluctuations in the price of rice, household

rice consumption remained remarkably sta-

ble, causing wide fluctuations in household

expenditure on rice. As the price of rice and

the household expenditure on rice fell, func-

tionally landless households were found to

spend more on nonrice foods (Torlesse, Kiess,

and Bloem 2003). These findings suggest that

the price of rice affects child nutritional sta-

tus in rural Bangladesh because it determines

how much money poor households can

spend on nonrice foods and consequently

affects the quality and diversity of the house-

hold diet.

Homestead Gardening and Dietary Diversity

Homestead gardening has the potential to im-

prove household food security and the house-

hold diet, both directly through production of

vegetables and fruits and indirectly by increas-

ing household income and enabling house-

holds to purchase more micronutrient-rich

foods.

Data from the national Vitamin A Survey

conducted by HKI in 1997 revealed that the

risk of night blindness in preschool children

who had not received a vitamin A capsule in

the previous six months was lower if they

belonged to a household with a homestead

garden (Talukder et al. 2000).

Three types of homestead gardens can be

distinguished in Bangladesh: traditional home-

stead gardens, which produce only gourds and

traditional vegetables seasonally in scattered

plots; improved homestead gardens, which

produce a wider range of vegetables season-

ally in fixed plots; and developed homestead

gardens, which grow a wide variety of vegeta-

bles throughout the year in fixed plots. In

June to July 2001, 26 percent of households

targeted by the NGO Gardening and Nutrition

Education Surveillance Project (NGNESP), the

homestead gardening project of HKI, had

traditional homestead gardens, 39 percent had

improved gardens, and 34 percent had devel-

oped gardens. This is a remarkable achieve-

ment of the NGNESP, since nationally repre-

sentative data collected by the NSP during the

same period showed that only 8 percent of

households in rural Bangladesh had improved

or developed gardens, and 82 percent still main-

tained traditional gardens. In 2000, house-

holds with improved or developed homestead

gardens consumed nonrice foods, such as

green leafy vegetables and yellow or orange

vegetables or fruits, more frequently than

other households (p < 0.001). They also con-

sumed a more diverse diet than other house-

holds, as indicated by the number of nonrice

foods consumed the previous week (p < 0.001).

Similar results were obtained when the data

were disaggregated by land ownership, an

indicator of socioeconomic status. These find-

ings provide clear evidence that homestead
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gardening has the potential to improve the

micronutrient status of household members

but that the traditional practices need to be

developed further so that households produce

a variety of vegetables and fruits throughout

the year.

CONCLUSIONS AND RECOMMENDATIONS

NSP findings show that dietary quality, in-

cluding the diversity of the diet, is an impor-

tant factor contributing to improved nutri-

tional status in Bangladesh. The availability of

nonrice foods in Bangladesh falls far short of

requirements (Asian Vegetable Research and

Development Center 1992), so policies and

programs to alleviate undernutrition should

place greater emphasis on strategies such as

homestead food production that improve the

availability of and access to micronutrient-

rich foods.

Any policy or program that aims to im-

prove nutritional status should be based on a

sound understanding of the magnitude and

causes of undernutrition in a particular loca-

tion. It is also crucial that interventions be

closely monitored and evaluated to determine

whether their aims and objectives are met and

to identify opportunities for improvement.

Because of its 12-year experience in nutri-

tional surveillance, the NSP can provide tech-

nical assistance and guidance on indicators,

evaluation design, and the analysis and inter-

pretation of data. Through a three-pronged

mechanism, the NSP can monitor and eval-

uate the impact of policies or programs on

nutrition: NSP provides (1) nationally and

divisionally representative data against which

to compare data collected from areas where

interventions have been introduced; (2) data

on nutrition in Bangladesh since 1990, which

enables the impact of projects to be measured

against underlying trends; and (3) data col-

lected every two months, which enables the

impact of projects on seasonally variable indi-

cators to be detected. Furthermore, the NSP’s

data collection procedures can be modified to

meet any needs for particular data.
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7

RELATING THE BANGLADESHI DIET 

TO IRON DEFICIENCY

H.E. BOUIS

ABSTRACT

This chapter develops a comprehensive lon-

gitudinal model for the proximate determi-

nants of hemoglobin concentration using

three repeated observations on 514 women

in Bangladesh. The explanatory variables in

the model were nutrient intakes, including

bioavailable iron; anthropometric measure-

ment; morbidity involving blood loss; and

intake of iron tablets.

Bioavailable iron, women’s height and mid-

upper-arm circumference, and intake of iron

tablets were significant predictors of hemo-

globin concentration. These empirical esti-

mates of the effects of foods in the diet on

iron status and other variables allowed a com-

parison of the benefits and costs of various

types of interventions to reduce iron defi-

ciency. An increased iron intake achieved via

breeding iron-dense rice would enhance the

subjects’ iron status; iron tablets would be im-

portant for pregnant women. A cost-benefit

analysis shows that plant breeding is a viable,

low-cost strategy that can complement exist-

ing interventions.

INTRODUCTION

Poor diet quality and low bioavailability of

dietary iron are important factors contrib-

uting to iron-deficiency anemia (IDA). How-

ever, few studies have attempted to measure

the effects of foods in the diet on iron status,

as compared with iron supplements and other

types of interventions designed to reduce iron

deficiency. Such estimates are essential for

evaluating the relative benefits and costs of

various types of interventions.

SUBJECTS AND METHODS

Food intake data were collected for a group of

rural Bangladeshi women. Information from

the data on nutrients and other compounds

consumed was substituted into algorithms

developed for calculating iron bioavailability

in the presence of enhancers such as meat and

vitamin C. The algorithms were recently ex-

tended to incorporate the inhibitory effects of

phytates that chelate iron, thereby reducing

its absorption (Tseng et al. 1997). This gave

an estimate of the amount of bioavailable iron
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for these women, which could be used as an

explanatory variable in regression analysis.

For the dependent variable in the regression

analysis, hemoglobin was measured using a

drop of blood inserted in a battery-driven

photometer called a “Hemocue.” Hemoglo-

bin concentration is a widely used measure

for assessing iron deficiencies (UNICEF/

UNU/WHO/MI 1999).

Survey Sites

The study was conducted at three rural sites

in Bangladesh: Jessore, Mymensingh, and

Saturia. The study design for collecting

demographic, socioeconomic, nutritional,

morbidity, and blood hemoglobin informa-

tion was approved in 1996 by the Human Sub-

jects Committee of the Bangladesh Medical

Research Council in Dhaka. The surveys

commenced in June 1996, and the fourth sur-

vey round was completed by September 1997

(Bouis et al. 1998). Because hemoglobin con-

centration was measured in survey rounds

2, 3, and 4, data from these rounds were

analyzed.

Nutritional Intakes and the 

Bioavailable Iron

In each survey round, food intakes were meas-

ured using the 24-hour recall method for the

four meals consumed—breakfast, lunch, din-

ner, and snacks. The women’s intakes of 40

nutrients at each meal were estimated using

the food composition table for six countries

(Murphy et al. 1989). For calculating the bio-

availability of iron (FeBIO), algorithms from

Monsen et al. (1978), Monsen and Balintfy

(1982), and Tseng et al. (1997) were suitably

extended. To calculate the bioavailable iron at

each meal, the enhancing effects of meat, fish,

and poultry (MFP) and ascorbic acid and the

inhibitory effects of phytates in the meal were

programmed.

Meat

We denote the iron intake from meat, fish,

and poultry as FeMFP, the total iron intake as

FeTOT, and the bioavailable iron as FeBIO;

heme iron was assumed to constitute 40 per-

cent of FeMFP. Using the notation of Monsen

and Balintfy (1982), we let the enhancing fac-

tor (EF) for a meal be given by

EF = (M + F + P) + AA,

where M, F, and P are, respectively, the edible

quantities of meat, fish, and poultry in grams,

and AA is the intake of ascorbic acid in milli-

grams. If EF > 75, then EF was assumed to

be 75.

Phytate

To account for the inhibitory effects of phy-

tates, Tseng et al. (1997) calculated the cor-

rection term CT (0 ± CT ± 1) that gives the

proportion of bioavailable iron. We let PHY

be the total phytate intake in milligrams dur-

ing the meal. Then, for PHY < 2.88 mg, we

define CT = 1. For PHY > 2.88,

CT = 10 [–0.2869 log 10 (PHY) + 0.1295].

Assuming that body iron stores were 0, bio-

available iron (FeBIO) can be calculated:

FeBIO = 0.140 FeMFP + [5 + 26.804 log
n

{(EF + 100)/100}] CT [FeTOT –

0.4 FeMFP]/100. (1)

Anthropometry and Hematology

Weight and arm circumferences of the sub-

jects were measured in each survey round;

height was measured at the start of the study.

Hemoglobin concentration was measured 

in each survey round using a drop of capil-

lary blood obtained by a doctor who pricked

subjects’ fingers using microlances. The
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blood was collected in a microcuvette and

analyzed immediately using a Hemocue.

Because observations on nutritional, anthro-

pometric, and other variables were missing for

some women in the survey rounds, models

for hemoglobin concentration were esti-

mated using complete data on 514 women.

Missing observations on hemoglobin concen-

tration and the variable indicating whether the

women were taking iron supplements were

prime reasons for the reduction in sample

size.

An Empirical Model for the Proximate

Determinants of Hemoglobin Concentration

The hemoglobin concentration of women is

influenced by the history of nutritional intakes,

sicknesses, pregnancy and lactation status,

dietary supplements, and genetic factors. The

intake of heme iron, and interactions between

nonheme iron and ascorbic acid, vitamin A,

beta-carotene, and phytates in the meal, affect

iron absorption and, ultimately, the hemoglo-

bin concentration. Although these effects take

place gradually, one is more likely to detect

the effects of nutrient interactions on hemo-

globin concentration in undernourished sub-

jects. In developing countries, economic con-

straints on households’ food consumption

adversely affect the quality of diet, thereby hin-

dering iron absorption. The effects of within-

subject variability in 24-hour recall data can be

analyzed by averaging the nutrient intakes

over the three survey rounds.

The gradual effects of nutritional intake and

other variables on hemoglobin concentration

can be analyzed using longitudinal data by esti-

mating autoregressive regression models that

include previous measurement of hemoglobin

concentration as an explanatory variable. De-

noting the ith subject’s hemoglobin concentra-

tion (Hb) in time period t by Hb
it

(i = 1, 2, . . . , n;

t = 2, 3), the following model was postulated:

HB
a

= a
0

(constant) + a
1

(age) + a
2

(pregnancy indicator) + a
3

(height)

+ a
4

(MUAC) + a
5

(weight) + 

a
6

(FeBIO) + a
7

(diarrhea with

blood indicator) + a
8

(Fe tables

indicator) + a9 (HB)
a – 1

+ u
a
. (2)

Height was assumed to be fixed during

the observation period. The italic letters in

equation (2) denote coefficients of the

explanatory variables. MUAC refers to mid-

upper-arm circumference.

RESULTS

Descriptive Statistics

The sample means of selected variables in

three survey rounds for 514 Bangladeshi

women are reported in Table 1. A striking

feature of the nutrient intake data is the low

quantities of iron from meat, fish, and poultry

(MFP) and the high phytate intakes. For ex-

ample, in the second survey round, the aver-

age daily total iron intake was 6.93 mg 

(SD = 3.00) of which 0.33 mg (SD = 0.47) was

from meat, fish, and poultry. Further, assum-

ing no body stores of iron and taking into

account enhancers of iron absorption, the

average daily bioavailable iron was 0.85 mg

(SD = 0.54). However, this figure was reduced

to 0.20 mg (SD = 0.13) when the effect of phy-

tate intake was incorporated. Similarly,

assuming iron stores of 250 mg, the average

daily bioavailable iron fell from 0.56 mg 

(SD = 0.33) to 0.14 mg (SD = 0.09) when phy-

tate intakes were taken into account.

The Dynamic Model Explaining Bangladeshi

Women’s Hemoglobin Concentration by

Demographic and Nutritional Variables

The results from estimating the dynamic model

given in equation (2) for women’s hemoglo-

bin concentration are presented in Table 2.
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Table 2 includes separate results for the cases

in which the enhancers of iron absorption

were taken into account and for the cases in

which the inhibitory effects of phytates in the

meal were also incorporated in calculating

the bioavailable iron. The long-run elasticity

with respect to an explanatory variable can be

obtained by dividing the short-run elasticity

by (1 – α), where α is the coefficient of the

lagged dependent variable.

In the first column, where only the en-

hancers of iron absorption were used for cal-

culating the bioavailable iron, the coefficient

of bioavailable iron was positive and signifi-
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TABLE 1 Sample means ± standard deviation of selected variables in three survey rounds of

Bangladeshi women from Saturia, Mymensingh, and Jessore sites

Variable Round 2 Round 3 Round 4

Age (years) 33.29 ± 7.80a

Pregnant (yes = 1, no = 0) 0.05 ± 0.22

Height (m) 1.50 ± 0.05

Hemoglobin concentration (g/dL) 11.73 ± 1.43 11.94 ± 1.46 11.54 ± 1.36

Mid-upper-arm circumference (cm) 22.88 ± 2.17 22.91 ± 2.19 23.25 ± 2.22

Weight (kg) 42.03 ± 6.11 42.26 ± 6.07 42.83 ± 6.32

Iron tablets (yes = 1, no = 0) 0.22 ± 0.41 0.22 ± 0.42 0.27 ± 0.44

Daily energy intake (kcal) 2325 ± 773 2136 ± 613 2412 ± 653

Daily protein intake (g) 52.58 ± 16.99 49.15 ± 16.27 54.19 ± 16.0

Daily phytate intake (mg) 2298 ± 817 2229 ± 838 2328 ± 705

Daily ascorbic acid (mg) 41.85 ± 39.31 61.33 ± 47.04 79.31 ± 103.1

Daily iron (mg) 6.93 ± 3.00 7.99 ± 4.36 7.91 ± 3.60

Meat, fish, poultry (mg) 0.33 ± 0.47 0.23 ± 0.31 0.26 ± 0.36

Bioavailable: enhancers; zero body 0.85 ± 0.54 0.98 ± 0.68 0.99 ± 0.63
stores of ironb (mg)

Bioavailable: enhancers + inhibitors; 0.20 ± 0.13 0.22 ± 0.13 0.22 ± 0.13
zero body stores of iron (mg)

Bioavailable: enhancers; 250 mg body 0.56 ± 0.33 0.64 ± 0.41 0.64 ± 0.38
stores of iron (mg)

Bioavailable: enhancers + inhibitors; 0.14 ± 0.09 0.14 ± 0.09 0.15 ± 0.08
250 mg body stores of iron (mg)

Bioavailable: enhancers; 500 mg body 0.39 ± 0.22 0.44 ± 0.28 0.45 ± 0.26
stores of iron (mg)

Bioavailable: enhancers + inhibitors; 0.10 ± 0.07 0.10 ±0.06 0.11 ± 0.06
500 mg stores of iron (mg)

N 514 514 514

Notes: g/dL = grams per deciliter; cm = centimeters; kg = kilograms; kcal = kilocalories; g = grams; m =
meters; mg = milligrams.
a x ± standard deviation.
b Modified from algorithms by Monsen et al. (1978) and Tseng et al. (1997); details of the modifications can
be found in Bhargava et al. (2001).



cant at the 5 percent level. Moreover, this co-

efficient showed a 50 percent increase in the

second column, where the inhibitory effects of

phytate intakes were also taken into account.

The indicator variable for women taking

iron tablets during the survey round was pos-

itive and significant. In Bangladesh, iron tablets

were often sold together with birth control

pills. The results reported in Table 2 set the

indicator variable for iron tablets to one only

when the women affirmatively answered the

specific question regarding iron tablet intake.

DISCUSSION

As shown in Table 1, intakes of bioavailable

iron are quite low for this population. Iron

deficiencies among the poor partly result from

high prices of animal-source foods that reduce

the intake of heme iron. For the formulation
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TABLE 2 Maximum likelihood estimates of a first-order autoregressive model with random

effects for Bangladeshi women’s hemoglobin concentration in three survey rounds explained by

anthropometric and morbidity variables and by the intake of bioavailable iron, assuming no

stores of body iron

Dependent variable Hemoglobin concentration (g/dL)

Iron 

Model Iron enhancers only enhancers + inhibitors

Independent variable Coefficient SE Coefficient SE

Constant 1.720* 0.199 1.744* 0.193

Agea (years) –0.021 0.018 –0.020 0.018

Pregnant (yes = 1; no = 0) –0.048* 0.015 –0.047* 0.014

Heighta (m) 0.338* 0.134 0.337* 0.130

Mid-upper-arm circumferencea (cm) 0.323* 0.022 0.318* 0.018

Weighta (kg) –0.201* 0.023 –0.201* 0.020

Daily iron bioavailablea,b (mg) 0.011* 0.006 0.015* 0.006

Diarrhea with blood (yes = 1; no = 0) –0.037 0.045 –0.038 0.044

Indicator for iron tablets (yes = 1; no = 0) 0.026* 0.009 0.026* 0.009

Lagged dependent variablea (g/dL) 0.168* 0.060 0.172* 0.051

Between/within variance 0.472* 0.140 0.465* 0.121

Within variance 0.0089 0.0089

(log-likelihood function) 6769.95 6772.08

N 514 514

Notes: Values are slope coefficients ± standard errors.

* p < 0.05.

g/dL = grams per deciliter; SE = standard error; m = meters; cm = centimeters; kg = kilograms; mg =
milligrams.
a These variables and dependent variable were in natural logarithms.
b See equation (1) in the text for the algorithm.



of effective policies, one would need to simul-

taneously address at least three types of inter-

ventions: (1) iron fortification of rice through

plant breeding; (2) for women of reproductive

age, easier access to iron tablets and contra-

ceptives for birth spacing; and (3) an increase

in consumption of MFP. These three inter-

ventions are briefly discussed next in light of

the empirical results and on the basis of some

ongoing research.

Iron Fortification of Rice through 

Plant Breeding

An international effort to breed for micro-

nutrient-dense staple-food crops as a means

to reduce micronutrient malnutrition has been

ongoing since 1995 (Graham, Welch, and Bouis

2001). Rice has seen the most progress. Re-

search under the CGIAR Micronutrients Proj-

ect suggests that the iron differential between

currently popular rice varieties and nutrition-

ally improved varieties could be 8 mg/kg of

iron, using conventional breeding techniques

and maintaining high yields so that these vari-

eties will remain profitable and thus attract

farmers to adopt them.

The cost of plant-breeding research is typi-

cally a onetime fixed investment, costing a

few million dollars for one country for a spe-

cific crop and nutrient. For example, an upper

bound for fixed developmental costs for iron-

fortified rice for Bangladesh may be set at

$12 million (Hunt 2002). The average daily in-

take of rice by women in our sample was

approximately 500 g. Thus, an improved rice

variety would have increased daily nonheme

iron intake from 6.6 mg to approximately

10.6 mg. This would constitute an increase of

between 0.04 mg (a 42 percent increase) and

0.44 mg (a 51 percent increase) of bioavailable

iron, since the absorption rates fall between

1 percent and 11 percent. Assuming that the

improved rice variety would reach 25 percent

of the Bangladeshi population (32.5 million

out of 130 million) for 10 years, the cost of

iron biofortification of rice would amount to

4 cents per year for each person reached.

Using the regression coefficients in Table 2,

it is possible to estimate what a 50 percent in-

crease in the intake of bioavailable iron would

mean in terms of improved hemoglobin 

for the population. A coefficient of 0.015 

on bioavailable iron (short-run) corresponds

to a 0.018 long-run coefficient, or a 0.9 per-

cent increase in hemoglobin for every 50

percent increase in bioavailable iron. Suppos-

ing the average hemoglobin level for a pop-

ulation were 11.75, the increase would bring

the level to 11.86.

Although that number is low, this increase

in population hemoglobin is likely to be

substantially underestimated because of the

within-subject variation in iron intakes (Liu

et al. 1978). First, 24-hour intakes are “noisy”

measures of habitual intakes. Second, nutri-

ent values taken from food composition tables,

which are multiplied by quantities of food

consumed, provide only rough approxima-

tions of the actual nutrient density of foods

ingested. Third, the algorithm by Tseng et al.

(1997) used to calculate bioavailable iron may

well need to be modified for poor popula-

tions. Despite these three sources of error

in calculating bioavailable iron, which would

bias the estimated coefficient toward zero, the

coefficient on bioavailable iron nevertheless

remained statistically significant.

Easier Access to Iron Supplements

The low cost of a plant-breeding strategy may

be contrasted with provision of iron supple-

ments. As just discussed, in the short run the

regression estimates suggest that increasing

the iron content of rice will raise population

hemoglobin by a minimum of 0.5 × 1.5 per-

cent = 0.75 percent. The effect of iron sup-
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plementation on population hemoglobin is

estimated to be 2.6 percent (also possibly

underestimated due to bioavailable iron), an

effect 3.5 times stronger than the alternative.

However, the cost per person reached is more

than 40 times as high; Horton and Ross (1999)

provide a lower-bound estimate of $1.70 per

person per pregnancy for the cost of iron

supplementation. The cost-benefit approach

would, therefore, favor the breeding of iron-

dense rice because the associated costs of

breeding are very low.

Household Income, Nutrition, and

Consumption of Meat, Fish, and Poultry

It can be misleading to compare the costs of

iron fortification and supplementation with

the costs of increasing MFP consumption in

that consuming MFP provides not only iron

but a range of nutrients and other compounds

necessary for a balanced diet. Nevertheless,

looking strictly at iron and according to the

structure and assumptions provided by (2),

MFP consumption would have to triple to

match the effect (described earlier) of a high-

iron rice.

However, the costs of realizing such an

increase in MFP would be quite substantial. To

approximate this cost, it may be assumed that

retail prices reflect the marginal costs of pro-

duction and marketing. Households in our sam-

ple spend 70 percent of their total expenditures

on food, and 25 percent of their food budget is

spent on MFP. This implies that 17.5 percent of

total household expenditures are allocated to

MFP. Tripling MFP consumption, then, would

cost an extra 35 percent over present expendi-

tures. Per capita total expenditures for our pop-

ulation are approximately $200 per year. The

increased MFP consumption would cost about

$70 per year per person. These costs can be

reduced by introducing new technologies to the

livestock and fish sectors, improving productiv-

ity, increasing the supply, and lowering prices

for MFP. However, MFP prices will never go so

low as to approach the cost-effectiveness of for-

tification or supplementation from the very

narrow perspective of providing necessary iron

in the diet.

CONCLUSION

Turning to the implications of the empirical

results for nutrition policy, the analysis sug-

gests that plant breeding holds great potential

for providing a low-cost intervention that could

help improve iron status broadly for popula-

tions with a high prevalence of iron defi-

ciency. The degree of success will depend on

the levels of minerals, vitamins, promoting

compounds, and antinutrients that plant sci-

entists are able to breed into high-yielding,

profitable varieties of staple food crops. This

breeding process, however, needs to be in-

formed by human nutritionists. What are the

optimum breeding objectives in terms of hav-

ing a maximum nutrition impact? The precise

answers required of human nutritionists may

require further research, such as the feeding

trials suggested earlier.

Although cost-effective, plant breeding is

only one of several interventions required to

reduce micronutrient malnutrition. Of those

examined in this chapter, supplements are

needed particularly in the short run when re-

quirements are high (e.g., during pregnancy)

or when iron deficiency is acute. Promoting

more rapid growth in production of MFP is

likewise crucial. Prices of MFP, adjusted for

inflation, have doubled over the past 25 years

in Bangladesh, while the inflation-adjusted

price of rice has fallen by 50 percent. This, in

addition to low incomes, explains why MFP

consumption is so low and rice consumption

remains high. MFP provide a range of highly

bioavailable nutrients and other compounds
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essential to good nutrition. In poor countries

such as Bangladesh, production must keep

pace with population growth and increases in

demand due to higher incomes and urbaniza-

tion, if prices of MFP are not to rise and cause

a consequent lowering of consumption among

poor households.
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ADDRESSING NUTRITIONAL PROBLEMS 

WITH HOMESTEAD GARDENING:

CARE’S EXPERIENCE IN BANGLADESH

M.I. KHAN AND S. BEGUM

ABSTRACT

CARE Bangladesh’s Agriculture and Natural

Resources (ANR) sector currently implements

a number of projects targeted at food-insecure

farm households to enhance the livelihood

security of beneficiary farmers (see Table 1).

These projects work with targeted land-poor

male and female farmers to build their capacity

to innovate for increasing, diversifying, and sus-

taining farm production in an environmentally

friendly manner. A few of these projects,

namely LIFT, SHABGE-DFID, and SHABGE-

SDC, focus exclusively on land in and around

the homestead. Experiences from the ANR

projects support the notion that strengthening

homestead production systems for planned

year-round production certainly increases the

availability, consumption, and sales of vege-

tables and fruits for land-poor rural house-

holds, resulting in improved nutritional status.

However, the nutritional problem is complex in

Bangladesh, and a number of factors contribute

to it: insufficient food intake; inadequate knowl-

edge of nutrition; poor food-hygiene behavior;

and limited access to safe drinking water, sani-

tation, and primary health care facilities, to

name a few. Women and girls suffer most

from the problem. Therefore, to maximize

nutritional impact, homestead production

and income-augmenting interventions need

to be combined with interventions that pro-

mote nutrition knowledge that leads to behav-

ioral change, reduces the human health-risk 

factors, and eliminates gender-discriminatory

practices.

INTRODUCTION

The commonly held view of the widespread

nutrition problem in Bangladesh is that it

stems from the inability of a large number of

poverty-stricken people to obtain adequate

food and achieve a balanced diet. Approxi-

mately 50 percent of Bangladesh’s 130 million

people live on incomes below the poverty line.

The burden of poverty falls disproportion-

ately on women and girls, who suffer most

from the nutrition problem. The average Ban-

gladeshi diet is acutely low in fat, oil, and

animal protein. Consumption of milk, meat,

and edible oil for an average Bangladeshi is
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far below recommended levels for a nutritious

diet. Huge shortfalls exist in the domestic pro-

duction of pulse and oil crops to meet the

demand. Although vegetable production has

recently registered an increase, the shortfalls

remain large. The period from 1979/80 to

1989/90 saw a negative rate of growth in

terms both of the production of oilseeds and

pulses and of area allocated for their produc-

tion. Oilseeds registered a decline of 1.55 per-

cent per year in land area and 0.57 percent

per year in production. For pulses, the annual

reductions in land area and production were

2.84 percent and 1.82 percent, respectively

(Mahmud 1998). Unless there are major re-

search breakthroughs related to oilseed and

pulse crops that lead to substantial improve-

ment in their competitiveness to grow, these

trends are unlikely to be reversed soon.

Land is extremely scarce in Bangladesh.

More than 50 percent of the rural population

is functionally landless, owning no land other

than the homestead. With no real possibility of

expanding the land frontier, the only feasible

option for growing more food in Bangladesh

is to use existing land more effectively and

increase its productivity. According to avail-

able statistics, homesteads account for 8 per-

cent of the total land area (Task Force 1991).

Because a majority of the population does not

have cropland and lacks purchasing power to

obtain additional land, land in and around the

homestead can be an important source of pro-

duction. In fact, homestead production is sig-

nificant for land-poor households, and 13–16

percent of their total income comes from the

kitchen garden (Task Force 1991). Tradition-

ally, women manage homestead production by

growing vegetables, raising poultry, and plant-

ing trees in the homestead. Yet homestead

vegetable production is largely constrained

because mainstream extension services and

sources of new information are generally in-

accessible to women and there is a dearth of

good-quality seed and saplings. Underutiliza-

tion of the homestead land can also be partly

explained by lack of initiatives, which can be

linked to lack of time and the poor health sta-

tus of women and to low levels of awareness

about the potential benefits that a planned

homestead garden can generate.

CARE BANGLADESH’S ONGOING NATURAL

RESOURCE PROJECTS

CARE Bangladesh’s ANR sector currently im-

plements a number of projects targeted at

food-insecure farm households to enhance

their livelihood security (see Table 1). Most of

these projects work with targeted land-poor
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TABLE 1 CARE Bangladesh’s Agricultural and Natural Resources projects as of July 2002

ANR projects Abbreviation

Local Initiative for Farmers’ Training LIFT

Strengthening Household Access to Bari Gardening Extension (funded by DFID) SHABGE-DFID

Locally Intensified Farming Enterprise and New Options for LIFE-NOPEST Phase II
Pest Management Phase II

Greater Opportunity for Integrated Rice and Fish GOINTERFISH

Strengthening Household Access to Bari Gardening Extension (funded by SDC) SHABGE-SDC

Reducing Vulnerability to Climate Change RVCC



male and female farmers to build their capac-

ity to increase, diversify, and sustain agricul-

tural production in an environmentally friendly

manner.

Farmer Field School

Apart from RVCC, the focus of CARE Ban-

gladesh’s ANR projects is to build the capaci-

ties of the participating farmers to innovate

through a Farmer Field School (FFS) approach

that promotes experiential learning and self-

discovery by the farmers themselves. The FFS

is a farmer-led extension practice that helps

farmers better understand and analyze the

ecological conditions within which they oper-

ate and sharpens their critical thinking, which

enhances their ability to better manage their

farms. At an FFS, a small group of 20–25

farmers gathers on a regular basis to discuss

and prioritize farm problems. They find ways

and means to overcome the problems and

conduct experiments and trials to test innova-

tions, ideas, and new technologies. The FFS-

attending farmers also explore the existing

opportunities and create new opportunities to

capitalize on so as to increase and sustain farm

production and income. In addition to facili-

tating learning sessions, these projects act

as a catalyst to the establishment of linkages

between the participating farmers and the

mainstream extension service providers (e.g.,

the Department of Agricultural Extension),

sources of new innovations (e.g., the Ban-

gladesh Agricultural Research Institute), and

suppliers of good-quality agricultural input

(e.g., the Bangladesh Agricultural Develop-

ment Corporation). All of these ongoing proj-

ects attempt to address gender discrimination

at the household level through conducting

gender sessions in the FFS. CARE Bangladesh

projects run 2,235 FFSs attended by nearly

56,000 farmers, in total. In addition, with finan-

cial and technical support from these projects,

a number of partnering NGOs run another

2,100 FFSs. These projects operate in the dis-

tricts of Thakurgaon, Panchagarh, Dinajpur,

Rangpur, Nilphamari, Rajshahi, Chapai No-

wabganj, Mymensingh, Jamalpur, Sherpur,

Kishoreganj, Noakhali, and Cox’s Bazar.

Homestead Projects

LIFT, SHABGE-DFID, and SHABGE-SDC

are homestead projects that work with func-

tionally landless groups (mainly women) to

develop their capacity to optimize land uti-

lization in and around the homestead. These

projects assist participating households in en-

hancing production of more nutritious crops

(e.g., dark green and red leafy vegetables),

improving seed production and preservation,

establishing agricultural nurseries, using com-

posting, and planting fruit and timber trees.

To address the scarcity of good-quality seed

supply, homestead projects provide support

in developing local entrepreneurs for pro-

ducing and marketing good-quality vegetable

seeds/seedlings and in establishing agricul-

tural nurseries.

The targeted participants of two other

FFS projects—namely, GOINTERFISH and

LIFE-NOPEST Phase II—are food-insecure

small and marginal farmers. The purpose of

these projects is to develop farmers’ ability

to increase productivity and diversify crop-

land production as well as homestead land.

For example, both projects help participating

farmers to integrate fish culture in paddy

fields. These projects also build the capacities

of the participating FFS farmers to develop

farmers’ organizations and undertake agri-

cultural marketing. There are two major

purposes for facilitating the development of

grassroots farmers’ organizations. First, such

an organization can provide members a plat-

form from which to represent their interests

in various forums. Second, members can reap
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the benefits of economies of scale when sell-

ing farm products and procuring agricultural

inputs. Although the purpose of building FFS

farmers’ capacities in agricultural marketing

is to help them leverage better prices for their

products, it may also help them gain access

to quality agricultural inputs at lower costs.

It was observed that increased and diversi-

fied production of food crops and enhanced

farm income certainly led to more food intake

of participating households. SHABGE-DFID’s

monitoring data revealed that after two years,

the average production of winter and summer

vegetables increased 40–70 percent. However,

disease risk factors, gender discrimination

practices, and the behavior of some participat-

ing households limited the impact of higher

food intakes on nutritional status. An impor-

tant lesson is that to maximize nutritional im-

pact, farm production and income-augmenting

interventions need to be combined with inter-

ventions that change behavior and reduce or

weaken disease risk factors. Based on this

realization, the LIFT project undertook a

nutrition pilot program and SHABGE-DFID

undertook a school program. Both the proj-

ects included a programmatic integration of

nutrition education.

LIFT Project

LIFT has been operating in the Noakhali dis-

trict since August 1998 and started a pilot

activity on nutrition education in October

2000. The pilot is in operation in three unions,

namely, Char Parboti, Musapur, and Rampur

of Companygonj Upazila, and involves a total

of 800 marginal farm households. In the pilot

area the project focused on increasing pro-

ductivity and diversity in the homestead pro-

duction systems as well as on effecting be-

havioral changes (e.g., diet diversification and

improvement of hygiene and sanitation) to

reduce disease risk factors. Through nutrition

education, participants realized the impor-

tance of using improved latrines, exercising

better kitchen and food hygiene, and using safe

water for drinking, cooking, and washing food.

In addition, the project facilitated the estab-

lishment of a link between participants and

the government-run mainstream health ser-

vices (e.g., the Upazila Health Complex and

Family Welfare Centers) for getting health-

related support. The following topics are

covered in the nutrition learning sessions:

• Pre- and postnatal care

• Benefits of exclusive breast-feeding practices

• Importance of monitoring the growth of

children under 5 years of age

• Weaning food and cooking of locally avail-

able food items

• Classification of food items according to

their nutritional value

• Micronutrient- and vitamin-deficiency dis-

eases

• Malnutrition and its prevention

• Sanitation and use of hygienic latrines

• Personal hygiene, causes of diarrhea, and

use of oral rehydration saline (ORS)

Learning sessions were most often followed

by demonstrations. Participants supplied rice,

pulses, vegetables, and other ingredients for

cooking demonstrations. In some cases,

special nutrition sessions were conducted for

male and elderly guardians (e.g., mothers-in-

law of project participants) who make impor-

tant household decisions. Some observations

of and lessons learned from the LIFT pilot

program are as follows:

• Most households use tube-well water for

drinking purposes, but only a small portion

use the same water for washing food items

and cooking.

• Rice is the staple food for Bangladeshis.

Many rural Bangladeshis eat rice three times
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a day. A common practice is to pour water

off the boiled rice, which reduces its food

value.

• A traditional belief wrongly assumes that if

a pregnant woman eats more than she does

in her normal state, the baby will be large in

size, leading to delivery complications that

may result in increased delivery costs.

• Some rural households construct sanitary

latrines at a considerable distance from the

homesteads, keeping them under lock and

key and making them accessible only to

male family members and guests. Women

and children hardly get a chance to use the

latrines.

• A traditional local practice is to keep boiled

rice soaked in pond water overnight for the

following morning’s breakfast. Some local

households were of the opinion that soak-

ing boiled rice in pond water is preferred

because this gives the rice a special taste. This

is an issue with clear health-related risks.

• Learning sessions on children’s health and

nutrition issues generated a lot of interest.

In many cases, the same FFS groups’ partic-

ipation in agriculture sessions was lower

than their participation in nutrition sessions.

• The sessions with greatest participation were

those that had practical demonstrations (e.g.,

on growth monitoring of children under

5 years, cooking, and personal hygiene).

• It was very difficult to establish an effective

linkage between the mainstream health ser-

vice (i.e., a public-sector health and family

planning department) and the project bene-

ficiaries in the pilot area for getting preven-

tive and curative maternal and child health

care support. The access of better-off house-

holds to these facilities is significantly higher.

Improving the poorer households’ access

to mainstream health services will entail de-

centralizing authority and power and put-

ting systems in place to ensure account-

ability and transparency in government-run

health centers.

• For maximizing impact, a community ap-

proach appears to be better than targeting

a section of the community (e.g., mar-

ginal farm households) for a nutrition edu-

cation program. Nonparticipants commonly

attended the nutrition sessions and raised

their demand for a nutrition program for

their families.

• The growth-monitoring activity was well

appreciated by mothers. Mothers were gen-

erally diligent in keeping the growth card

and were interested in knowing the weight

of their children. The incidence of severe

malnutrition is particularly acute in girls. As

many as 800 households were brought

under the nutrition pilot. At the beginning

of the nutrition pilot, out of 500 children

who were below five years of age, 27 were

found to be severely malnourished. After

one year of piloting, the number of severely

malnourished children came down to 13.

Eleven of these 13 severely malnourished

children were girls. This provides evidence

in support of the high incidence of gender-

discriminatory practices in terms of food

and care for children at the household level.

• There is a common perception in the pilot

area that children are able to recover loss in

physical growth during the first two years

of their lives. It is wrongly assumed that this

loss in growth will be compensated for in

subsequent years.

• In general, children’s stool is not considered

a source of contamination. Therefore, chil-

dren commonly defecate in the home yard

and are not encouraged to use improved

latrines, even in households that have one.

SHABGE-DFID’s School Program

SHABGE-DFID works toward improving the

household food security of targeted farmers
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by building their capacity to undertake sus-

tainable and productive homestead gardening

and ensuring improved access to information

and good-quality inputs. The project now oper-

ates in Dinajpur, Thakurgaon, and Pancha-

garh districts in the northwest and Cox’s

Bazar in the southeast. As a program compo-

nent, SHABGE-DFID runs an agricultural

program in selected schools. In rural com-

munities where SHABGE-DFID operates, a

school, be it primary, secondary, government,

or nongovernmental, represents an important

institution, and the project makes use of these

rural institutions in promoting homestead

gardening. The project targets students in

classes VII and VIII because they are better

able to learn from SHABGE sessions and bet-

ter able to pass the learning on to other family

members. Moreover, girl children of poorer

families have a higher propensity to drop out

of these classes, and the project intends to

provide them an opportunity to learn some

practical useful education, which they can

apply and benefit from when they have to

manage homesteads of their own. The main

objective of the school program is to raise

awareness of the nutritional and economic

benefits of homestead gardening and to equip

the targeted schoolchildren with experiential

learning of techniques in the context of home

gardening.

SHABGE project staff identify schools and

brief the governing body of the schools as

well as Upazila and district education officials

on the objectives and methods of SHABGE

school activities. CARE Bangladesh and the

district education department sign a letter of

intent, under which individual schools can

sign a memorandum of understanding (MOU)

with CARE Bangladesh. As a part of the

MOU, a learning contract is agreed upon

that outlines roles and responsibilities of all

stakeholders (e.g., CARE Bangladesh, school

authority, concerned teacher, and students).

A garden plot is established on the school cam-

pus or in a nearby area, depending on avail-

ability. The project does not directly conduct

school sessions but rather builds capacities of

schoolteachers assigned to teach agriculture

to conduct sessions with a focus on experien-

tial learning. The school curriculum includes

11 sessions of 60 to 90 minutes’ duration. The

contents of the sessions are shown in Table 2.

The SHABGE project started the school

program in 2002. By the end of the project

in 2005, around 21,000 students are expected

to have graduated from the school program.

Some of the lessons learned from SHABGE’s

school program are as follows:

• The program generated interest not only

from participating students but also from

communities. Some households surround-

ing the schools established vegetable gar-

dens in their homesteads.

• The involvement of the district education

officer and school management committee

resulted in increased teacher willingness

to participate. Participating teachers under

these conditions were found to be more

active.

• As high as 93 percent of the participating

students reported disseminating their learn-

ing at home with their parents, and 71 per-

cent of them practiced this learning in their

homesteads.

• Learning on nutrition and organic pesti-

cides was among the major lessons passed

on by the participating schoolchildren to

their parents.

CONCLUSION

Bangladesh’s nutrition problem is complex

and includes a range of contributing factors.

Important among these are insufficient food
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intake; inadequate nutrition knowledge; poor

food and hygiene behaviors; gender-discrim-

inatory practices; and limited access to safe

drinking water, sanitation, and primary health

care facilities. Strengthening homestead sys-

tems for planned year-round production can

certainly increase the availability, consump-

tion, and sales of vegetables for land-poor

rural households, resulting in improved nu-

tritional status. However, to maximize nutri-

tional impact, an integrated approach with a

focus on homestead production and nutrition

education for behavioral change is needed.

Also needed is greater access of poorer house-

holds to mainstream primary health care facil-

ities, sanitation, and safe water supply and the

elimination of gender-discriminatory practices.

The experiences of CARE Bangladesh show

that homestead production interventions, if

combined with nutrition education, can have

a significant impact on nutritional status. To

raise awareness of nutritional and economic

benefits of homestead gardening, school-

children of grades 7 and 8 proved to be an

effective vehicle for disseminating and practic-

ing learning at home with their parents.
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TABLE 2 Content of sessions under the SHABGE-DFID’s school program

Session Content

1 Baseline session; explores and assesses student knowledge on homestead agroforestry,
nutrition, and cooking procedures and practices

2 Soil preparation, homestead space planning, and compost; session includes establishing the
school garden by the attending students

3–7 Production techniques and management practices of common vegetables, seed testing and
growth of seedlings, improved pit, insect pests management, plant nutrition and watering,
and common diseases

8–9 Nutrition and food sessions, covering intrahousehold food distribution, nutritional
requirements, common types of malnutrition, food sanitation, and cooking

10 Tree plantation and aftercare, tree management including simple propagation techniques and
common pests

11 Evaluation: the whole program is reviewed on the basis of the first session findings

Source: Unpublished strategy paper of SHABGE-DFID’s school program.
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HOMESTEAD GARDENING FOR COMBATING

VITAMIN A DEFICIENCY: THE HELEN KELLER

INTERNATIONAL, BANGLADESH, EXPERIENCE

A. TAHER, A. TALUKDER, N.R. SARKAR, V.N. BUSHAMUKA,

A. HALL, S. DE PEE, R. MOENCH-PFANNER, L. KIESS,

AND M.W. BLOEM

ABSTRACT

Vitamin A (VA) deficiency is among the major

public health problems in most developing

countries, including Bangladesh. The con-

sumption of a variety of vegetables, fruits,

and animal-source foods has been found to

reduce VA deficiency. Animal foods, which are

the richest sources of many micronutrients,

including VA, are beyond most people’s means

in Bangladesh. Therefore, promoting the pro-

duction and consumption of vegetables and

fruits is an important strategy for combating

micronutrient malnutrition, and VA defi-

ciency in particular, in Bangladesh. A home-

stead gardening project, the NGO Gardening

and Nutrition Education Surveillance Project

(NGNESP), was established by Helen Keller

International (HKI) to improve the availabil-

ity and consumption of vegetables and fruits,

thus contributing to the reduction of VA defi-

ciency in rural Bangladesh. In 2000, a year after

project implementation, an evaluation study

was conducted among the households that

had joined the NGNESP in 1999. The study

was designed to assess VA intake, especially

that of women and of children aged 6 to 59

months. The changes that occurred were

assessed by comparing data collected from

719 household beneficiaries in 2000 to the

baseline data collected from households

using the same sets of questionnaires in

1999. The VA intake from vegetables and

fruits by mothers was found to have increased

from 30 to 230 retinol equivalents (RE)6 daily,

and that of children had increased from 10 

to 40 RE daily just one year after homestead

garden activities were implemented. The

improvement in VA intake by NGNESP ben-

eficiaries mainly came about because of the

increase in vegetable crop diversification,

homestead garden production, and consump-

tion frequency of dark-green leafy vegetables.

This study clearly illustrates improvement in

VA intake by NGNESP beneficiaries.
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INTRODUCTION

The World Health Organization (WHO) has

estimated that VA deficiency along with its

health and social consequences affects more

than 250 million children worldwide (WHO

1995). It is also evident that VA deficiency

increases morbidity and mortality in preg-

nant women (West et al. 1999). In addition,

VA deficiency is also associated with low VA

concentration in breast milk, which has direct

implications for child health and survival

(Rice et al. 1999). In Bangladesh, more than

30,000 children under 60 months of age are

estimated to suffer from VA deficiency–

related eye problems (Bloem et al. 1996). The

Bangladeshi government has considered VA

deficiency a major public health concern since

the 1960s and has recently increased its efforts

to control the problem.

Micronutrient and VA status can be im-

proved by giving concentrated supplements

in the form of capsules, tablets, or fortifying

foods and by diversifying the diet to include

foods rich in micronutrients. National efforts

to reduce VA deficiency in Bangladesh have

mainly involved capsule distribution. Al-

though the national VA capsule supplemen-

tation program has achieved significant suc-

cess by reducing night blindness in children to

less than 1 percent, it has been targeting only

children under 60 months of age. Adults

are not beneficiaries of the supplementation

program, despite the increasing evidence of

high risk of VA deficiency for women of repro-

ductive age. As a result, more than 20 percent

of pregnant women and school-age children,

and approximately 12 percent of adolescent

girls, were found to have a serum retinol

concentration of less than 20 µg/dL (HKI/

IPHN 1999). Increasing the consumption of

a variety of vegetables, fruits, and animal-

source foods can increase micronutrients

and VA intake. However, in the case of Ban-

gladesh, animal-source foods, which are the

richest sources of many micronutrients, in-

cluding VA, are usually beyond most people’s

means. Fruits and vegetables rich in provita-

min A can provide a valuable contribution to

VA intake in communities in which alterna-

tive dietary sources of VA are scarce (Bloem

et al. 1996).

Bangladesh produces less than 30 percent

of the fruits and vegetables needed to meet

the minimum daily requirements for its pop-

ulation. About 80 percent of families in

Bangladesh consume less than the minimum

recommended daily requirement of vegeta-

bles and fruits. The majority of rural farmers

cannot afford to buy food regularly, includ-

ing fruits and vegetables. Thus, homestead

gardening appears to be an appropriate means

to increase the availability and consumption

of micronutrients, including VA, in rural house-

holds. NGNESP was established by HKI, Ban-

gladesh, in collaboration with local NGOs to

promote homestead gardening and provide

nutrition education. The special objectives of

NGNESP are to improve the availability and

consumption of vegetables and fruits rich in

provitamin A carotenoids by women and

children in rural Bangladesh, thus reducing

the prevalence of VA deficiency. NGNESP

has been implemented in 210 of the 460 sub-

districts of Bangladesh (43 percent) and has

reached about 900,000 households. This study

investigates the changes that had occurred in

the intake of provitamin A carotenoids by

women and by children 6 to 59 months of age

among beneficiary households a year after

project intervention. In addition, the status

of vegetable and fruit crop diversification

and the frequency of vegetable and fruit con-

sumption are also addressed.
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MATERIALS AND METHODS

Selection of Households for the Survey

In 1999, NGNESP selected a total of 30 new

subdistricts from which 1,060 farmers were

chosen as future village nursery beneficiaries

and 46,200 households were chosen as future

homestead gardener members. A baseline sur-

vey was conducted in November 1999 prior to

the beginning of NGNESP activities and the

evaluation study in November 2000. House-

holds with a mother and with at least one

child aged 6 to 59 months were selected for

these studies. If the mother had more than

one child in this age group, the youngest child

was selected.

Sampling Procedure and Design

A multistage-cluster design following a sys-

tematic sampling procedure was used for

both baseline and evaluation surveys. Of the

30 subdistricts, 6 were randomly selected to

be included in both surveys. In each of the

selected subdistricts, 30 percent of the village

nurseries were randomly selected for both

surveys. Within each village nursery (one nurs-

ery covers 40 households, on average), every

fourth eligible household was enrolled until

10 pairs of mothers and children had been

selected. Data were collected from 719 house-

holds in each survey.

A field-tested questionnaire was used to

collect information on production and con-

sumption of VA-rich vegetables and fruits.

The consumption data were mainly collected

on mothers and on children aged 6 to 59

months. Mothers were asked about the con-

sumption of dark-green leafy vegetables

(which also included red amaranth); yellow

vegetables such as carrot, pumpkin, and sweet

potato; and vitamin A–rich fruits such as ripe

papaya, mango, and jackfruit. Any of these

vegetables or fruits consumed in a day was

recorded as one day of consumption. VA

intake was assessed using a semiquantitative

24-hour recall (De Pee and Bloem 1999). Each

mother in the study was interviewed about

her own and her child’s consumption of VA-

rich foods in the past 24 hours. Foods were

coded into categories based on the RE content

per 100 grams. A 5 percent random subsample

of all the interviewed households was used

for data quality control, and appropriate meas-

ures, including training, were taken in case of

inconsistencies.

The dataset was checked and cleaned before

analysis, which was conducted using SPSS soft-

ware (Windows version 7.5.1; SPSS Inc. 1996);

anthropometrics calculations were done using

ANTHRO software (version 1.01 1990; CDC

and WHO). Nonparametric testing (the Mann-

Whitney U test) was used to compare the

skewed group average, and chi-square testing

was used for qualitative data. Statistical signif-

icance was considered to be at the 5 percent

probability level.

RESULTS

A year after the implementation of NGNESP

activities among the households that joined in

1999, the data collected from the beneficiaries

showed a significant increase in the size of

homestead gardens and the number and quan-

tity of vegetable crops produced, including

dark-green leafy vegetables (Table 1). The aver-

age size of the homestead garden increased

from 1 decimal in 1999 to 1.5 decimals in 2000.

In addition, the average number of vegetable

crops that were grown increased from three

in 1999 to six in 2000. Beneficiary households

were also found to produce an average of 28 kg

of vegetables in September and October, while

the households in the baseline survey had pro-

duced only 16 kg during the same period of the

preceding year. More vegetable production
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in 2000 led to an increase in garden income

among households. The average income was

estimated at 100 taka per household in 2000

compared with 50 taka in 1999. The 2000 data

also showed that more households in the

NGNESP working areas have started to grow

vegetables year-round (Table 1).

Consumption of Dark-Green Leafy 

Vegetables by Mothers and Children and 

Daily Provitamin A Carotenoids (RE) Intake

The data collected in NGNESP working areas

suggested an improvement in the level of con-

sumption of green leafy vegetables by mothers

and children (Figure 1). The percentage of

mothers who consumed dark-green leafy vege-

tables at least three of the seven days prior to

the evaluation survey increased from 37 per-

cent in 1999 to 86 percent in 2000, a dramatic

increase of 49 percent in a one-year period.

A similar increase was registered among chil-

dren 6 to 59 months of age in the study areas.

The percentage of consumption rose from

28 percent in 1999 to 76 percent in 2000,

which represents a 48 percent increase. This

similarity in the level of increase was expected

because mothers traditionally share their meals

with young children.

The RE daily intake was estimated from the

vegetables and fruits consumed by mothers

and their children in 1999 and 2000. After one

year of the project, the mothers’ daily intake

of RE from vegetables and fruits increased

eightfold. In 1999, it was estimated that

mothers consumed the equivalent of 30 RE

per day from vegetables and fruits. However,

in 2000, this daily intake increased to 230 RE.

For children from beneficiary households, the

RE intake per day also increased fourfold, from

10 to 40 RE (Table 2).

HOMESTEAD GARDENING AND VITAMIN A DEFICIENCY 71

TABLE 1 Existing home-gardening characteristics among the households studied

between the baseline and evaluation surveys (n = 719)

Baseline Evaluation

Indicators Median (25–75)a Median (25–75)a

Size of the garden (decimals) 1 (1–1) 1.5 (1–2)b

Varieties of vegetables grown 3 (2–3) 6 (4–7)b

Varieties of dark-green leafy vegetables grown 1 (1–2) 3 (2–4)b

Varieties of yellow VA-rich vegetables grown 0 (0–0) 1 (1–1)b

Vegetables produced in past two months (kg) 16 (10–22) 28 (17–37)b

Average earnings from selling vegetables (taka) 50 (28–193) 100 (50–200)c

Gardens producing vegetables year-round (%) 1 40b

Households predominantly consuming produce 36 76b

from own garden (%)

a Numbers in parentheses indicate 25th to 75th percentile value.
b Significantly different, p < 0.001 (chi-square test for proportions and Mann-Whitney U test for con-
tinuous variables).
c Not significant.



Sources of Vegetable Consumption

Figure 2 shows that the proportion of house-

holds that consumed vegetables grown pre-

dominantly in their own garden increased from

36 percent at baseline to 78 percent at the eval-

uation survey.

DISCUSSION

During a one-year intervention period

NGNESP/HKI became capable of establishing

homestead gardens in nearly all target house-

holds. Shifting traditional gardening prac-

tices to improved or developed gardening

was achieved due to the establishment of

well-functioning, community-supported vil-

lage nurseries. The varieties and consequently

the level of vegetable production increased

twofold, which ensured the availability of pro-

vitamin A–rich carotenoids, particularly for the

poor households where plant foods constitute

the main source of vitamin A. Mothers’ and

children’s frequency of consumption of dark-
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FIGURE 1 Percentage of mothers and children who consumed dark-

green leafy vegetables at least three days within the week

prior to the baseline and evaluation surveys (n = 719; χ2,

p < 0.001)

TABLE 2 Estimate of provitamin A carotenoids (RE) from vegetables

and fruits consumed per day by mothers and by children (aged 6 to 

59 months) between the baseline and evaluation surveys (n = 719)

Baseline, 1999 Evaluation, 2000

Person Median (25–75)a Median (25–75)a

Mother’s consumption (RE/day) 30 (10–405) 230 (30–750)b

Child’s consumption (RE/day) 10 (0–40) 40 (10–185)b

a Numbers in parentheses indicate 25th to 75th percentile value.
b Significantly different (Mann-Whitney U test), p < 0.001.



green leafy vegetables was found to have in-

creased after intervention; similarly, mothers’

daily consumption of provitamin A carotenoid

(RE) from vegetables and fruits increased eight-

fold, and their children’s (aged 6 to 59 months)

consumption increased fourfold. The vegeta-

bles consumed were found to be predomi-

nantly grown in their own gardens. Another

important finding of this evaluation is that

some households were earning income by

selling garden produce after fulfilling their

own requirement.

We concluded that the homestead garden-

ing implemented by HKI, Bangladesh, has

had a positive impact on improving consump-

tion of provitamin A carotenoids, particularly

among women and children, and on improv-

ing the food security of underprivileged rural

people.
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ALLEVIATING MALNUTRITION 

THROUGH HORTICULTURE

S.M. MONOWAR HOSSAIN

ABSTRACT

Horticulture is an important subsector of

agriculture. The potential of horticultural

crops has not yet been fully explored or ex-

ploited in Bangladesh. More than 90 vege-

tables and 60 fruits are grown in Bangladesh,

with great regional variation in the extent of

cultivation. The cultivated area given to fruits

and vegetables is 0.52 million hectares, cov-

ering 3.7 percent of total cropped area. Vege-

table production provides only about one-fifth

of the recommended daily intake of 200 g

per person. Likewise, present fruit production

provides only 34 g toward the daily require-

ment of 75 g per person.

INTRODUCTION

A balanced diet is a human need, and a human

right as well, since it provides elements for

better health. But in Bangladesh, food is

strongly biased toward cereals, resulting in an

imbalanced diet. As a consequence, malnutri-

tion, the manifestation of undernutrition, is

widespread, causing disorders such as blind-

ness, beriberi, and anemia. As the chief sources

of vitamins and minerals, horticultural crops

such as fruits and vegetables are known as

protective foods. The Bangladesh climate and

soil are suitable for growing a wide range of

fruits and vegetables that could contribute

substantially to the achievement of nutritional

security.

Area and Production of Fruits and Vegetables

and Future Projection

More than 90 vegetables and 60 fruits are

grown in Bangladesh, with great regional

variation in the extent of cultivation. Some

crops are concentrated in certain areas because

of favorable agro-ecological conditions and

better marketing facilities. The cultivation

area and annual production of fruits and vege-

tables are listed in Table 1.

The area in Bangladesh given to cultivation

of fruits and vegetables is 0.52 million hectares,

covering 3.7 percent of total cropped area. The

current rate of vegetable production provides

only about one-fifth of the recommended

daily requirement of 200 g per person. Like-

wise, the present fruit production provides

75



only 34g toward the daily requirement of 75 g

per person. Thus, the level of production of

these crops does not provide the necessary

dietary supplements.

Nutrients and the Importance of 

Major Fruits and Vegetables

Most malnutritional disorders are related to

deficiencies of vitamins A and C and of min-

erals such as calcium and iron. Fruits and

vegetables contain these essential nutrients

in varying quantities, so to realize the most

nutritional benefit from increasing the pro-

duction of fruits and vegetables, it is impor-

tant to know which crops have the richest

vitamin and mineral content (Table 2).

Some vegetables contain more inhibitors

than enhancers of iron. Iron bioavailability of

legumes such as soybeans, mung beans, and

lima beans can be enhanced by cooking them

with tomatoes (AVRDC 1999).

Most fruits and vegetables contain high

amounts of fiber. Dietary fiber promotes lax-

ation, reduces blood lipid, and reduces the risk

of colon cancer. Beta-carotene, lycopene,

flavones, vitamin C, and vitamin E are readily

available in many vegetables and fruits. These

components destroy the free radicals that are

produced naturally in the body, thus helping

to protect against illness. Some vegetables that

help reduce the risk of cancer are listed in

Table 3.

Most fruits and vegetables are seasonal, but

their processed products can reduce scarcity

during the off-season. Since the nutritive value

of processed products does not deteriorate

(with the exception of some vitamins), the pro-

cessed products can contribute to alleviating

malnutrition. Storage of processed products

under optimal conditions reduces spoilage and

limits the loss of vitamins to only 10–15 per-

cent. Retention of nutrients varies with the

type of product, storage conditions, and the

kind of vitamins.

Available Improved Technology for 

Fresh and Processed Products

One of the mandates of BARI is to develop

improved varieties of and processing tech-

nologies for different fruits and vegetables.

Meanwhile, the Horticulture Research Centre

(HRC) has released 42 varieties of vegetables

(Table 4) and 21 fruits (Table 5). The Post-

harvest Technology Division of BARI has

developed protocols for the processing of dif-

ferent vegetables and fruits (Table 6). Farmers

have started growing these varieties both at

the homestead and in farm land. Processing

technologies are being used for home-scale

preservation as well as for small enterprises.

Productivity of Horticultural Crops

The productivity of horticultural crops per

unit area and time is much higher than for non-

horticultural crops such as paddy, wheat, and

pulses (Table 7). Our on-farm trial of tomatoes

in farmers’ fields indicated that a yield of 60

tons per hectare was obtained during the 

winter season using improved varieties, recom-

mended fertilizer, and other management

techniques under irrigated conditions. More

production of vegetables and fruits will reduce

the intake of cereals, which will improve cereal
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TABLE 1 Area, production, and yield of

fruits and vegetables

Area Production Yield

Crops (million ha) (million ton/y) (tons/ha)

Vegetables 0.29 1.4 4.83

Fruits 0.23 1.6 6.96

Source: BBS (1999).

Note: ha = hectares; y = years.
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TABLE 2 Crops rich in vitamins and minerals per 100 g of edible portion

Nutrient Vegetables Fruits Functions

Beta-carotene Carrot (1,890), spinach (7,182), Banana (225), blackberry Prevents night 
(mg/100 g pumpkin (50), amaranth (300), orange (300), mango blindness
edible portion) (5,520), lettuce (52), colocasia (1,880), jackfruit (1,500), Promotes growth

leaves (10,278), bitter gourd guava (145) Is an antioxidant
(126), country bean (187), 
drumstick (110), drumstick 
leaves (6,780), tomato (351), 
radish leaves (5,295)

Vitamin B Cabbage (75), cauliflower (100), Apple (45), guava (50), Prevents anemia
(mg/100 g garden pea (400), potato (130), pummelo (40), orange Enhances activities 
edible portion) lettuce (75) (75), pineapple (75) of protein and 

carbohydrates

Vitamin C Cabbage (124), cauliflower (56), Blackberry (20), pummelo  Cures scurvy
(mg/100 g spinach (28), amaranth (99), (40), lemon (50), orange Improves 
edible portion) country bean (9), bitter gourd (55), guava (200), amloki resistance to cold

(88), drumstick leaves (220), (40) Improves 
radish leaves (81) bioavailability of

irons
Is an antioxidant

Iron Spinach (11), beans (6), amaranth Date palm (0.48), guava Prevents anemia
(mg/100 g (26), cauliflower (2), carrot (2), (0.3), bulocks heart (1.0)
edible portion) cucumber (20), colocasia (7)

Calcium Spinach (73), cabbage (39), carrot Blackberry (63), date (63), Prevents rickets
(mg/100 g (80), cauliflower (33), tomato (48), lemon (107), orange (41) Protects from 
edible portion) garden pea (39), okra (66), country bone and tooth 

bean (210) decay

Source: Bose, Som, and Kabir (1985).

TABLE 3 Prevention of different cancers by vegetables

Cancer type Vegetables

Breast cancer Phytoestrogen-rich vegetables like beans and pulses

Colon cancer Fiber-rich vegetables, namely, leafy vegetables, okra

Lung cancer Beta-carotene-rich vegetables like carrot, pumpkin, and deep-green leafy vegetables

Ovarian cancer Phytoestrogen-rich vegetables and bioflavonoid-containing vegetables like cabbage,
cauliflower, broccoli, and turnip

Prostate cancer Lycopene-rich vegetables like tomato and watermelon



food security. It is estimated that reducing the

daily consumption of rice by 60 g per person

will save about 2 million tons of rice.

OPPORTUNITIES AND STRATEGIES FOR

COMBATING MALNUTRITION THROUGH

HORTICULTURAL CROPS

Homesteads, farmland (high and medium-

elevated land), and hilly areas are the poten-

tial areas of intensive cultivation of horticul-

tural crops. At present, vegetables and fruits

grown in the homestead have a wide degree
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TABLE 4 Vegetable varieties/hybrids developed by BARI

Crop No. of varieties Crop No. of varieties

Tomato 13 Okra 1

Brinjal 5 Garden pea 2

Cabbage 2 Edible podded pea 1

Cauliflower 1 Bush bean/French bean 1

Radish 3 Stem amaranth 1

Leafy vegetables 5 Onion 1

Chinese cabbage 1 Coriander 1

Hyacinth bean 2 Chili 1

Bottle gourd 1

TABLE 5 Fruit varieties/hybrids

developed by BARI

No. of No. of

Crop varieties Crop varieties

Guava 2 Toikar 1

Papaya 1 Coconut 2

Mango 4 Lemon 3

Litchi 3 Wax jambu 1

Sapota 1 Longan 1

Mandarin 2

TABLE 6 Fruit and vegetable products developed by BARI

Product(s) Fruits and vegetables

Jelly Mixed fruit, pineapple, jackfruit, golden apple

Candy Muskmelon, pineapple, coconut, ginger, palmyra palm, sweetgourd, golden apple
carambola, mango, jackfruit

Jam Palmyra palm, pineapple, mixed fruit, mango, guava

Pickle Green jackfruit, ber, golden apple, cabbage, radish, brinjal, olive, green chili, mango, carrot

Chutney Tamarind, green mango, wood apple, olive, ber, mango, golden apple

Dehydrated Mango, jackfruit, pineapple

Marmalade Mixed fruit, lemon

Drinks Passion fruit, mango

Ketchup Tomato



of diversity. Women play the dominant role

in homestead farming in Bangladesh. Home-

stead farming, particularly of horticultural

crops (Table 8), contributes significantly to

household food security and thereby supplies

nutrients to the family.

Due to land scarcity, any significant in-

crease in crop yields must occur through

improved technology and by providing neces-

sary logistical support to the farming commu-

nity. Some measures to produce more vege-

tables and fruits and to promote nutrition

awareness are as follows:

1. Strengthening research on horticultural

crops to develop demand-driven technol-

ogy (improved variety, pest management,

etc.) in both public and private sectors.

2. Quickly disseminating improved technol-

ogy through government institutions and

NGOs by encouraging farmers’ participa-

tion and upgrading the technical capabil-

ities of trainers.

3. Increasing horticultural crop diversifica-

tion by intercropping horticultural with

nonhorticultural crops (e.g., rice, maize,

sugarcane) for more food, more income,

and better soil health.

4. Utilizing hills and hillocks (about 13 per-

cent of the total area of Bangladesh), which

mostly remain fallow although they are

areas of high potential for growing differ-

ent horticultural crops. The scope also pre-

vails to grow suitable horticultural crops

in coastal tracts.

5. Growing horticultural crops as com-

ponents of agroforestry (e.g., planting

multipurpose fruit trees along roads and

embankments).
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TABLE 7 Comparative yield of various

horticultural and nonhorticultural crops

(1997–98)

Yield Yield

Crop (t/ha) Crop (t/ha)

Potato 11.40 Banana 15.87

Sweet potato 9.53 Pineapple 10.99

Brinjal (rabi) 6.62 Papaya 7.35

Tomato 7.19 Rice (boro) 2.57

Cabbage 10.62 Wheat 2.44

Radish 9.06 Lentil 0.29

Note: t/ha = tons per hectare.

TABLE 8 Total production and per capita availability of fruits, vegetables, and spices

in homestead

Total quantity Quantity/household Per capita quantity

Crop (tons) (kg) (g/person/d)

Fruits

Perennial 983 120 60

Nonperennial 109 19 10

Vegetables 370 64 32

Species 10 2 0.87

Source: FAO (1997).

Note: d = day.



6. Incresing intensive orchard farming by

providing farmers with long-term loans,

training and advisory services, and good-

quality planting materials from mother

plants.

7. Integrating livestock, poultry, and fish

farming with horticultural crops for bet-

ter utilization of farm resources.

8. Growing the agro-processing industry of

horticultural crops. The opportunity exists

to promote the industry by intensifying

production of an appropriate variety

of crops such as tomatoes, cucumbers,

mangos, jackfruit, pineapples, lemons,

and more. Agro-processed products such

as ketchup, sauce, juice, and pickles are

in demand in both domestic and export

markets.

9. Improving postharvest operations related

to handling, storage, and marketing of

fresh and processed produce.

10. Promoting awareness of nutrition through

the mass media, food fairs, demonstra-

tions, women’s clubs, homestead-based

production and nutrition programs for

horticultural crops, increased supply of

processed horticultural products, and

other means.

CONCLUSION

As an important subsector of agriculture, hor-

ticulture offers a potential that has not yet

been fully explored or exploited in Bangla-

desh. Fruits and vegetables, among other hor-

ticultural crops, need more attention if they

are to contribute to better food security and

nutrition security. The Bangladeshi population

should eat more fruits and mixed vegetables

regularly to bolster the body’s defenses against

cancer and other micronutrient-deficiency

diseases.
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PULSES IN BANGLADESH: PRODUCTION,

PROBLEMS, PROSPECTS, AND FUTURE PLANS

M. SHAHJAHAN

ABSTRACT

The area under pulse production has decreased

continuously for the last 10 years in Bangla-

desh. With the expansion of irrigation facil-

ities, the area allocated to production of cereal

crops has increased significantly, while pulses

have been pushed to marginal lands of low

productivity. Additional production of pulses

can be achieved by (1) increasing productiv-

ity through improved varieties, (2) increasing

area (utilizing fallow lands by introducing

new cropping patterns), (3) improving man-

agement practices, (4) introducing pulse culti-

vation in nontraditional areas, (5) improving

postharvest technology, (6) developing mar-

keting systems and credit facilities, and (7) im-

proving linkages between research and exten-

sion. To meet demand, the total production

of pulses must increase by 25–37 percent by

the year 2010.

INTRODUCTION

Pulses occupy about 4 percent of the total

cropped area and contribute about 2 percent

to the total grain production of Bangladesh.

About a dozen pulse crops are grown in the

winter and summer seasons. Among these,

khesari, lentil, chickpea, black gram, mung

bean, field pea, cowpea, and fava bean are

grown during the winter season (November–

March). Collectively, they occupy 82 percent

of the total pulse-cultivation area and con-

tribute 84 percent of the total pulse produc-

tion. Black gram and mung bean can also be

grown in late winter ( June–March) in south-

ern areas such as the Bhola, Barisal, and Chit-

tagong districts.

Pulses are excellent sources of protein, but

they are treated as minor crops and receive

little attention from farmers and policymakers.

With the expansion of irrigation facilities, the

area of production of cereal crops has in-

creased significantly, while pulses have been

pushed to marginal lands of low productivity.

To halt the declining trend, in 1988 the GOB

approved the Crop Diversification Project,

of which pulses were a major component. In

1996–97, the government also approved the

Lentil, Blackgram, and Mungbean Develop-

ment Pilot Project. Both projects emphasized
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the development of various pulses through

regional and multilocation yield trials with

new varieties and through farmers’ field trials

to create awareness about pulse cultivation.

PRODUCTION OF PULSES 

IN BANGLADESH

Present Production

The area of pulse production has decreased

continuously for the past 10 years. Cultivation

of pulses is mainly concentrated within the

Ganges floodplain areas of the northern dis-

tricts and in some southern districts of the

country. Soils of this area are calcareous, loamy

in the ridges, and clayish in the basin. Avail-

ability of phosphorus, calcium, molybdenum,

and boron—the most essential elements for

legume crops—is relatively high. The average

annual yield of the different pulses ranges from

700 to 800 kg per hectare.

Lentil. Lentil is the most important pulse

to consumers. Lentils are grown on high and

medium-high lands with moderately well-

drained, high-textured soils. More than 85

percent of lentil area is concentrated within

the nine greater districts: Jessore, Faridpur,

Kustia, Rajshahi, Pabna, Comilla, Noakhali,

Manikganj, and Khulna. Most local cultivars

suffer from rust, stemphylium blight, and root

rot. Loss from these diseases may be mini-

mized by early planting. BARI has already

released six high-yielding varieties of lentil,

among them BARI Musur-4, which has short

duration and high yield. This variety is disease

resistant.

Lathyrus. Production of lathyrus is scattered

almost throughout the country. However,

nearly one-third of the total area of lathyrus

production belongs to three southern districts:

Patuakhali, Barisal, and Bhola. Other major

lathyrus-growing districts are Faridpur, Dhaka,

Noakhali, Jessore, Rajshahi, Comilla, Tangail,

and Pabna.

Chickpea. The yield stability of chickpea is very

low due to losses from various diseases such

as wilt. About 85 percent of chickpeas are

grown in seven districts: Jessore, Faridpur,

Rajshahi, Kustia, Pabna, Dinajpur, and Barisal.

Chickpea cultivation, especially of varieties

Nabin and BARI chola 3 and 5, is widely

accepted by farmers of the Barind area of

Rajshahi, a region that has a climate suitable

for good production.

Black Gram. This pulse is mostly grown in the

north and northwestern parts of the country,

mainly in Chapai Nowabganj district. There

are two types of local cultivars: a small-seeded

variety called Thakri Kalai, and a relatively

large-seeded variety called Mash Kalai, which

has long duration. Of the five black gram vari-

eties that BARI has already released, BARI

Mash-5 has short duration, higher yield, and

disease tolerance.

Mung Bean. About 70 percent of mung bean

production is concentrated in the four south-

ern districts of Patuakhali, Barisal, Bhola, and

Noakhali. Patuakhali alone accounts for 30

percent of the area in which mung bean is

grown. BARI has released five varieties of

mung bean, of which BARI mung-2, -3, and -4

are being popularly cultivated in the southern

belt. About 30–40 percent of mung bean area

has already been covered by these varieties.

BARI mung-2 has been widely accepted in the

greater Jessore and Jhenidhah regions because

of its high-yielding quality, while BARI mung-

5 has gained popularity among farmers due to
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its attractive seed color, bold seed size, and

synchronous harvest.

Constraints on Pulse Production

Productivity of pulses in Bangladesh is low and

unstable compared to that of wheat or rice.

The major constraints on productivity are that

pulses in general

• have genetically low yield potential—partic-

ularly the indigenous varieties;

• are sensitive to too much water and fertilizer

and often show negative response to these

factors;

• have more disease and pest problems than

cereals do;

• are more sensitive to climatic factors such

as excess soil moisture, humidity and rain-

fall, terminal heat stress, and soil factors,

when compared with cereals; and

• receive little attention from farmers with

respect to adequate land preparation, fertil-

ization, timely sowing, weeding, and plant

protection.

On the other hand, farmers suffer from

lack of access to appropriate seed production

and postharvest technologies, marketing sys-

tems, and credit facilities. Also, research and

extension are poorly linked.

These constraints on pulse production result

in lack of proper management and unstable

production levels.

Prospects for Increasing Pulse Production

The prospect of increasing pulse production

in Bangladesh can be achieved by

• increasing productivity through improved

varieties,

• increasing area (utilizing fallow lands by

introducing new cropping patterns),

• improving management practices,

• introducing pulse cultivation in nontradi-

tional areas,

• improving postharvest technology,

• developing marketing systems and credit

facilities, and

• creating better linkages between research

and extension.

NUTRITIONAL QUALITY OF PULSES

Pulses are a good source of protein, minerals,

and energy in a human diet. The excellent

nutritive value of pulses is highly comple-

mentary to a cereals-based diet in developing

countries. Pulses are a cheaper source of pro-

tein than animal foods (Singh and Jambuna-

than 1991). In Bangladesh, a large number of

people are suffering from malnutrition. For

alleviating human malnutrition for the poor-

est segment of the country’s population, pulses

have been identified as crops with exceptional

potential.

The present per capita availability of pulses

is only 12.5 g daily, which is far below the 45 g

recommended for the Bangladeshi diet. The

present production of pulses is only 420,000

tons. To meet demand, the government spends

about 200 billion taka yearly to import pulses

(CIDA July 1994). If the current rate of per

capita consumption of pulses is to be main-

tained, by the year 2010 the demand for pulses

is estimated to be 670,000 tons. This means

that the total production of pulses will have

to increase by 25–37 percent, a challenge that

must be met either by increasing total pro-

duction or increasing imports.

FUTURE PLAN

In the future, the following steps should be

taken to increase pulse production:
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• Efforts should be made to develop varieties

resistant to major disease.7

• A package of improved management prac-

tices for various pulses needs to be devel-

oped for different agro-ecological zones.

• Emphasis should be placed on biofertilizer

production and application to nontraditional

pulse areas.

• Identification of races of major pathogens

of pulse disease should get priority.

• Integrated disease-management packages

should be developed.

• Integrated pest management should get

priority.

• The seed multiplication farms should be

extended and provided with better facilities

for seed processing and storage and mecha-

nisms for seed distribution by increasing the

number of sales centers.

• NGOs and the private sector should engage

in standard foundation and certified seed

multiplication.

• Emphasis should be placed on postharvest

handling, storage, and processing of pulses

to reduce losses and retain quality.
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NUTRITIONAL IMPACT OF FOR-PROFIT

VEGETABLE AND FISHPOND PRODUCTION

H.E. BOUIS

ABSTRACT

Given the low access that women in rural

Bangladesh have to productive assets, their

crucial role as caretakers, and their high vul-

nerability to micronutrient deficiencies, nu-

merous NGOs target women for food-based

income-generating activities. Three such pro-

grams were examined. The programs promote

adoption of polyculture fish production (two

sites) and commercial vegetable production

(one site). The programs evaluated had income

generation—not better nutrition—as their

primary objective. The fish and vegetable

technologies were found to be more profit-

able than rice production, but rice production

provided a higher share of total income. On

the basis of the evidence collected, there is

little reason to believe that adoption of the

two technologies has improved the micro-

nutrient status of members of the adopting

households through better dietary quality.

There was no finding of adopting households’

disproportionately high consumption of the

fish and vegetables they had raised. The im-

pacts on overall household income, although

positive, were not strong. The effects of adop-

tion on women’s status and time allocation do

not change this conclusion.

It is consumers in general who benefit from

research, extension, and credit programs to

increase the market supply of vegetables and

fish. All other things being equal, increased

market supply will lower prices for these

foods. Although inflation-adjusted cereal prices

in Bangladesh have fallen by 40 percent over

the past 25 years, real prices of lentils, vege-

tables, and animal products have increased by

25–50 percent. Real fish prices have perhaps

doubled. Dietary quality for the poor may be

declining due to these price effects.

INTRODUCTION

Poor dietary quality—low intakes of vegeta-

bles, fruits, pulses, and animal and fish products

—is a primary cause of micronutrient mal-

nutrition. Many nonstaple foods are high-

status foods; the poor cannot afford these

high-energy-cost foods in sufficient amounts
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in their diets. Their food expenditures are

dominated by low-energy-cost but mineral-

and vitamin-poor staple foods.

In the Bangladesh environment of water-

rich flood plains, production of polyculture

fish and vegetables—two foods rich in micro-

nutrients—can be very profitable if managed

properly, leading to higher incomes for farm-

ing households. Increases in income, in turn,

may translate into higher expenditures for

nonstaple foods. In addition, households that

take their consumption needs into account in

their production and cropping patterns might

consume a disproportionate share of their own

production. Numerous NGOs in Bangladesh

are promoting adoption of vegetable and fish-

pond activities through credit and training pro-

grams targeted at women. The present study

examined three such programs (Table 1).

The primary objective of the study was

to compare the differences in the patterns of

linkages between agricultural production and

nutrition outcomes between adopting and non-

adopting households at the three study sites.

To achieve this objective required detailed

information on (a) technology profitability and

its effect on household income, (b) women’s

status and decision making, (c) expenditures for

health care and other nonfood items, (d) food

consumption patterns and intrahousehold dis-

tribution of food, and (e) health and nutrition

outcomes. To evaluate these programs, the

methodology involved selecting and survey-

ing at each site

• 110 households that were NGO members

and had adopted the new technology (des-

ignated “A” households);

• 110 households that were NGO members,

resided in villages where the NGO had not

yet introduced the new technology, and

who were deemed likely to adopt the new

technology if and when it was introduced

(designated “B” households); and

• a random selection of 110 households from

the remaining pool of households in A and

B villages (designated “C” households).

Four survey rounds were undertaken at

four-month intervals during 1996–97 to ex-

amine differential effects of technology adop-

tion across seasons. This chapter summarizes

the findings for items a and d; see Bouis et

al. (1998) for more information on items a

through e.

FOR-PROFIT PROGRAMS

It is important to note that the programs

being evaluated here had income-generation

—not better nutrition—as their primary ob-

jective. Thus, these programs may be distin-

guished from home vegetable garden interven-

tions, where nutrition education of adopting
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TABLE 1 The studied production systems

Production system Location Referred to as

Commercial vegetable production Saturia thana, Manikganj district Saturia

Polyculture fish production in Gaffargaon thana, Mymensingh district, and Mymensingh
household-owned perennial ponds Pakundia and Kishoreganj Sadar thanas, 

Kishoreganj district

Polyculture fish production in Jessore Sadar thana, Jessore district Jessore
group-managed ponds



households is emphasized and specific vege-

tables high in provitamin A content are pro-

moted. While some nutrition education was

provided by the NGOs to the survey house-

holds studied here, nutrition was not em-

phasized.

How Well Are the Poor Targeted?

In Jessore, 57 percent of adopting A house-

holds fall in the functionally landless category

(less than a quarter of a hectare) as compared

with 12 percent of A households in Mymen-

singh. Forty-one percent of A households in

Mymensingh fall in the medium and large

landowning categories (greater than or equal

to 1 hectare), as compared with 13 percent

of A households in Jessore. The ownership

distribution for A households in Saturia falls

between these two extremes.

The group-managed polyculture fishpond

program in Jessore appears to be the best tar-

geted of the three cases studied, in terms of

reaching those households with the least access

to land and the lowest value of consumer dur-

ables. However, even in this case the owner-

ship distribution of adopting households is

similar to that found among rural households

in Bangladesh on average—that is, adoption

does not appear to be skewed toward the

poorest of the poor.

TECHNOLOGY PROFITABILITY AND ITS

EFFECT ON HOUSEHOLD INCOME

Profitability of Vegetable and 

Fishpond Production as 

Compared with Rice Production

Rice accounts for about 50 percent of the total

area harvested in Saturia, about 85 percent in

Mymensingh, and about 75 percent in Jessore,

so that rice is clearly the predominant crop.

Vegetable production accounts for 9 percent

of the total area harvested in Saturia and only

1–2 percent in Mymensingh and 3–4 percent

in Jessore. The area devoted to fishpond pro-

duction in Mymensingh is about 25 percent

less (but with no fallow period) than the area

devoted to vegetable production in Saturia in

absolute terms, but it constitutes only 5 per-

cent of the total area harvested due to larger

farm size among sample households in

Mymensingh. Fishpond areas among sample

households are much smaller in Saturia and

Jessore.

Feasibility of Group-Managed Fishponds

In Jessore, in four of nine group ponds sur-

veyed, production was never planned and

undertaken by the NGO-sponsored groups

themselves because of institutional constraints

and intragroup disagreements. Of the five

ponds that were managed by groups them-

selves, only three were operated as intended,

with decision making, work, and pond output

shared among all group members. In theory,

programs that make productive assets avail-

able to groups of women from asset-poor

households can be an effective way to raise the

incomes of the poor. In practice, the inevitable

institutional and intragroup problems cannot

be eliminated, yet such problems can be min-

imized by the active participation of highly

motivated extension officers employed by the

NGO administering the programs.

Profitability of Individually Owned Fishponds

and Vegetable Production

In Mymensingh, the monthly cash profits for

A households from the operation of family-

owned fishponds were, on a per-hectare basis,

about twice as high as the monthly cash prof-

its from rice production, assuming that rice

land is left fallow about one-third of the year.

For B households, rice and fishpond produc-

tion were about equally profitable. In Saturia,

vegetable production for A and B households
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is two to three times as profitable on a cash

basis as rice production, although this calcula-

tion does not take into account fallow time for

either crop.8

Even though vegetable production is appar-

ently considerably more profitable than rice

production, households devote much more

land to rice production than to vegetable

production. There are a number of possible

explanations for this:

• Rice can be grown virtually all year round,

while vegetables do not grow well during

periods of heavy rain and hot temperature.

• Vegetables cannot be grown on land that is

subject to flooding, or the risk of doing so is

too high.

• Rice can be stored, while vegetables must

be marketed immediately; thus, vegetable

prices are more variable, which may make

vegetable production more risky.

Identification of other constraints on ex-

panded vegetable production merits further

inquiry.

Effects on Household Income

Incomes are highly diversified between house-

holds. Although apparently highly profitable

as compared with rice production, the two

technologies under study here contribute

rather modestly to overall household incomes.

In Mymensingh, fishpond production accounts

for 9.9 percent and 5.4 percent of total house-

hold income in A and B households, respec-

tively. The difference between the two figures,

4.5 percent of income, represents a rough

estimate of the marginal effect of applying

the polyculture management technology to

existing fishponds. Vegetable production in A

and B households in Saturia contributes only

2.5 percent and 2.1 percent, respectively, of

total household income, so that the marginal

effect of adoption of improved seeds as com-

pared with local seeds would constitute less

than 1 percent of total household income.

Income effects of adoption, then, are rather

modest for A households as compared with B

households across all three sites. However,

because of the high profitability of poly-

culture fish and commercial vegetable produc-

tion, the potential exists for a much greater

impact on household income if the land

devoted to production and other inputs were

to be increased. A priority for research would

be to understand the constraints on more

intensive adoption by adopting households.

FOOD CONSUMPTION PATTERNS 

AND INTRAHOUSEHOLD 

DISTRIBUTION OF FOOD

Given the minimal impact of adoption on over-

all household income, it is a foregone con-

clusion that dietary patterns and nutritional

status will not be much affected through the

adoption-income linkage. However, it may be

that adopting households consume dispropor-

tionate amounts of fish and vegetables that are

rich in micronutrients, consequently improv-

ing their nutritional status. It might also be that

increasing the market supply of fish and vege-

tables will hold down prices of these com-

modities and so increase the intakes of these

micronutrient-rich foods. Thus, it is important

to understand the underlying factors—in par-

ticular, household income and food prices—

that drive patterns of food consumption.

Income and Food Consumption Relationships

Rice and wheat are the least expensive sources

of dietary energy in the study area. Rice is pre-

ferred to wheat. These two facts, in conjunc-
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tion with low purchasing power, explain the

high levels of rice consumption relative to

intakes of other foods. Rice consumption

does not vary significantly by income group,

suggesting that consumers at all income levels

give high priority to satiating hunger through

rice consumption first and then purchase non-

staple plant foods and animal and fish prod-

ucts for variety in their diets—to the extent

that food budgets permit. Likewise, consump-

tion of vegetables varies little with income. In

fact, consumption of green leafy vegetables

declines marginally with income.

In contrast, animal and fish consumption

roughly doubles between low- and high-income

terciles for the surveyed households. Non-

staple plant food consumption also rises with

income, but it does so at a slower rate—there

is roughly a 50 percent increase in intake of

nonstaple plant foods between low- and high-

income terciles. The lack of effect of income

on vegetable consumption is atypical of non-

staple foods in general. Although animal and

fish consumption accounts on average for

only 3 percent of total dietary energy intake,

it is striking that animal and fish consumption

accounts for 20–25 percent of food budgets on

average. Moreover, animal and fish consump-

tion accounts for a high proportion of the

marginal increase in food expenditures as

income rises. This implies that there is much

latent demand for animal and fish consump-

tion as income rises, as well as for selected

nonstaple plant foods such as fruits and sugar.

Vitamin A and Iron Intakes

Most vitamin A intake among the studied

households came from vegetables in the form

of carotenoids. There is a great deal of season-

ality in vitamin A intake because of seasonal-

ity in vegetable prices and consumption. Ani-

mal and fish consumption contributed small

proportions of total iron intakes, 4–8 percent,

although it is known that minerals from such

food sources have higher bioavailability and

enhance the bioavailability of iron from plant

sources. Nonstaple plant foods contributed

about one-half of total iron intakes across

the three sites, and cereals contributed about

45 percent.

Intrahousehold Food Distribution

Preschoolers appeared to be favored in the

intrahousehold distribution of food; preschool

boys in particular received a disproportionate

share of animal and fish products. Adult

women tended to receive disproportionately

lower shares of animal-source foods, fish, and

other preferred foods. Although the energy

intakes of adult women are about two times

greater than those of preschool children, con-

sumption of animal and fish products is about

equal between adult women and preschool

boys.

Effects of Technology Adoption on

Households’ Own Consumption

The adoption of the polyculture fishpond

technology did lead to greater consumption

of large fish but not to greater fish con-

sumption in total—there was apparently a

one-for-one substitution of small fish in 

nonadopting, fishpond-owning households.

Although the magnitude of this substitution

was small, nevertheless it should be noted that

small fish in general are more nutritious, gram

for gram, than large fish, so that the impact on

dietary quality may be negative (Larsen et al.

2000; Roos et al. 2002).

One-half to two-thirds of the value of small

fish consumed came directly from market

purchases. Much of this market supply, in

turn, presumably originated from public

bodies of water because small fish cultivation

in privately owned ponds is not the subject

of fisheries research, nor is it encouraged by
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extension agents and programs. If scientifi-

cally feasible, there would seem to be a large

opportunity for profitable production of small

fish in privately owned fishponds if these

small fish could be harvested during February

through August, when small fish prices are

seasonally high.

Similar to the results for polyculture fish

production, vegetable-producing households

did not consume disproportionately high

amounts of vegetables. A plausible expla-

nation is that there is no latent, unsatisfied

demand to be met. To encourage greater vege-

table consumption through lower prices, pro-

duction and marketing efforts need to con-

centrate primarily on extending growing

seasons to dampen seasonal price fluctua-

tions, and perhaps on improving marketing

channels so that vegetables may be moved

cheaply and freely about the country to take

advantage of differences in regional growing

seasons.

EFFECTS OF TECHNOLOGY ADOPTION 

ON NUTRITIONAL OUTCOMES AND

IMPLICATIONS FOR AGRICULTURAL POLICY

Based on the evidence presented, there is little

reason to believe that adoption of the two

technologies under study has improved the

micronutrient status of members of adopting

households through better dietary quality.

There was no finding of disproportionately

high consumption of fish and vegetables

among adopting households that could be

attributed to household members’ eating their

own fish or plant products. The impact on

overall household income, although positive,

is not strong.

Nutritionists know that inadequate con-

sumption of animal and fish products in gen-

eral, and of certain categories of fruits and

vegetables in particular, is a primary under-

lying cause of micronutrient malnutrition.

Thus, it is consumers in general (both non-

adopting and adopting households) who ben-

efit nutritionally from research, extension, and

credit programs to increase the market sup-

ply of vegetables and fish. Increased market

supply will lower prices for these foods and

increase consumption.

While inflation-adjusted cereal prices in

Bangladesh have fallen by 40 percent over the

past 25 years, real prices of lentils, vegetables,

and animal products have increased by 25–

50 percent. Prices for fish have risen even more

rapidly. Demand estimates demonstrate that

consumers are responsive to price—consump-

tion of these nonstaple foods will increase if

prices decline. Conversely, if policies are not

undertaken to increase supply, prices of non-

staple foods will almost certainly increase in

the face of population growth, and nutritional

status will be further compromised.

CONCLUSIONS

From a short-run perspective, the story that

emerges is a discouraging one in the sense

that food-based production strategies that

rely on commercial incentives cannot imme-

diately result in a substantial reduction in the

number of malnourished people. In the short

run, such production strategies can only start

to improve the nutritional situation at the

margin—the initial step in a longer journey. It

is very much a medium-run to long-run objec-

tive for the agricultural sector in Bangladesh

to produce sufficient quantities of nonstaple

foods for consumers to meet recommended

daily allowances of minerals and vitamins.

The task of developing and introducing these

technologies is more complex than for rice

production, however, in the sense that po-

tentially a large number of food commodities

are involved. Nevertheless, the challenge of
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increasing the growth rate of nonstaple food

production must be met. Whether food prices

are rising or falling sets the overall context for

the extent to which complementary nutrition

interventions (e.g., supplementation, fortifi-

cation, nutrition education) can be effective

at the margin in lowering the prevalence of

malnutrition.

Can food-based interventions work in the

short run to improve micronutrient status?

The cost of animal and fish products is simply

too high with respect to consumer purchasing

power. However, vegetable sources of pro-

vitamin A are well within the purchasing

power of poor consumers. Thus, diet-based

interventions may be possible for improving

vitamin A status in that the problem would

appear to be one of consumer motivation—

informing and convincing consumers of the

benefits of provitamin A consumption and

providing knowledge of which vegetables are

rich sources. Education is key because there

does not appear to be a strong, latent demand

for vegetables, as there is for animal and fish

products, as income increases. Relatively

weak demand is a serious constraint also in

terms of the role of vegetables as a sustain-

able source of production growth.
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LESSONS AND EXPERIENCE IN INLAND

FISHERIES MANAGEMENT AND THE IMPACT

ON CONSUMPTION OF FISH

G.MD.N ISLAM, P.M. THOMPSON, AND P. SULTANA

ABSTRACT

The diversity of fish consumed in Bangladesh

is a key aspect of diet and culture. Although

total fish production in Bangladesh has been

rising due to aquaculture, there are wide-

spread concerns for loss and overexploitation

of floodplain capture fisheries. The two are

not effectively the same, because the resulting

diversity of fish differs under each circum-

stance, as does access to fish and resources.

Despite the leasing system, poor households

can catch small fish in seasonal floodplains,

but access to these resources has fallen due

to loss of fish habitat, competition with agri-

culture, and enclosure for aquaculture. Pond

aquaculture is largely practiced by pond

owners and is not an option for the poor.

Aquaculture produces mostly carp, which poor

households cannot easily buy, and which con-

tribute fewer micronutrients than do small

fish. Sustainable management of fishery re-

sources through community participation is

crucial to preserve and restore the fisheries of

rivers, beels, and floodplains.

INTRODUCTION

Fish have been an integral part of the life of

the people of Bangladesh from time imme-

morial and play a major role in the economy

and in nutrition. The fisheries sector provides

full-time employment to an estimated two

million fishers, small fish traders, fish trans-

porters, and packers (World Bank 1989), and

another 10 million people are partly dependent

on fishing—for example, they undertake part-

time fishing mainly for subsistence (BFRSS

1986). The sector contributes about 5.5 percent

of gross domestic product, 18 percent of the

gross agricultural product, and 6 percent of

export earnings. There has been a gradual de-

cline in the production of fish from inland cap-

ture fisheries during the past three decades.

The contribution of inland open waters was

41 percent in 1998–99, whereas the contribu-

tion from open water was 63 percent in 1983–

84 (DOF 2001). Aquaculture’s contribution

has grown to over 30 percent (Figure 1).

This chapter discusses the issues and expe-

riences in community management of inland
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fisheries and the comparative implications of

capture fisheries and aquaculture for con-

sumption of fish. The key issues identified are

access and diversity.

INLAND FISHERIES POLICIES

The main inland fisheries of Bangladesh are

state property under the jurisdiction of the

Ministry of Land and have been administered

to raise revenue through leasing to the highest

bidder, usually for one to three years. This

revenue-oriented management has benefited

middlemen and leaseholders, who are usually

rich people. The main attempts to change

this scenario have been through the following

initiatives:

1. The New Fisheries Management Policy

(NFMP) of 1986, which was based on

granting licences to fishers in 286 water

bodies that were transferred to the Depart-

ment of Fisheries (DOF) administration. In

practice, however, the new policy had little

effect, as the government relied on fisher

leaders in granting licenses, and DOF staff

were diverted to administrative tasks (Ali

1999).

2. Attempts since the mid-1990s to establish a

range of community-based or participa-

tory management regimes. The emphasis

has ranged between production, conserva-

tion of fish stocks, and social development

(Ali 1999).

COMMUNITY-BASED 

FISHERIES MANAGEMENT

The Ford Foundation–funded Community-

Based Fisheries Management (CBFM) project

worked in 19 bodies of water during 1996–

2000 and involved the DOF, several NGOs, and

ICLARM–The WorldFish Center. The project

tested and assessed collaboration arrange-

ments between the government, NGOs, and

fishers, with the aim of improving equity and
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sustainability in fisheries. Water bodies were

transferred to DOF administration and re-

served for use by sets of groups of poorer

fishers organized by NGO partners who also

provided training and credit. A range of sur-

veys, including detailed monitoring of fish con-

sumption, were undertaken to assess impact.

The experience is outlined by type of water

body.

Rivers

Flowing rivers were made freely accessible to

fisheries by the government in 1995. There-

fore, in only two of the rivers under the proj-

ect was revenue collected under NFMP, and

only in these cases was there a mechanism

for establishing territorial user rights. A wide

range of stakeholders (professional fishers,

subsistence fishers, farmers, etc.) fished in

these rivers, and the NGOs formed mixed

groups of users. River management commit-

tees (RMCs) involving all the stakeholders

were formed with the hope of reducing con-

flicts and limiting use of harmful equipment

constructed by nontraditional fishers and rich

people to control the resource.

However, the lack of clear property rights

along with limited NGO support resulted in

poor participation in the RMCs. The main

exception was one NFMP site where the com-

bination of license payments and a supportive

local fisheries officer resulted in a set of tradi-

tional fishers supported by an NGO partner

maintaining control and limiting fishing pres-

sure. In another river with similar rights, lack of

DOF support and conflicts among the fishers

meant that there was no change in fishing ef-

fort or in dependence on moneylenders (Islam

and Thompson 1999). Elsewhere experience

from river projects has been increasing fishing

pressure due to open access and local under-

lying conflicts over fishing grounds and be-

tween traditional fishers and other fishers.

Semiclosed Beels (Oxbow Lakes)

In four bodies of water of the oxbow type,

NGOs formed groups of people fishing for an

income. Each group is represented on a beel

management committee (BMC). The BMC

executives are elected by the general mem-

bers. The fishers participated actively in fish-

ery management by buying and stocking carp

fingerlings, guarding them during a closed

season, and instituting rotational fishing. They

equally shared the benefits.

Fish production increased in all the water

bodies included in the project. Income level

increased and asset status improved at most of

the sites. The participation of BMC members

in meetings and decision making was high.

Conflicts between farmers and fishers were

minimized by local administrations, because

the fishers pay for the right to fish but have

not always been able to control poaching.

Fisher incomes improved in three beels; in the

fourth beel, where there is effective participa-

tory management and clear institutional devel-

opment, income increase was not achieved

because of a high lease rate inherited from

preproject leasing.

Open Beels and Floodplains

Three types of beels (four beels in total) were

included in the project. Two beels were public

jalmohals, one was controlled by an NGO that

participants paid for fishing rights, and one

was entirely on private land. In the public and

NGO beels, BMCs were formed representing

only NGO groups; in the private beel, the

NGO formed groups of women (who fish

for food). The women were represented in the

BMC along with other stakeholders.

The BMCs established fish sanctuaries in

the deeper parts of two beels—in ditches or in

a brush pile—to protect overwintering brood

fish of beel-resident species. Combined with a
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voluntary ban on catching fish during the

breeding season, the sanctuaries have resulted

in increased catches. However, in the leased

beel, the many diverse stakeholders recog-

nized the need for conservation, but the NGO

failed to address organizational and institu-

tional issues. As a result, a few fishers domi-

nated, with a focus on collecting tolls.

IMPACT OF FISHING AND AQUACULTURE

ON FISH CONSUMPTION

CBFM Project Sites

For the three types of water bodies discussed

earlier (river, semiclosed beel, and open beel),

a panel of households was monitored inten-

sively for seven days each month to record

fishing and fish consumption (Sultana and

Thompson 2000) before and after the initia-

tion of the CBFM project. The survey showed

that fish consumption was strongly seasonal,

peaking in the late postmonsoon season. In

the open beel (Ashurar Beel), the fish catch

increased significantly (from 5 kg/household/

month in 1997 to 13 kg/household/month

in 1999) following project implementation,

and the total household fish consumption

increased from around 2 kg per month to

around 3 kg per month. At the river project

site, the fish consumption remained static,

whereas at the closed beel project site the

postimplementation fish consumption was less

than before. Over three years of surveys, 70

different fish species were eaten from the beel

sites and 97 different species from the river

project site.

Pond-Owning Households in Kapasia

Fish consumption was recorded by participa-

tory monitoring in 69 wealthier households

in Kapasia north of Dhaka in 1998–99. These

households owned a pond in which they cul-

tured fish. The mean fish consumption was

17 kg/household/month, which is much higher

than the consumption recorded at the CBFM

project sites. Also, the species diversity in the

diet was high, with 82 fish species recorded

over 84 days.

Table 1 compares consumption of small and

large fish by type of water body, season, and

farm size of the pond owner. In the Kapasia

study, fish consumption tended to increase

with increasing farm size. Wild-caught fish,

particularly small fish, dominated in the diets,

which was also true for pond owners in

Kapasia.

CHANGES IN THE SUPPLY OF FISH 

FROM FLOODPLAINS FISHERIES 

AND AQUACULTURE

In the previously mentioned study in Kapasia,

data from surveys in the early 1990s and in

1998–99 reveal some of the effects of changes

in the balance between capture fisheries and

aquaculture. In the early 1990s ICLARM was

involved in extending the adaptive aquaculture

of small ponds, and this was found to have

continued and to have spread to neighboring

pond owners after that project (Thompson

et al. 2000). But most households lack ponds.

Focus group discussions in 1998–99 with

separate groups of landless and landed house-

holds without ponds revealed that in 1990

small beels in the area were the main source of

fish consumed by both categories of house-

holds. At that time, during the fishing season

(monsoon and postmonsoon), about 75 per-

cent of all households caught fish on roughly

50 percent of days. In 1999, at least 25 percent

had stopped fishing and the rest fished less

frequently than before. Similar types of fish

were still caught, except that large catfish had

disappeared from their catches. All groups

reported a fall in daily catches, despite using the

same gear types, from 0.8–1.0 kg per person
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in 1990 to 0.2–0.3 kg per person in 1999. In

1990, these catches were reported to have

contributed 50 percent of landless and 25 per-

cent of landed household fish consumption.

By 1999, however, households’ own catch

contributed only about 10 percent of con-

sumption for both categories.

Hence non–pond owners have become

more dependent on markets for fish, but they

also reported reduced fish consumption by

about 50 percent for landed households and

by almost two-thirds for landless households.

The species composition of their consumption

had also changed in favor of the low-priced
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TABLE 1 Fish intake in Bangladesh from national surveys and ICLARM studies

Small fisha Large fishb Total fish

Mean, Mean, Mean,

g/capita/day g/capita/day g/capita/day

± SD ± SD ± SD

Location Year/Season (median) (median) (median) Method

Rural 1962–64 28d 700 hh, 14 locations,
Bangladeshc 24-h food weighing

Rural 1981–82 23d 600 hh, 12 locations,
Bangladeshe 24-h food weighing

Kapasia 1998–99 Aug–Jul 83d 20 hh, 84 days, 
Small farm (< 1 hectare) 24-h

fish weighing

Medium farm 1998–99 Aug–Jul 85d 36 hh, 84 days, 24-h
(1–3 hectares) fish weighing

Large farm 1998–99 Aug–Jul 96f 12 hh, 84 days, 24-h
(> 3 hectares) fish weighing

CBFM

Tangail 1999 Feb–May 9 ± 7 (6)f 6 ± 6 (5)f 15 ± 9 (12)f 90 hh, 24-h food
(Hamil Beel) Jun–Sep 11 ± 9 (9)f 6 ± 6 (5)f 17 ± 12 (14)f closed beel 

Oct–Dec 15 ± 12 (13)f 7 ± 8 (6)f 23 ± 14 (20)f weighing, 7 days 
per month

Dinajpur 1999 Feb–May 8 ± 7 (6)f 5 ± 8 (3)f 13 ± 11 (11)f 90 hh, 24-h food
(Ashurar Beel) Jun–Sep 24 ± 19 (20)f 2 ± 4 (0)f 26 ± 19 (23)f weighing, 7 days 
open beel Oct–Dec 29 ± 17 (25)f 5 ± 7 (3)f 34 ± 19 (31)f per month

Kishoreganj 1999 Jan–May 18 ± 9 (16)f 8 ± 7 (6)f 26 ± 14 (23)f 90 hh, 24-h food 
(Kali Nadi) Jun–Sep 20 ± 10 (19)f 9 ± 8 (7)f 28 ± 13 (26)f weighing, 7 days
river Oct–Dec 28 ± 15 (25)f 12 ± 12 (8)f 40 ± 21 (36)f per month

Notes: g = gram; SD = standard deviation; hh = households; h = hour.
a Small fish include small indigenous fish species and small shrimp.
b Large fish include all other fish species, including all cultured species.
c USDEHW (1966).
d Raw edible parts.
e Ahmad and Hassan (1983).
f Raw whole fish.



cultivated species, silver carp and thai shar-

puti (Table 2). This indicates a massive loss of

fish catch from floodplains and small beels

over nine years. The lost fisheries equate to

much more than the compensating contribu-

tion from a dramatic growth in aquaculture

over the same period of time. An increasing

landless population means that a large num-

ber of people can no longer catch as many fish

as before and have no pond; now they mainly

buy the cheap cultured species but cannot

afford to buy as much fish as they once

consumed.

CONCLUSIONS

Aquaculture clearly has an important role in

supplying fish in Bangladesh, but it has re-

ceived more development support than open-

water fisheries in the recent past. To maintain

access for the poor to diverse indigenous

fishes requires policy shifts focused on flood-

plain land use and jalmohal management. The

contribution of small indigenous fishes to

micronutrient consumption is notable (Thil-

sted and Roos 1999; Roos et al. 2002). It seems

feasible through community management of

fisheries to restore and enhance indigenous

fisheries for the benefit of traditional fishing

communities, poor subsistence fishers, and

local consumers, including the wealthier house-

holds that can afford some of the high-value,

scarcer, wild-caught species. The obstacles to

this include access rights and the land admin-

istration’s focus on revenue collection. Leases

for CBFM were for only three years, but

recently, for DOF projects, water bodies have

been transferred to DOF for participatory

local management for 10 years. However,

when this occurs, lease value increases by 25

percent in the first year of the project over the

previous level and then by 10 percent yearly

(Islam 1999). Fishers also pay 15 percent value-

added tax and 3 percent income tax on the

lease value. Thus the poor under community

management are taxed at much higher rates

than farmers or wealthy individuals and will

increasingly be forced to pay these taxes by

fishing at unsustainable levels, destroying the

nation’s resource base. A correction of this
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TABLE 2 Changes in fishing and fish consumption of non–pond owners in Kapasia

Landless Landed

households households

Characteristic 1990 1999 1990 1999

Proportion of households that never fish (%) 2 29 3 25

Proportion of households that fish more than twice a week (%) 75 38 82 56

Catch in main fishing season (kg/household/day) 0.8 0.2 1.0 0.3

Average consumption (kg/household/day) 0.43 0.16 0.60 0.30

Proportion of fish bought (%) 50 89 74 91

Meat consumption (kg/household/day) 0.10 0.04 0.10 0.14

Note: Typical figures based on averages of six focus group discussions with 32 landed male household heads
and five focus group discussions with 24 landless male household heads. The consensus or average views
from each focus group have been averaged for this table.



gap in policy will be an important step to

reverse this development and ensure that both

poor and rich can continue to eat a multitude

of indigenous fish.
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SMALL INDIGENOUS FISH SPECIES 

IN AQUACULTURE IN BANGLADESH:

CONTRIBUTION TO VITAMIN A, CALCIUM,

AND IRON INTAKES

N. ROOS, S. THILSTED, AND MD.M. ISLAM

ABSTRACT

Fish plays an important role in the Bangla-

deshi diet, constituting the main and often

irreplaceable animal food in rural households.

Fish consumption is dominated by wild small

indigenous fish species (SIS). The vitamin A

content in SIS varies from less than 100 to

more than 2,500 retinol equivalents (RE) per

100 g of raw edible parts. This study assessed

the dietary contribution of vitamin A, cal-

cium, and iron from fish and the potential of

producing vitamin A–dense SIS with carp in

aquaculture. Seasonal fish consumption (wild

and cultured fish) was surveyed in 1997–98

through five-day recall interviews in 84 poor

rural households in the Kishoreganj district.

Fifty-nine of the households participated in

an aquaculture production trial in which carp

were cultured with SIS, including the vita-

min A–dense species mola (Amblypharyngodon

mola), in small homestead ponds.

Wild SIS contributed 84 percent of total

fish consumption. Total household fish con-

sumption was unaffected by household aqua-

culture production. In October, the peak

season for fish consumption, wild SIS con-

tributed 40 percent (median 23 percent) of the

recommended vitamin A intake at the house-

hold level. Thirty-four households cultured

mola along with carp in polyculture. Cultured

mola used for household consumption con-

tributed 20 percent (median 18 percent) of

the recommended intake of vitamin A at the

household level. Wild SIS are an important

vitamin A source in Bangladesh. Mola can be

integrated into existing carp culture without

negative effects and can contribute to increased

vitamin A intake in rural households.

INTRODUCTION

Many changes in overall agricultural produc-

tion and in management of land and water

have brought about tremendous strides in

increased rice production in Bangladesh. More

areas have been brought under rice produc-

tion, irrigation has expanded greatly, and large

areas have been drained and protected by

flood control embankments. These changes

have occurred at the expense of fish: the area

of inland bodies of water and the duration of
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annual inundation have fallen, thereby reduc-

ing the habitat for fish. Captured fish from

rivers and floodplains dominate the fish sup-

ply, consisting mostly of SIS, defined as

species attaining a maximum length of 25 cm

(Felts, Rajts, and Akhteruzzaman 1996). How-

ever, freshwater aquaculture production of in-

digenous and exotic carp species has grown

rapidly and contributes an increasing share

of fish available for consumption.

The importance of fish as a rich source of

animal protein is well established and is fre-

quently used to justify fish as a valuable food,

while very little attention has been given to

the role of fish in supplying vitamin A and

minerals in the diet. The latest national survey

in rural Bangladesh showed that fish was a

minor source of overall protein (which encom-

passes animal and other sources of protein) in

the diet, contributing about 6 percent of the

total daily protein intake of 48 g per person

(Ahmad and Hassan 1983).

The variation in vitamin A content in fish

species is extreme (Roos et al. 2003). The con-

tent per 100 g of raw edible parts in the 27

species analyzed ranged from less than 100

RE in most species to 2,680 RE (SD = 220, 

n = 7 samples) in mola (Amblypharyngodon

mola). Based on vitamin A content, species

can be categorized as shown in Table 1.

Species with very high, high, and medium

vitamin A contents are all SIS, while other SIS

and cultured carp species have low vitamin A

contents.

Most of the vitamin A in fish is concen-

trated in the eyes and viscera (Roos et al.

2002). This distribution makes the cleaning

practice extremely important for the intake of

vitamin A. Cleaning practices depend on the

fish species, the size of the fish, and the per-

son cleaning the fish. The waste can include

the gill cover, jaw, head, tail, and viscera (par-

tially or fully). For mola, the head and eyes

are considered edible. Mineral content in fish,

unlike vitamin A content, is not species spe-

cific. The calcium and iron content in some

commonly consumed Bangladeshi fish is

shown in Table 2.

Small fish are generally eaten with the

bones, although some bones may be dis-

carded as plate waste; in large fish, most or all

bones are discarded as plate waste. Therefore,

small fish are an excellent source of calcium.

In studies of humans and rats, it has been

shown that the bioavailability of calcium

from whole small fish (mola) is as high as that

from milk. In humans, the fractional calcium

absorption was found to be 24 ± 6 percent

from small fish and 22 ± 6 percent from milk

(Larsen et al. 2000).

With the present trends of decreasing flood-

plain fisheries and increasing aquaculture,

total fish intake may decrease and a larger pro-

portion of SIS in the Bangladeshi diet will be

replaced by carp. This development will have

a negative impact on the nutritional contribu-

tion from fish, especially because the com-

monly cultured carp species contain far less

vitamin A and calcium than SIS. To maintain

and enhance SIS intake, sustainable manage-

ment and restoration of floodplain fisheries

must be given high priority. However, drainage

of floodplains and increasing population limit

the scope of possibility. An alternate means of

combating these trends entails incorporating

nutrient-dense fish species into the produc-

tion systems used in the continued expansion

of aquaculture. The readily available carp

polyculture production systems practiced in

ponds can be modified to include the produc-

tion of SIS by using simple technologies and

local resources.

A field study was conducted with the aim

of investigating the production potential and

nutritional benefits of integrating mola and

other SIS in carp polyculture in small seasonal
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ponds. The production and profitability of

carp and SIS cultures were measured, as was

the nutritional contribution of fish in the diet.

METHODS AND SUBJECTS

The study was conducted in collaboration

with the the Mymensingh Aquaculture Exten-

sion Project (MAEP) in the Kishoreganj dis-

trict of northern Bangladesh. Through local

extension staff, MAEP trained poor farmers

in carp culture in small homestead ponds. A

semi-intensive carp production system based

on the use of local low-grade feeds and fertil-

izers (rice bran, banana leaves, manure, etc.)

supplemented by chemical fertilizers (urea

and phosphate) was practiced. From 1989 to

1999, more than 40,000 farmers were trained

in aquaculture. MAEP is implemented jointly

by the GOB, DANIDA, and a number of local

NGOs.

Fifty-nine poor rural households with

small seasonal ponds were selected among the

target group of the MAEP in Kishoreganj dis-

trict. Each of these households owned less

than 0.8 hectare of land and had an annual

income of less than 35,000 taka ($780). For the

field trial, conducted from June 1997 to January
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TABLE 1 Categories of Bangladeshi fish species based on vitamin A content in edible parts

Vitamin A

content

Category of (RE/100 g raw

fish species edible parts) Common namea Scientific name

Very high content > 1,500 Mola (SIS) Amblypharyngodon mola

Chanda (SIS) Parambassis baculis

High content 500–1,500 Dhela (SIS) Osteobrama cotio

Darkina (SIS) Esomus danricus

Medium content 100–500 Chanda (SIS) Parambassis ranga

Koi (SIS) Anabas testudineus

Golsha tengra (SIS) Mystus bleekeri

Chanda (SIS) Chanda nama

Taki (SIS) Channa punctata

Chela (SIS) Chela cachius

Low content < 100 Baim (SIS); kachki (SIS); gutum (SIS), 
chapila (SIS); puti (SIS); khalisha (SIS); 
shing (SIS); magur (SIS); chata (SIS); tilapia 
(small exotic species); mrigal (large 
indigenous species); rui (large indigenous 
species); silver carp (large exotic species); 
hilsha (large indigenous species); common 
carpb (large exotic species); grass carpb

(large exotic species)

a Fish species are listed in descending order of vitamin A content in each category.
b From Puwastien et al. (2000).



1998, the ponds (mean size = 396 m2, range

212–850 m2) were stocked with fingerlings

of silver carp, grass carp, common carp or

mrigal, and rui, in the ratio of 8:4:4:1 and at a

density of 8,500/ha. In 34 of the ponds,

mature mola were stocked together with the

carp at a density of 25,000 mola/ha. At stock-

ing, the mola had a mean size of 1.6 g/fish

and the carp had a mean size of 35 g/fish. Mola

were collected from local ponds that had nat-

ural stocks. In 25 ponds, carp were cultured

with the other SIS. The culture period ranged

from six to eight months. Details on pond

management are reported in Roos et al.

(1999).

The total fish consumption, including fish

bought in local markets, captured from wild

stocks, and harvested from the ponds, was

surveyed in the 59 households participating in

the trial, as well as in a control group of 25

neighboring households with similar socio-

economic status but with no fish-producing

activity. The survey employed a recall method

and was conducted three times: pre–harvest

season ( July 1997), harvest season (October

1997), and post–harvest season (February

1998). The head of the household and the

housewife were jointly interviewed about fish

consumption in the household during the past

five days. The data points that were recorded
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TABLE 2 Examples of mineral content in commonly consumed Bangladeshi fish species

Calciumb

Iron Calcium corrected for

(mg/100 g (mg/100 g plate waste Dry

raw edible raw edible (mg/100 g raw matter

Scientific name na parts) parts) edible parts) (%)

SIS

Chapila Gudusia chapra 3 7.6 ± 5.3 1063 ± 51 786 ± 38 27 ± 3

Darkina Esomus danricus 3 12.0 ± 9.1 891 ± 357 775 ± 321 23 ± 3

Kachki Corica soborna 2 2.8 ± 1.2 476 ± 37 347 ± 34 16 ± 1

Mola Amblypharyngodon 

mola 3 5.7 ± 3.7 853 ± 86 776 ± 78 20 ± 1

Puti Puntius sophore, 

Puntius chola, 

Puntius ticto 4 3.0 ± 0.9 1171 ± 216 784 ± 145 25 ± 1

Taki Channa punctata 3 1.8 ± 0.4 766 ± 183 337 ± 81 22 ± 1

Tengra Mystus vittatus 2 4.0 ± 0.4 1093 ± 334 480 ± 147 26 ± 4

Large fish

Mrigal Cirrhinus cirrhosus 3 2.5 ± 1.3 960 ± 104 0 ± 0 24 ± 3

Silver carp Hypophthalmichthys 

molitrix 3 4.4 ± 1.8 903 ± 361 37 ± 14 23 ± 2

Notes: Values are means ± standard deviations of n samples; mg = milligrams; g = grams.
a n = number of samples. A sample contained 10–300 fish for SIS and 1–2 fish for larger fish.
b Calcium contents analyzed in raw edible parts are corrected for plate waste using a correction factor based
on data of the proportion of a species reported to be eaten without bones (Roos 2001; Roos et al. 2003).



included fish species, origin, price, amount of

raw fish cooked, and parts of the fish that

were consumed. The amount of fish was esti-

mated with the use of fish models, and the

amount of raw edible parts was calculated by

subtracting cleaning waste (Roos 2001; Roos,

Islam, and Thilsted, 2003). Average cleaning

waste for SIS was 13 percent of the whole fish,

whereas for large fish it was 22 percent of the

whole fish, including 8 percent plate waste

consisting mainly of bones.

The nutritional contribution from fish is

expressed as a nutrient contribution ratio

(NCR), which is the intake relative to the

WHO recommendation for intake (FAO/

WHO 2002). The fish consumption was

recorded at the household level, and the rec-

ommended intake was cumulated for all

household members based on sex- and age-

specific recommendations.

RESULTS

Fish Production and Profit

The average total fish production was 2.9 tons

per hectare (SD = 0.9, n = 59) in seven

months. The mean fish production was simi-

lar in the 34 ponds in which carp were cul-

tured with mola and the 25 ponds with carp

and other SIS. Mola contributed 10.3 percent

of the total fish production in the carp-mola

ponds. The mean production rate of mola

over seven months was 0.34 tons per hectare.

A summary of the economy of the carp-mola

polyculture is shown in Table 3. The mean net

income from pond production, including the

value of the consumed fish, was 1,230 taka

($30) per season for each household. Based on

the results of the study, the expected produc-

tion and nutritional benefits from the carp-

mola production system are shown in Table 4,

illustrating that mola can greatly improve the

nutrient value of the production.

SMALL INDIGENOUS FISH SPECIES IN AQUACULTURE 105

TABLE 3 The economics of carp and

mola production in small (mean size = 

400 m2) seasonal ponds in rural Bangladesh

Taka × 1,000/hectare/seasona

Carp, value 73.6 ± 26.6

Mola, value 5.0 ± 4.6

Expenditures 48.7 ± 11.1

Net profit 28.1 ± 23.9

Note: Values are means ± standard deviation for 34
ponds.
a $1 = 47 taka (1997). The production season ranged
from 6 to 8 months.

TABLE 4 Expected benefits from semi-intensive carp-mola polyculture in a

small (400 m2) rural seasonal pond in a seven-month production season

Production Value Vitamin A Calcium

(kg/season) (taka/season)a (RE/season) (g/season)

Carp 100 2,800 20,000 20

Mola 15 250 400,000 120

Notes: kg = kilograms; RE = retinol equivalents; g = grams.
a $1 = 47 taka (1997). The production season ranged from 6 to 8 months.



The total fish production recorded in the

59 trial ponds ranged from 0.6 to 4.1 tons per

hectare for the season. Within this range,

there was no indication of a negative corre-

lation between the production of SIS and

total carp production, when both parametric

(ANOVA) and nonparametric (similarity rank-

ing) statistical methods were used (Roos 2001).

Fish Consumption and Contribution 

of Vitamin A and Calcium

The diversity of fish species in the diet was

high. Surveyors recorded a total of 44 fish

species by common names, comprising up

to 60 scientifically distinct species. SIS domi-

nated the total fish intake in terms of amount

and frequency of consumption, contributing

84 percent of the total fish intake and being

consumed in all but one household.

There was no difference in fish intake

between the fish-producing households (n =

59) and the control group of households not

involved in fish production (n = 25). Fish

bought in local markets and wild-captured

fish together contributed more than 90 per-

cent of the total fish consumption in both

groups of households. The seasonal fish con-

sumption and the NCRs for vitamin A, cal-

cium, and iron are shown in Table 5. The

contribution to recommended iron intake was

modest and depended on the assumption

made for bioavailability. Fish contributed less

than 10 percent of the recommended protein

intake. Forty-seven percent of the mola har-

vested from the carp-mola ponds was con-

sumed in the households, contributing an

average of 4 g of raw edible parts per person

each day. This amount of mola was sufficient

to contribute 21 percent (median = 18 per-

cent) of the recommended intake of vitamin

A of the household in the seven-month pro-

duction season. NCRs for iron, calcium, and

protein from mola harvested from the ponds

were all low—less than 5 percent.

CONCLUSION AND PERSPECTIVES

The consumption survey confirmed that fish

is an important part of the diet of most

people in rural Bangladesh. Fish was eaten in
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TABLE 5 Seasonal household fish consumption and nutrient contribution ratio 

in rural households

Consumption Nutrient contribution ratioa

SISb Large fish Total Vitamin A Calcium Ironc

n (g/person/day) (g/person/day) (g/person/day) (%) (%) (%)

July 1997 84 28 ± 26 (21) 10 ± 17 (5) 37 ± 33 (27) 16 ± 20 (8) 16 ± 10 (14) 4 ± 3 (3)

October 1997 84 65 ± 55 (45) 18 ± 25 (7) 82 ± 65 (64) 40 ± 49 (23) 31 ± 21 (26) 9 ± 7 (6)

February 1998 84 38 ± 40 (25) 16 ± 18 (12) 55 ± 48 (42) 20 ± 29 (6) 20 ± 19 (14) 7 ± 5 (5)

Notes: Values are means ± standard deviation (median); n = number in sample; g = grams.
a Expresses a nutrient intake relative (%) to the sex- and age-specific recommended intakes (FAO/WHO
2002) on a household level.
b SIS = small indigenous fish species.
c Based on recommended iron intakes for diets with low (5%) iron bioavailability.



small amounts and with great frequency in

nearly all households. Changes in fish supply

available for consumption therefore affect the

diets of most people in the country, including

the poor households. Floodplain fishery is the

main source of fish for consumption, and

aquaculture in small homestead ponds has

little impact on the total household fish con-

sumption. In Bangladesh, aquaculture is typi-

cally a secondary activity, supplementing more

traditional farming activities. Nevertheless,

an important nutritional contribution from

aquaculture can be obtained through the pro-

duction of vitamin A–dense SIS. By integrating

vitamin A–dense SIS, such as mola, with carp

in semi-intensive cultured ponds, the nutri-

tional quality of the production is improved

without any negative impact on the total fish

production. This production system offers

great potential for providing a valuable source

of dietary vitamin A in rural Bangladesh. If

only 10 kg of mola per year were produced

in each of the estimated 1.3 million ponds in

Bangladesh, the annual recommended vita-

min A intake of more than 2 million children

would be met.
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CULTURE POTENTIALS OF 

SMALL INDIGENOUS FISH SPECIES IN 

SEMI-INTENSIVE POLYCULTURE WITH CARP

A.H.M. KOHINOOR AND M.A. WAHAB

ABSTRACT

The culture potentials of three small indige-

nous fish species (SIS), mola (Amblypharyn-

godon mola), punti (Puntius sophore), and chela

(Chela cachius), were evaluated in experimen-

tal ponds at the Faculty of Fisheries, Ban-

gladesh Agricultural University, Mymensingh,

Bangladesh. Five treatments with three repli-

cates were tested. Indian major carp and small

indigenous fish were stocked at the rate of

7,500 fish and 50,000 fish per hectare, respec-

tively. The season’s production of carp and

SIS (means ± SD) in five treatments ranged

from 1,863 ± 32 to 2,128 ± 38 kg per hectare.

The highest production was obtained in ponds

where punti and carp were combined. It was

observed that if partial harvesting was done,

polyculture of Indian major carps with small

fish was a better proposition in terms of bio-

logical production and nutrition.

Another experiment was carried out to com-

pare the production performances of Indian

major carps with exotic silver carp (Hypoph-

thalmichthys molitrix) and with the small fish

mola (Amblypharyngodon mola). Treatment 1

was designed with rohu (Labeo rohita), catla

(Catla catla), mrigal (Cirrhinus mrigala), grass

carp (Ctenopharyngodon idella), and silver carp

(Hypophthalmichthys molitrix), while treatment

2 employed rohu, catla, mrigal, grass carp,

and mola. In treatment 2, mola was stocked

in a weight equivalent to that of the silver

carp in treatment 1. The fishes in ponds were

fed rice bran, and soft grasses were supplied

for grass carp. After the five-months culture

period, the fish production in treatments 1

and 2 was 1,905 ± 88 and 1,817 ± 116 kg per

hectare, respectively, and there was no signifi-

cant difference between the treatments.

INTRODUCTION

The conservation and production potentials

of large numbers of small indigenous fish

of Bangladesh through aquaculture have re-

mained unexplored. Only a small number of

carp have been used for polyculture through-

out the country, but the culture of small fish

has received little attention. There are many

small fish, such as punti (Puntius sp.), mola

(Amblypharyngodon mola), and chela (Chela
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cachius), that are unexplored for their pro-

duction potentials for freshwater aquaculture.

SIS used to be abundantly available in rivers,

streams, ponds, beels, ditches, and floodplains

in the past, but these species have gradually

been disappearing from the natural systems,

which in turn severely affects biodiversity.

Special attention needs to be given to the

culture of SIS because they are important

sources of vitamin A and minerals (Roos et al.

2002). Despite the great importance of SIS in

the Bangladeshi diet, few attempts have been

made to study their biological aspects and

cultural potentials. UNICEF, Dhaka branch,

acting as a sort of pioneer in the area, tried to

draw the people’s attention to the prospect of

culturing small fish in their small water bodies

(Alam 1979; Alam, Islam, and Ali 1982).

Some preliminary studies have been con-

ducted on mola, chapila (Gudusia chapra), and

colisa (Colisha fasciata) by Mustafa (1991).

Afroze and Hossain (1990) have undertaken

some experiments on mola and other small

indigenous fishes. Akhteruzzaman et al. (1998)

reported their preliminary attempt to culture

mola, bata, and kholisa SIS in ponds.

The present studies have been systemati-

cally conducted to assess the production po-

tentials of three important SIS, mola, chela,

and punti, in polyculture systems with carps.

Results of similar studies are reported in

Wahab, Alim, and Milstein (2003).

MATERIALS AND METHODS

Experiment I. Polyculture of SIS with 

Indian Major Carps under a Semi-Intensive

Culture System

Experiment I was conducted from June to

November 1997 in 15 earthen ponds of 100 m2

each with a depth of 1.5 m at the Faculty of

Fisheries, Bangladesh Agricultural University,

Mymensingh. The experiment consisted of

five treatments with three replications. The

stocking density of Indian major carps rohu

(Labeo rohita), catla (Catla catla), and mrigal

(Cirrhinus mrigala) was 7,500 at the ratio of

1:1:1, and the stocking density of mola (Ambly-

pharyngodon mola), chela (Chela cachius), and

punti (Puntius sophore) was 50,000 fish per

hectare. Indian major carps were common in

all the treatments, and mola, punti, and chela

were stocked separately in treatments 2, 3, and

4, respectively. In treatment 5, three SIS were

stocked together and were equally divided to

make up 50,000 fish per hectare. Three species

of major carps were regarded as the control in

treatment 1. All the treatments received the

same regime of supplementary feed and fer-

tilizer application. Commonly available agri-

cultural by-products such as rice bran (60

percent) and mustard oil cake (40 percent)

were used as supplementary feed at a daily

rate of 3 percent of the body weight of the

standing crop of fish. All ponds were also fer-

tilized with cow manure at the rate of 1,000 kg

per hectare at fortnightly intervals. Fish were

sampled at fortnightly intervals to assess their

growth and health conditions. Partial harvest-

ing of small fish from treatments 2 through

5 was done after three months of stocking.

All ponds were completely harvested after six

months. At harvest, all fishes were counted

and weighed individually for each pond to

assess the survival and production rates.

Experiment II. Comparison between Carp

Polyculture System with Silver Carp

(Hypophthalmichthys molitrix) and with 

Mola (Amblypharyngodon mola)

Experiment II was carried out from June to

October 1998 in six experimental ponds sim-

ilar to the ponds in experiment I. Two treat-

ments with three replicates were compared.

Treatment 1 ponds were stocked with rohu,

catla, mrigal, grass carp, and silver carp.
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Treatment 2 ponds were stocked with rohu,

catla, mrigal, grass carp, and mola (a stock

identical to that in treatment 1 except that the

silver carp of treatment 1 was replaced with

mola). The stocking density of carps was

7,500 fish per hectare in treatment 1 and 6,000

fish per hectare in treatment 2. Rice bran was

used as supplementary feed at the daily rate of

3 percent of the standing biomass of the fish.

Green grass was supplied regularly for feeding

grass carp at the daily rate of 10 percent of the

biomass of grass carp. All ponds were fertil-

ized with cow dung at a daily rate of 200 kg

per hectare. The ponds were sampled fort-

nightly by using a seine net for biomass assess-

ment of each species separately, to assess their

health condition, and to adjust the amount

of feed. After five months of rearing, the fish

were harvested. During harvest, all fishes

were counted and weighed individually (except

mola) from each pond to assess the survival

rate and production.

RESULTS

Experiment I

Details of the stocking, harvesting, survival,

and production of fish species are presented

in Table 1. On the basis of the final growth

attained by each species, it was observed that

among all species under the five treatment

trials, mrigal attained the highest average

weight. When compared, the average weight

of mrigal was significantly higher ( p < 0.05) in

treatment 1 than in any other treatment.

Fluctuation in growth of rohu in different

treatments was an important feature. The

weight of rohu in treatments 1 and 4 was

significantly higher ( p < 0.05) than in other

treatments.

After six months of rearing, the production

ranged from 1,863 ± 32 to 2,128 ± 37 kg per

hectare for the five treatments. The lowest

total production was obtained in treatment 1,

where carps were reared alone, and the high-

est production was obtained in treatment 3,

where carps were stocked with punti. Punti

may compete less with carps, and therefore

the mean weights of rohu, catla, and mrigal

were better than the mean weights observed

for those carp species in treatments 2 and 5.

Thus, the result of the present study shows

that adding SIS in the polyculture of carps

could increase the total fish production. Dif-

ferent SIS have different effects on the growth

of carps. The growth of rohu, catla, and mri-

gal was only slightly affected by the presence

of punti, but the overall production was posi-

tively affected.

Experiment II

The growth of the experiment II species,

along with their production, is presented in

Table 2. Catla showed a significant difference

( p < 0.01) in its growth between the two

treatments; in treatment 1, where catla and

silver carp were stocked together, the growth

of catla was lower, perhaps due to food com-

petition. This finding supports observations

made by Sukumaran et al. (1972), Zaher (1990),

and Wahab et al. (1994). Rui, mrigal, and grass

carp grew almost identically in both treat-

ments. In treatment 2, the mola stock in the

pond was just 158 at the start, with a mean 

initial weight 1.45 ± 0.61 g. But because mola

had reproduced during the culture period, the

average weight of mola by the end of the

experiment had decreased to 1.29 ± 0.15 g, and

the number of mola had increased to a total of

662 individuals in treatment 2.

The highest total gross production of 1,905

± 88 kg per hectare was obtained in treatment

1 compared with 1,817 ± 116 kg per hectare

in treatment 2. The effect of species combina-

tions on total fish production was found to

be insignificant (F = 2.05, p > 0.05).
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DISCUSSION

In experiment I, the maximum weight gain

by the Indian major carp species (rohu, catla,

and mrigal) in treatment 1 may have been due

to the absence of small fish species mola,

punti, and chela in the ponds. In all treat-

ments, the average weight of mola, punti,

and chela at harvest was less than the initial

weight because all three SIS bred in the ponds,

thus increasing in number and producing

smaller individuals of lesser weight. More

frequent harvesting of SIS throughout the

production season may result in higher total

production of SIS.

The ponds used in this experiment were

unproductive due to poor soil conditions; they

were also smaller (100 m2) than those in exper-

iment II. In carp culture, there is a positive

correlation between pond size and production
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TABLE 1 Stocking and production of fish under five treatments during June to November 1997

Production 

At stocking At harvesting (kg/hectare/6 months)
Specific

Treatment Fish Weight No. of Weight No. of Total Species Total growth

no. species (g/fish) fish (g/fish) fish (kg) wise (kg) rate (%)

T-1 Rohu 10.0 ± 1.9 25 240 ± 16a 21 5.04 504 3.02a

Catla 8.2 ± 1.8 25 276 ± 21a 21 5.80 580 1,863 ± 32c 3.10a

Mrigal 7.5 ± 1.2 25 354 ± 36a 22 7.79 779 3.02a

Rohu 10.9 ± 1.7 25 159 ± 35c 22 3.51 351 2.77b

T-2 Catla 7.5 ± 2.0 25 154 ± 31c 20 3.15 315
1,901 ± 48b 2.77b

Mrigal 7.0 ± 1.8 25 304 ± 40b 21 6.50 650 3.16a

Mola 2.9 ± 0.3 500 1.1 ± 0.7 6,318 6.96 696 NA

Rohu 9.9 ± 1.8 25 208 ± 25b 21 4.31 431 2.94a

T-3 Catla 8.1 ± 2.1 25 202 ± 29b 21 4.32 432
2,128 ± 37a 292a

Mrigal 7.0 ± 1.9 25 319 ± 37b 19 6.07 607 3.19a

Punti 4.6 ± 0.1 500 3.7 ± 2.4 1,710 6.26 626 NA

Rohu 9.0 ± 1.8 25 224 ± 25a 22 5.00 500 2.98a

Catla 8.4 ± 2.1 25 257 ± 25a 22 5.66 566 3.06a

T-4 Mrigal 7.3 ± 1.9 25 321 ± 41b 22 6.95 695
2,001 ± 45b

3.19a

Chela 2.4 ± 0.1 500 1.9 ± 0.7 1,274 2.40 240 NA

Rohu 9.0 ± 1.8 25 152 ± 32c 23 3.44 344 2.75b

Catla 10.0 ± 2.1 25 157 ± 27c 20 3.18 318 2.77b

T-5 Mrigal 8.2 ± 2.0 25 301 ± 34b 21 6.32 632
2,016 ± 63b 3.15a

Mola 2.4 ± 0.3 167 1.7 ± 0.7 2,568 2.75 275 NA

Punti 3.9 ± 0.5 167 2.7 ± 2.4 1,028 2.97 297 NA

Chela 2.0 ± 0.2 167 1.9 ± 0.8 772 1.51 151 NA

Notes: Values are means ± standard deviation. Figures in the same column with the same superscript are not
significantly ( p > 0.05) different.

}
}

}

}

}



(Ameen et al. 1986). The study revealed that

small and shallow water bodies may be used

generously for SIS culture, which indicates

the feasibility of attaining good production

along with Indian major carps. The results of

experiment II demonstrated that in the tested

polyculture system, silver carp may be re-

placed by mola. Hereby farmers may get large

carp as a cash crop, and at the same time small

fish may serve as nutritious food for family

consumption.

CONCLUSION

Small fishes may be cultured with large carps

in the polyculture. Apparently the production

of carps was lower in the presence of small

fish, but the total fish production was better.

Improved management practices may over-

come the effects of SIS on the growth of

carps. The introduction of small fishes into

the pond aquaculture with large carps may

add a great benefit to the society by providing

poorer households the opportunity to eat fish.

Farmers can keep the small fish for family

consumption and can sell the large carps as a

“cash crop.”
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SEMISCAVENGING POULTRY PRODUCTION

MODEL: ROLE IN EGG AND MEAT

PRODUCTION IN RURAL BANGLADESH

P.E. SCHMIDT

ABSTRACT

Poultry is a substantial contributor to local

food supply in rural Bangladesh. The birds are

kept around the house, and the traditional

amount of management applied is minimal as

the birds typically fend for themselves. Small

improvements in management will, in pro-

ductive and economic terms, give substantial

increases to the benefits the household may

obtain from poultry, measured as a relative

increase of output. In real terms output may

go up to $150 per year—a small amount of

money, but in a situation where total incomes

do not exceed $300 a year, such possibilities

for improvement of livelihood deserve to be

pursued.

Production can be raised through the use

of small, low-risk inputs that result in a high

output. By applying supplementary feeding,

shelter, and daily care, a clutch of chickens

may have a survival rate four to six times that

of birds under traditional management. When

a flock of improved layers is established, local

birds can be used for hatching. The semi-

scavenging poultry production system de-

scribed here relies on available food and there-

fore is limited to the natural availability of

seed, grain, larvae, insects, and so forth near

the house. A secondary benefit to improved

productivity, the introduction of an improved

management system, may lead to a better

understanding among farmers of commercial,

production-oriented management in terms of

technical as well as economic management

requirements.

INTRODUCTION

Conditions for improving poultry production

on the village level in Bangladesh are based on

available resources for dissemination of knowl-

edge, as well as the availability of technologi-

cal resources ranging from suitable birds to

disease control, supplementary feed, market

possibilities, and access to credit.

The traditional local bird, the deshi breed,

is accustomed to scavenging conditions but

possesses a low productive capacity. In Bangla-

desh, programs that support semiscavenging

poultry production have been in effect for

more than 10 years. One such program, the
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Participatory Livestock Development Project

(PLDP), supports the development of small-

scale poultry enterprises that comprise the

whole production chain, from hatching to

poultry rearing. Women from poor rural

households are specifically targeted as pro-

gram participants eligible to receive credit and

technical assistance. The PLDP is financed by

DANIDA and the ADB.

As part of the program, and under the

management of the Department of Livestock

Services (DLS) under the Ministry of Fisheries

and Livestock, a production cross bird has been

developed. A cross between two imported

breeds, the Egyptian fayomi hen and a Rhode

Island Red male, this bird has proved to main-

tain the scavenging ability and at the same

time produce substantially more eggs and

grow faster and heavier—when provided high-

quality feed as a supplement to the scavenging

feeding. The cross, named Sonali, is made

available to poultry producers through a

breeding program. This bird is only for pro-

ductive use and is not to be used for breeding

purposes. Hence, a grandparent flock of the

two breeds has to be maintained to produce

parent stock that in turn produce the eggs to

hatch Sonali chickens. The grandparent stock,

consisting of approximately 2,500 hens and

250 males of the fayomi breed and 500 hens

and 50 males of the Rhode Island Red breed,

is required to produce parent flocks with the

capacity to produce seven million Sonali

birds available for production. Government

Poultry Farms presently undertakes the grand-

parent breeding, while private producers

(“model breeders”) are keeping the parent

stock. The production model has been estab-

lished to cater to the target group, called key

rearers. The model breeders supply eggs for

hatching to the key rearers, who use deshi

hens for hatching.

To support the production, the following

service providers are available:

• poultry workers who vaccinate the key

rearers’ flocks with vaccine available from

DLS or larger NGOs,

• egg sellers who purchase eggs from the key

rearers and market them, and

• feed sellers who sell balanced feed mixtures

or feed ingredients to the key rearers.

An important part of the PLDP is the

microcredit provided to the target group,

since an initial capital investment of 1,500 to

2,000 taka is needed for eggs or pullets, hous-

ing facilities for the birds, and working capital

until cash flow is positive (after three to five

months).

TECHNOLOGY TRANSFER

The concept of the semiscavenging produc-

tion model is that a chain of business depen-

dence and solidarity is established, involving the

egg and chicken producers (key rearers), the

suppliers of eggs or pullets (model breeders),

and the providers of vaccines, egg sellers, and

feed suppliers. The aim is to increase living

standards by creating sustainably improved

poultry production as an integral part of pro-

ductive household income–generating activi-

ties. The production is apparently leading to a

higher nutritional status in the households,

not necessarily from higher consumption of

poultry products but from additional income

that allows the purchase of comparatively

higher-valued foodstuffs, such as fish. How-

ever, indications are that egg and poultry meat

consumption within the households is increas-

ing with increased production. The additional

income from poultry has particularly increased

the intake of fish in the households.
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The sustainability of efforts to establish the

production in local communities is closely re-

lated to the DLS’s ability to provide the tech-

nical knowledge and to secure good-quality

vaccines and feed, as well as to keep grand-

parent and parent stock free from diseases and

genetic defects. The NGOs must be able to

maintain extension services and other sup-

port for the key rearers, if not directly, then as

part of their core activities in the community.

FINANCIAL AND PRODUCTIVE EVALUATION

The cost of establishing poultry production

for a key rearer is between 1,500 and 2,000

taka. The cash flow will typically be positive in

three to four months. The key rearers have

access to credit to cover the establishment

costs. The credit is paid back in equal weekly

installments from the week preceding the pro-

vision of the loan, at a flat rate of 15 percent.

Although this is a simple procedure, it is

unnecessarily costly for the producer because

repayment is imposed before the cash flow is

positive. Considering that in the first 15 weeks

the key rearer has a negative cash flow, approx-

imately 700 taka of the loan is needed for

repayment in this period, resulting in an inter-

est of above 40 percent of the required capital.

This practice should be reconsidered and a

grace period of 15 weeks introduced.

The annual net profit is typically within the

range of 3,000–6,000 taka ($75–$150). Egg

production accounts for 50–75 percent of the

income, and meat from chickens constitutes

10–50 percent. Home consumption typically

represents a value corresponding to about 10

percent of the production for both eggs and

meat.

Production is influenced by many factors.

The availability of scavenging feed is essential

and should be able to supply at least 50 per-

cent of the requirement. The management

will be able to adjust for the changing condi-

tions and availability of feed in the surround-

ings by adjusting the supplementary feed

provided. Shelter and restricted access to a

free-range search for food may have to be ad-

justed according to the presence of predators.

Disease prevention in the form of vaccination

is imperative.

The described poultry production model is

an improvement of traditional poultry keep-

ing. Introduction of small management adjust-

ments leading to the utilization of natural

recourses that would otherwise go wasted or

untapped is the basic idea behind the model. If

properly established, it has proved to be a sus-

tainable production method. It also provides

a good base for training in basic animal pro-

duction skills; the management required to

engage in commercial production methods in

the form of confined intensive production

and risk management is only one step beyond

this in terms of technical ability and knowl-

edge acquired. Presently more than 1 million

households have been reached and are prac-

ticing this production method.

CONCLUSIONS

The viability and sustainability of the scaveng-

ing poultry model developed in Bangladesh

are based on existing productive conditions.

With small adjustments to those conditions

and the introduction of basic technological

changes, program participants secure a higher

survival rate for rural poultry and better uti-

lization of resources available for the poorer

rural population. The target group of poor

farmers who could practice this production

method is 6–9 million households.

The technical parts of the described model

for poultry production still require more
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documentation of performance. However,

there is no doubt that the model is viable, and

it is worth pursuing the potential to develop

and make further technical improvements.

Competition with commercial production will

have to be permanently assessed, but the com-

parative advantage of utilizing “free” food and

maintaining a low-input–low-risk productive

system should be maintained. Optimizing

rather than maximizing production within

the household should be the agenda.
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PROMOTION OF SMALLHOLDER DAIRY

PRODUCTION IN BANGLADESH

M.A.S. KHAN AND M.H. RASHID

ABSTRACT

Bangladesh is a densely populated agricul-

tural country with an acute shortage of dairy

milk. There are about 24.5 million cattle in

Bangladesh, of which about 10 million are

breeding cows. They provide mainly milk,

meat, draught power, transport, and hide (an

important export item). Dairying is practiced

in Bangladesh as a part of local crop livestock

farming systems, typically involving one or

two animals and half an acre of land. The

cows are mostly maintained as bull mothers

and to produce a little surplus of milk (0.5–1.5

liters daily) for household consumption. Some

fermented milk products, such as yogurt,

cheese, buttermilk, and sour cream, are pro-

duced by traditional methods.

DAIRY PRODUCTION IN BANGLADESH

The Department of Livestock Services (DLS)

is the only government department whose

responsibility is to motivate and provide exten-

sion to livestock-rearing farmers to meet the

shortage of animal products (e.g., milk, meat,

eggs) as food for the people and also to bring

foreign currency to the country. Many policies

exist to increase milk production throughout

the country, through government dairy farms

or private dairy farms. The main objectives of

these policies are to distribute raw milk at

lower cost and to provide calves at marginal

cost to poor farmers interested in rearing dairy

animals. The DLS staff also provide other

services such as the dispensation of advice on

feed, health care, and sometimes medicine.

The livestock development strategies in the

fifth five-year plan of the Bangladeshi govern-

ment are to

• increase people’s participation through the

development of entrepreneurial groups

and create new employment opportunities

for smallholder farmers, landless laborers,

women, and other target groups in live-

stock development;

• generate income for and alleviate the pov-

erty of rural poor farmers through livestock

development;

• increase the supply of milk, meat, eggs,

hides and skins, and other animal products
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through improving breeds, lowering the

cost of feed, and improving disease control;

and

• increase foreign-exchange earning through

the export of quality hides and skins and

reduce the amount of powdered milk

imports.

Milk Producer Cooperatives

Since 1973, cooperatives of smallholder dairy

farmers have existed in Bangladesh, first as a

dairy development program, the Co-operative

Dairy Complex, with financial assistance

from Denmark, and later as the Bangladesh

Milk Producers’ Co-operative Union Ltd.

(BMPCUL), formed in 1977. The cooperatives

market milk and dairy products under the

brand name Milk Vita.

Today, approximately 40,000 smallholder

dairy farmers have become members of pri-

mary dairy cooperatives. About 345 of these

cooperatives are in existence, covering close

to 925 villages in 15 districts of Sirajgonj,

Tangail, Manikganj, Takerhat, Baghabarighat,

Sree Nagar, Rangpur, Bhairob, and Raipur,

supplying over two million liters of milk daily.

Farmer members pool their surplus pro-

duction at the primary dairy cooperative soci-

eties, which arrange regular cash payment on

the basis of fat content. BMPCUL ensures

regular collection, processing, and marketing

of milk and milk products. The dairy cooper-

atives also provide necessary support services

to farmer members for animal breeding, feed-

ing, health, and training in animal manage-

ment. In addition, a major part of the sur-

plus earned by the central dairy cooperatives

through marketing milk and milk products is

paid to the members.

Of the total national consumption of 18 mil-

lion tons per year (t/y) of liquid milk, 15 million

are produced domestically. Since 1986, milk

production in Bangladesh has increased by

2,635,000 t/y, and imports have decreased

by 1,680,000 t/y.

Smallholder Dairy Production

In 1991, the Bangladeshi government launched

a national program to increase milk produc-

tion rapidly. This program provided subsidies

to farmers who were rearing a minimum of

five lactating dairy cows, either deshi, cross-

bred, or exotic. This program was quite suc-

cessful: milk production greatly increased,

money was saved from not having to import

so much powdered milk, and more raw milk

was available in the markets for people’s con-

sumption.

Bangladesh’s indigenous breed of cattle,

known as Red Chittagong, is quite suitable

for smallholder farmers due to its low feed

requirements in comparison with productiv-

ity. The Red Chittagongs’ daily milk produc-

tion averages 4–5 liters, and they calve every

year.

POLICY ISSUES FOR FUTURE 

DAIRY PRODUCTION

To meet the ever-increasing demand for milk,

a sound milk policy should be formulated,

with due consideration given to the following

points:

• It should be possible, through breeding by

artificial insemination or natural services,

to crossbreed indigenous cattle with high-

yielding exotic cattle. An ideal dairy cow in

the present socioeconomic situation should

have a potential of yielding on average

2,500 liters in 290–305 days, with an inter-

calving period of 13–15 months and age at

first calving from 28 to 33 months. The

application of improved methods of breed-

ing has greatly increased the productivity

of dairy cattle in Bangladesh.
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• The constraint of feeds and fodder is con-

sidered the greatest problem facing the

development of dairy cattle in Bangladesh.

Due to nonavailability of grazing land, dairy

animals will be raised using zero-grazing

and factory-type farming techniques. For

efficient fodder production, a new national

fodder policy should be formulated. Cattle

feed mills should be established, and cattle

feed should be made available through vil-

lage markets to the farmers at subsidized

rates. Great potential exists for increasing

fodder production in both irrigated- and

dry-land situations in which a single crop

is generally harvested, and short-term legu-

minous fodder crops could be grown on

residual moisture. The use of common graz-

ing lands through the silvipasture system

for fodder production also warrants serious

attention. Agroforestry plans should incor-

porate fodder trees and herbs. Modern tech-

nologies have been developed for improv-

ing the nutritive value of crop residue. A

number of nonconventional feeds have to

be identified and utilized by the organized

compound livestock feed manufacturers.

However, very little has been done to inform

the farmers as to how to improve the nutri-

tive value of crop residues or use locally

available nonconventional feed resources.

For example, Urea Molasses Multinutrient

Block (UMMB) may be used for better uti-

lization of crop residues, i.e., the rice straw

of smallholder farmers at the village level,

for their dairy animals.

• The primary objective of dairy cattle devel-

opment through smallholders is to achieve

greater production of milk and meat. Dairy

cattle development can be increased only

when an assured guaranteed market or an

incentive price for the product will be

offered. In Bangladesh the most important

factor with an adverse effect on animal pro-

duction is the lack of a well-organized mar-

keting system, particularly in the case of

milk, which is highly perishable. Although

there is great demand for such products in

urban areas, the supply of these products

cannot be ensured without an organized

marketing system and transport facilities.

As a result, the farmers are deprived of the

opportunity to sell their products. To ensure

fair prices, an efficient and effective market-

ing system should be developed.

• Improvements should be made to commu-

nication, power, water supply, and modern

storage facilities for dairy products.

• Smallholder dairy production should also be

encouraged at the village level, where road-

side grass and rice straw are available.

• Both the public and the private sectors

should introduce ways to make bank credit

available to smallholders on easy terms and

through simplified procedures.

• Powdered-milk imports should be reduced

to encourage dairying in Bangladesh.

National Milk Development Co-operation

should be established. For the dairy manu-

facturing plants, locally made machinery

should be available.

THE NUTRITIONAL CONTRIBUTION 

OF DAIRY MILK

It is well known that milk is an ideal food for

humans, particularly to sustain growth in chil-

dren, fetal growth in pregnant women, and

milk production during lactation. It has also

been described as nature’s most perfect food.

For the newly born infant or animal, mother’s

milk is a complete and well-balanced food. Its

main constituents, which supply energy and

building materials for the young, are accom-

panied by various nutrients, such as minerals,

vitamins, and organic compounds. Since all

nutrients in milk are present in the form of a
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solution, a dispersion, or a colloidal system,

the mixture is easily digestible. However, milk

is comparatively low in iron and vitamin D,

and the young animal must depend on the

iron reserves in its liver and the formation of

vitamin D in the body by the action of the sun

on its skin.

The average Bangladeshi should consume

45 grams of mixed protein each day. The esti-

mated availability of protein of livestock ori-

gin is as low as 4 g per person per day, out of

which the protein from milk and milk products

is less than 0.6 grams a day. Proteins of milk

and its products are complete—that is, they

contain all the amino acids essential to life.

Specifically, they are important sources of tryp-

tophan and lysine, both of which are deficient

in cereal proteins common in the diet. In gen-

eral, the proteins in milk and milk products

are economical sources of high-quality pro-

tein. Although the milk proteins have overall

positive effects, so-called milk intolerance due

to hypersensitivity to the milk proteins may

occur.

The usual recommended quantity of about

a liter of milk per day supplies all of the pro-

tein requirements of children up to 6 years of

age and more than 60 percent of the require-

ments of growing children up to 14 years of

age. For women 14 to 20 years of age, a liter

of milk supplies approximately one-half of the

daily protein requirements, except during lac-

tation, when it supplies approximately 44 per-

cent of the requirements.

The worst effect of malnutrition is on the

health of children and mothers, accounting

for heavy rates of child and maternal mortal-

ity. Calcium is the nutrient most likely to be

deficient in diets lacking milk or milk prod-

ucts. One liter of milk supplies almost the

total calcium needs of pregnant and lactating

women. At birth, a child has no reserve of cal-

cium, so it is essential that it be supplied with

an adequate amount to meet its needs during

the period of rapid growth. Milk and its prod-

ucts are very rich sources of readily available

calcium. Milk and its products are also excel-

lent sources of riboflavin and vitamin A. One

liter of milk per day ensures the supply of all

the riboflavin requirements of growing chil-

dren and adults except pregnant and lactat-

ing females. Almost all the vitamin A require-

ments of infants below 1 year of age, roughly

72 percent of those children from 1 to 2 years

old, and more than 40 percent of the children

from 8 to 10 years old can be supplied by one

liter of milk per day.

It has now been recognized that the pro-

motion of dairying would not only contribute

to national health building but also create sub-

stantial employment and income opportunities.
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WELCOME AND INTRODUCTION:

THE CHALLENGE TO LINK AGRICULTURE

PRODUCTION TO HUMAN NUTRITION 

AND HEALTH NEEDS

NAZMUL HASSAN

Mr. Chairman; chief guest Honorable Minis-

ter for Agriculture; special guest Mr. Ayub

Quadri, Secretary, Ministry of Agriculture;

Director General, Bangladesh Rice Research

Institute; distinguished guests; ladies and gen-

tlemen: Assalamu Alaikum.

On behalf of the International Food Policy

Research Institute, the Bangladesh Rice Re-

search Institute, and the Institute of Nutrition

and Food Science, University of Dhaka, I wel-

come you all to the concluding session of the

two-day workshop “Alleviating Micronutrient

Malnutrition through Agriculture in Bangla-

desh: Biofortification and Diversification as

Long-Term, Sustainable Solutions.”

Ladies and gentlemen, prior to this meet-

ing, a group of about 40 participants (mostly

agricultural scientists and human nutrition-

ists) met at the BRAC retreat center in

Gazipur to hear presentations about agricul-

tural strategies for improving dietary quality

and nutrition and to discuss and agree upon

recommendations for programs and policies.

This group, composed of persons from inter-

national and local agencies, is involved in

research and implementation of agricultural

interventions in Bangladesh. We have now

reconvened at the Sasakawa Auditorium,

ICDDR,B, to present recommendations to

you, all of whom are in a position to imple-

ment these recommendations.

Nutritional status and, to a great extent,

health depend on access to quality of and

diversity in food supplied by agriculture. Mal-

nutrition, therefore, can be viewed in part as

the failure of the food system to provide an

adequate diet to our population. Yet there has

been little dialogue in the past between agri-

cultural scientists and human nutritionists in

exploring ways to solve this problem. The pres-

ent workshop, I believe, provided an appropri-

ate forum for the agricultural scientists and

human nutritionists in Bangladesh to discuss

ways to alleviate problems related to uneven

food supply and/or improper nutrient balance

connecting food to health outcomes.

Is dietary diversity getting better or worse

over time? One view is that it is getting worse.

Programs to increase production have been

implemented largely through the Consultative

Group on International Agricultural Research

(CGIAR) and various national agricultural
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research organizations. The production of rice

and wheat in South Asia, for example, in-

creased by 200 percent and 400 percent, respec-

tively, during the past three decades. But the

focus on grains had an unintended conse-

quence: It reduced the diversity of traditional

cropping systems. Farmers adopted simpler

rotations of the higher-yielding and more

profitable grains and abandoned lower-calorie

foods that were nonetheless generally high in

protein and micronutrients. Today, the pro-

duction of pulses in South Asia is only 87 per-

cent of what it was 30 years ago. In Bangla-

desh, the situation is even worse; and the

production of most crops, including pulses,

fruits, vegetables, and milk, is manifold lower

compared with production in neighboring

India and even Nepal.

According to this view, then, past plant-

breeding efforts have been part of the prob-

lem in reducing dietary diversity, as advances

in agricultural production have not been

clearly linked to human nutrition and health

needs. In Bangladesh impressive gains in food

production have not alleviated prevalent defi-

ciencies of vitamins and minerals, which now

affect over half of our population. Past plant-

breeding efforts have contributed greatly to

solving the problem of low energy intake but

at the same time have exacerbated another

problem.

An alternative view begins with the fact

that inflation-adjusted cereal prices have fallen,

despite a doubling of population over the past

30 years in developing countries. Farm-level

productivity increases have led to higher rural

incomes and stimulated broader economic

growth than would otherwise be the case if the

world community had not invested resources

in the Green Revolution. Higher household

incomes have meant that the size of food

budgets can be increased. Perhaps more impor-

tant, lower cereal prices have meant that the

poor can spend a higher proportion of these

larger food budgets on nonstaple foods.

Diets and the nutritional status of the poor

might well be far worse today without the

exceptional increases in cereal productivity

that have been attained—for example, if cereal

prices had risen substantially instead of de-

clining. Nevertheless, cropping systems have

become less diversified. What has been the net

impact on dietary quality and micronutrient

status?

“Hidden hunger,” or micronutrient malnu-

trition, remains a huge problem in Bangla-

desh. In looking to solve micronutrient mal-

nutrition, too often in Bangladesh (and in

other countries as well, in my opinion) we

place too much emphasis on supplements and

fortification to solve the problem for a few

selected nutrients. Are these programs sus-

tainable in the long run? What is the best long-

run solution? To me, the obvious answer is

food. People require a number of vitamins

and nutrients, which only a well-balanced diet

can provide. We need to improve intakes of a

number of nonstaple foods—vegetables, fruits,

animal products, and pulses, to name a few.

Prices of these foods are going up as the price

of rice is going down. How do we reverse this

trend of rising prices for nonstaple foods?

How can we improve diet quality and ensure

diet diversity? How can we get the food sys-

tem in Bangladesh to provide all the vitamins

and minerals that our people need? These are

the issues that have been discussed over the

last two days and that will be raised here fur-

ther today.

For the given level of resources that have

been spent on agricultural research for devel-

oping countries, should these resources have

been invested differently between crops, per-

haps with more allocated for research on

pulses and less invested in research on cereals?

Should these resources have been applied to
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a different mix of productivity and nutrition

objectives, perhaps with some minimum atten-

tion paid to the nutrient density of specific

crops? If the overall amount invested in agri-

cultural research had been increased and

invested in an optimal mix of crops and 

productivity-nutrition objectives, would this

have been a cost-effective use of resources for

improved nutrition? These are difficult but

important questions, which have yet to be

addressed in a careful, systematic way.

No one as yet has attempted even a rough

calculation, in part because most of those

working within agriculture in developing

countries still equate nutritional well-being

with protein-energy malnutrition. Until now,

the easy answer has been to point to cost

reductions in the cheapest source of energy,

cereals, and otherwise to ignore the role of

agricultural research in ensuring that food

systems meet their responsibility to deliver

the complete array of nutrients necessary for

good nutrition. Only when agricultural sci-

entists have become convinced that micro-

nutrient malnutrition is a serious public health

problem and that it can be dealt with in a cost-

effective way through plant breeding—only

then will a significant reallocation of resources

between crops and breeding objectives be

seriously considered.

Perceptions need to be changed outside of

agriculture as well. The world is fast running

out of land and water to feed a still-growing

population. At a minimum, by maintaining low

cereal prices through yield-increasing tech-

nologies and by raising rural incomes, plant

breeding is an essential component of an

overall food systems effort to improve dietary

diversity. Meanwhile public investments in

agricultural research are falling, in part because

of currently low cereal prices and a perceived

success in dealing with what human nutrition-

ists once thought to be the overriding con-

straint on better nutrition, low energy intakes.

If this trend of shrinking public investments

in agricultural research is not redressed,

dietary quality will almost certainly worsen

for the poor in developing countries.

Within the context I have described, then,

we are formally convened at a workshop enti-

tled “Alleviating Micronutrient Malnutrition

through Agriculture in Bangladesh: Bioforti-

fication and Diversification as Long-Term,

Sustainable Solutions,” with the following

objectives:

• to take stock of agricultural programs and

policies related to human nutrition currently

being undertaken in Bangladesh,

• to identify programs and policies that are

already apparently helping to improve nutri-

tion in Bangladesh and those which show

great potential,

• to identify gaps in the present knowledge of

the links between agriculture and human

nutrition, and

• to communicate to government and non-

governmental agencies recommendations

for agricultural programs and policies for

improving nutrition and for follow-up actions

to be taken after the workshop

Today’s workshop is being organized

through the patronage of the Neys-Van-

Hoogstraten Foundation of the Netherlands,

USAID, DANIDA, and IFPRI. We would like

to sincerely thank them all for their assistance.

We express our gratitude to our chief

guest, the honorable Minister for Agriculture,

Mr. Motiur Rahman Nizami, and our special

guest, Secretary of Agriculture Mr. Ayub

Quadri, for sparing their valuable time despite

their busy schedules.

Distinguished guests, speakers at the work-

shop, participants, ladies, and gentlemen, I

thank you and welcome you all once again.
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BETTER DIETARY QUALITY FOR THE 

FUTURE GENERATIONS IN BANGLADESH

CHIEF GUEST MR. MOTIUR RAHMAN NIZAMI

Mr. Chairman, scientists, distinguished par-

ticipants, ladies and gentlemen: Assalamu

Alaikum. It is a great pleasure for me to be

here today at the concluding session of the

workshop on “Alleviating Micronutrient Mal-

nutrition through Agriculture in Bangladesh:

Biofortification and Diversification as Long-

Term, Sustainable Solutions.” I thank the

organizers of the workshop for giving me an

opportunity to meet the scientists of the

country and to say a few words on alleviating

malnutrition.

Ladies and gentlemen, substantial increases

in rice productivity in Bangladesh over the

past two decades are well documented. As

the production of rice has grown faster than

the population in Bangladesh, the price of rice,

after adjusting for inflation, has fallen by 40

percent since the mid-1970s. This is a tremen-

dous success of the past three decades. But at

the same time malnutrition in Bangladesh per-

sists, especially micronutrient malnutrition.

Distinguished scientists, it is estimated that

more than three billion people in developing

countries are iron deficient. The problem for

women and children is more severe because

of their greater physiological need for iron. In

Bangladesh, more than 50 percent of preg-

nant women and more than 40 percent of non-

pregnant women and preschool children are

anemic. Iron deficiencies during childhood and

adolescence impair physical growth, mental

development, and learning capacity. In adults,

iron deficiency reduces the capacity to do phys-

ical labor. Iron deficiency is a leading cause of

death among women during childbirth.

Globally, about three million preschool chil-

dren have visible eye damage from vitamin A

deficiency. Annually, an estimated 250,000–

500,000 preschool children go blind from this

deficiency, and about two-thirds of these chil-

dren die within months of going blind. Esti-

mates of the subclinical prevalence of vitamin

A deficiency range between 100 million and

250 million.

Distinguished participants, the underlying

cause of micronutrient malnutrition is poor

dietary quality. It is well known that the poor

in Bangladesh depend overwhelmingly on rice

to keep from going hungry. A recent study

showed that only 3 percent of energy intake

comes from fish and animal products in rural
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Bangladeshi households, but those households

have to spend 25 percent of their food budget

to purchase these fish and animal products.

While the price of rice, adjusted for inflation,

has fallen by 40 percent since the mid-1970s,

the prices of fish, meat, fruits, vegetables, and

lentils have risen by 50–100 percent. The gov-

ernment must make every effort to reverse

this trend in rising prices of nonstaple foods.

But it will take a long-term, sustained effort. It

will take several decades of economic progress

to raise the incomes of the poor in Bangla-

desh to the point at which these households

can afford to purchase sufficient quantities of

nonstaple foods to meet recommended daily

intakes of a range of nutrients. Conventional

interventions—such as supplementation and

fortification—to overcome micronutrient defi-

ciencies have proven difficult to implement on

a sustainable basis at low cost in a manner that

reaches large numbers of people suffering

from such deficiencies. Rice is an excellent

vehicle for fortification in the sense that it is

eaten frequently and in large quantities. As

just discussed by the director general of BRRI,

the power of plant breeding [may] be brought

to bear on this problem in a cost-effective

way.

Ladies and gentlemen, because the popula-

tion of Bangladesh will continue to increase,

there will be a great need for “more of the

same” from BRRI and BARI in the decades

ahead to meet increased demand for rice and

other foods. Rice yields must continue to in-

crease to keep rice prices low for poor con-

sumers while maintaining the profitability

of rice production. This will be an essential

component in the continued economic trans-

formation of Bangladesh where a substantial

proportion of the labor force is still employed

in agriculture. For poor consumers, contin-

ued low rice prices will mean that increases

in food expenditures associated with rising

incomes can be concentrated on fish and

animal products, fruits, pulses, and vegetables.

Better dietary quality, in turn, will mean

healthier children with improved cognitive

abilities. Future generations of mothers, bet-

ter nourished in childhood and adolescence,

will give birth to even healthier children with

even better cognitive abilities. Better health

and better cognitive abilities will make impor-

tant contributions to economic growth.

Distinguished scientists, the world is always

changing, so that “more of the same” can never

be satisfactory. One of many elements of

change in Bangladesh is that nonstaple food

production has not been able to keep pace

with demand, as evidenced by rising prices for

almost the entire range of nonstaple foods.

It is a daunting enough task to continue to

increase productivity for one major crop such

as rice. To improve dietary quality, govern-

ments of poor countries in the region face an

even more daunting task of accelerating the

pace of productivity increases for a range of

nonstaple foods. Food-based production strate-

gies based on commercial incentives cannot

immediately result in a substantial reduction

in the number of malnourished people. In

the short run, such production strategies can

only start to improve the nutritional situation

at the margin—the initial step in a longer

journey.

It is very much a medium- to long-run

objective for the agricultural sector in Ban-

gladesh to produce sufficient quantities of

nonstaple foods for consumers to meet rec-

ommended daily allowances of minerals and

vitamins. The task of developing and intro-

ducing these technologies is more complex

than for rice, however, in the sense that po-

tentially a large number of food commodities

are involved. Nevertheless, the challenge of

increasing the growth rate of nonstaple food

production must be met. Whether food prices
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are rising or falling will set the overall context

for the extent to which complementary nutri-

tion interventions (e.g., supplementation, for-

tification, nutrition education) can be effec-

tive at the margin in lowering the prevalence

of malnutrition.

Will agriculturalists and economists con-

tinue to be able to treat foods merely as com-

modities and to formulate programs and poli-

cies independent of the volume and mix of

nutrients being generated by agricultural

systems? Agricultural–human nutrition inter-

dependencies may not yet be an important

concern for the world at large. But stresses on

these two systems are already a serious prob-

lem for the poor in developing countries who

eat large amounts of rice and other staples

to keep from going hungry, but who learn too

little, tire too easily, are ill too often, and die

too young from hidden hunger.

Allah Hafez.
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FOOD-BASED SOLUTIONS TO 

MALNUTRITION TO ENSURE GOOD HEALTH

AND IMPROVED PRODUCTIVITY

SPECIAL GUEST MR. AYUB QUADRI

Mr. Chairman, Honorable Minister for Agri-

culture, scientists, distinguished participants,

ladies and gentlemen: Assalamu Alaikum.

Agriculture is the primary source of nutri-

ents that sustain human life. This is suffi-

ciently obvious but is often ignored or forgot-

ten. Malnutrition has long been recognized as

a major public health problem in developing

countries. Poor diets are [the] fundamental

cause of malnutrition. Yet there has been little

dialogue in the past between agricultural sci-

entists and human nutritionists to explore

ways to solve this problem. Research by plant

scientists has concentrated on increasing crop

yields, ensuring yield stability, [and] reducing

costs of production. Nutrition benefits may

accrue indirectly from increased crop produc-

tion with low food prices. Human nutrition-

ists have focused on supplementation, fortifi-

cation, and dietary diversification as the three

principal interventions to reduce micro-

nutrient malnutrition. Little attention has

been paid by human nutritionists to agricul-

ture per se as a complementary means to

solve the dietary quality problem. [Likewise,

little attention has been given to considering]

the contribution that plant scientists might

make in this area.

Agricultural research has made a major

contribution to growth in food supplies in

developing countries. In the early 1960s there

was serious concern that population growth

would outstrip the ability of the agricultural

sectors of poor countries to produce suffi-

cient food staples to keep food prices from

rising and to avert widespread hunger. The

opposite, of course, has happened. Rice,

wheat, and maize prices, adjusted for infla-

tion, have declined since Green Revolution

crop varieties first became available to farm-

ers in the latter part of the 1960s. Lower cereal

prices have been a benefit to all consumers,

but especially to poor consumers who spend

a large share of their income on food. Pro-

ducers have been compensated for lower

prices by increases in productivity. The best

evidence of their continued profitability is the

widespread acreage planted for modern cereal

varieties in developing countries. During the

1960s and 1970s, ensuring sufficient energy

was thought to be the most serious dietary

constraint on improved human nutrition. It is
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widely recognized that lowering the prices

of food staples, some of the least expensive

sources of energy in the diet, has had a bene-

ficial impact in alleviating malnutrition. This

was accomplished despite a doubling of world

population and decreasing land area for

increasing agricultural production. Although

malnutrition persists, the situation would cer-

tainly be far worse today if cereal prices had

remained constant or risen.

Despite this success, the focus of the inter-

national nutrition community has now been

shifted to research on micronutrient mal-

nutrition as a public health concern and has

become more widely recognized. The crucial

role of poor dietary quality as an underlying

cause of this problem is now more fully

appreciated at the turn of the millennium. It

is at this crossroads that this conference meets.

Does agriculture have an equally important

role to play in addressing micronutrient mal-

nutrition as it has had in alleviating low

energy intakes? Indeed, some take the view

that the Green Revolution has caused a reduc-

tion in the diversity in diets, which in turn has

increased micronutrient malnutrition. Such

claims, however, typically do not consider

the plight of the poor and the nutritional sit-

uation under the counterfactual situation of

lower cereal yields and rising prices for food

staples.

Commonly, policymakers have viewed mal-

nutrition, including micronutrient malnutri-

tion, as a disease that must be “treated.”

Accordingly, many nations have adopted solu-

tions to micronutrient malnutrition that stress

only supplementation and food fortification

intervention programs. While many of these

programs have been successful in the short

run, they are all too often unsustainable be-

cause of economic, political, and logistical rea-

sons. Food, nutrition, and health programs

should not exist as vertical programs within the

health ministry; nor should agricultural pro-

grams be solely production-oriented, thereby

ignoring consumption issues, household food

security, and community nutritional needs.

Indeed health, nutrition, and food security are

inextricably interrelated and must become

explicit objectives of development policies,

particularly agricultural development policy.

The time has come to begin to form col-

laborations between agricultural scientists,

nutritionists, and health care officials to erad-

icate “hidden hunger.” New paradigms for

agriculture, nutrition, health, and develop-

ment must emerge that will meet the new

challenge of micronutrient malnutrition, which

threatens sustainable development efforts in

Bangladesh and other emerging nations. En-

during food-based solutions to malnutrition

generate good health and improved produc-

tivity. Forging linkages between agriculture,

nutrition, and health is necessary to nullify

the adverse effects of past policies for global

agriculture, nutrition, and national develop-

ment that have fostered only short-term,

unsustainable solutions to starvation, malnu-

trition, underdevelopment, and high human

fertility rates.

In conceptualizing solutions for a range of

nutritional deficiencies, interdisciplinary com-

munication between plant scientists and human

nutritionists holds great potential. Human

nutritionists need to be informed, for example,

about the extent to which the vitamin and

mineral density of specific foods, as well as

compounds that promote and inhibit their

bioavailability, can be manipulated through

plant breeding. Plant breeders need to be sen-

sitized to the major influence that they may

have had on nutrient utilization in the past

and the potential of plant breeding for future

improvements in nutrition and health. As the

world’s resources for food production and

other purposes become increasingly stressed,
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such interdependencies between agricultural

systems and human nutrition will become in-

creasingly obvious—and impossible to ignore

in formulating solutions.

I hope this workshop has made some

progress toward achieving the goals of linking

agriculture and nutrition. The workshop rec-

ommendations will be carefully examined, but

my first impression is that they do not suggest

any radical departure from what we are doing.

The recommendations will strengthen and

deepen what we are already doing.

Allah Hafez.
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THE CONTRIBUTION OF 

PLANT BREEDING TO A 

SUSTAINABLE REDUCTION IN

MICRONUTRIENT DEFICIENCY

DR. S.B . SIDDIQUE

Dr. David Sack, director and chairman of the

concluding session; Mr. Motiur Rahman

Nizami, Honorable Minister for Agriculture,

Government of the People’s Republic of

Bangladesh; Mr. Ayub Quadri, Secretary, Min-

istry of Agriculture; representatives of the

sponsoring agencies; distinguished partici-

pants, colleagues, and ladies and gentlemen:

Assalamu Alaikum.

I consider it a great privilege to address

such an august gathering. It is a matter of

great pleasure that our Honorable Minister

for Agriculture is present here despite his busy

schedule. I express my gratitude to him. I am

also grateful to the Secretary, Ministry of

Agriculture, for his presence here. The partic-

ipation of experts in nutrition at home and

abroad has given us an opportunity to dis-

cover the possibilities as to how cost-effective

and sustainable production techniques can be

developed for mineral- and vitamin-enriched

food crops.

ADVANTAGES OF BIOFORTIFICATION

Commercial fortification of foods is an inter-

vention familiar to us all. Minerals and vita-

mins are added to a particular food vehicle

during processing, well after the food has left

the farm and before it is distributed through

various marketing channels for consumer

purchase and consumption. Is it possible to

get the plants themselves to do the work of

fortification, an intervention strategy that may

be referred to as biofortification? What are the

inherent comparative advantages of such an

approach?

First, biofortification is cost-effective. Once

the plants are developed and being grown by

farmers, there are no costs year in and year

out to buy the fortificants and add them to

the food supply during processing. Second,

biofortification is sustainable. Once the invest-

ment has been made in developing and dis-

seminating the nutritionally improved crops,

farmers will be driven by a profit incentive

to continue to produce these crops. In fact,

this strategy has the potential to significantly

improve agricultural productivity. Moreover,

monitoring and maintenance costs are low

and are not dependent on political will or

availability of public funds. Third, biofortifica-

tion can make an impact in relatively remote

rural areas where food staples do not enter the
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marketing system or where processing facil-

ities are relatively small and widely dispersed.

To be successful, the biofortification strategy

must address three fundamental issues: Can

commonly eaten food-staple crops, such as

rice in Bangladesh, be developed that fortify

their seeds with essential minerals and vita-

mins? Can farmers be induced to grow such

varieties? If so, would this result in a signifi-

cant improvement in human nutrition at a

lower cost than that of existing nutrition

interventions?

FARMERS’ ACCEPTANCE 

OF FORTIFIED SEEDS

Recent research has shown that trace miner-

als are essential in helping plants resist disease

and other environmental stresses. Mineral-

rich seeds produce more seedlings, they sur-

vive better, and their initial growth is more

rapid. Ultimately, yields are higher, particu-

larly in soils “deficient” in trace minerals under

dry-season conditions. The mineral-efficient

varieties are more drought resistant and so

require less water, and because of their more

efficient uptake of existing trace minerals,

these varieties require fewer chemical inputs.

Thus, the new seeds can be expected to be

environmentally beneficial as well.

COST-EFFECTIVENESS

Although the costs of vitamin A pills are

low, an often-quoted cost of vitamin A supple-

mentation that includes the costs of delivery

is 50 cents per person per year. If 1 in 12.5 per-

sons receives supplements in Bangladesh (10

million children receive supplements out of a

population of 130 million), this costs $5 mil-

lion per year, or $50 million over 10 years. An

often-quoted cost of iron fortification is 10

cents per person per year. If a particular food

vehicle is to be fortified, which would reach

40 percent of the total, but untargeted, popu-

lation (50 million people receiving the forti-

fied food), the total cost is again $5 million

annually, or $50 million over 10 years. In ab-

solute terms, these may seem to be large

amounts of money, but they are very worth-

while investments and are quite small per-

centages of the total economic activity of

Bangladesh. Nevertheless, in contrast, invest-

ments in plant breeding research are far lower.

The total budget of BRRI is about $3.5 million

per year, a fraction of which could be devoted

to breeding for nutritional quality. Develop-

ment of iron- and zinc-dense germplasm at

a central location such as IRRI in the Philip-

pines might cost $10–15 million over 10 years.

Bangladesh and other rice-eating countries

could benefit greatly from such centrally

located research. Moreover, benefits are sus-

tainable at low maintenance costs—benefits

from breeding advances.

Although plant breeding involves compar-

atively long lead times before it can have an

appreciable impact, a significant start has 

been made. The pace of progress in the years

ahead will depend to a significant extent on

the acceptance and support that [this] non-

traditional approach receives from the plant

breeding and human nutrition commu-

nities. After a onetime investment is made

to develop seeds that fortify themselves, re-

current costs are low. In the case of increased

trace-mineral density, we anticipate no re-

quired behavioral change on the part of con-

sumers. Indeed, the strategy seeks to take

advantage of the consistent daily consump-

tion of large amounts of food staples by all

family members, including women and chil-

dren, most of whom are at risk for micro-

nutrient malnutrition. Moreover, as a conse-

quence of the predominance of food staples

in the diets of the poor, this strategy implicitly
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targets low-income households. Not only does

plant breeding hold great promise for making

a significant, low-cost, and sustainable con-

tribution to reducing micronutrient, particu-

larly mineral, deficiencies in humans; it also

may well have important spin-off effects for

increasing farm productivity in developing

countries in an environmentally beneficial way.
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Appendix 1

PROGRAM, APRIL 22–24

April 22, 2002. Working session

BRAC Centre for Development Management, Rajendrapur, Gazipur

7:45 a.m.–9:45 a.m. Travel from Dhaka

9:45 a.m.–10:30 a.m. Coffee, tea, snacks available upon arrival, check-in

10:30 a.m.–11:00 a.m. Introduction

10:30 a.m.–10:35 a.m. Welcome, Nazmul Hassan, INFS

10:35 a.m.–10:45 a.m. Workshop objectives and structure, Howarth Bouis, IFPRI

10:45 a.m.–10:55 a.m. Self-introduction of participants

10:55 a.m.–11:00 a.m. Questions and discussion

11:00 a.m.–1:00 p.m. Biofortification

Morning session chairperson: Dr. S.M.H. Zaman, former Director General
of BRRI and Member of Planning Commission

11:00 a.m.–11:30 a.m. Howarth Bouis, IFPRI, “The Global Effort to Breed for More Nutritious
Crops: Justification and Ongoing Activities”

11:30 a.m.–12:00 p.m. Inge Tetens and Shakuntala Thilsted, IHE-KVL, “Rice in the Bangladeshi
Context: Consumption, Preferences, and Contribution to Energy Intake
and Satiety”

12:00 p.m.–12:30 p.m. Khandaker Aminul Kabir, BRRI, “Breeding for High-Iron Rice in
Bangladesh”

12:30 p.m.–1:00 p.m. General discussion

1:00 p.m.–2:00 p.m. Lunch

Afternoon session chairperson: Dr. N.I. Bhuiyan, Director (Research), BRRI

2:00 p.m.–4:00 p.m. Vegetables

2:00 p.m.–2:30 p.m. Sajeda Begum, CARE, “Addressing Malnutrition with Homestead
Gardening: CARE’s Experience in Bangladesh”
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2:30 p.m.–3:00 p.m. Abu Taher, HKI, “Homestead Vegetable Gardening Directed at Improving
Vitamin A Status: The HKI Experience”

3:00 p.m.–3:30 p.m. Howarth Bouis, IFPRI, “Effects on Nutrition of For-Profit Vegetable
Production”

3:30 p.m.–4:00 p.m. General discussion

4:00 p.m.–4:30 p.m. Break

4:30 p.m.–6:00 p.m. Fruits and poultry

4:30 p.m.–5:00 p.m. S.M. Monowar Hossain, BARI, “Alleviating Malnutrition through
Horticulture”

5:00 p.m.–5:30 p.m. Paul Erik Schmidt, The Royal Danish Embassy, “Poultry and Egg
Production: DANIDA Programs and Experience”

5:30 p.m.–6:00 p.m. General discussion

7:00 p.m.–8:30 p.m. Dinner and speaker

Frances Davidson, USAID, “USAID Strategies for Improving Nutrition
Worldwide”

8:30 p.m.–9:30 p.m. Cultural presentation

April 23, 2002. Working session

BRAC Centre for Development Management, Rajendrapur, Gazipur

7:00 a.m.–7:45 a.m. Breakfast

Morning session chairperson: Dr. Frances Davidson, USAID

8:30 a.m.–10:00 a.m. Fish

8:30 a.m.–9:00 a.m. Nanna Roos, IHE-KVL, “Small Fish Consumption and Aquaculture in Rural
Bangladesh”

9:00 a.m.–9:30 a.m. A.H.M. Kohinoor, Fisheries Research Institute, “Polyculture of Carps with
Mola, Chela, and Punti under Semi-Intensive Culture”

9:30 a.m.–10:00 a.m. Md. Nurul Islam, ICLARM, “Promotion of Fish Production in Ponds and
Open-Water Bodies: The ICLARM Experience”

10:00 a.m.–10:30 a.m. Break

10:30 a.m.–12:30 p.m. Cross-cutting themes

10:30 a.m.–11:10 a.m. Nazmul Hassan, INFS, “Overview of Malnutrition in Bangladesh”

11:10 a.m.–11:50 a.m. Harriet Torlesse, HKI, “Dietary Diversity in Rural Bangladesh”

11:50 a.m.–12:30 p.m. Howarth Bouis, IFPRI, “Relating Bangladeshi Diets to Iron Deficiency”

12:30 p.m.–1:30 p.m. Lunch

Afternoon session chairperson: Dr. Howarth Bouis, IFPRI

1:30 p.m.–2:00 p.m. Plenary: Proposals for program and policy recommendations

Listing of program and policy recommendations discussed by the group in
previous sessions and additional suggestions

2:00 p.m.–3:30 p.m. Breakout groups

1. Vegetables, fruits, pulses, and spices

2. Fish and animal products

3. Rice and other food staples
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4. Integration of agricultural strategies with other types of interventions

3:30 p.m.–3:45 p.m. Break

3:45 p.m.–5:00 p.m. Plenary: Decisions for program and policy recommendations

3:45 p.m.–4:05 p.m. Recommendations of the four breakout groups

4:05 p.m.–4:50 p.m. Reaching consensus on recommendations

4:50 p.m.–5:00 p.m. Selection of speakers for April 24 session at Sasakawa Auditorium

5:30 p.m.–7:30 p.m. Travel to Dhaka

April 24, 2002. Closing session

Sasakawa Auditorium, ICDDR,B, Dhaka

Chairperson: Dr. David Sack, Director, ICDDR,B

10:00 a.m.–10:45 a.m. Introduction

10:00 a.m.–10:05 a.m. Welcome

Professor Nazmul Hassan, INFS, DU

10:05 a.m.–10:10 a.m. Objectives and structure of final day of the workshop

Dr. Howarth Bouis, IFPRI

10:10 a.m.–10:30 a.m. Summary of April 22–23 presentations

Dr. Howarth Bouis, IFPRI

10:30 a.m.–10:45 a.m. Presentation of workshop recommendations

Dr. N.I. Bhuiyan, Director of Research, BRRI

10:45 a.m.–11:15 a.m. Remarks from invited guests

10:45 a.m.–10:55 a.m. Special guest Dr. S.B. Siddique, Director General, BRRI

10:55 a.m.–11:05 a.m. Special guest Mr. Ayub Quadri, Secretary, Ministry of Agriculture

11:05 a.m.–11:15 a.m. Chief guest Mr. Motiur Rahman Nizami, The Honorable Minister for
Agriculture, GOB

11:15 a.m.–11:45 a.m. Coffee break

11:45 a.m.–12:05 a.m. Remarks from workshop panel

11:45 a.m.–11:50 a.m. Panelist 1—Agriculture research representative

Dr. S.M. Monowar Hossain, Director, Horticulture Research Centre, BARI

11:50 a.m.–11:55 a.m. Panelist 2—Bilateral representative

Ms. Shahnaz Awal Zakaria, Food Security and Disaster Management Team,
USAID

11:55 a.m.–12:00 p.m. Panelist 3—NGO representative

Mr. Emranul Huq Chowdhury, Director, UDDIPAN

12:00 p.m.–12:05 p.m. Panelist 4—Health and nutrition research representative

Dr. Liaqat Ali, Professor and Coordinator, Biomedical Research Group,
BIRDEM

12:05 p.m.–12:55 p.m. Open discussion from the floor

12:55 p.m.–1:05 p.m. Summary of workshop and suggestions for follow-up actions, Dr. Howarth
Bouis, IFPRI

1:05 p.m.–1:15 p.m. Final reaction by session chairperson

Dr. David Sack, Director, ICDDR,B
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Name Address Telephone/e-mail address

Mr. Nasim Ahmad Project Management Specialist Phone: (880-2) 882-4700
(Economic Growth and Agriculture) Ext. 2308

United States Agency for International Fax: (880-2) 882-3648
Development (USAID) nahmed@usaid.gov

c/o American Embassy
Madani Avenue, Baridhara
Dhaka 1212

Dr. Luthfor Ahmed Associate Professor Phone: 9661900/6214
INFS, University of Dhaka nhassan@bangla.net
Dhaka 1000 lahmed@du.net

Mr. Ahmed Ali Doctoral Candidate ahmed.ali@soc.hhs.wau.nl
Household and Consumer Studies ali25159@hotmail.com
Department of Sociology
Wageningen University
Postbus 8060/6700 DA
Wageningen, Netherlands

Dr. Liaqat Ali Professor and Coordinator Phone: (880-2) 8613700, 
Biomedical Research Group 8617130
BIRDEM lali@citechco.net
122 KN Islam Avenue lali@dab-bd.org
Shahbag, Dhaka

Ms. Sajeda Begum Coordinator Phone: 8114195-98 (Off.)
LIFT program, CARE 8110831 (Res.)
CARE-Bangladesh carebang@bangla.net
House No. 65, Road No. 7/A sajeda@carebangladesh.org
Dhanmondi, Dhaka 1209

Dr. N. I. Bhuiyan Director of Research Phone: 9252429
Bangladesh Rice Research Institute brrihq@bdonline.com
Gazipur 1701
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Name Address Telephone/e-mail address

Ms. Farzana Bilkes Nutritionist and Head fa_bil@yahoo.com
Nutrition and Food Science 

Department
Institute of Child and Mother Health
Matuail, Dhaka-1362

Mr. Sunil Kumar Biswas Principal Scientific Officer Phone: 9257401-5 Ext. 349
Grain Quality and Nutrition Division enrecabd@bdonline.com
Bangladesh Rice Research Institute
Gazipur 1701

Dr. Howarth Bouis IFPRI h.bouis@cgiar.org
Senior Research Fellow
Food Consumption and Nutrition 

Division

Mr. Emranul Huq Director Phone: 8115459, 8123848
Chowdhury UDDIPAN udpn@agni.com

9/25, Sir Syed Road
Mohammadpur, Dhaka 1207

Mr. Sajal Chowdhury Save the Children USA Phone: 9115291, 9117454.
House 35/A, Road 9A 017 391878
Dhanmondi R/A, Dhaka 1209 scusbfo@bangla.net

Ms. Sharifa Begum Daisy Research Assistant Phone: 966190-54 Ext. 6259
INFS, University of Dhaka nhassan@bangla.net
Dhaka 1000

Dr. Frances R. Davidson 4605 Revo Rd. NW Phone: 202 712 0982
Washington, DC 20008 fdavidson@usaid.gov
USAID, USA

Ms. Nancie Dellaganna Memorial Christian Hospital dellaganna@aob.globalctg.net
Malumghat, Cox’s Bazar

Ms. Sharifa Sultana Dipti Scientific Officer enrecabd@bdonline.com
Grain Quality and Nutrition Division
Bangladesh Rice Research Institute
Gazipur 1701

Dr. Andrew Hall Country Director ahall@hkidhaka.org
Helen Keller International
House 38, Road 14A
Dhanmondi R/A, Dhaka 1209

Dr. M. Mahiul Haque Director (Admin) Phone: 9252737
Bangladesh Rice Research Institute brrihq@bdonline.com
Gazipur 1701

Ms. Farhana Haseen Research Associate Phone: 9881265 Ext. 2708 (Off.)
BRAC 8919464 (Res)
House #3, Road #5A, Sector #5 fhaseen02@yahoo.com
Uttara, Dhaka

Dr. Nazmul Hassan Professor Phone: 9673276
INFS, University of Dhaka nhassan@bangla.net
Dhaka 1000
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Name Address Telephone/e-mail address

M. Alamgir Hossain Senior Scientific Officer Phone: 9257401-5 Ext. 536
Plant Breeding Division brrihq@bdonline.com
Bangladesh Rice Research Institute
Gazipur 1701

Md. Mazharul Islam Extension Manager Phone: 091-54522, 
Mymensingh Agriculture Extension 017-865765

Project, m-islam@royalten.net
P.O. Box 33
Mymensingh 2200

Dr. S. M. Monowar Project Director Phone: 9252529
Hossain Horticulture Research Centre hkbari@citechco.net

Bangladesh Agricultural Research 
Institute, Gazipur 1701

Ms. Nasreen Huq Senior Policy Advisor Phone: 8114234, 8116156
Helen Keller International nasreenh@hkidhaka.org
House 38, Road 14A
Dhanmondi R/A, Dhaka 1209

Gazi Md. Nurul Islam CBFMP Phone: 8813250, 8814624
ICLARM iclarm@dhaka.agni.com
House #22B, Road #7, Block-F niclarm@dhaka.net
Banani, Dhaka

Khandaker Aminul Kabir Head, Grain Quality and Phone: 9252265
Nutrition Division enrecabd@bdonline.com
Bangladesh Rice Research Institute
Gazipur 1701

Dr. A.H.M. Kohinoor Senior Scientific Officer fsbfri@bdonline.com
Bangladesh Fisheries Research  

Institute, Mymensingh 2202

Dr. Noel Magor Manager, PETRRA Phone: 8827210
IRRI Dhaka Office nmagor@bdonline.com
House #39, Road #23, Block-J
Banani, Dhaka 1213

Dr. Moslem Uddin Mia Principal Scientific Officer Phone: 9132419
Nutrition aiqbal@barcbgd.org
BARC, Farmgate, Dhaka p-ebarc@dhaka.agni.com

barc@bdmail.net

Ms. Helen Moestue Monitoring Officer Phone: 8116156
Helen Keller International helen@hkidhaka.org
House 38, Road 14A
Dhanmondi R/A, Dhaka 1209

Dr. Nanna Roos Department of Human Nutrition  Phone: +45 35 28 24 97
(IHE), The Royal Veterinary and nro@kvl.dk
Agricultural University

Copenhagen, Denmark

Mr. Paul Erik Schmidt Counselor Phone: 8822499
Royal Danish Embassy pausch@um.dk
Road 51, House 1
Gulshan, Dhaka 1212
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Postharvest Technology Division 9252529
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Institute
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