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 It is indeed a laudable initiative by the SAARC Agriculture Centre 
(SAC) to launch an outlook on pulse in the SAARC Region "Pulses for 
sustainable food and nutrition security in SAARC Region" 

 In our region, agriculture continues to be the priority sector,         
considering the engagement of more than 60% of the population in farming. 
Agriculture contributes on an average of 18.2% to regional GDP (3.5% in 
Maldives to 33.7% in Nepal). Agriculture is the main source of food energy, 
vigor, labor force and intellectual power which are indivisible and 
interrelated. Due to the relentless efforts of our agriculture and 
farmer-friendly government under the dynamic leadership of Jana-netri 
Sheikh Hasina, our country has become self sufficient in producing food 
and furthermore, it has already started exporting rice. In 2014, Cornell 
University of USA awarded Hon’ble Prime Minister Sheikh Hasina for her 
great contribution in attaining self-sufficiency in food production and for 
taking initiatives in using modern technology in agriculture. Earlier in 1999, 
in recognition of her contribution to the fight against hunger, the United 
Nations World Food Programme awarded ‘Ceres Medal’ to the Hon’ble 
Prime Minister Sheikh Hasina. It certainly indicates that whenever Hon'ble 
Prime Minister Sheikh Hasina is in the driving seat, the country comes out 
of the clutches of hunger and poverty.

 Among the crops, pulses are the most important vegetable source of 
protein and minerals in South Asian diet. Pulses have an effective role in 
fulfilling the gap in food and nutrition insecurity. Small amount of water is 
required for the production of pulses. Moreover, it is one of important cash 
crops of Bangladesh. Realizing the importance of pulses as one of the 
Smart Crop and Smart food, UN has declared 2016 as the International 
Year of Pulses (IYP). As a part of global awareness campaign on pulses and 
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under the aegis of the International Year of Pulses, the 3rd SAARC              
Agriculture Ministers' Meeting held on 7th April 2016 prompted the 
SAARC Agriculture Centre (SAC) to organize a regional program to 
celebrate the pulses, as South Asia is the highest producer and consumer of 
pulses in the world.

 I am personally encouraged by the initiatives of SAC in coordinating 
with all the related NARS institutes in Bangladesh (BARC, BARI, BRRI, 
BINA, BSRI) DAE, FAO-Bangladesh, and CGIAR Centres (ICARDA, 
ICRISAT, CIMMYT, IRRI, IFPRI), and CIRDAP in making it a collective 
program by publishing a book on pulses, organizing pulses recipes 
competition and seminar.

 At a time when pulse area is declining and production growth is bare 
minimum, the region needs to seriously put in place polices and strategies to 
revive and expand pulse cultivation assertively. This Publication “Pulses for 
sustainable food and nutrition security in SAARC Region” is a 
comprehensive collection papers written by eminent pulses scientists of 
SAARC Region. It provides wide-ranging information on pulses and some 
directions to develop pulses in the region. It is useful for policy makers, 
researchers, extension and students who are engaged in pulses research and 
development.

 It is a commendable initiative of all the authors and editors in bringing 
out a timely publication to commemorate the International Year of Pulses, 
and exhibit that the region is committed to promote pulses in all from smart 
food to address the food and nutrition issues and as smart crop in the face of 
climate change impacts. I also would like to express my appreciation to all 
NARS institutes, CGIAR Centres and FAO in engaging together in 
organizing such an important event of national, regional and global 
relevance.

 I wish the SAC, partnering institutions, agriculture sector of SAARC 
Member States and FAO all success in their endeavour to expand pulses 
production and consumption thereby achieving greater food and nutrition 
security. And maintaining the continuity of development in this sector as 
well as other sectors under the present people-friendly Government, we will 
be able to make our country a happy, prosperous and developed on keeping 
pace with the Vision-2041.

Joy Bangla, Joy Bangabandhu
Long live Bangladesh.

(Matia Chowdhury, MP)
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 Pulses form a group of leguminous crops which play an important role in 
sustainable production system and household food and nutritional security. 
Pulses is a staple crop and an integral part of diets in South Asia.  It is 
interesting to note that globally pulses are grown in 85.6 million hectares 
with a production of 77.6 million tons, which represents about one-tenth of 
the harvested area under all cereal crops.  Lower production is associated to 
its cultivation under rainfed-low input systems compared to cereal crops.  
South Asia is the home for many pulses. A total area of 35.4 million ha is 
cultivated with pulses in SAARC Region with total production of 27.1 
million tons. Although South Asia is the world’s largest pulse producer and 
consumer, it is also the highest importer of pulses, implying that the demand 
for pulses in the region is huge. In the region, India grows pulses in more 
than 33 million ha with an annual production of 25.5 million tons. Among 
the various pulses, chickpea is grown in maximum area with highest 
production followed by dry beans and pigeon pea.

 In the current situation, food production is often challenged with various 
factors like biotic, abiotic, technological, market, and polices. While the 
biotic and abiotic factors still dominates as limiting factor to higher food 
production, the dynamic food habits and food consumption pattern across 
the world is influencing the food production. Pulses which are cultivated in 
marginal land with limited resources face bigger influence of limiting 
factors. As an important plant source of protein, fibre and minerals, pulse 
research and development needs to receive substantial support from public 
and private sector to enable boost pulse production and consumption.

 SAARC Agriculture Centre (SAC) was fortunate to receive directives of 
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the 3rd SAARC Agriculture Ministers’ Meeting to support and celebrate the 
International Year of Pulses in a befitting manner. We are also highly 
privilege to have received support and guidance from FAO-Bangladesh, 
ICARDA-South Asia and China Region, ICRISAT, BARC, KGF, DAE, 
BARI, BRRI, BINA, BSRI, IRRI-Bangladesh, and CIMMYT Bangladesh 
to organize the IYP-2016 program in Dhaka. The support of Ministries of 
Agriculture and Foreign Affairs, Bangladesh was crucial in consolidating 
the institutional network and organizing the event.  

 The Centre would like to sincerely acknowledge the guidance and 
support provided by Dr. Ashutosh Sarker, Coordinator - South Asia and 
China Region, ICARDA in conceptualizing this book and identifying the 
authors and topics. This outlook “Pulses for sustainable food and nutri-
tion security in SAARC Region” which is a contribution of eminent pulses 
scientists in the region, who have lead the pulses research and development 
in respective institutions. We would like to earnestly express our apprecia-
tion to the authors for contributing the chapter in very short notice. The 
Centre acknowledges the timely support of Director General, Bangladesh 
Agriculture Research Institute (BARI) for securing KGF Fund to publish 
this book.

 I am confident that this publication will be useful for promoting pulses 
research and development in the region. 

Dr. S M Bokhtiar
Director
SAARC Agriculture Centre
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Agriculture in SAARC Region

South Asian countries are predominantly agriculture based with more than 
60% of the population of the region depending on agriculture for their liveli-
hood. This region accounts for 23.7% of the World Population. Employment 
of population in agriculture is above 60% in Bangladesh, 57% in Bhutan, 
65.5% in Nepal, 65% in India; and it is the lowest in Sri Lanka with 33% 
and 45% in Pakistan.  Average contribution of agriculture to GDP of 
SAARC countries in 2014 was 18.2% (Afghanistan-23.5%, Bangladesh-
16.1%, Bhutan 17.7%, India 17.4%, Maldives-3.5%, Nepal 33.7%, Pakistan 
25.0%, Sri Lanka-8.6%) (World Bank, 2016).  About 40% of poor and 35% 
of malnourished people of the world live in SAARC countries.  Populations 
which live below national poverty line vary from 15.2 % in Sri Lanka to 
40% in Bangladesh. The population below poverty in Nepal is 30.9%, 
27.5% in India and 22.3% in Pakistan.  The undernourished population 
varies from 10% in Maldives to 30% in Bangladesh.  Around 20% popula-
tion of India, 17% of Nepal, 24% of Pakistan and 22% of Sri Lanka are 
undernourished. 

The area and productivity of most crops in the SAARC region are showing 
an increasing trend, but the region recorded the highest global hunger index.  
The food production of the region does not match with increasing popula-
tion.  Productivity is lower than the potential yield, except that of paddy in 
Bangladesh. Among SAARC countries, Bangladesh, Sri Lanka and India 
are self sufficient in food grains while Afghanistan, Nepal and Pakistan have 
nearly 100% sufficiency.  The food sufficiency level in Bhutan and Maldives 
is low and fulfill by import. 

Pulses

Pulses form a group of leguminous crops which play an important role in 
sustainable production system and household food and nutritional security. 
Pulses have been staple crops and an integral part of diets. There is a long 
tradition of pulse crop cultivation, consumption and research, and a good 
general knowledge of the benefits of pulse crops to the rotation. Pulses are 
one of the most environment friendly crops. Pulses are known for its 
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benefits, excellent source of protein, fiber, folate, iron, potassium, and 
antioxidant. Importantly they are free of gluten, sodium and cholesterol.  
Pulses are also known to enrich soil, thrive in harsh environment, require 
little or no irrigation, and have one of the lowest carbon footprints of any 
food group. Despite its benefits and importance, pulses have not experi-
enced anywhere near the same production increase as that of maize, wheat, 
rice and soybean in the last 50 years. Studies have shown that the changing 
dietary preferences from vegetable protein to dairy and meat have resulted 
in decline of pulses acreage and production. In farming systems, pulses 
represent an input-saving and resource-conserving technology because their 
biological fixing of nitrogen reduces soil pathogens and the need for chemi-
cal fertilizer. At the global level, however, changes in consumer preferences 
and feed rations and the relegation of pulses to secondary crop status in the 
agricultural policies of other developing regions have led to stagnant 
production growth lagging behind population growth” (FAO Statistical 
Handbook, 2013). 

Globally pulses are grown in 85.6 million hectares with a production of 77.6 
million tons (FAO, 2016), which represents about one-tenth of the harvested 
area under all cereal crops.  A high proportion of pulse area harvested is 
under rainfed-low input systems compared to cereal crops. As shown below, 
South Asia has the maximum acreage of 33.9 million hectare and highest 
production of 22.5 million tons. Africa and Americas is the second and third 
largest grower of pulses after South Asia (Figure 1).

 

(Source: FAOSTAT, 2016)

Figure 1. Pulses area (‘000 Ha) and production (‘000 Mt) across different 
region in 2014.

The top ten countries growing and producing pulses are given in Figure 2. It 
is evident that 52% of the pulses area in the world and 23% of the produc-
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tion happens in India. Niger accounts for 9% area followed by Nigeria (7%) 
and Myanmar (6%). Others countries acreage accounts to 3-5% as shown in 
Figure 2. In terms of production, after India, production in Canada accounts 
for 7% of the global production followed by Myanmar (6%) and China 
(5%).

    

(Source: FAOSTAT, 2016)

Figure 2. Top Ten pulses growing and producing countries in the world 
(%), 2015 

Pakistan, Canada, Myanmar, Australia and the United States of America 
(USA), in that order, are significant exporters. Canada now accounts for 
approximately 35% of annual global pulse trade. The global pulse market is 
estimated at 60 million tons.

Pulses Area and Production in South Asia

South Asia is the home for many pulses, The major pulse crops in the region, 
are chickpea (Cicer arietinum), pigeonpea (Cajanus cajan), lentil (Lens 
culinaris), mungbean (Vigna radiata), blackgram, also called urad bean, 
(Vigna mungo), pea (dry pea) (Pisum sativum) and greengram (Lathyrus 
sativus). Pulses form a main source of protein in cereal-based diets of South 
Asia. A total area of 35.4 Million Ha is cultivated with pulses in SAARC 
Region with total production of 27.1 Million Tons (Table 1). India grows 
pulses in more than 33 million ha with an annual production of 25.5 million 
tons. Among the various pulses, chickpea is grown in maximum area with 
highest production followed by dry beans and pigeon pea (Figure 3).

Table 1. Pulse area and production in SAARC Region, 2014

Source: FAOSTAT 2016
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Source: FAOSTAT 2016

Figure 3. Area and production of different pulses in South Asia in 2014.

The trend of pulses cultivation in the region is positive (Table 2). In the last 
two decades (1994-2014), maximum increase in area was observed in 
Afghanistan with 190% increase over 1994, followed by 127% in Bhutan. 
As area under pulses cultivation is small, these increases do not result in 
dramatic change in acreage at regional level. With an area of 22.1 million 
ha. of pulses in India in 1994 saw an increase of 38% resulting in major 
boost of pulse production. A decline of 62% in production area was 
observed in Bangladesh followed by 58% in Sri Lanka, 14% in Pakistan and 
12% in Nepal.

In contrary to the decline in pulses area, production was reported to have 
increased in most countries. The increase was mainly supported by increase 
of yields by 16% over 2 decades. Except in Afghanistan, all the countries in 
the region reported increase in yield. A maximum increase of 75% in Nepal 
followed by Sri Lanka, Pakistan, Bhutan, and Bangladesh was recorded. In 
India an increase of 9% in yield was reported.

Table 2. Trends in pulses area, yield and production in SAARC countries 
(1994 and 2014)

Source: FAOSTAT, 2016

The pulses area in last five decades (Table 3) show increase in most countries, 
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except Afghanistan and Pakistan. In Bhutan, pulses were hardly cultivated 
during 1965-74 which over the years increased to 2000 hectares. Similarly a 
major increase is observed in Nepal (81%) and Sri Lanka (70%). Decline of 
28% in Bangldesh was due to expansion of rice cultivation and crop intification.

Table 3. Trends in pulses area (million Ha) in last five decade in SAARC 
countries (1965 and 2014)

Source: FAOSTAT 2016

Challenges in Pulse Production

There are several reasons why pulses have not received the attention they 
deserve. Pulses in South Asia are considered a residual crop and grown 
under rainfed conditions in less fertile lands with minimum efforts to 
manage pest and nutrient. Among biotic constraints, heavy weed infestation 
and pests destroy over 30% of standing crops before harvesting. Many 
diseases are also recorded to reduce the yield. In addition, there are post 
harvest losses during storage due to pest. Drought, excess soil moisture and 
humidity, temperature extreme and edaphic factors are abiotic constraints 
for growing of pulses. Among social constraints, the main reason for decline 
in pulses area and production is the increasing interest of farmers to grow 
cereals and vegetables for food security and more profit due to expansion of 
irrigation facilities and availability of high yielding varieties of these crops. 
Further, pulses yield are low and unstable due to biotic and abiotic stresses. 
These elements have resulted in pulses being considered a risky crop by 
farmers and yield levels being amongst the lowest in the world.

Moreover as a secondary crop category, pulses do not receive adequate 
resources and policy attention from governments as do the cereal crops, 
which are often, considered food security crops. Compared to cereal crops 
(wheat, maize, rice, barley, sorghum and millet), food legumes not only 
receive less quantity of land resources, but also other inputs. Also, compared 
to cereal crops, pulse crops are grown in marginal areas where water is 
scarce. In the developing world, only about 25% of total area is planted to 
high input rainfed or irrigated production systems compared to more than 
60% for cereal crops.

The production of pulses has not increased in commensurate with the popu-
lation growth, rather decreased due to the reasons mentioned earlier. Popu-
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lation increase leads to a higher demand for staple food, while cultivable 
land shrunk. In this situation, farmers are putting more emphasis on food 
crops than pulses. As a result the per capita availability of pulses from local 
production had been declining which were supplemented by increased 
imports. 

Other changes in pulse production are breaking yield plateau, improving 
yield stability, climate change effects, enhancing economic competitive-
ness, growing demand for food and nutrition, degradation of soil fertility, 
old agronomic practices, limited human resources, research and extension 
poor linkage, lack of infrastructure, lack of systematized machinery system. 

Way Forward 

South Asia has the potential to increase acreage by encouraging production 
of pulses in rice fallows. A substantial part of rice fallow land can be 
targeted for cultivation of pulses during post monsoon rabi season. Inter-
cropping and growing short duration varieties between kharif and rabi 
season, by relay cropping, and intercropping, ensures further utilization of 
existing agricultural land. Replacement of upland paddy with pulses is 
another viable option which has the potential to give better net returns to 
farmers. 

Pulse yield of South Asia can be enhanced by a mix of good agronomic 
practices and farmer education. Usage of HYV seeds has the potential to 
increase yields by 25-35%. Inoculation of seeds with Rhizobium bacteria 
helps in better nitrogen fixation and improves yields. Improving seed 
replacement ratio and ensuring timely availability of certified seeds will 
help increase production further.

Proper pest and nutrient management are very important strategies to 
increase production of pulse crop. Appropriate nutrients, such as sulphur, 
zinc and phosphorus help in improving plant biomass for pulses and result 
in better yields. Currently, only 15% of the total area under pulses is 
irrigated as compared to an average of 60% for all food grains. Providing 
scheduled and controlled irrigation can lead to increase in yields. As irriga-
tion requirements for pulses are much lower than other crops, little irrigation 
water at right stage is adequate to give boost to pulse yield. 

Pulses need to be stored at optimum humidity conditions to prevent post 
harvest losses due to attack of pulse beetles. These insects mainly attack 
whole grains and not split pulses by shortening the time cycle from harvest-
ing to milling and storing pulses in split form, these losses can be reduced 
drastically.
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By extending crop insurance to pulses effectively, farmers would stop 
perceiving pulses as a risky crop. Providing efficient sourcing mechanisms 
will provide the farmer with security on assured off-take, which could 
further encourage farmers to grow more pulses. 

With the adoption of integrated strategies for pulse improvement, South 
Asia has the potential to increase pulse production and attain the regional 
requirement. If South Asia desires to achieve its true potential in production 
of pulses, we need a focused and integrate approaches to address these barri-
ers. Some of the specific strategies for enhancing pulses production are:

• Widen the genetic base

 - Characterize genetic resources of pulses using molecular and taxo-
nomical tools.

 - Undertake pre-breeding using exotic, landraces and wild species to 
create wide variability for plant types, disease and pest resistance and 
abiotic stress tolerance.

• Expand area of pulses

 - Promote pulses cultivation in rice-fallows through introducing short-
duration varieties of pulses as a main/catch crop.

 - Integrate pulses in different cropping systems by crop intensifciation 

• Enhance adoption of improved cultivars

 - Promote farmer-participatory varietal selection

 - Promote frequent seed replacement with HYV 

• Climate smart agricultural practices

 - Promote climate smart technologies 

 - Introduce farmer producer groups and enterprise

 - Ensure conservation and equitable sharing of water resources.

 - Value chain-based Integrated Crop Management – Soil Health and 
Biological software for sustainable agriculture.

• Knowledge management (ICT )

 - Knowledge development and dissemination through community 
knowledge centres 

 - Farmers Field Schools/Farmers Plant Clinics/Pulse Entitlement 
Cards/Technical flyers

 -  Mass dissemination.
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• Post-harvest – storage, processing and value addition, branding and 
marketing

 - Capacity development on storage and value addition

 - Establish of Pulses Growers Associations.

 - Link with financial institutions for input, credit procurement, value 
addition, branding and marketing
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Introduction

Malnutrition, especially among the young children and pregnant and lactat-
ing mothers still remains one of the biggest health challenges for humanity. 
Malnutrition at early stages of growth and development lead to numerous 
health related complications which ultimately have multiple implications on 
reduction of per capita productivity and overall national health leading to a 
huge burden on national exchequer directly or indirectly. Status of child 
undernutrition remains unacceptable throughout the world, with 90% of the 
developing world’s chronically undernourished children living in Asia and 
Africa (UNICEF, 2009).  Children less than five years of age suffer more 
from malnutrition (UNICEF, 2009).  In developing countries like India, 
43% of children under the age of five are underweight and 48% are stunted 
(Arnold et al. 2009). Malnutrition is more common for children of mothers 
who are undernourished themselves than for children whose mothers are not 
undernourished (UNICEF 2009). In 2013 about 17,000 child deaths 
occurred each day (WHO, 2015b) and about 35% of annual child deaths 
under the age of five were due to malnutrition (WHO, 2013). 

The term malnutrition refers to both, undernutrition and overnutrition. 
Hence, obesity or overweight is also referred to as malnutrition. Overweight 
and obesity both indicate the excessive accumulation of body fat. Body 
mass index (BMI) is a ratio between body weight in kilograms (kg) and the 
square of body height in meters (m2).  BMI equal or above 25 is considered 
overweight and BMI equal to or above 30 is considered obese. Obesity is a 
serious issue in developed countries and worldwide where 1.9 billion are 
overweight adults (18 years old or above), and at least 600 million are obese 
(WHO 2015a). This is also increasing in developing countries including 
SAARC nations (Afghanistan, Bangladesh, Bhutan, India, Nepal, the 
Maldives, Pakistan and Sri Lanka).

Intake of high carbohydrate, high fat food (energy-dense food) along with 
minimal or no physical activity increases the frequency of overweight or 
obese children as well as adults in all age groups. China and some African 

Chapter 2
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nations have the lowest percentage of obese individuals (WHO, 2015a). It 
was estimated that 42 million children under the age of five were overweight 
or obese in 2013 (WHO, 2015a). Malnutrition initially included calorie and 
protein insufficiency as sole parameters to be considered, however, today, 
micronutrient and vitamin deficiency are also being considered as compo-
nents of malnutrition. There is opportunity to reduce malnutrition by ensur-
ing proper nutrition of children in the first two years of life (1000 days), 
girls during adolescence, and mothers during pregnancy and lactation. 
Vitamin and micronutrient deficiencies are highly prevalent throughout the 
developing world.  Anaemia in young children is a serious concern, because 
it may increase the chances of getting infected by infectious diseases and 
generally leads to impaired growth and development (UNICEF, 2009). 

Grain legumes (Major grain legumes are; Pigeonpea, Chickpea, Mungbean, 
Blackgram, Lentil, Lathyrus, Fieldpea and Common bean) are excellent 
sources of protein, dietary fibers, resistant starch, micronutrients and 
vitamins. The protein concentration of grain legumes is double that of wheat 
and three times that of rice (Rodino et al., 2011). Different pulse seeds 
contain 16–34 % protein and provide one third of all dietary protein nitro-
gen. Therefore, pulses in combination with cereals provide one of the best 
solutions to protein calorie malnutrition, especially in the developing coun-
tries (Singh and Pratap, 2016) where protein availability through milk and 
meat is inadequate. Besides proteins, pulses are also important source of the 
15 essential minerals needed by humans (Wang et al. 2009). They are high 
in iron and consequently help in alleviating iron-deficiency anaemia. Such a 
wide range of attributes make grain food legumes an essential ingredient in 
predominantly vegetarian diets of vast majority of people in India and other 
countries of south-east Asia (Pratap et al. 2016). Besides India and south-
east Asia, grain legumes are also used in Europe and America for gluten-free 
products, ready-to-eat baked goods, mixes, soups, sauces, and several other 
foods with pulses as one of the ingredients. SAARC countries are the major 
producers and consumers of food legumes in the world. A large proportion 
of the population of the SAARC nations depends on food legumes as source 
of protein. Grain legumes are mostly consumed as natural food product in 
the form of whole grains or dehulled or splitted grains. This chapter focuses 
on the nutritional properties of food legumes and their role in nutritional 
security.

Role of Pulses in Safeguarding Food Security in SAARC Region

At the World Food Summit (1996), a working definition of food security 
was agreed that, “food security exists when all people, at all times, have 
physical and economic access to sufficient, safe and nutritious food to meet 
their dietary needs and food preferences for an active and healthy lifestyle”. 
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After that the definition has been enriched although the basic idea of physi-
cal and economic access to healthy, nutritious food remain intact (FAO 
2002). The prominent food security indicators in South Asia are; population, 
food supply (kcal/person/day), number of undernourished (million), propor-
tion of undernourished (%), dietary energy consumption (kcal/person/day), 
poverty headcount (% of population) and income (Mittal and Sethi, 2009). 
SAARC countries are still behind in terms of these indicators. A lot of 
efforts were made in last few decades to improve the food security status 
(Table 1) of these nations, however there are plenty of things to be improved 
toward achieving the millennium developmental goals. For many SAARC 
nations there has been a reduction in the size of undernourished population. 
In most of these countries, pulses are grown on a large scale and due to their 
high food value as indicated in next section of the chapter they are one of the 
important components to ensure nutritional security. However, increase in 
pulses production and making them physically and economically more 
accessible to undernourished population will improve the present scenario.

Table 1. Number of people undernourished in SAARC countries since 1990.

Source: FAO

Nutritional Value of Food Legumes

Nutritional value of pulses is quite high as compared to most of the cereals. 
The pulse protein is low in sulphur-containing amino acids but rich in 
lysine, an amino-acid that is deficient in many cereals. Therefore, when 
pulses are added in cereal-based vegetarian diets, their nutritive quality 
reaches comparatively similar to animal proteins (Table 2). Pulses are good 
sources of the B-group vitamins apart from riboflavin (Table 4). Although 
pulses grains are devoid of vitamin C (ascorbic acid), a large amount of 
ascorbic acid is formed during their germination. Sprouted pulses are, there-
fore, an important food for protection against scurvy disease which is 
caused due to vitamin C deficiency. During the sprouting process, vitamins, 
minerals and protein increase substantially, with a corresponding decrease 
in calories and carbohydrate content, which leads to an improvement in 
nutritive value and digestibility of the pulses. The ascorbic acid or vitamin 
C content rises from negligible levels in the seed to 12 mg/100 grams after 
18 hours of germination. Riboflavin and niacin contents also increase 
significantly. All these changes are brought about by the enzymes that 
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become active during germination (Singh and Singh, 1992).  Finally, the 
digestion of pulses and the absorption of their principal nutrients are practi-
cally complete in the gut for people without gastrointestinal disorders. All 
pulses have a low glycaemic index (that is, the carbohydrate is digested 
slowly). They are also low in fat (2 to 6%), most of it present in the form of 
polyunsaturated and monounsaturated fatty acids. Pulses are also a good 
source of fibre. Evidently, those pulses that are consumed as whole food are 
much higher in dietary fibre than those that have been dehulled before 
consumption. 

Pulses as Sources of Micronutrients and Vitamins 

Micronutrients and vitamins are chemical compounds important to human 
nutrition. At least 30 essential micronutrients exist that cannot be synthe-
sized by the human body and must be obtained through food, either of plant 
or animal origin (Shergill-Bonner 2013). Recommended dietary intake 
varies by age, sex, and special circumstances and many countries adopt 
nutritional standards set forth by international organizations like FAO (Food 
and Agriculture Organization) and WHO (World Health Organization). 
United States of America and European Union have their own standard 
recommendation for daily intake of micronutrients and vitamins.  Micronu-
trients are required in trace quantities and recommended daily allowances 
are measured in milligrams per day and they act as cofactors in metabolic 
pathways. For example, zinc is a cofactor in hundreds of enzymes 
(Shergill-Bonner, 2013). Vitamins are also required in trace quantities and 
recommended daily allowances are measured in micrograms. Vitamins and 
their derivatives function as coenzymes for biochemical reactions. 
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A limited number of studies exist in pulses like lentil reporting micronutri-
ent concentration (Table 3). Karaköy et al. (2012) studied the mineral status 
of Turkish lentil landraces and cultivars in lentil and reported that Fe 
concentrations ranged between 49.4 to 81.4 mg kg-1.  The concentrations 
reported for Zn, Cu, Ca, and Mg were 46.9-73.1 mg kg-1, 9.1-16.9 mg kg-1, 
480-1280 mg kg-1 and 850-1260 mg kg-1, respectively (Karaköy et al. 
2012). In another study, Solanki et al. (1999) evaluated improved lentil 
cultivars in India. They reported Fe and Ca concentrations from 80-92 (mg 
kg-1), and 1150-1650 (mg kg-1), respectively. Thavarajah et al. (2009) 
reported Fe and Zn concentrations from 73-90 and 44-54 mg kg-1, respec-
tively, in a set of lentil cultivars grown at 9 locations in Canada over 2 years. 
Zia-Ul-Haq et al. (2011) evaluated four improved lentil cultivars in Pakistan 
for different micronutrients and reported on Fe, Zn, Cu, and Ca concentra-
tions ranging from 27-32, 39-44, 89-99, and 1180-1210 mg kg-1, respec-
tively. In a study comparing micronutrient concentrations in different 
legumes, Iqbal et al. (2006) found that Fe, Zn, Cu, Ca and Mg concentration 
was 31, 44, 99, 1200, and 45 (mg kg-1), respectively, in lentil. Alghamdi et 
al. (2014) studied 35 advanced breeding lines of cultivated lentil in Saudi 
Arabia and reported concentrations for Mg (1261-1573 mg kg-1), Ca (64.9-
84 mg kg-1), Fe (65.7- 85.7 mg kg-1), Zn (26.3 -45.1 mg kg-1), and Cu (8.6 
-13.7 mg kg-1). 

Table 3. Mineral content in pulses (mg/100 g dried weight)

Adopted from Singh and Pratap, 2016 (Reproduced with permission from 
Springer, India)

Recently, Jha et al. (2015) evaluated a set of 4 popular cultivars of each food 
legume (pea, common bean, lentil and chickpea) from replicated field trials 
over two locations for folate concentration. The tri –enzyme extraction of 
seed samples and ultra-performance liquid chromatography coupled with 
mass spectrometry (UPLC–MS/MS) was used to quantify folate monogluta-
mate concentrations. Folate concentration ranged between 136.5-182.4 µ
g/100 g (lentil), 164.6 -232.4 µg/100 g [common bean (Phaseolus vulgaris)], 
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351.5-588.8 µg/100 g [chickpea (Cicer arietinum)] and 22.8-29.6 µg/100 g 
[pea (Pisum sativum)].  Significant environment effect on folate concentra-
tions was detected (Jha et al., 2015).

Singh et al. (2015) studied 30 lentil genotypes comprising Mediterranean 
landraces, breeding lines and released varieties in India for folate concentra-
tion. Mean total folate concentration was 222 µg/100 g and ranged from 
114.4 to 448.1 µg/100 g. Mediterranean landraces were reported having 
higher folate concentration compared to other tested lentil genotypes. Pulses 
are also good sources of vitamins (Table 4). 

Table 4. Vitamin content in pulses (per 100 g)

* Adopted from Singh and Pratap, 2016 (Reproduced with permission from 
Springer, India)

Specifically, pulses are good source of vitamin E. The embryo of pulses 
contains vitamin E, a strong antioxidant. Dried pulses contain some amount 
of vitamin C, but pulse sprouts are good source of vitamin C. The vitamin C 
content rises from negligible levels to 12 mg/100 g after 18 hours of germi-
nation. Pulses are good source of thiamine, riboflavin, niacin, pyridoxam-
ine, pyridoxal and pyridoxine. Tocopherol content is higher in pulses than 
cereals. Peas contain greater amounts of α than β + γ-tocopherols and chick-
pea contain similar levels of α- and β + γ-tocopherols.

Biochemical Constituents with Neutraceutical Properties

Grain legumes have two types of proteins-storage proteins and minor 
proteins like protease and amylase inhibitors, lectins, lipoxygenase and 
many others (Duranti 2006). Most abundant class of legume storage protein 
is the globulins (Duranti 2006; Duranti and Gius 1997; Koshiyama 1983). 
Some of the globulins (7S) also exhibited bio-active properties. 7S globulin 
from grain legume showed activities related to up regulation of LDL-
receptors, plasma cholesterol, triglyceride reduction and anti-atheromatous 

Pulses for sustainable Food 15



acitivities (Duranti 1997; Manzoni et al. 2003; Duranti et al. 2004; Fukui et 
al. 2002; Castiglioni et al. 2003; Adams et al. 2004). Similarly, Alpha-
amylase inhibitor, conglutin exhibited anti-diabetic, hypoglycemic and 
hypocholesterolaemic activities (Lankisch et al. 1998; Oneda et al. 2004; 
Suzuki et al. 2003; Muri et al. 2004). Lectin extracted from many grain 
legumes showed anti-cancer and immune-modulation activities (Pusztai et 
al. 1996; Pryme et al. 1998; Pryme et al. 1999). In various food legumes, a 
variety of phytochemicals including polyphenolic compounds, lectins, 
phytates and trypsin inhibitors have been identified for their potential 
benefits for human health. For example, Lignans and isoflavones have 
anticarcinogenic, weak oestrogenic, and antioxidant properties (Singh and 
Pratap, 2016). Likewise, phenolic compounds, including tannins found 
mainly in the seed coat have antioxidant activity. 

Nevertheless, some of the food legumes, if consumed excessively, may have 
harmful effects. The toxin in certain drought-resistant lathyrus cultivars can 
cause lathyrism, a neurological disorder, when consumed in large amounts. 
The lectins or haemagglutinins in some grain legumes are toxic when 
administered orally. They can cause vomiting, diarrhea, nausea and bloating 
in humans. The enzyme inhibitors and lectins can even reduce protein 
digestibility and nutrient absorption, respectively, but both have little effect 
after cooking (Singh and Pratap, 2016). 

However, the lectins or haemagglutinins in some pulses are toxic if 
consumed orally and may result in symptoms such as diarrhea, vomiting and 
bloating. However, soaking in water for a prolonged time and proper cook-
ing nullifies these effects. Similarly antinutrient like phytic acid reduces 
bioavailability of minerals. Some phenolic compounds reduce protein 
digestibility and mineral bioavailability, while oligosaccharides may induce 
flatulence. 

Role of Pulses in Increasing System Productivity and Overall Availabil-
ity of Pulses

Pulses form an integral part of different cropping systems in many of the 
SAARC nations, especially, India, Pakistan and Bangladesh. These crops 
not only provide high quality protein but also improve soil quality. The 
nitrogen fixed by thee crops not only meets their own nitrogen requirement 
but also helps in enhancing the yields of succeeding crops. Addition of 
organic matter helps in improving the physical and biological properties of 
the soil health by fixing atmospheric nitrogen and adding valuable organic 
matter. However, the beneficial effects of pulses depend on many factors 
including the kind of crop, its duration, nutrient requirements, nodulation 
pattern etc.  Inclusion of pulses in cropping systems also helps in conserving 
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the natural resources base particularly soil fertility and ground water (Joshi, 
1998). In SAARC countries, pulses are mainly grown under mono- and 
sequential cropping, mixed and intercropping, relay cropping, catch crop-
ping, multi-storey cropping and ratoon cropping.

It is evident from the long term cropping system experiments conducted 
under lowland and upland conditions at IIPR Kanpur that inclusion of 
pulses in these systems increases system productivity tremendously. In low 
land condition (Rice based) system productivity in terms of chickpea 
equivalent yield was highest in rice-wheat-mungbean (4479 kg/ha) followed 
by rice-wheat (3064 kg/ha) and least under rice-chickpea (2449 kg/ha). In 
case of nutrient management, highest system productivity was recorded in 
integrated nutrient management (3894 kg/ha) and least under control (1862 
kg/ha) (Anonymous 2015).

Under upland conditions also inclusion of pulses in the cereal based systems 
enhanced the system productivity as well yield of component crops. Maize-
wheat-mungbean (PEY, 2801 kg/ha) and bajra-wheat-mungbean (PEY, 
2688) recorded the highest pigeonpea equivalent yield. Among various 
nutrient management practices application of inorganic (NPKSZnB) recom-
mended fertilization recorded highest PEY of 1925 kg/ha and 1908 kg/ha 
under maize and bajra based system, respectively. Different pulses inclusive 
cropping systems followed in Inda are given in the Table 5. 

Table 5. Important pulse-based cropping systems in major pulses growing 
zones of India
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The important intercropping systems followed in India involving pulses are 
pigeonpea + sorghum/groundnut/mungbean/urdbean/cotton in the central 
(CZ) and south zone (SZ) and piegonpea + maize/sorghum in north west 
plain zone (NWPZ) and the north east plain zone (NEPZ) in kharif season 
and chickpea/lentil + mustard/sunflower/linseed in NWPZ, NEPZ and CZ 
in rabi season (Table 5). Pigeonpea-wheat and urdbean/mungbean-wheat in 
NWPZ, maize/sorghum/pearl millet- chickpea/lentil in central and south 
zone and rice-rice-mungbean in South zone are important sequential crop-
ping systems.

For sustaining and improvement of crop productivity as well as improve-
ment of soil health, pulses need to be incorporated in rice based cropping 
systems in the different rice growing areas in the peninsular India including 
the deltaic regions of important rovers viz., Krishna, Kaveri and Godavari, 
etc. (Mishra and Muthaiah, 2003). There is a tremendous scope of increas-
ing the area as well as productivity of pulses in the rice fallow areas of entire 
peninsular region. Similarly, in the wheat based cropping systems of north-
ern India, summer cultivation of mungbean can be promoted to a great 
extent. 

Conclusion

World is yet far from achieving global nutrition goals as set forth by World 
Health Assembly. Most of the sustainable developmental goals are also 
dependent on the status of human nutrition. In many countries including 
SAARC nations authentic data generation on the status of human nutrition 
is necessary as in many cases systematic data are not available. Unavailabil-
ity of correct data hampers program planning and implementation. There is 
a global call to end malnutrition by 2030. The salient objectives are to 
reduce child stunting by 40 per cent, child wasting by 4 per cent, child over-
weight, anaemia among women by 50 per cent, and to increase breastfeed-
ing by 50 per cent and to reduce low birth-weight by 30 per cent (Global 
Nutrition Report 2016). In addition, adult obesity, overweight and diabetes 
are also in the objectives (Global Nutrition Report 2016).

Food legumes have a distinct role to play in achieving many of the above 
mentioned nutritional goals. This is more important when food legumes are 
very popular in SAARC nations and people consume them as a cheap source 
of protein and other macro- or micro-nutrients. People love to grow them to 
meet not only their nutrition demands but also for soil amelioration and 
other uses of plant waste. However, their inherent low yielding nature, 
susceptibility to a number of biotic and abiotic factors and high genotype x 
environment interaction discourages the farmers to cultivate them in best of 
the soils with high inputs thereby reducing investment of their cultivation. 
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Keeping in view their promise towards human and soil nutrition, their culti-
vation needs to be patronized by the government and business. Governmen-
tal roles to popularize food legumes with emphasis on their nutritional 
profile will surely improve the nutrition status of the masses. Breeders need 
to focus more on development of essential micronutrient biofortified varie-
ties. The release of such varieties for general cultivation will also add to the 
ongoing efforts to reduce malnutrition and protein deficiency. The value 
addition processing of pulses can further increase the consumption as well 
as market value of food legumes. Therefore, pulses in combination with 
cereals can offer an incredible solution to protein-calorie malnutrition in the 
developing nations.  A cohesive effort of researchers, planners and industry 
towards developing, promoting and marketing food legumes will definitely 
ameliorate their role in human nutrition.
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Introduction

South Asia (Afghanistan, Bhutan, Bangladesh, India, Maldives, Nepal, 
Pakistan, and Sri Lanka) is the largest producer, consumer and importer of 
pulses with 28% and 38% share in global production and acreage. It grows 
pulses on 32.63 million ha area and produces 21.68 million tons of chickpea 
(10.92 mt), dry beans (4.50 mt), pigeonpea (3.31 mt), lentil (1.51 mt), peas 
(0.84 mt) and grasspea (0.45 mt) (Table 1). Contribution of South Asia in 
global production is 77% chickpea, 68% pigeonpea, 31% lentil, 18% dry 
beans, and 7% pea.  During the last five decades, production of pulses has 
increased from 11.63 million tons to 21.68 million tons in South Asia, 
thanks to addition of 5 million ha area under pulses and yield increase by 
230 kg/ha.

Table 1. Area, production and yield of pulses in South Asian countries in 
2014 
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Among SAARC countries, India has the distinction of being the largest 
producer of pulses accounting for nearly 25% of global output. India grows 
pulses on nearly 25.20 million ha area with 19.25 million tons production. 
Pakistan is the second largest pulse producing country in the region with 
1.03 million tons production. Bangladesh and Nepal grow pulses on nearly 
0.3 million ha each. Though in limited areas, pulses are also grown and 
consumed in Sri Lanka, Afghanistan and Bhutan. The present productivity 
of pulses in South Asia is substantially low (664 kg/ha) as compared to 
global average of 906 kg/ha. To bridge demand-supply gap, South Asia 
imports about 5 million tons of pulses (Figure 1). In order to augment pulses 
production in the region, collaborative efforts are thus required for develop-
ment of improved varieties of appropriate crop duration having resistance to 
key diseases prevalent in the region.

 

Figure 1. Regional import and export of pulses on global map

Varietal Development

Past breeding efforts for development of improved varieties have been 
successful with more than 1000 varieties of different pulse crops released 
for cultivation in SAARC countries (Table 2). Some of the improved varie-
ties released in one country have been introduced and found wide accept-
ance and adaptability in neighboring countries. In spite of a large number of 
improved varieties, narrow genetic base has been identified as a major 
constraint for spectacular genetic gains in pulses. This is basically due to 
bottlenecks during the process of evolution and domestication, which was 
further compounded during the directed breeding programs undertaken at 
various research stations (Kumar et al. 2004). Pedigree analysis of varieties 
of different pulse crops released in India clearly showed extensive and 
repetitive use of the superior genotypes as one of the parents in hybridiza-
tion (Kumar et al. 2007). This suggests that there is an urgent need to 
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broaden the genetic base of cultivated species of different pulse crops. The 
detail list of varieties released in SAARC region is given in Annexure-1.

Table 2. Number of improved varieties of pulse crops released in SAARC 
countries

Compiled from country report

Pulses Genetic Resources 

To improve the genetic yield potential of pulse crops, immediate steps are 
required to collect, exchange, evaluate and utilize germplasm as well as 
improved breeding material among the SAARC countries. India has 
reported a large collection of germplasm. The present plant genetic 
resources conserved at NBPGR includes 14704 accessions of chickpea, 
12859 of pigeonpea, 9989 of lentil, 5549 of Vigna species, and 2797 of 
lathyrus (Table 3). Considerable unexplored biodiversity still exists for 
pulse crops in the region which requires immediate exploration and collec-
tion. While it is important to collect and preserve genetic resources in gene 
banks, more important is to utilize them for widening the genetic base 
through pre-breeding efforts. In the past, dependence on limited variability 
has resulted in narrow genetic base for many important traits. Major reason 
for dismal use of genetic sources has been lack of precise information on 
economic traits. Precise evaluation of germplasm for important traits is the 
weakest link in pre-breeding activities. It is estimated that 80-95% acces-
sions in the world collection lack proper characterization and evaluation 
data. To facilitate easy accessibility and use of germplasm available with 
gene banks, core and mini core sets and Focused Identification of Germ-
plasm Strategy (FIGS) sets can be of great help. 
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Table 3. Germplasm accessions of various pulse crops in SAARC countries

 

Source: http://www.fao.org/agriculture/seed/sow2/

Research Achievements

Food legumes improvement program at ICARDA is built upon the founda-
tion of its vast germplasm collections and its use to breed new varieties 
better adapted to different agro-ecological conditions. ICARDA genebank 
holds 38,000 accessions of chickpea, faba bean, lentil, pea and grass pea. 
Except for a few traits, sufficient variability for important economic traits is 
reported in the existing germplasm. To increase the use of germplasm in 
breeding programs, the Focused Identification of Germplasm Strategy 
(FIGS) is recently being pursued at ICARDA with robust geographical 
datasets. The strategy has proven successful for various adaptive traits such 
as tolerance to heat, drought, cold, and salt, besides resistance to insect pests 
and diseases. Such FIGS sets in chickpea, lentil and faba bean are now avail-
able to NARS partners to discover and deploy the useful genes into desired 
agronomic background. 

ICARDA breeding program generally uses parents of diverse origin with an 
aim to combine traits contributing to yield, appropriate phenology, adapta-
tion to major biotic and abiotic stresses and market preferred traits. Follow-
ing a selection-hybridization-selection cycle, ICARDA constructs new 
breeding lines to deliver to the NARS partners in the form of international 
nurseries (IN). These nurseries comprise a range of genetically fixed materi-
als and segregating populations to provide opportunities to NARS partners 
for selection. On the basis of phenological adaptation, agronomically desir-
able traits, resistance to prevailing stresses, quality aspects, farmer’s and 
consumer’s preference, NARS partners identify and select promising 
lines/single plants for eventual release as variety for commercial cultivation. 
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Over 368 varieties of lentil (137), kabuli chickpea (162), faba bean (75), and 
grass pea (7) have been released for cultivation in target countries. During 
the last ten years, NARS partners have released 85 varieties of these crops 
using ICARDA material (Figure 2). Focused programs on breeding have 
shown profound effect on production and productivity. These gains become 
more spectacular when viewed with markedly reduced crop duration of 
these varieties. This has increased the per day productivity comparable to 
any rainfed crops besides making them suitable for introduction in new 
niches and diversification of the existing cropping systems. Some of the 
specific success stories of ICARDA partnership with NARS are well docu-
mented. In South Asia, one of the major achievements is the breaking of an 
ancient bottleneck of narrow genetic base in lentil. Genetic base has been 
broadened through introgression of genes from ICARDA germplasm in the 
region. In Bangladesh, adoption of improved varieties like BARImasur-4, 
BARImasur-5, BARImasur-6 BARImasur-7 and BARImasur-8 has helped 
in improving lentil productivity in the country. Impact study showed that 
these improved varieties are cultivated over 110,000 ha in Bangladesh, 
delivering an annual extra production gain of some 55,000 tons, and valued 
at US$ 38 million annually. In grass pea, two varieties BARIKhesari-3 and 
BARIKhesari-4 are recently developed for rice systems. Development of 
extra-early varieties of chickpea and lentil offers opportunities for intensifi-
cation and diversification of existing cropping systems in addition to intro-
duction in new niches such as rice fallows in South Asia. Identification of 
new sources of extra earliness in lentil from a wild accession, ILWL118 
having less than 90 days maturity has resulted in development of new breed-
ing lines which can fit in rice-lentil-boro rice system in South Asia. 

 

Figure 2. Improved varieties of pulses released in different regions using ICARDA 
germplasm
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Pre-breeding for widening the genetic base: There is a growing concern 
on limited genetic diversity due to frequent use of limited germplasm in 
breeding improved varieties. Genetic enhancement through pre-breeding is 
proposed for increasing the extent of useful diversity available to breeders 
through introgression of desirable traits from exotic material and wild 
species. ICARDA in collaboration with NARS partners in India have 
initiated a prebreeding program on chickpea and lentil which has been 
instrumental in introgressing useful genes in the mainstream breeding 
(Kumar et al. 2011). Identification of a new source of extra earliness in lentil 
from a wild accession, ILWL118 having less than 90 days maturity has 
resulted in development of new breeding lines which can fit in rice-lentil-
boro rice system in South Asia. Pre-breeding efforts in chickpea, pigeonpea 
and Vigna crops have started showing its results in releasing enormous 
variability for useful traits in breeding materials. Some of the varieties 
released through pre-breeding efforts are HUM 1, Pant Mung 4, Meha and 
UPM 02-17 in mungbean, and Mash 1008 in urdbean. Some of the promis-
ing lines like Mash 114 emanating from inter-specific cross have shown 
yield superiority of 40% in multi-location trials. With rapid generation 
advancement and recent successes and availability of new biotechnology 
tools have brightened the prospects of transferring useful traits from exotic 
materials as well as primary and tertiary gene pools in pulses. 

Improving plant type: Pulses are grown under varying agro-ecological 
conditions and each set of conditions needs a specific plant type for higher 
productivity. Most pulse crops still have wild traits like indeterminate 
growth habit, pod shattering, pre-harvest sprouting and sensitivity to photo-
period and temperature regimes. It is presumed that the determinate types 
under good management would partition photosynthate to yield components 
with greater efficiency. Similarly, photo and thermo insensitive varieties will 
be able to have wide adaptability with minimum seasonal and regional 
effects on their phenology and yield potential besides a more synchronous 
reproductive ontogeny and greater harvest index. Breeding objectives need 
to be directed keeping in mind the impact of altered plant types on the yield 
of the component crops. Simulation models developed recently for some of 
the legume crops offer the potential to interpret and predict the performance 
of individual genotypes in different environments thus offering a possible 
role in decision-making regarding suitability of the proposed plant type in 
the target environment and prevailing cropping systems. 

Short duration varieties: Expansion of area under irrigation and availabil-
ity of more productive cereal varieties and production inputs have resulted 
in substantial reduction in area under pulses in South Asia. With cereal 
yields projected to double over the next 30 years, pulses would likely to be 
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further pushed out, unless extra-early varieties are developed that can fit in 
the short season windows of the existing cereal based systems. Extra-early 
varieties (<90 days) escape end-of-season drought and heat stresses in addi-
tion to fitting the crops in available short windows of these cropping 
systems. After the harvest of wheat, fields are commonly left fallow as 
insufficient moisture prohibits the reliable production of rainfed summer 
crops in South Asia. Planting mungbean in summer/spring is one of the key 
components for obtaining a reduced or negative carbon footprint besides 
increased rice-wheat yields, enhanced soil fertility, increased water use 
efficiency, as well as decreased losses in yield and quality from weeds and 
soil borne diseases.  

Managing weeds: Weeds (parasitic and non-parasitic) pose serious 
challenge to food legumes production. Non-parasitic weeds compete with 
crops for light and nutrients, often leading to significant yield losses of up to 
40% in legume crops. Use of non-selective herbicides is effective in remov-
ing all types of weeds in a single application; however, herbicide resistant 
varieties need to be developed. Recent progress in identifying herbicide 
tolerant germplasm within the cultivated species has shown promise for 
development of herbicide-tolerant varieties. For example, varieties with 
improved tolerance to herbicide metribuzin have been developed by screen-
ing the advanced breeding lines for herbicide tolerance in faba bean, lentil 
and chickpea. Genotypic differences have been reported for tolerance to 
imidazolinone class of herbicides in chickpea, lentil and faba bean. 

Conclusion

Population in South Asia is rising and is about 1.55 billion at present which, 
by any standard, is overpopulation accounting for one fourth of the current 
global figure. Natural resources like land and water on which food grains 
production relies are limited, and competition from other sectors is causing 
enormous pressure on their availability to agriculture. This will be further 
challenged by changing climate which may manifest itself in the form of 
shifting rainfall pattern, untimely and erratic rains, extreme temperatures, 
etc. which may also change the cultivation pattern of pulses. For developing 
climate smart varieties, landraces and wild relatives which are rich reservoir 
of useful alien genes can play an important role. There is a strong need to 
formulate strategic planning to achieve the goal focusing on broadening the 
genetic base of pulses for breaking yield barriers, hybrid development in 
pigeonpea, and transgenics in chickpea and pigeonpea. In the past it may 
have been sufficient to develop a variety well adapted to a particular agro-
ecological region taking into account the well understood abiotic and biotic 
constraints and end-product quality. With climate and farming system 
changes are becoming a reality, a dramatic shift in production base is 
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expected to take place. Wide genetic base of cultivated varieties provides a 
kind of insurance against the epidemics of diseases and insect pests besides, 
of course, making the cultivated germplasm more amenable to breeding 
advances through conventional and biotechnological approaches. For 
efficient utilization of large germplasm, core and mini-core sets represent-
ing maximum variability of the germplasm collection needs to be pheno-
typed precisely and efficiently followed by their utilization in breeding 
program and multi-location evaluation. 
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Introduction

Food and nutritional security is the major challenge in South Asian Regional 
Cooperation (SAARC) countries: Afghanistan, Bangladesh, Bhutan, India, 
Nepal, Maldives, Sri Lanka and Pakistan due low agriculture growth and 
low crop/livestock productivity caused by various factors such as lack of 
infrastructures (roads and transports), unavailability of seeds/fertilizers on 
time, marginal land, unbalance use of fertilizers, declining soil fertility; 
limited use of modern farming technology and improved varieties, and 
absence of effective post-harvest facilities. Pulses an annual leguminous 
crops, produce pods having one or more seeds of variable size, shape and 
color, refer particularly to grain legumes that are harvested solely for dry 
grain. Soybean and groundnut used mainly for oil extraction, and seeds of 
leguminous crops such as clover and alfalfa are not included in pulses as per 
Food Agriculture Organization (FAO) definition. In South Asia, pulses are 
an important component of farming system after cereals and oilseeds in 
terms of acreage and production. Pulses are rich source of protein, essential 
amino acids, Zinc (Zn), Selenium (Se) and Iron (Fe), and help maintain and 
improve soil fertility through symbiotic nitrogen fixation thus sustaining the 
crop productivity and soil health. Pulse crop residues and by-products are 
valuable as fodder, feed and firewood. FAO of the United Nations desig-
nated year 2016 as the International Year of Pulses (IYP) for emphasizing 
global attention on role of pulses in human and animal nutrition, potential 
productivity, and contribution to farming sustainability, and it has developed 
ten years global research strategy.

Pulses are valuable as export and import commodity globally. In world, 
pulse crops are grown in 85.63 million ha with production of 77.59 million 
ton and productivity of 906 kg/ha (Table 1). India is the largest producer 
with about 36% area and 26% production share in the world. Among 
SAARC countries, India occupies the major share in area (94%) and 
production (92%), followed by Pakistan (4% area and production), and the 
least in Bhutan (Table 1). There has been declined in area in Bangladesh and 
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Pakistan. Low and unstable pulse yield due to biotic (93 diseases and 30 
insect pests reported) and abiotic stresses (terminal heat stress), and expan-
sion of irrigation facilities has increased cereal and vegetable acreage in 
Bangladesh (Rahman, 2012) have contributed to reduction in production. 
Increasing trend in grain yield of pulses has been recorded in all countries 
except in Afghanistan.

Table 1: Trends in pulses area and production in SAARC countries

Source: FAOSTAT, 2016

Globally, pulses area increased from 64 million ha in 1961 to 85.6 million 
ha in 2014. Similarly, pulse production in 1961 and 2014 were 40.8 million 
ton and 77.6 million ton, respectively (Figure 1a). However, there still exists 
pulse deficit due to slow increase trends in area and production. Moreover, 
the pulses production has not been able to meet the demand of increasing 
pace of population in the world (Figure 1b).

  

Figure 1: Trends in (a) Area and production of pulses and (b) population in 
world (1961 to 2014) (Sources: FAOSTAT, 2016)

Import and Export of Pulses

SAARC region shares in world pulse import and export are about 40% and 
3%, respectively indicating the region as the major consumer of pulse 

Pulses for sustainable Food34



protein (Table 2). Pulses worth 395 million US $ was exported from 
SAARC countries while pulses worth 3283 million US $ was imported in 
the same period (Table 2).

Table 2: Trends in pulse import to and export from SAARC Countries, 2013

Source: FAOSTAT, 2016

Pulse Crops of SAARC Region

Many species of pulse crops are grown at diverse agro-ecological zones 
ranging from subtropical plain to cool temperate mountains in SAARC 
region. Cool season pulse crops such as chickpea or gram (Cicer arietinum 
L.), pea (Pisum sativum L.), lentil (Lens culinaris subsp. culinaris Medikus), 
grasspea or lathyrus (Lathyrus sativus L.) and fababean or broad bean (Vicia 
faba L.) are grown during winter months mostly in rotation with rice in 
residual soil moisture, while soybean (Glycine max L.), cowpea (Vigna 
unguiculata L. Walp), mungbean or green gram or moong or mung (Vigna 
radiata L. Wilczek), blackgram or urd or mash (Vigna mungo L. Hepper), 
pigeonpea (Cajanus cajan L. Millsp.), horsegram or kulthi (Macrotyloma 
uniflorum), common bean or rajma or rajmash (Phaseolus vulgaris L.) and 
ricebean (Vigna umbellata L. Ohwi and Ohashi) are grown as sole crop or 
intercrop with maize or on bund during summer or spring or autumn seasons 
depending upon varieties and agro-ecological zones (Table 3). Although 
FAO define soybean as an oil crop it is still the food crop in mountainous 
countries where it plays an important role in the maize based farming 
system and provides dietary protein to the rural people. In FAO statistics, 
dry bean includes Phaseolus spp. and Vigna spp. (except cowpea) and pulses 
nes includes pulse crops of minor relevance such as lablab or hyacinth bean 
(Lablab purpureus L.), sword or jackbean (Canavalia spp.), winged bean 
(Psophocarpus tetragonolobus), guar bean (Cyamopsis tetragonoloba) etc 
are also being grown in the region. Other summer pulses of minor interna-
tional importance are lima or butter bean (Phaseolus lunatus); adzuki bean 
(Vigna angularis Ohwi & H. Ohashi); scarlet runner bean (Phaseolus 
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coccineus L.); mothbean or haricot bean (Vigna aconitifolius); tepary bean 
(Phaseolus acutifolius), velvet bean (Stizolobium spp.) and other Vigna spp. 
(Akibode and Maredia 2011). Major pulse crops differ depending upon 
climate, farming system, local preferences, food habit, market value, input 
availability and government policy of each country (Table 3). Winter pulses 
are the major pulses grown in Indo-Gangetic plains (IGP), while summer 
pulses are usually grown as intercrop or alley crop. Sustainable intensifica-
tion of rice-wheat system prevalent in IGP is possible with the introduction 
of an appropriate pulse varieties and management practices. In India, bean 
and chickpea contribute about 68% in area and  production, while chickpea 
contributes 69% and 73% in area and production respectively, in Pakistan 
(Appendices 1.1, 1.2). Lentil is the major crop in terms of area in Nepal 
(70%) and Bangladesh (33%) of total pulse area. SAARC countries contrib-
utes largely in pulse area and production (Appedix 1.3).

Table 3: Major pulse crops grown in SAARC countries.

Overall, the share of chickpea is about 66% area and 69% production, 
followed by cowpea, pigeonpea and lentil in SAARC region (Figure 2). 
Globally, bean is the number one pulse crop in terms of area and production 
(Appendix 1.3).
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Figure 2: Area and production of pulses in SAARC countries and world, 2014

Source: FAOSTAT, 2016

Pulse Availability and Consumption

Pulses are the major source of protein and minerals, and an important role in 
the food and nutritional security. Pulses make a major part of the protein 
intake for the poor in South Asia and the majority of vegetarian population 
in India. There has been a slight increase in pulse protein availability in 
SAARC countries during the past ten years, however, it is still below the 
world average (Table 4). There is lack of data in Afganistan, Bhutan and 
Maldives are found in FAOSTAT, 2010).

Table 4: Dietary pulse protein availability in SAARC countries and world

Source: FAO, 2010; FAO, 2013

Consumption of pulses in the developing countries has been slow (Table 5), 
while consumption of dairy products and meat has increased and is 
predicted to continue to rise considerably (IYP, 2016; FAO, 2003). Pulse 
consumption decline in Asia not only due to changing consumer preferences 
but also failure to promote production of such crops.
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Table 5: Pulse consumption (kg/person/year) of developing countries

Source: FAO, 2003

Pulses in the Cropping System

In South Asia, cereal crops rice, wheat, maize and millet contribute a major 
share in area and production. Cropping systems involving pulses vary 
depending upon climate, soil types, crop varieties, soil moisture, socio-
economic factors and market opportunities etc. The most common and high 
productive systems are cereal based that is rice-wheat, rice-rice in lowland 
high rainfall areas and maize or millet based in low rainfall areas (Gangwar 
and Prasad, 2005). On the contrary, pulse crops are grown mainly as rainfed 
crops with minimum inputs either as sequential or mix cropping. Mono, mix 
or relay cropping of pulses in lowland rice based or upland maize based 
cropping systems are of prime importance in subsistence farming as they 
play a vital role in crop diversification, restoration of soil fertility and break-
ing down disease and pest cycles. Major cool season pulse crops such as 
lentil, chickpea, grasspea, pea etc are grown in residual soil moisture as 
relay crop or after the harvest of rice either as a sole crop or as mixtures with 
other grain legumes or oilseed crops. Pulse production and productivity can 
be increased through area expansion in rice fallow or maize fallow or intro-
ducing short duration blackgram, mungbean or cowpea in between two 
cereal crops. In recent years, intensive cereal production systems year after 
year (short duration rice, spring maize) and use of hybrid varieties have led 
to the degradation soil fertility, poor soil health, soil erosion, changes in pest 
disease dynamics, and even led to extinction of traditional pulse cultivars. 
Therefore, inclusion of pulses in the system is crucial for long-term in 
sustainability of the system. The country wise cropping systems in South 
Asian countries are as follows: 

Afghanistan

In Afghanistan, crops cover less than 10% of the total land area, mainly 
from irrigated land and rainfed Northern plains (Thieme, 2006). Wheat is 
the number one crop grown during winter (Oct/Nov) and spring. Rice culti-
vation is limited to suitable growing condition while maize and barley are 
grown solely for livestock. Wheat is also mix cropped with chickpea and 
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lentil and or oilseeds (Hobbs and Osmanzai, 2011). Pulses such as mung-
bean, chickpea and lentils are grown mainly for export to Pakistan.

Bangladesh

In Bangladesh, lentil occupies the first position contributing about 37% in 
area and production under total pulses, followed by dry bean (blackgram, 
mungbean) (FAOSTAT, 2016). Pulses are grown as sequential, or relay or 
mix/intercropping in rotation with rice based cropping, cultivated during 
winter (Nov-Mar), rainy season (Aug-Dec), late winter (Jan-Apr) and spring 
(Mar-June) season (Rahman, 2012). Major area of pulses lies in the 
Gangetic flood plains and in some southern districts. Lentil, grasspea, 
chickpea, fieldpea, cowpea and fababean are cultivated during winter 
months, while blackgram, mungbean and horsegram are cultivated during 
rainy season and mungbean during late winter and spring (Table 6, Appen-
dix 2.1). In low to high rainfall areas, relay cropping of grasspea, lentil, 
cowpea, field pea in transplanted aman rice and mix cropping of lentil or 
chickpea and oilseeds (mustard/ linseed) or chickpea and also practiced 
(Islam and Akheruzzanman, 2013). Similarly, pulse crops combination in 
inter/mix cropping differs according to regions. In Chittagong hill tracks, 
intercropping of cotton and mungbean is popular, while intercropping of 
sugarcane and lentil or chickpea, banana and lentil are common in Kushtia 
Pabna in the northern part of Bangladesh.

Table 6: Major crop rotation involving pulses in Bangladesh (B = Broadcast, 
T = Transplanted, Aman = Main season, Aus = upland)

Source: Rahman, 2012

Bhutan

Pulses are cultivated either as dry land, wetland and kitchen garden crops in 
varied cropping systems and seasons depending on the altitudes and the 
species (Katwal, 2013), grown in rotation with irrigated rice in wet subtropi-
cal and humid zones (Dorji, 2008). However, more than half area under 
pulses is under intercropping (Katwal, 2013). The major pulses grown are 
blackgram and rajma particularly in rotation or relay or mixture with cereal 
mainly maize in dry lands under dry and humid sub-tropical agro-eco-zones 
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(Table 7). Common bean relayed in maize system is widely practiced under 
rainfed condition. Mixed cropping/strip planting of beans and maize or 
intercropping of maize and soybean are also prevalent.

Table 7: Major cropping patterns involving pulses in Bhutan

Source: Katwal, 2013

India

The major cropping systems in India are rice-wheat, rice-rice, rice-potato-
groundnut, sugarcane based cropping system, maize based cropping system, 
soybean-wheat and sorghum based cropping system (Rao and Reddy, 2006). 
Rice-wheat is the most dominant cropping pattern (10 million ha), followed 
by rice-rice (5.9 million ha) and rice-fallow (4.4 million ha) (Singh, 2013). 
The major cropping systems involving pulses are presented in Table 8, 
Appendices 2.2.1, 2.2.2. In intercropping system, pulses (lentil and chick-
pea) are mixed with cereals (barely or wheat) or oilseeds (mustard or 
linseed), and mungbean or blackgram intercropped with sugarcane (Singh 
et. al., 2015).
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Table 8: Cropping patterns of pulses in India

Bajra or Pearl millet (Pennisetum glaucum) and Jowar or Sorghum 
(Sorghum bicolor)

Source: Singh RP: Status paper on 
Pulses:farmer.gov.in/imagedefault/pestanddiseasescrops/pulses.pdf

Nepal

Pulses plays an important role in rice based cropping system of lowland 
plain and maize based cropping systems of mid to high hills of Nepal. 
Winter pulses account for about 64% in total area and production under 
pulses. Pulses are often grown in maize or rice based cropping patterns 
(Table 9). Cultivation of lentil, chickpea, and grasspea are mainly confined 
to the Terai (Plain) regions, and are basically grown as rainfed crops in 
marginal land with minimum inputs. In lowland rice field, pulses are grown 
as sole or mixed crop with oilseeds either as relay (seed broadcasted 7-12 
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days before rice harvest) or after harvest of rice entirely on residual soil 
moisture from the preceding rice crop. Fababean is a minor pulse; bold 
seeded type is commonly grown in Kathmandu Valley and adjoining 
districts for vegetable purpose whereas small seeded green or black color 
testa types are grown as a field crop or in a home garden in southern plains. 
Warm season pulses have special significance in the hill farming systems. 
Blackgram is the most important warm season pulse grown after lentil in 
terms of area and production. Phaseolus bean, mungbean, cowpea, ricebean 
and fieldpea occupy small area, but they are important in specific pockets as 
cash generating crops.

Table 9: Major cropping patterns involving pulses in Nepal

+ = intercropped or mixed cropping, / = relay cropping, –= followed by

Source: Shrestha et. al., 2012

Pigeonpea is an important pulse in drier areas of central and mid western 
terai, and a new introduction in the mid hill. Mono crop of pigeonpea is 
taken in dry area of western terai, while bund planting is popular in central 
and eastern terai due mainly to high soil moisture condition. Mixed crop-
ping pigeonpea with maize, sorghum or sesame is popular among farmers in 
the terai. Relay cropping pigeonpea with summer maize has been popular in 
the uplands of central terai districts in recent years. Phaseolus bean is an 
important cash generating legume in Jumla and adjoining hilly districts, and 
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Mustang where mixtures of landraces with different size and seed coat 
patterns are harvested and sold in the market. In Chitwan, Nawalparasi, 
Makwanpur and Rupendehi districts, varieties PDR 14 and Hetaude are 
popular as winter crops under rice or maize based cropping system with 
partial irrigation. Ricebean and horsegram are neglected and under-utilized 
summer grain legumes cultivated mainly in the hilly areas of Nepal as mixed 
cropped with maize with no additional inputs and care. Intercropping lentil 
with autumn planted sugarcane and mungbean with spring planted sugar-
cane are emerging new cropping patterns in the plain (terai).

Pakistan

Climate of Pakistan is mostly of arid to semi-arid, and therefore, crop 
production is entirely dependent on irrigation (Khaliq 2013), of the total 
cultivated area, 82% area is irrigated and 18% is rainfed. Pulses occupy 5% 
of the total cropped area in the country. Chickpea is the most important 
pulse in terms of area (73% of the total pulses area) and production (76% 
production), followed by mungbean (18% of total area) and 5% area each 
for blackgram (PARC,__). The Punjab province alone accounts for about 
84% of Pakistan’s total pulse production, followed by the Sindh province 
(8%), Baluchistan (5%) and Khaybar Pakhtunkhua (3%) (Zubair, 2012). 
The major cropping patterns are cotton-wheat, rice-wheat, sugarcane and 
maize based cropping system including, potato, pulses, fodders, sugar beet 
and vegetables (Khaliq, 2013 and Solaiman, 2006). More than 80% of 
pulses are grown in Thal. Upper Thal consists of Karak, Lucky Marwat 
districts in North West Frontier Province (NWFP), while lower Thal 
consists of Mianwali, Bhakkar, Layyah, Khushab and Jhang (partly) 
districts in Punjab province (Zubair, 2012). Mungbean and chickpea are the 
major pulses of Pakistan, and thus playing an integral part in cropping 
patterns. Chickpea is grown as a rainfed crop whereas mungbean is grown 
as irrigated crop (Zubair, 2012). Lentil and blackgram has been replaced by 
other cash crops in Sialkot and Narowal districts because of availability of 
tube well water (Zubair, 2012). Some of intercropping based multiple crop-
ping is sowing of chickpea or lentil in between the rows of sugarcane and 
strip cropping of soybean, oat and maize. Cereals such as wheat, rice, 
sorghum, pearl millet and oilseed crop (groundnut) also play an important 
role in the crop rotation (Table 10).
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Table 10: Major cropping patterns involving pulses in Pakistan

+ = intercropped or mixed cropping, / = relay cropping, –= followed by

Source: Zubair, 2012

Sri Lanka

The major crops grown are rice, vegetables, tea, rubber and plantation crops 
(Nugaliyadde and Babu, 2013). Rice, vegetable, root and tuber crops are the 
important crops of Sri Lanka, while pulse crops come under other field 
crops (OFC) mostly grown under rainfed conditions (Wijewardena, 2006). 
Commonly grown pulses are mungbean, cowpea, blackgram and soybean. 
Pulses occupy a prominent place in the cropping patterns in the dry and 
intermediate zones (Table 11) (Wijeratne, 2012; Nugaliyadde and Babu, 
2013).

Table 11: Major cropping patterns involving pulses in Sri Lanka

Source: Wijeratne, 2012; Nugaliyadde and Babu, 2013

Agronomic Management of Pulses in SAARC Region

The agriculture production system in SAARC regions is very diverse and 
challenging owing to large temporal and spatial variations in climate. The 
challenge lies in developing suitable technologies which fit well with the 
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growing conditions, soil types, farmers’ needs and economically profitable. 
The use of high yielding, short duration crop varieties that can fit into differ-
ent cropping patterns, integrated crop management practices, and use of 
appropriate equipments/ machinery are important to enhance system 
productivity. Pulses in the cereal based cropping systems play a vital role in 
crop intensification and sustainability of the farming system. However, 
pulses productivity is low as compared with cereal crops as pulses do not 
respond to high inputs such as fertilizers and water. Pulses cannot tolerate 
excess water, in fact, application of high doses of fertilizers and irrigation 
causes indeterminate growth habit, and thereby few pods and lodging. In 
other words, Available varieties of pulse crops require a period of stress for 
enhanced pod filling. Therefore, when irrigation facilities are available 
farmers shift to cereal crops.

Production technologies on crop and soil management (sowing dates, plant-
ing ratios, nutrient requirement, nitrogen fixation, multiple cropping etc.), 
integrated disease and pest management (host-plant resistance, botanical 
pesticides, biological control) and post harvest technologies have been 
recommended in particular in India, Pakistan and Bangladesh where pulses 
research and development have received much attention institutionally. 
Though reasonable number of pulse varieties has been released in SAARC 
countries for general cultivation under different cropping patterns and agro-
climatic zones (Appendix 3), only few varieties and technologies have been 
developed so far in Bhutan, Sri Lanka and Maldives as pulses are of second-
ary importance, and thus pulses research and development has received little 
focus in those countries.

Afghanistan

In general, major research focus is on cereal crops and therefore, few varie-
ties and improved packages have been developed in pulses. Mungbean is 
widely cultivated in double-cropping systems at lower altitudes, whereas 
chickpeas are grown as rainfed land in northern Afghanistan (Fitzherbert, 
2007). Availability of irrigation water, altitude, climate, markets and the 
cropping system into which they fit determine the crops and rotation pattern.

Bhutan

Majority of farmers practice integrated farming systems using indigenous 
and traditional technologies such as growing pulses as intercrop and as 
sequential crop. Pulses receive very little attention amongst policy makers 
and farmers as these crops are grown generally in marginal condition. In 
other words, pulse cultivation is largely subsistence based mainly on tradi-
tional knowledge with relatively low intensity of farm inputs though an 
important component of the farming system in particular maize based crop-
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ping system in the mid and low altitudes. Chemical fertilizers use is almost 
negligible, in general, FYM @ 5 to 7 ton/ha is used in cropped land (Dorji, 
2008). There has been no specific strategy or policy support from Govern-
ment in pulse research as compared to rice and hence limited recommended 
varieties (2 vars. of mungbean and 3 vars. of soybean) and improve pack-
ages of practices available to farmers (Appendix 3). Though 11th Five Year 
Plan (2013-2018) has no separate program for pulses improvement, 
Renewal Natural Resources (RNR) Sector Adaptation Plan of Action 
(SAPA) has put effort to promote Climate Smart Agriculture (CSA) and 
Conservation Agriculture (CA) involving pulses in intercropping and crop 
rotation for increasing system productivity through improved water use, 
enhanced soil fertility and reduced weeds, diseases (Wangi and Dorji, 
2016).

Bangladesh

As cropping intensity is already as high as 180% in Bangladesh, the only 
options for increase productivity are through adoption of improved varieties 
practices and cultural practices, and increase area through introduction of 
new cropping patterns and utilization of fallow lands (Rahman, 2012). A 
total 56 varieties of different pulses, including lentil, chickpea, blackgram, 
grasspea, cowpea, mungbean and pea have been released by Bangladesh 
Agricultural Research Institute (BARI), Bangladesh Institute of Nuclear 
Agriculture (BINA), and Bangabandhu Sheikh Mujibur Rahman Agricul-
tural University (BSMARU) (Rahman, 2012; Mahbubul Alam, 2016), most 
of which are high yielding and tolerant to major diseases and other stress 
factor (Appendix 3). Use of disease resistant/tolerant varieties of lentil, 
chickpea, mungbean and blackgram has also contributed to increase produc-
tivity. Cultural management packages are developed along with develop-
ment of new varieties (Tables 12, 13). New cropping patterns where fallow 
period is placed by short duration mungbean and blackgram in Aus rice (or 
jute)-fallow-rabi crops and mustard (or lentil or vegetable)-fallow- rice (or 
cotton). Relay cropping has been found to have 45% lower production costs 
and is more productive than sowing by tillage after the rice harvest, as it 
enables better and early establishment of lentil seedlings because of 
adequate availability of soil moisture (Alam Mahbubul, 2016). Cyperus 
rotundus, Chenopodium album (L), Convolvulus arvensis (L), Vicia sativa, 
and Amaranthus spinosus (L.) are the major weeds found in pulse field 
(Rahman, 2012). Critical period for weed control in lentil and Mungbean 
ranged from 25-30 days after seeding. It is found that yield loss due to weed 
infestation is estimated around 25% in lentil.
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Table 12: Potential of pulses fitting in fallow period in rice based cropping 
systems and as intercrop with perennial crop

 

Source: Rahman, 2012

Table 13: Recommended package of practices for pulses in Bangladesh

Source: Omar and Khan, 2007; Musa and Johansen, 2007

India

A great deal of agronomic research on pulses: geometry, plant population, 
crop protection measures, pre-and post-emergence herbicides, crop rotation 
and pulse-based cropping systems etc. have been undertaken by national 
agricultural research systems (Tables 14, 15). Agronomic management such 
as introduction of short duration pulse varieties in rice fallow or rice-wheat-
fallow; pigeonpea in rice-wheat cropping system; profitable systems: 
pigeonpea-wheat, maize (or sorghum or pearl millet)-chickpea (or lentil); 
seed inoculation with Rhizobium and phosphate solubilising bacteria 
(PSB), resource conservation practices (mulching, residue recycling), raised 
bed planting, ridge and furrow system; seed priming (overnight soaking 
with water), supplemental irrigation, mechanization etc. to be popularized 
among farmers for increased production and productivity of the systems.
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Table 14: Recommended package of practices for pulses in India

Source: Singh R.P: Status paper on Pulses: farmer. gov. in / image default / 
pestand diseases crops / pulses. pdf
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Table 15: Recommended water and weed management practices for pulses 
in India (DAS=Days After Sowing)

Source: Singh R.P: Status paper on Pulses: farmer. gov. in / image default / 
pestand diseases crops / pulses . pdf
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Nepal

Winter Pulses are grown entirely on residual soil moisture from preceding 
crops, mostly paddy. Summer crops are grown rainfed. Research priority 
focus on major cereal crops, and pulses still considered as secondary crop 
and much of research focus is on varietal development. Up till now 10 varie-
ties of lentil and 8 of chickpea, 8 of soybean, 2 of pigeonpea, 3 of mung-
bean, 3 of cowpea and 1 of blackgram released for general cultivation, and 
management practices presented in Tables 16, 17.

Some of improved agronomic management practices recommended by 
Nepal Agriculture Research Council (NARC) are:

1. Seed priming (soaking of seed in plain water for 12 hours followed by 
shade drying prior to broadcasting) increased seed yield by about 26% in 
lentil and 40% in chickpea over non primed seed. Mungbean seed prim-
ing with sodium molybdate alone for 4-6 hr produced 12-16% higher 
grain yield as compared to non primed seed. Priming mungbean seeds 
with rhizobium plus sodium molybdate resulted in mean yield increases 
of 25% over non-priming.

2. General recommendation of chemical fertilizers of 20:40:20 kg N: P
2
O

5
: 

K
2
O/ha for all grain legumes except rajma which requires high dose of N 

(up to 120 kg/ha).

3. In newer areas where legumes are grown for the first time seed is inocu-
lated with Rhizobium @ 200 g/10 kg seed, taking precaution in not 
mixing the inoculated seeds with chemical fertilizers.

4. Pre-emergence application of Stomp 30 EC (Pendimethalin) @ 2.5-3 
ml/L water is effective in controlling weeds during early stage of crop 
growth.

Table 16: Production technologies for major pulses of Nepal
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Source: NGLRP, 2005

Table 17: Production technologies for summer pulses of Nepal (SD=Short 
Duration, MD=Medium Duration, LD=Long Duration)

Source: NGLRP, 2005

Pakistan

Farming system in Pakistan is influenced by climate, land types, availability 
of irrigation, access to market, population density, transport facility and 
culture (Khaliq, 2013). With 85% irrigation supplied during summer, the 
major crops grown are cotton, rice, sugarcane, maize, mungbean, black-
gram, millets and sorghum. The important winter crops are wheat, chickpea, 
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lentil, rapeseed mustard, canola and barely. 27 varieties of chickpea, 11 of 
lentil, 15 of mungbean, 7 of  blackgram and 2 of mothbean has been 
released for general cultivation (PARC,__; Khan and Anwar, 2016). The 
improved management practices of potential multiple cropping patterns are 
given Tables 18, 19.

Table 18: Potential multiple cropping involving pulses in Pakistan

Sources: Khaliq, 2013; Khan and Anwar, 2016

Inclusion of mungbean in wheat based cropping system has enhanced 
productivity and soil health of the system. Rice-wheat and cotton-wheat are 
the major cropping systems have cropping intensity of over 150%. While 
major cropping patterns of pulses are chickpea-fallow and mungbean-
wheat-mungbean, chickpeas as rainfed crop and mungbean as irrigated. 
There is an opportunity to introduce blackgram in high lands of Balochistan, 
KPR. Improved rice-wheat system including pulses is rice-Brassica juncea-
mungbean, wheat + pulses-rice, wheat-blackgram or mungbean-rice 
patterns (Zahid et. al., 1998). Green manuring crops dhaincha (Sesbania 
aculeatea) and guar (Cyamopsis tetragonolaba) production technology 
along with zero tillage benefit the exhaustive rice-wheat cropping system 
through N fertilizer saving (70 to 100 kg N/ha) and increase grain yields 
(Solaiman, 2006). In wheat-cotton system, green manure crops are relayed 
to fit in the system.
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Table 19: Recommended package of practices for pulses in Pakistan

Sources: Arain 2012a; Arain 2012b; Ahmad et.al., 2014

Sri Lanka

Pulses are grown as mono, inter, mix or catch crop depending upon agro-
climate. Mungbean, the most important pulse grown in upland and upland 
as catch crop with or without supplemental irrigation, followed by cowpea, 
suitable for intercropping with cereals such as maize, millet and sorghum 
(Perera et.al., 2016). Soybean is grown during yala season (April to Septem-
ber), and mungbean is grown under low moisture and fertility. Three varie-
ties of mungbean, 6 of cowpea, 3 of soybean and 2 of blackgram are 
released by Department of Agriculture, Government of Sri Lanka empha-
sized on increasing cropping intensity of double rice cropping by introduc-
ing short duration mungbean particularly in dry zone to utilize residual soil 
moisture and fertilizers (Nugaliyadde and Babu, 2013). Improved manage-
ment practices are given Table 20. Intercropping of maize and soybean 
provide insurance against risk of water stress. Mungbean could be relayed 
in rice (broadcasting 3-4 days prior to rice harvest) or on rice stubble after 
rice harvest under zero tillage with appropriate herbicide application.
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Table 20: Recommended package of practices for pulses in Sri Lanka

Sources: Nugaliyadde and Babu, 2013; Perera et. al., 2016

Conclusion

SAARC countries are the world’s largest producers and consumers of pulses 
and are an important protein source for major population living in the region 
where more than a dozen of pulses are grown, major ones are chickpea, 
lentil, mungbean, blackgram, lathyrus and pea. Pulses are still considered as 
secondary in importance and grown in marginal lands with minimum or no 
inputs. There exists wide gap between the attainable yield potentials and 
farmers due to various factors: drought, diseases, pests, low adoption of 
improved package of practices, inadequate extension services, lack of 
promotional activities, lack of systematic seed production mechanism, 
non-availability of inputs on time (seeds, fertilizers etc.), unavailability of 
suitable varieties for varied agro-ecological domains and technologies for 
all grain legumes crops, yield instability over years, high losses in storage, 
and other socio-economic constraints. Short duration pulses varieties fit 
well as a catch crop into cereal-based rotations such as rice-mungbean, 
rice-wheat-mungbean, rice-potato-mungbean, maize-mungbean, maize 
mungbean-wheat, etc and as intercrops with cotton, maize, and with vegeta-
bles, thus diversifying and intensification of the system. Mungbean area and 
production have increased across India, Pakistan and Bangladesh due to 
introduction of short duration, high yielding varieties in summer season. 
Mix cropping i.e., sowing a mixture of crops e.g. lentils with mustard, 
linseed, or grasspea or pea is a common practice in South Asia. Expansion 
of pulse cultivation in 14.6 million ha rice-fallows of the IGP spread over 
Pakistan, India, Nepal and Bangladesh; promotion of pulse in non-
traditional areas, eg. extra-short duration pigeonpea varieties in the hills, 
inclusion in intercropping and sequential cropping; integrated nutrient man-
agement; supplemental irrigation, integrated pest management; mechaniza-
tion, post harvest and value addition interventions, enabling policy for pulse 
promotion, improvement in pulse seed systems, improvement in input 
supply system (fertilizer and Rhizobium culture), and strengthening of 
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collaboration among Asian countries for development and exchange of 
technologies on pulses are the present needs in increasing production, 
productivity and their utilization.
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Introduction

Consumer awareness of health, quality of food and healthy nutrition 
options, and convenience and ready to eat (RTE) food products is growing. 
Access to affordable good quality protein delivered in a convenient format, 
especially for the vegetarian population in the SAARC countries, is a major 
need to be addressed in order to ensure nutritional security. Pulses are a rich 
source of protein and also have documented proof of their beneficial micro-
nutrient, bioactive and functional properties (Philanto and Korhonen, 2003). 
Today in the SAARC countries the large population of youth, growing 
middle class and urban working women; are all demanding global/cross 
regional cuisines right at their doorsteps with the need for delivering health 
and wellness. This important trend in the SAARC countries is what the 
policy makers and industry needs to take into consideration towards promot-
ing utilization of pulses through value addition.

The above drivers of consumer demand may be addressed by making avail-
able pulse based quality staples as well as ready to eat products. Industry in 
the region is already exploring for whole grains, and legumes across differ-
ent segments-breakfast, lunch, dinner and snacking, and that too in innova-
tive convenient formats. Focus and use of new raw material based on pulses 
will be the top wave of new product development in the near future. Lower-
ing cholesterol, managing diabetes, energy foods and beverages, infant food 
formulations, therapeutic, geriatric foods etc. are all opportunities to value 
add to pulses. Specifically the nutritional properties of pulses can beex-
ploited towards addressing malnutrition and hidden hunger, rampant at the 
bottom of the pyramid in the SAARC countries. With this background this 
chapter on “Utilization of pulses - Value addition and product development” 
attempts to understand the key attributes of pulses encompassing their nutri-
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tional and functional properties in the context of value addition both at the 
primary and secondary level, leading to exploiting the market opportunities 
through innovative pulse based products and ultimately addressing food and 
nutritional security of the vulnerable populations in the SAARC region. 

Nutritional and Nutraceutical Properties of Pulses Relevant to Product 
Development

Pulses form an important part of a healthy, balanced diet and have an 
important role in providing food and nutritional security in the SAARC 
region. In addition the pulses have health benefitting properties and help in 
preventing illnesses such as cancer (Vohra et al., 2015), diabetes (Ramdath 
et al., 2016) and heart disease. Pulses are a source of carbohydrates (60-
65%) of which starch is the primary carbohydrate. Slowly digesting nature 
of starch in pulses make pulses diabetic friendly [low glycemic index (GI)] 
(Rizkalla et al., 2002). Pulses are very high in fibre, containing both solu-
ble and insoluble fibres. Soluble fibre helps to decrease blood cholesterol 
levels and control blood sugar levels, and insoluble fibre helps with diges-
tion and gut health. Pulses are also a source of vitamins and minerals. 
Some of the key minerals in pulses include: iron, potassium, magnesium 
and zinc. Pulses are also particularly abundant in B vitamins; including 
folate, thiamin and niacin. Pulses typically contain about twice the amount 
of protein found in whole grain cereals like wheat, oats, barley and rice. In 
most developing countries pulses constitute the main source of protein. 
They contain high amounts of lysine, leucine, aspartic acid, glutamic acid 
and arginine and provide well -balanced essential amino acid profiles 
when consumed with cereals and other foods rich in sulphur containing 
amino acids and tryptophan. In the SAARC countries pulses complement 
well with rice or wheat, thus providing a nutritionally balanced diet to the 
populations. The typical nutritional composition of pulses common to the 
SAARC region is presented in Table 1.
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Table 1: Typical nutritional composition of common pulses (per 100g)* 

*Source: Nutritive value of Indian Foods (Gopalan et al., 2004)

In addition to contributing to a healthy, balanced diet, the nutraceutical 
qualities of pulses makes them particularly helpful in the fight against some 
non-communicable diseases. Thus, pulses have been used and have the 
potential to be used in development of different value added food products 
(Figure 1).

 

Figure 1: Opportunities for using pulses in innovative food product develop-
ment applications.
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The World Health Organization (WHO, 2003), estimates that up to 80% of 
heart disease, stroke, and type 2 diabetes and over a third of cancers could 
be prevented by eliminating risk factors, such as unhealthy diets and 
promoting better eating habits, of which pulses are an essential component. 
Pulses have been extensively studied for their nutraceutical or health 
benefitting properties (Jukanti et al., 2012). Pulses have been reported to 
have beneficial effects in control and management of some of the important 
human diseases like cardiovascular disease, type 2 diabetes, digestive tract 
diseases and some cancers (Duranti, 2006). Scientific evidence show that 
consumption of pulse protein as part of regular diets may help prevent or 
treat a number of lifestyle diseases such as cardiovascular conditions, 
cancers, type 2 diabetes or gluten intolerance  (Janzen et al., 2006). The 
major health benefits of pulses attributed to their nutritional and nutraceuti-
cal properties is summarized in Table 2. Pulses can help lower blood 
cholesterol and attenuate blood glucose, which are key factors in managing 
diabetes and cardiovascular disease. Eating pulses as a replacement to 
some animal protein also helps limit the intake of saturated fats and 
increases the intake of fibres. Pulses have also been shown to be helpful in 
the prevention of certain cancers, because of their fibre content but also 
because of their mineral and amino-acid contents, and vitamins in particu-
lar folate. Pulses are also rich source of carotenoids (Giovannucci et al., 
1995), isoflavones (Yanagihara et al., 1993) and precursors of short chain 
fatty acids (SCFA) (Fernando et al., 2010) which have proven anti-cancer 
properties. Pulses are included in all ‘food baskets’ and dietary guidelines. 
The World Food Programme (WFP) for instance includes 60 grams of 
pulses in its typical food basket, alongside cereals, oils and sugar and salt. 
Pulses not only support simple, quiet  labels but formulating recipes using 
pulse-based ingredients also allows food manufacturers to make a range of 
consumer-friendly on-pack claims (Meissner, 2016). Pulse proteins with 
their naturally high protein content, are able to support ‘high protein’ 
claims (where 20% of the energy value of the food must be from protein) 
and ‘source of protein’ claims (12% of the energy value of the food is 
protein-derived) while still being gluten-free and suitable for vegetarians 
(Rohwer, 2015).
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Table 2: Dietary attributes of pulses, effect on health and role in manage-
ment of lifestyle diseases*

*Source: Pulse Canada, 2012a

Value Addition to Pulses

Value addition to pulses happens both through primary as well as the 
secondary processing. In the SAARC region primary processing of pulse for 
marketing of pulses as a commodity has been traditionally carried out. How-
ever the region is still lagging behind in secondary processing and use of 
pulses in development and marketing of innovative products. The opportu-
nities for value addition extends from development of gluten free in baked 
food products, snacks and breakfast cereals; improvement of texture and 
colour of gluten free breads and batter; texture and colour improvement of 
fresh and dry gluten-free pasta; development of gluten-free soups, sauces, 
gravies; protein enrichment in fruit smoothies and vegan protein drinks; 
egg-replacement products etc.

Primary Processing of Pulses

The most basic form of value addition to pulses in the SAARC region 
occurs in the form of converting the grain legumes into “Dal” (Lal and 
Verma, 2007). Dal is obtained by splitting of the whole seed of the respec-
tive food legumes. Processing of grain legumes into dal involves the use of 
dal mills, which mostly operate in the small and medium scale sector. Tradi-
tional dal mills have lower recoveries of dehusked and splits (65-70%) as 
compared to the newly introduced improved dal mills in the region 
(NABARD, 2016). The improved dal mills are highly versatile and energy 
efficient with dehusking efficiency of about 95% and the yield of split 
pulses of about 80-85% depending on the variety of pulse and conditioning 
of the pulse grain. 
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The steps involved in the processing of pulses are detailed in Figure 2. The 
process involves cleaning of the pulses to remove the stones and mud. The 
surfaces of the pulses are then “pitted”. Pitting is done to cause some cracks 
and pores on the surface, to enable penetration of the various conditioning 
effects carried out to facilitate loosening of the husk. 

Figure 2: Processing of pulses to dal and other value added products.

The conditioning process depends on the type of pulse and typically 
involves either soaking of the cleaned and pitted pulses in a mixture of water 
and vegetable oil or water or coating with oil etc. The different dehulling 
practices for processing of different types of pulses as reported in literature 
(Lal and Verma, 2007) are summarized in Table 3. The use of enzymes and 
chemical agents (Krishnamurthy et al., 1972) such as sodium bicarbonate, 
sodium carbonate, sodium hydroxide and ammonia has been also reported 
(Verma et al., 1993). Use of enzymes was found to improve the efficiency of 
dehusking as well as improve the protein digestibility and decrease the 
flatulence factors. The conditioned pulses are subjected to a process of 
tempering (heating and cooling cycle) and in certain cases sun drying before 
being passed through rollers for splitting of the cotyledons to obtain dal. 
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Table 3: Typical milling processes involved in primary processing of differ-
ent pulses* 
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*Source: adapted from Lal and Verma, 2007 

Value Added Fractions from Pulses

Different value added fractions, with different food applications can be 
obtained from pulses in addition to the primary processing for obtaining dal. 
Dehulled pulses can be directly milled into flour. Dehulled pulses can be 
further fractionated into starch rich pulse flour, protein concentrates and 
protein isolates. Two different methods of fractionation are typically used 
–dry fractionation and wet fractionation. The fractionation methods are 
schematically represented in Figure 3.

 

 

 

Figure 3. Steps involved in fractionation of pulses by dry and wet 
fractionation methods.
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Dry fractionation of pulses is used to obtain pulse protein concentrate (50 to 
60% protein) from milled dehulled pulse flour. This typically involves use 
of a high speed pulveriser (Pin mill) resulting in very fine (-350 mesh or -60 
microns) pulse flour. After milling fractionation is carried out using air 
classification using a fluidized tower system. The air classification system 
results in the separation of pulse protein concentrates (2 to 20 micron) and 
starch concentrate (70 to 75% starch, 20 to 40 micron). 

Wet fractionation of pulses is typically used in obtaining protein isolates (70 
to 92% protein) from pulses. The process involves dehulling of the pulses 
followed by solubilizing the protein, by alkali treatment, and separation of 
starch. The soluble protein fraction is then separated by centrifugation as the 
supernatant. The protein isolate is then recovered from the soluble protein 
fraction by isoelectric precipitation at the isoelectric pH of the respective 
pulse proteins. In the final step the precipitate obtained is washed with water 
to remove any impurities present and protein isolate powder is obtained by 
either spray drying, drum drying or freeze drying (Aurelia et al., 2009). The 
process also yields pulse starch of high (98% starch) purity.  

Branding of Pulses

The most recent development in the region has been the entry of the differ-
ent private players with branded and differentiated pulses (Table 4) into the 
market catering to specific demands from different consumer segments and 
using innovative marketing channels (IPGA, 2014). According to experts 
this trend of branding of pulses would bring value addition in the commod-
ity (Business Standard, 2012). However along with increase in branding and 
value addition, there is also the risk that the pulses become more expensive 
and thus less affordable to the common masses, especially the rural poor. On 
the other hand, the private players as part of their branding efforts also strive 
to develop a strong eco system by bringing in rural prosperity through 
empowering farmers, women and providing a direct linkage to the consum-
ers thus building a sustainable business environment that shall indirectly 
enhance their purchasing power. Thus, parallel policy support from the 
government towards facilitating establishment of processing facilities by the 
private sector in the rural areas, ensuring buy back arrangements from the 
local farmers by the private sector, adhering to the minimum support price 
(MSP) for pulses, and ensuring availability of affordable quality pulse prod-
ucts in rural areas needs to be effectively designed and implemented, in the 
SAARC region.
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Table 4: Trends in branding of pulses in the SAARC region*

*Source: adapted from IPGA, 2014

Functional Properties of Pulse Fractions for Product Development

Pulses due to their nutritional, functional, and health benefits, are used in 
food product development as important constituents leading to different 
food formulations. Some of the properties of pulses useful for product 
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development activities are their high protein and fibre content, gluten free 
status, low glycemic index (GI), antioxidant levels, as well as functional 
properties like water binding and fat absorption capacities. Two important 
aspects of pulse functionality important to product development namely- 
“Functional properties of pulse flour, dietary fibre and starches” and “Func-
tional properties of pulse proteins” are discussed here in detail.

Functional Properties of Pulse Flour, Dietary Fibre and Starches

Pulse flours in general have high levels of water and oil absorption capacities, 
good gelation in addition to the emulsifying and foaming capacities (Ladjal 
and Chibane, 2015), and are useful in formulating variety of food products, 
such as bakery products, soups, dairy products etc.  The ability to pulse flours 
to bind high amounts of water effectively is important for developing shelf 
stable food products (low water activity). 

Pulse flour and low GI flours and fibre-rich fractions obtained from pulse 
crops can be incorporated into processed foods to increase dietary fibre 
content and/or serve as functional ingredients (Tosh and Yada, 2010). Moreo-
ver, as the in vitro starch digestibility value (ISDV) values of pulses in general 
are lower than cereals due to higher amylose content (Madhusudhan and 
Tharanathan, 1996), pulses are the right ingredient for use in preparation of 
food products for diabetics. Most pulse based starches have greater stability 
against heat and mechanical shear; they represent a good source of resistant 
starch, which can make these starches an exciting food ingredient for a 
number of food applications. Pulse starches can be used in processed meat 
products, particularly where extensive heating and mechanical stirring is 
required. Canned foods, cooked sausages, soups, sauces, noodles and vermi-
celli prepared using pulse starches have better sensory attributes than those 
made from starches from traditional sources. The thickening effect of pulse 
starches is used to increase viscosity of different food products.

Legumes were identified as low GI foods during the early 80’s (Rizkalla et al., 
2002, Jenkins et al. 1981, Jenkins et al., 1983, Thorne et al., 1983). Further, it 
was also successfully (Kabir et. al., 1998) demonstrated that when starches 
with different amylose: amylopectin ratios (waxy corn starch, 0•5:99•5 %; 
mung beans, 32:68 %) were incorporated into a mixed meal, the meal with the 
high amylopectin starch (waxy corn starch) showed a higher glycemic 
response than that of the low amylopectin starch (mung beans). In general it 
may be highlighted that pooled analyses of results from a number of research 
publications demonstrated that pulses, alone or incorporation of pulses in 
low-GI or high-fibre diets, improve markers of longer term glycemic control 
in humans (Sievenpiper et al., 2009, Powell et al., 2002)
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Appropriate accurate information on GI of different legumes and varieties 
are important in order to understand their role in diabetes management and 
in designing food products for the management of diabetes. Data on glyce-
mic load and GI of different foods include a few select legumes are available 
in literature and these have also been collated and published as International 
Tables of GI and Glycemic Load Values: 2008 (Atkinson et al., 2008). Table 
5 presents the GI compiled from international literature for some of the 
pulses and pulse based products and shall be a useful resource for the prod-
uct developers in the SAARC region. Further it is important that this list be 
further populated with research on the GI and starch digestibility profile of 
locally grown pulses and pulse based products of the SAARC region. 

Table 5: GI of pulses and pulse based products*
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*Source: Atkinson et al., 2008

1. Mean ± SEM. Two GI values are shown for each food – one in which 
glucose sugar was used as the reference food and one in which white bread 
was used as the reference food.

2. GI calculated from the 180 min AUC data included in the original article 
using the AUC food/AUC reference food formula.

3. Portions of the test food and the reference food contained 30 g carbohydrate.

4. Portions of the test food and the reference food contained 75 g carbohydrate. 

5. Portions of the test food and the reference food contained 25 g carbohydrate.

6. Portions of the test food and the reference food contained 10 g carbohydrate.

In the context of the above table it may be noted that, as highlighted by the 
authors, some research laboratories continue to use white bread as the refer-
ence food for measuring GI values, whereas others use glucose (dextrose); 
therefore, two GI values are given for each food. The first value is the GI 
with glucose as the reference food (GI value for glucose = 100; GI value for 
white bread = 70), and the second value is the GI for the same food with 
white bread as the reference food (GI value for white bread = 100; GI value 
for glucose = 143). When bread was the reference food used in the original 
study, the GI value for the food was multiplied by 0.7 to obtain the GI value 
with glucose as the reference food. The table lists the reference food that 
was originally used to measure the GI value of each food (Powell et al., 
2002). This it is evident from the data that there is a wide variability in the 
GI values of pulse and pulse based products and the pulse type, variety and 
processing conditions affect the GI values of the end product. 

Functional Properties of Pulse Proteins

Pulses are good sources of protein as evidenced from the nutritional profile 
(Table 1) and have a balanced amino acid profile (Table 8) and superior protein 
digestibility. In addition the protein and protein isolates from pulses have excel-
lent functional properties that make them useful ingredients in innovative food 
product development. Examples of such functional properties include solubil-
ity, water and oil binding capacity, foaming and gelation and viscosity impart-
ing properties. The functional properties of pulse proteins have been exploited 
in the preparation and development of products such as bakery products, soups, 
extruded products and ready to eat snacks (Boye and Pletch, 2010).
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The excellent emulsification properties of pulse proteins and protein isolates 
is attributed to the presence of hydrophilic amino acids that promotes 
formation of “oil in water” emulsions. 

Specifically, in pulse proteins, water-soluble albumins, and salt-soluble 
globulins predominate (Macrone et al., 1998), with prolamins and glutelins 
present in smaller concentrations. Globulin proteins contribute most to the 
functionality in food products. As pulses are a source of the most accessible, 
highest concentrations of globulins they are a good source for commercial 
protein concentrates and isolates. All pulse globulins are composed of two 
major proteins – 11S legumin like and 7S vicilin-like proteins. Both the 
globulin: albumin ratio and the 11S:7S ratio contributes to differences in the 
physicochemical properties of pulse flours and protein concentrates and 
isolates (O’Kane, 2004). Vicilin-like globulins have high foaming capacity 
and legumin-like globulins have high emulsifying capacity. Table 6 provides 
an overview of the protein profile of different pulses.

Table 6: Typical protein profile of different pulses*

* Source: Pulse Canada, 2011a

Some of the functional characteristics of pulse proteins that needs to be 
considered for product development of different value added products are: 

Solubility: Solubility is the main characteristic of proteins selected for use 
in liquid foods and beverages. High soluble protein possesses good dispers-
ibility of protein molecules or particles, and lead to the formation of finely 
dispersed colloidal systems. Potential applications of proteins can be 
dramatically expanded if they possess high solubility.

Water binding capacity (g or ml water/gm of protein): may be defined as 
the amount of water that can be absorbed per gram of protein material.

Oil holding capacity (g or ml oil/gm of protein): is calculated as the 
weight or volume of oil absorbed per weight of protein powder or legume 
flour.
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Emulsifying properties: Emulsifying activity (EA) and emulsifying stabil-
ity (ES) are two indices often used to evaluate the emulsifying properties of 
protein flours. Proteins act as emulsifiers by forming a film or skin around 
oil droplets dispersed in an aqueous medium, thereby, preventing structural 
changes such as coalescence, creaming, flocculation or sedimentation.

Foaming properties (% volume increase): Foams are formed when 
proteins unfold to form an interfacial skin that keeps air bubbles in suspen-
sion and prevents their collapse. Foam formation is important in food appli-
cations such as beverages, mousses, meringue cakes and whipped toppings.

Gelation (least gelling concentration-LGC): Protein gelation is important 
in the preparation of many foods (e.g., puddings, jellies and in many dessert 
and meat applications). An important index of gelling capacity is the least 
gelling concentration (LGC) which may be defined as the lowest concentra-
tion required to form a self-supporting gel. Proteins with lower LGC, there-
fore, have greater gelling capacity. The functional properties of some of the 
pulse proteins as reported in literature are presented Table 7.

Table 7: Functionality of Pulse Proteins*
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*Source: Sathe, 2002; Sathe et al., 1984

The positioning of food products with enhanced protein content is now a 
leading trend in product development in the food industry. Similarly, a 
growing demand for non-animal protein sources has led to an interest in 
plant-based proteins, including pulses. The crude protein content of pulses 
(Table 1) positions it as plant-based alternative to meat within international 
dietary guidelines. A major consideration with respect to the inclusion of 
pulses in processed foods relates to the quality of the dietary protein.  
Protein quality is generally assessed as a function of the ability of the 
constituent amino acids found within the food to meet the biological needs 
of the consumer.  Different methods exist to determine the quality of dietary 
proteins, each with their own advantages and disadvantages. As processing 
steps also alter the protein quality of foods, these factors must also be 
considered when formulating food products to deliver quality protein using 
pulses and other ingredients (Nosworthy and House, 2016).
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As mentioned, the amino acid composition of pulses is of significance in 
defining the role of pulses for being considered as an important dietary com-
ponent to improve the quality of protein being consumed. From the nutri-
tional viewpoint, all pulse proteins are relatively low in sulphur containing 
amino acids, methionine, cysteine and tryptophan, but the amounts of other 
essential amino acid, such as lysine, are much greater than in cereal grains 
(Rockland & Radke, 1981; Ampe et al., 1986). Therefore, with respect to 
lysine and sulphur amino acid contents, legume and cereal proteins are 
nutritionally complementary. Thus, these essential amino acid deficiencies 
have traditionally been overcome by integrating pulse-based dishes with 
cereal foods (roti, pasta, rice, bread, etc.). The typical amino acid composi-
tion of various legumes is presented in Table 8.

Table 8: Typical amino acid composition (mg/g N), of various grain 
legumes*

*Source: Adapted from Sosulski and Holt, 1980.

However, amino acid composition only represents the potential quality of a 
protein food, digestibility and bioavailability of proteins are critical for 
ensuring utilization of amino acids by the human body. A number of experi-
mental approaches, devised to assess the bioavailability of amino acids in 
foods have concurrently demonstrated that seed proteins have a lower over-
all nutritional quality than animal proteins. This is attributed to their low 
content of sulphur containing amino acids (Sarwar and Peace, 1986), the 
compact proteolysis-resistant structure of the native seed proteins 
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(Deshpande and Nielsen, 1987) and the presence of anti nutritional com-
pounds, which may affect digestibility of proteins themselves and other 
components (Bressani et al., 1982; Aw and Swanson, 1985). It may be noted 
that the nutritional quality of food proteins is determined largely by the 
composition of essential amino acids and digestibility and is often reported 
as biological value, protein digestibility, protein efficiency ratio or net 
protein utilization (Young & Pellet, 1994). Thus, the nutritional value of 
high protein foods is based on both protein quantity and quality. Thus in 
formulating food products using pulses and with the aim of delivering 
protein quantity and quality consideration to the elements of protein value 
namely- net protein utilization (NPU), true digestibility (TD) and protein 
digestibility-corrected amino acid score (PDCAAS) needs to be appropri-
ately considered. In this context it is important for product developers to 
understand the concept of PDCASS as well as have access to the data on 
PDCASS of different protein sources. The PDCAAS is a product of the 
amino acid score and the percent true protein digestibility, and should be 
defined for each pulse type. The PDCASS data (Pulse Canada, 2011b) for 
some of the common pulses and grains is presented in Table 9. Recently, it 
has been proposed to replace PDCASS with a more effective “Digestible 
Indispensable Amino Acid Score (DIAAS)” for assessing the dietary protein 
quality of in human nutrition (FAO, 2011).

As mentioned above, the role of pulse protein as a complementary protein 
source to improve the overall protein quality of a diet or food product 
formulation is based on the knowledge of their PDCASS of the respective 
pulse protein and the PDCASS of the protein from other plant/animal 
sources being used in the formulation. For example in the food industry 
protein claims on multi ingredient foods is calculated using PDCAAS 
values obtained from a weighted average procedure. Thus as an example to 
product developers, the weighted PDCAAS for the reformulated pasta 
(25:75 blend of lentil and durum wheat flour) containing a complementary 
blend of lentil and durum wheat flour was found to have a higher score 
(0.71) than the regular pasta containing 100% durum wheat (0.43). Thus, 
addition of 25% lentil flour improves both the protein quality and quantity 
in the pasta, and thereby qualifying the reformulated product as a “Good 
Source of Protein”. This highlights the importance of understanding the 
protein quality of pulses in order to effectively use pulse ingredients to 
reformulate cereal-based foods to increase the protein quality of the overall 
food product.
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Table 9: PDCAAS values for pulses and select cereal gains*

*Source: Pulse Canada, 2011b

1. Amino acid score is limiting the amino acid with the lowest ratio relative 
to the established amino acid requirement values for humans, aged 2 to 5 
years old.

2. AOAC Method 991.29 (n = 10).

3. PDCAAS = Amino Acid Score × % True Protein Digestibility

#Calculated data obtained from the 1989 WHO/FAO Report

Thus, database on PDCASS and DIAAS values need to be generated for the 
pulses of the SAARC region in order to empower product developers to 
effectively utilize the pulses of the region in the development of new value 
added products. In addition, the role of food processing operations such as 
fermentation, baking, extrusion etc. should be factored in when formulating 
high protein pulse based products as each of these food processing opera-
tions will differently affect the digestibility (protein as well as starch), as 
well as quality and functionality of various food components.
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Pulse based Product Concepts

Pulses due to their nutritional and health benefits, have been traditionally 
used as important constituents in different food formulations in the SAARC 
region. Dal (split chickpea/pigeon pea) and food items prepared from besan 
(dal flour) and other pulses are regularly consumed in the countries of the 
region. ‘Phutna’-roasted grains, ‘Pakora’- oil fried, ‘Kadi’- boiled in butter-
milk, ‘Roti’- chickpea flour in combination with wheat flour, ‘Dhokla’- 
fermented pulse based product and ‘Satu’- roasted, chickpea flour with 
cereal flours (Jambunathan & Singh, 1990) are few such examples. Soya 
beans among pulses have been most successfully exploited for development 
of a number of value added innovative products. From soya beans, the 
following meat replacement products are made: tempeh, tofu (also known as 
soya curds or tahoe) and soya nuggets.

Pulses are process tolerant, easy to formulate and work well with other 
free-from ingredients. They can be milled into flour easily and together with 
pulse proteins, then incorporated into a range of applications including 
producing and enriching nutritious snacks, bread, cakes, cereals, batters and 
breads, pasta, soups, sauces and dips etc. (Meissner, 2016). Thus, pulses 
have the opportunity to be used in innovative product development in meet-
ing the growing consumer demands for healthy foods and snacking options 
in the SAARC region.

However, the present day consumers are looking for convenience and are 
looking for options at reducing length of time it takes to soak, cook and 
prepare pulse based recipes. Consumers today are striving to have greater 
variety and healthier foods in the diet with the convenience of ready-to-eat 
(RTE) and fast cooking meals. Pulse protein flours, concentrates and 
isolates, therefore, offer opportunities for novel product development. 
Understanding the different flavor and colour profiles of pulses and how 
these are impacted by different manufacturing environments will also deter-
mine product choice. It is reported that the typical flavour intensity of pulses 
decreases in low moisture applications and higher the heat treatment, the 
lower the flavor intensity. Colour of different pulses also vary from light 
yellow to green or red and can be used to obtain natural colour diversity in 
snack products and to differentiate these products from non “free-from” 
goods (Meissner, 2016).

Product innovations using pulses from different parts of the world indicate a 
growing trend towards new product concepts using pulses to suit the local 
palate and health needs of the consumers. As evidenced from Table 10 
different pulses have been innovatively used in developing food products 
having improved nutritional and functional properties. Pulses have been 
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successfully used for diverse applications such as: protecting the probiotic 
bacteria using pulse proteins as encapsulating agents, using high-fibre 
micronized pulse flours for developing low fat bakery products with 
increased fibre content, in developing gluten free, lactose free and egg free 
products. Pulses have also been used in yoghurt preparations to enhance the 
prebiotic as well as probiotic content. Pulses are a source of allergen free 
protein and protein concentrates and have been used to improve the amino 
acid profile in food products.

In addition to the above mentioned products a wide variety of pulse-derived 
fermented foods can also be developed. The microorganisms involved in 
legume fermentation hydrolyze and metabolize pulses constituents resulting 
in the production of valuable products. Fermentation of pulses causes desir-
able changes including the improvement of nutritional value and sensorial 
properties and increased nutrient and phytochemical bioavailability (due to 
reduction/ elimination of anti nutritional factors), and also favors the forma-
tion of new bioactive compounds (Frias et al., 2016).

Table 10: Innovative pulse based product concepts*
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*Source: Pulse Canada, 2010; Pulse Canada, 2011c; Pulse Canada, 2012b

Use of Pulses in Development Complementary Food Supplements 
towards Addressing Malnutrition in SAARC.

It is quite evident that protein–energy malnutrition is one of the most serious 
problems facing all the SAARC countries (Kumar and Gurung, 2015). 
Hence given that pulses are already an important part of the diet in the 
SAARC countries, though there has been a decline in the dietary intake of 
pulses among populations in the region (MoWCD, 2011) and being the only 
source of protein for the vegetarian population, pulses find use in different 
product formulations for addressing malnutrition in the SAARC region. 
Globally the use of soybean as a protein source in providing cost effective 
ready to¬ use therapeutic food (RUTF) formulations has been well estab-
lished (Bahwere et al., 2016). In India pulses are being used as protein 
source in the food formulations being provided as part of the supplementary 
nutrition program of the Integrated Child Development Scheme (ICDS). 
The National Institute of Nutrition (NIN), India has recommended the use 
of local pulses in different food recipes for different age groups in its 
“Dietary Guidelines for Indians-A Manual” (NIN, 2011). The use of pulses, 
as a protein source, in locally made weaning food formulations is popular in 
Nepal. Traditionally, roasted pulses in combination with roasted cereals 
have been used by Nepalese mothers to prepare a super-flour porridge or 
“sarbottam pitho ko lito” (Krantz, 1993). This recipe has now been further 
adopted worldwide by different development agencies towards addressing 
malnutrition. The UN World Food Programme (WFP) is distributing a 
chickpea-based ready-to-eat supplementary food, known as “Wawa Mum” 
or “Good food, Mum” in Pakistan and Afghanistan (IRIN, 2011). The paste 
contains a rich vitamin and mineral formulation blended with the cooked 
chick peas and each packet is designed to meet the daily nutrient require-
ments of children in the targeted age group. In Bangladesh Lentils (mashur 
dal) is recommended as an ingredient, to enhance the protein content, in 
“Khichuri” and “Halwa” formulations as part of the countries national 
guidelines for the management of severely malnourished children in Bang-
ladesh (IPHN, 2008). The effectiveness of a cost effective chickpea and 
rice-lentil based RUTF was found to show good nutritional recovery among 
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malnourished children in Bangladesh (Christian et al., 2015). Porridge type 
weaning foods can be prepared from germinated/ malted, boiled, mashed 
mung bean or other pulses along with the other selected cereals. The process 
of germination or sprouting decreases the anti-nutritional factors in pulses 
and increases the protein digestibility (Marero et al., 1991). Pulse protein 
fractions can be introduced into baby foods while using other ingredients 
that can contribute additional beneficial nutrients. The use of soy proteins in 
imitation milk applications is well known for children who suffer from 
lactose intolerance and cannot consume milk. 

Conclusion

Despite the many appreciable qualities of pulses, value addition to pulses in 
the SAARC region has been restricted to mainly primary processing of 
pulses to be consumed as staples.  With the UN General Assembly having 
declared the year 2016 as the “International Year of Pulses” it is the right 
opportunity to identify and launch appropriate interventions supported by 
appropriate policies in order to promote value addition through product 
development and marketing of pulses in the region. In addition to identify-
ing new market opportunities, there is also the need to progress towards 
adoption of industry-wide grading standards and classifications of 
individual pulses, in order to address to demands of different segments of 
the trade. A concerted campaign towards increasing awareness on the 
benefits of pulses involving the mass media, the private sector and all other 
stakeholders across the pulses value chains needs to be undertaken in the 
region. Further, promoting awareness on the nutritional value of pulses can 
help consumers adopt healthier diets. With economic development and 
increase in purchasing power, it is noted that the trend in dietary choices 
tends to go towards more animal based protein and cereals, thus retaining 
pulses in diets is an important way to ensure that diets remain balanced and 
to avoid the increase in non communicable disease often associated with 
diet transitions and rising incomes. 

One of the important policy interventions that need to be considered is 
support and advocacy towards encouragement of value addition and use of 
pulses in the governmental nutritional programs. This could be in the form 
of directives and awareness campaigns on the benefits of incorporation of 
new pulse based, protein and micronutrient rich foods in the national 
programs of nutritional support to children, adolescent girls and pregnant 
women and school mid day meal programs. 

Funding for Research and Development towards understanding the effect of 
processing on the nutritional and functional properties of pulses and pulse 
based locally acceptable products is needed in the SAARC region, in order 
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to create a demand pull for pulses through establishment of a continuous 
“innovation funnel” delivering new scientifically validated product 
concepts. Additionally, it is important to highlight that lack of policy 
support (Exim Bank, 2015) and post harvest innovations has been attributed 
to be the major obstacle in the region not only to increased pulses produc-
tion but also new product development and innovations. Hence appropriate 
policy interventions for establishment of “Pulse Innovation Centers” and 
“Pulse Value-Chain Business Incubators” may be actively pursued in the 
SAARC region to promote demand driven innovations and sustainable 
enterprises through value addition and innovative product development.
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Introduction

Pulses are nutrient-dense edible grain legume that has multifunctional roles 
in smallholder farming systems in south Asian countries including food and 
nutrition security, increase economic opportunities, incomes for millions of 
resource-poor farmers and contributing to the sustainability of farming 
systems. They are historically important for their inherited ability of symbi-
otic nitrogen fixation, supply of complementary protein and provide couple 
of essential micronutrients necessary for human nutrition (Tullu et al, 2010). 
Several species are cultivated either as mono-crops or in mixed cropping 
situations with other crops, particularly cereals. Grain legumes are also a 
major source of protein, energy, minerals, vitamins, roughage, in addition to 
their miscellaneous uses in animal feed. They play a critical role in natural 
ecosystems, agriculture and agroforestry where their ability to fix N in 
symbiosis makes them excellent colonizers of low-N environments, and 
economic and environment friendly crop, pasture, and tree species. This 
property has the added benefit of saving on external applications of nitrog-
enous fertilizer and thus is environment friendly. Pulses have traditionally 
been cultivated under rain fed conditions, usually without any monetary 
input. The productivity of these crops is low compared to wheat and rice. 
Their inherently low yield potential, susceptibility to diseases and insect 
pests and sensitivity to microclimate changes, contribute to their yield insta-
bility. Since most poor and medium farmers want to ensure food security for 
the family, cereal cultivation receives top priority. With the expansion of 
irrigation facilities, farmers prefer rice-rice or rice-wheat cropping systems 
and legumes are continuously being demoted to marginal lands. 

A successful pulse variety must possess the complete package of high yield, 
disease resistance, agronomic performance, and end-use quality (Poland 
and Rutkoski, 2016). The scientists of plant protection section is working to 
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identify the causes attributed by diseases and pests that working as a major 
factor limiting production and profitability. The novel sources of resistance, 
closer surveillance of pathogen shifts, and integration of management strat-
egies carried out by the pulse pathologist and entomologist are helping to 
combat diseases and insects improve the profitability of pulses, therefore 
allowing pulses to be a realistic option in cropping rotations. The present 
paper reviewed the research and development activities of last ten years on 
insect pest management of pulses and highlights the opportunities and 
future needs for integrated pest management of pulse crops in Bangladesh.

Present Scenario of Pulse Diseases in South Asia

Bangladesh

Pulse crops grown well in Bangladesh. Pulses occupied an area of 0.79 
million ha and produced 0.9 million tons and make a significant contribu-
tion to the food and nutrition security of the people. The mean yield of 
pulses is 1.14 ton ha-1 in Bangladesh (DAE, 2016). The productivity of 
pulses in developing countries remains stagnant and per capita availability 
is far below of the WHO recommended 45g/person/day. Improvement in the 
production of these pulses through germplasm enhancement and crop man-
agement will therefore contribute substantially to improved human nutrition 
in Bangladesh. Moreover, consumption of nutritionally enhanced pulses and 
low-neurotoxin grass pea will provide health security to the poorer section 
of society who cannot afford high-priced animal protein (Sattar et al., 1996). 
A total of 126 different diseases have so far been recorded on 8 pulse crops 
(lentil, chickpea, mungbean, blackgram, grasspea, field pea, pigeon pea and 
cowpea) in Bangladesh (Talukdar, 1974; Ishaque and Talukdar, 1967; Fakir 
and Rahman, 1977; Fakir, 1983; Fakir, 1986; Fakir and Rahman, 1991; 
Bakr, 1993). Among 126 diseases on pulses recorded in the country, 90 
caused by fungi, 21 by viruses/mycoplasma, 13 by nematodes and 2 by 
bacteria (Bakr, 1993). 

Bhutan

Various biotic, abiotic and socio-economic constraints impede pulse 
production in Bhutan. Because of the lack of policy support, available 
resources and expertise in the field of pulses, considerable challenges lie 
ahead in addressing these constraints. The major biotic constraints on pulse 
production are various diseases, insects and weeds. Among diseases, foliar 
disease is the most commonly observed one in pulses. Systematic research 
is needed on foliar disease and other diseases and their impacts on yield. The 
crop damage from insects has been reported to be minimal, but for diseases, 
proper research is required to document their occurrences and impacts. 
Weeds, on the other hand, have been another obnoxious biotic constraint in 
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pulses production. Because the majority of pulses are cultivated on rainfed 
dry lands, weeds such as purple nutsedge (Cyperus rotundus L.), bermuda 
grass (Cynodon dactylon (L.) Pers.), goat weed (Ageratum conyziodes L.) 
are commonly encountered (Wangdi and Dorji, 2016).

India

The area under pulse cultivation in the country is estimated to be about 
25-26 Million ha and the realized productivity is less than 1 ton/ha. The 
shortfall in pulses has been attributed to a number of factors, such as ever-
increasing population, geographical shift, abrupt climatic changes, complex 
disease-pest syndrome, socio-economic conditions of the farmers and fewer 
market opportunities (Singh and Pratap, 2014). Since major pulses are 
largely cultivated in rainfed and monsoon-dependent areas where soil mois-
ture is the critical factor determining the productivity, the production trends 
keep fluctuating every year depending upon rainfall. The major pulse crops 
in India are gram, pigeon pea, black gram, green gram, lentil and peas. 
Gram, pigeon pea and pea are attacked by several diseases some of which 
cause considerable crop damage. Among biotic stresses, Fusarium wilt 
coupled with root rot complex is probably the most widespread disease 
causing substantial losses of chickpeas. While Fusarium wilt, sterility 
mosaic and phytophthora blight cause substantial losses in pigeon peas, 
yellow mosaic, cercospora leaf spot and powdery mildew are considered as 
the most important diseases in both mung beans and urd beans. In lentils, the 
rust, powdery mildew and wilt cause considerable damage. Recently, nema-
todes have emerged as a potential threat to the successful cultivation of 
pulses in many areas (Singh, 2016).

Nepal

The low level of funding for grain legume research is the main bottleneck 
hindering increased

production and productivity in the country. This is mainly due to the fact 
that until now Nepal’s R&D priorities have focused on assuring food supply 
for the increasing population. The wide gap between the attainable yields 
and those on farmers’ fields are due to various biotic, abiotic and socio-
economic factors. The major diseases are wilt root rot, Stemphylium blight 
in lentils, and mungbeans, yellow mosaic virus in blackgrams, soybeans and 
mungbeans, white mold in rajma and Botrytis gray mold in chickpeas 
(Shrestha et al., 2011).

Pakistan

Pulse production faces problems, such as use of rainfed marginal lands, 
susceptibility to pest and disease attack, weather aberrations, lack of genetic 
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breakthrough and diversion of pulse areas to more remunerative crops with 
availability of irrigation water. The wide gap between the attainable yield 
potentials and farmers’ yield is due to various biotic, abiotic and socio-
economic factors. Biotic factors are diseases, insects and weeds. The major 
diseases of chickpea are Ascochyta blight (Ascochyta rabiei), Fusarium wilt 
(Fusariumoxy sporum f. sp. ciceris), Dry root rot drought (Rhizoctonia 
vataticola), Rust (Uronyces ciceris-arietini), Powdery mildew (Leveillula 
taurica), Alternaria blight (Alternaria sp.). Lentils Diseases includes 
Ascochyta blight (Ascochyta rabiei), (Uromyces viciae-fabae), Vascular 
wilt (Fusarium oxysporum f. sp. Lentis), Botrytis graymold (Botrytis 
damage, cinerea), Sclerotinia stem rot (Sclerotinia sclerotiorum), Collar rot 
(Sclerotinia rolfsii). The major diseases of Mungbean are Leaf spot 
(Cercospora canescens), Anthracnose (Colletotrichum lindenuthianum), 
Yellow Mosaic virus, Web blight, Choanephora pod rot, Bacterial blight, 
Hollow blight and Seedling blight (Khan and Anwar, 2016).

Sri Lanka

The major constraints impacting on productivity of pulses were identified as 
limited use of high yielding varieties and fertilizer, use of poor quality seed, 
poor adoption of recommended

agronomic practices, poor use of inputs, high incidence of pest and diseases, 
high risk associated with rainfed farming and high cost of production inputs 
such as labour. Mungbean yellow mosaic virus, rust, powdery mildew is the 
major diseases of mungbean whereas collar-rot incited by Sclerotium rolfsii 
is one of the most important diseases of cowpeas. It reduces crop yield over 
40-50 percent. Collar-rot is a soil borne disease and S. rolfsii has been found 
to persist in soil or infected debris for several years. Identification of 
resistant/high tolerant pulse crop lines for major diseases is continuing. 
Productivity constraints of diseases in the field and storage conditions are 
perceived as being very important. So far no resistant/high tolerant varieties 
are recommended and released for the very serious stored pest (Bruchids) in 
cowpeas (Perera et al., 2016).

Lentil diseases

Lentil plants are affected by a wide range of pathogens with fungal disease 
being the most important. These decrease productivity through infection 
and damage to leaves, stems, roots and pods, and reduces marketability by 
causing discoloration of seed. Lentil suffers from a total of 17 diseases of 
which 12 caused by fungi, 2 nematode and 3 by virus/mycoplasmas (Table 
1). The major diseases that are found in all lentil growing regions of Bangla-
desh viz. stemphylium blight (Stemphylium sarciniformis/botryosum), foot 
rot (Sclerotium rolfsii), wilt (Fusarium oxysporum f.sp. lentils) and rust 
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(Uromycess fabae). These major diseases are prevalent in almost all lentil-
growing areas of Bangladesh and occurred frequently. The farmers had to 
abstain from lentil cultivation because of high yield loss due to these 
diseases. It has been reported that seed yield can be dropped up to 88% by 
stemphylium blight, 44% by foot rot, 25-95% by wilt and 34% by rust and 
their distribution is almost uniform throughout the country (Bakr, 1991).

Table 1. List of lentil diseases 

Stemphylium blight of lentil

Stemphylium blight of lentil is caused by the pathogen Stemphylium 
sarciniformis/botryosum. The disease has been reported on lentil from 
Bangladesh (Bakr and Zahid, 1986) which has the potential to cause yield 
losses of up to 62% under conducive conditions (Bakr, 1993).

Favourable condition: Important sources of Stemphylium inoculum 
include infected crop debris and infected seed. Infected crop debris can be a 
source of primary inoculum in the form of airborne ascospores or as resting 
mycelium. It is also known to be carried on but the significance of seed 
borne inoculum on disease initiation in lentil is not clearly understood. Bakr 

Pulses for sustainable Food 103



(1993) has reported that the pathogen commences infection when the ambi-
ent night temperature remains above 8oC; and the mean day temperature 
exceeds 22oC as well as the RH inside the canopy must also reach 94%. 

Symptoms: Symptoms of Stemphylium blight start with the appearance of 
small pin-header light brown to tan coloured spots on leaflets. Under ideal 
conditions to small spots enlarge rapidly covering the entire leaflet surface 
within a 2-3 day period. The infected tissue appears light cream in colour, 
often with angular patterns of lighter and darker areas that spread across, the 
entire leaflet. The affected foliage and stems gradually turn dull yellow, 
giving a blighted appearance to the crop (Bakr, 1993). The infected leaves 
can be abscised rapidly, leaving only the terminal leaflets on the stems. The 
stems bend down, dry and gradually turn ashy white, but pods remain green. 
White mycelial growth can sometimes be seen on the infected stems (Bakr. 
1993).

 

Management: There is little information available regarding cultural 
control methods for Stemphylium blight disease in lentil. The proposed 
strategies are mentioned below:

• Being stubble-borne disease strategies such as destruction of old crop 
residues, and crop rotation would assist in decreasing potential inocu-
lum sources. 

• The most economical and sustainable strategies to control Stemphy-
lium blight are through use of resistant/tolerant variety (BARI 
Masur-4, BARI Msaur-5, BARI Masur-6, BARI Masur-7 and BARI 
Masur-8. 

• Disease incidence was found significantly higher on mid-November 
sowing yet the grain yield was also significantly higher. Delay sowing 
reduces the incidence of Stemphylium blight disease of lentil but it 

Figure 1: Stemphylium blight disease symptom of lentil
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reduces the pod setting and lowering the grain yield significantly.

• Application of Rovral (Iprodion) 50 WP (0.2%) or Secure 600 WG 
(Fenamidone + Mancozb) perform better to control the disease effec-
tively when sprayed 3 times at an interval of 10 days starting from the 
initiation of the disease (Bakr et al., 2000 & Haque and Kamal, 2008).

• Integrated Disease Management includes the use of healthy seed and 
Secure 600 WG spray with wider spacing (40 cm) performed signifi-
cantly higher yield through lower disease incidence. 

Foot rot of lentil

Foot rot disease caused by Sclerotium rolfsii Shich. was first recorded by 
Ishaque and Talukdar (1974). The disease causes up to 44.40% yield reduction. 

Favourable condition: Sclerotium rolfsii is facultative saprophyte patho-
gen. It survives well in soils in presence of sufficient organic matter. The 
disease is favoured by high soil moisture with high temperature and good 
sunshine after rains. Seedlings are highly susceptible to the pathogen. The 
disease become severe if the stubble, particularly the paddy stable of the 
previous crops is left in the field. 

Symptoms: Foot rot occurs in the field as patches of dead plants, most often 
at the seedling stage. The pathogen attacks the collar region of the plant 
causing slight yellows brown discoloration and rotting of the tissue. The 
young seedling shows damping off symptom. The infected crop become 
chlorotic, quickly dies and dries up. The pathogens are soil borne and 
incidence of the disease has been observed to be higher in soil with initially 
high moisture content. 

Figure 2: Foot and root rot disease infected field of lentil
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Management: Management for control of foot rot diseases in lentil often 
seems confusing, contradictory and almost impossible with any single crop-
ping system. To help lentil producers through improving control strategy of 
the foot rot disease problem, pulse pathologists of PRC has outlined the 
following management strategies:

• Use of tolerant variety (BARI Masur-5, BARI Masur-6, BARI masur-7 
and BARI Masur-8).

• Seed treatment with Provax-200 @ 0.25% w/w of dry seed.

• Changing the seeding date and tillage method was found effective to 
reduce the impact of diseases. Optimum sowing at the beginning of 
November found better throughout the country.

• Soil treatment with Trichoderma spp. and/or Rhizobium spp. inoculum 
@ 210 g/ha showed better results against foot and root rot.

Wilt disease of lentil

Fusarium wilt of lentil caused by Fusarium oxysporum f. sp. lentils is an 
important disease reported in every-continent where lentil is grown. Wilt 
disease was first recorded in Bangladesh by Fakir and Bakr in 1978. The 
disease is able to cause 25-95 yield reduction. The disease may cause com-
plete crop failure under favorable conditions, and considered as the major 
limiting factor for lentil cultivation in certain areas. 

Favourable condition: Fusarium wilt favoured in soils with a high propor-
tion of sand, 25% of soil moisture, pH of 7.5-8.0 and a temperature range of 
17-30oC. It occurs near of at reproductive stages (flowering to pod filling) of 
crop growth (Bakr, 1991).

Symptoms: Symptoms include wilting of top leaves that resemble water 
deficiency, stunting of plants, shrinking and curling of leaves from the lower 
part of the plants that progressively move up the stems of the infected plant. 
Plants finally become completely yellow and die. Root symptoms include 
reduced growth with marked brown, tap root tips that are damaged and 
proliferation of secondary roots above the area of tap root injury. Fusarium 
oxysporum, f. sp. of lentils survives in the soils, but also has been found 
associated with the seeds.

Management of wilt: This disease could be addressed by the following 
ways:

• Use of tolerant varieties (BARI Masur-5, BARI Masur-6 and MARI 
Masur-7 and BARI Masur-8) with shorter roots, having fewer second-
ary roots.
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• Cultural control includes the delay sowing which reduced seedling 
mortality. 

• Seed treatment with Provax-200 @ 0.25% w/w of dry seed.

Rust disease of lentil

Rust, caused by Uromyces fabae is regarded as one of the most important 
foliar disease of lentil (Erskine et al., 1994). Rust disease was first recorded 
by Talukdar (1974) in Bangladesh. Rust can cause up to 34.40% yield 
reduction. 

Favourable condition: Lentil rust occurs mostly from the middle of Janu-
ary to February in the form of pycnidia and aecia in Bangladesh. High 
humidity, cloudy weather, and slightly above average high temperature 
(20+2oC) are congenial for disease development (Bakr and Rashid, 2007). 
The disease generally starts from low-lying patches in the field and radiates 
towards the border. Uredospore develops late of the season and rapidly turns 
to telia. Teliospores germinate at 17-22oC without a resting period and cause 
outbreaks of the disease. 

 

Symptoms: Rust starts with the formation of yellowish-white pycnidia and 
aecial cups on the lower surface of leaflets and on pods, singly or in small 
groups in a circular form (Agrawal et al., 1993). Later, brown uredial 
pustules emerge on either surface of leaflets, stem and pods. Pustules are 
oval to circular and up to 1 mm in diameter. They may coalesce to form 

Figure 3: Rust disease symptom of lentil
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larger pustules (Bayaa and Erskine, 1998). The telia, which are formed late 
in the season, are dark brown to black, elongated and present mainly on 
branches and stems. In severe infections leaves are shed and plants dry 
prematurely (Bakr, 1993), the affected plant dries without forming any 
seeds in pods or with small shriveled seeds. The plant has a dark brown to 
blackish appearance, visible in affected patches of the paddock or in the 
whole paddock if totally infected (Beniwal et al., 1993). 

Management of rust: This disease could be addressed by the following 
ways:

• Use of tolerant variety (BARI Masur-5, BARI Masur-6 and BARI 
Masur-7).

• In the northern districts of Bangladesh, the diseases occur at the end 
of February. The disease can be avoided by selecting early maturing 
varieties like BARI Masur-1 as well as by adjusting sowing date i.e. 
by the first week of November in the northern and last week of Octo-
ber in the southern parts of the country.

• Seed treatment with Provax-200 @ 0.25% w/w of dry seed as well as 
protective foliar spray with Tilt (Propiconazol) 250 EC (0.05%) 
performed well protection.

• Integrated Disease Management includes use of healthy seed + toler-
ant variety + seed treatment + Tilt spray + wider spacing (40 cm).

Chickpea diseases 

Chickpea suffers from 15 diseases of which four diseases namely, botrytis 
gray mold (BGM), root rot, wilt and collar rot are major ones (Table 2). 
BGM, collar rot and wilt may cause up to 90%, 84% and 62% yield loss, 
respectively. All the diseases are wide spread over the chickpea growing 
zones, except the Barind tract where BGM infestation is less due to dry 
weather. 

Table 2. List of chickpea diseases 
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Botrytis Gray Mold disease of chickpea

Botrytis Gray Mold (BGM) disease is caused by Botrytis cinerea, was first 
recorded by Ahmed et al. (1981). BGM can cause up to 90% yield loss 
(Bakr and Rashid, 2007).

Favorable condition: The fungus survives up to 5 years on the seed if 
stored at 18oC. The viability of the fungus on seed is influenced by relative 
humidity. High relative humidity (95%) with temperature between 20-25oC 
for several hours during the day and a dense canopy were most favorable for 
infection and rapid spread of the disease. Excessive vegetative growth due 
to too much irrigation or rain, close spacing and varieties that have a dense 
canopy favors disease development. 

 

Figure 3: Botrytis Gray Mold disease of chickpea

Symptoms: The fungus forms grey or brown to light brown lesions on the 
leaflets, branches and pods. The infected portion is covered with erect hairy 
sporophores giving a mouldy appearance. The growing twigs and flowers 
are particularly susceptible to infection. Lesions on stem are 10-30 mm long 
and girdled the stem completely. Tender branches break off at the point 
where the grey mould has caused rotting. Affected leaves and flowers turn 
into a rotting mass. Lesions of the pod are water-soaked and irregular. On 
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infected plants, the pods contain either small, shriveled seeds or no seeds at 
all. Grayish white mycelium might be seen on the infected seed. The dense 
canopy of plant leads to excess soil moisture conservation and association 
with high nitrogenous fertilizer aided disease development quicker and 
turns the plant grayish. 

Management of BGM: This disease could be addressed by the following 
ways:

• Use of tolerant cultivar (BARI Chola-5 & BARI Chola-9).

• Foliar application of a fungicide such as Bavistin 50 WP 
(Carbendazim 50%), Secure 600 WG (Fenamidone + Mancozeb) can 
also effectively reduce BGM development.

• Seed treatment with Provax-200 @ 0.25% w/w of dry seed gave good 
protection against BGM disease in Bangladesh.

Foot rot 

Foot rot disease caused by Sclerotium rolfsii was first recorded by Ahmed et 
al. (1981). Foot rot/collar rot caused up to 84% yield loss. 

Favorable condition: The disease is favored by high soil moisture with 
high temperature (28-30oC). 

Symptoms: The fungus attacks the host at the collar region at soil level and 
white fungal mycelia are visible with some chickpea seed like sclerotia at 
the base of the infected plants adjacent to soil. Infected plants turn slightly 
yellow followed by death and drying. Affected young seedling may collapse 
and older seedling may dry without collapsing.

Management: This disease could be addressed by the following ways: 

• Seed treatment with Provax-200 @ 2.5 g/kg seed.

• BAU Bio-fungicide alone or in combination with BINA bio-fertilizer 
reduced incidence of the disease.

Mungbean Diseases 

Among the pulses grown in Bangladesh, mungbean ranks second in area (1.42 
lakh ha) and production (1.16 lakh to) and makes a significant contribution 
(2% of total pulses) to the food and nutrition security of the people, particu-
larly the vegetarians. Mungbean suffers from 20 diseases where 12 caused by 
fungi, 2 nematode, 5 virus/mycoplasma and 1 bacterial disease (Table 3). 
Yellow Mosaic, cercospora leaf spot and powdery mildew are the major ones. 
Recent investigation revealed that sclerotinia blight is also appearing as a 
major disease. These are evenly distributed all over the growing zones. 
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Table 3. List of mungbean diseases 

Blackgram Diseases

Out of 23 diseases recorded in blackgram, 19 caused by fungi, 2 nematode, 
and 2 virus/ mycoplasma diseases (Table 4). Yellow mosaic, Cercospora leaf 
spot and powdery mildew are considered as major diseases. 

Table 4. List of blackgram diseases 
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Yellow Mosaic Virus (YMV)

Yellow mosaic virus (YMV), a white fly-transmitted geminivirus, causes 
YMV disease in mungbean and blackgram which is one of the most devas-
tating diseases in tropical and subtropical Asia, particularly in Bangladesh. 
YMV was first reported by Nariani (1960) from India and confirmed and 
studies elaborately by Nene (1973). YMV can cause up to 67-100% yield 
reduction. The extent of damage have been studies and found that the 
susceptible blackgram varieties infected within the first three weeks after 
sowing resulted in no yield. Infection at 4 weeks results a loss of 85%; 5 
weeks 60&; 6 weeks 38%; 7 weeks 20% and 8 weeks no loss (Yang, 1987). 

Symptom: YMV causes irregular yellow and green patches in older leaves 
and complete yellowing in young of susceptible variety. Affected plants 
produced fewer flowers and pods. Pods often develop mottling, remain 
small and contain fewer and smaller seeds. In blackgram two symptoms 
“yellow mottle” and “necrotic mottle” can be distinguished. 

 

 

Figure 4: Yellow mosaic symptom of mungbean

Disease transmission: The YMV is transmitted through an insect vector 
white fly (Bemisia tabaci) in a circulatory manner. It is also graft transmissi-
ble. The MYMV-vector relationship was thoroughly studies by Nene 
(1973). The minimum acquisition-feeding period for white fly using suscep-
tible blackgram variety was 15 minutes. The minimum inoculation period 
was 10 minutes. It took 4 hr. for a white fly after it was allowed by acquisi-
tion feeding to transmit the virus successfully. Starvation prior to acquisition 
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feeding increased the efficiency of transmission. The white fly could trans-
mit the virus in 100% of the plants inoculated. 

Management of YMV: This disease could be addressed by the following 
ways:

• The most economic and sustainable strategies to control YMV are 
through use of resistant/tolerant variety (BARI Mung-5 and BARI 
Mung-6) along with cultural practices includes rouging of virus 
infected plant and alternate hosts. Adjustment of sowing date is an 
essential approach in reducing the incidence of YMV through escap-
ing the disease.

• Foliar sprays with Admire 200 SL (Imidachlorpid) @ 0.25 ml/litre, 2 
to 3 times at 7-10 days interval at the first sign of disease have given 
fair to good control when continued to harvest (Kamal et al., 2009). 
Thorough coverage of the plants is required. 

Cercospora Leaf Spot

Cercospora leaf spot (CLS) caused by Cercospora cruenta is one of the 
major diseases of mungbean and black gram. It can cause yield losses of up 
to 58%. More than one spices of pathogen is involved (C. cansecens, C. 
cruents, C. kikuchii and C. caracallae). Cercospora cruenta is most 
frequently reported all over the country. 

Symptom: The disease is recognized by the appearance of leaf spots that 
are circular to leaf spots that are circular to irregular shape with grayish 
white centers and reddish brown to dark brown margins. The initial symp-
toms of the disease appear as water soaked spots on leaves. As spots become 
older they turn reddish or brown around the circumference with grey or 
white centers. Many spots may coalesce together causing an enlarged dead 
area on the infected leaves. Heavy infection of cercospora can cause mung-
bean plant prematurely drying and defoliation. 
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Figure 5: Cercospora leaf spot symptom of mungbean

Management of Cercospora leaf spot: This disease could be addressed by 
the following ways:

1. Use of resistant/tolerant variety (BARI Mung-6 and BARI Mash-3)

2. Crop debris of virus infected plant, alternate hosts and weed hosts 
should be removed at the time of planting. 

3. Systemic fungicide Bavistin 70 WP (Carbendazim) at 2 g/L was found 
effective to control the disease.

Powdery Mildew

Powdery mildew caused by Erysiphe polygoni is a major disease to both 
mungbean and blackgram. In Bangladesh, the disease is serous mostly 
during the late summer (Kharif-II). Losses estimated 42% in Kharif-II and 
17% in Kharif-I. The pathogen has many physiological races. 

Symptom: The disease appears first on leaves as powdery masses, which 
later turn dirty white. Symptoms appear on pods, stems and branches. Pow-
dery mildew occurs under cool temperature (20-26oC) and is favored by 
cloudy weather. It can cause up to 40% yield loss. In the early stage the 
disease appears as light yellowish irregular spots on leaves which turn 
brown quickly. A powdery mass grows over the spots covering the entire 
leaf surface.
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Management of powdery mildew: This disease could be addressed by the 
following ways:

• Planting of resistant/tolerant cultivars (BARI Mung-6 and BARI 
mash-3).

• Mid-September sowing is suitable for avoiding the disease. Foliar 
spray (2-3 times) with Tilt 250 EC (0.1%) or Thiovit 80 WP (0.2%) 
at 12-15 days interval.

Leaf rot disease

Leaf rot disease is caused by Sclerotinia sclerotiorum. The pathogen 
remains in the soil and survives in the form of sclerotia. The sclerotia are 
formed on the infected leaves. Under favourable weather conditions the 
sclerotia are germinated carpogenically forming ascospores in apothecia. 
The mature apothecia eject spores in the microclimate and the ascospores 
are the source of infection to the crop. 

Management of leaf rot: This disease could be addressed by the following 
ways:

• Sanitary measures should be applied to restrict the multiplication of the 
disease causing propagules

• The crop residues particularly the infected plant debris should be 
removed from the field before the sclerotia are fully matured. 
Integrated application of mustard oil cake, poultry litter in soil follow-
ing foliar spray of Tilt 250 EC significantly reduced the incidence of 
leaf rot. 

Insect Pests of Different Pulse Crops and their Management

There are many constraints to pulses cultivation and of them insect pests are 
considered as the important ones. Among key insect-pests, pod borer, pod 
fly, whitefly, jassids hairy caterpillar, tobacco caterpillar, Semilooper, army 
worm and thrips in dry beans cause severe damage to the respective crops. 
Pod borer (Helicoverpa armigera) infestation occurs every year throughout 
the growing season. In storage, bruchids can cause severe losses. About 36 
insect pests attacking different pulse crops and causes a considerable loss 
(Table 5). Among these insect pests, fourteen insects were most damaging in 
the field and two in the store (Sarkar et al., 2006). 
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Table 5. A list of important insect pest of pulse crops with nature of damage 
and status in South East Asia. 
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Chickpea

Eleven species of insect pests have been recorded on chickpea. Pod borer 
(Helicoverpaarmigera Hubner.) is a major and most serious in most of the 
chickpea growing areas (Begum et al., 1992). A countrywide survey 
indicated that an average of 30 to 40 per cent pods was found to be damaged 
by pod borer with 400 kg/ha grain loss (Rahman, 1990). However, in favour-
able condition pod borer may cause 90-95 per cent pod damage (Shengal 
and Ujagir, 1990; Sachan and Katti, 1994). Many research works on 
bio-ecology, monitoring, screening of genotypes, manipulation of agro-
nomic practices (like deviating the dates of sowing, intercropping) and 
synthetic and bio-pesticidal control of this pest has been done. Hossain et 
al., 2007 reported that female moths of pod borer laid 680-1620 eggs singly 
or 2-6 eggs in a cluster at night during 3.45 days of oviposition period. The 
larva passed through six instars. A period of 10-15 and 9-14 days were 
required to complete larval and pupal stages. The male and female com-
pleted its life span (egg to death of adult) between 28-33 and 29-36 days, 
respectively. Population of pod borer in the chick pea field started between 
3rd weeks of January to 2nd week of February. Infestations then gradually 
increase and reached its peak in the month of April then again decreased 
gradually. No pod borer population was recorded from last week of July to 
December (Hossain, 2008). A good number of introduced lines with local 
check were screened under natural condition to identify the tolerant geno-
types against pod borer. The introduced advance line ICCV-95138 screened 
as best considering resistance to pod borer and yield (Hossain, 2009), later 
on that line was released as BARI chola 9. 

Figure 6: Nature of pod damage of Helicoverpa in chickpea

It was observed in a field trial that the optimum date of sowing of chickpea 
ranged from November 08 to November 30 and the best date of sowing is 
November 15 for ensuring higher yield with less pod borer damage (Hossain 
et al., 2008). Study revealed that pods morphological traits, viz. pods 
trichome length and density, pod wall thickness, pod length, breadth and 
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area showed negative correlation to pod borer damage in chickpea (Hossain 
et al., 2008). Pod damage by H. armigera can be reduced from 44.74% to 
60.41% if intercropping of chickpea can be done with companion crops like 
coriander, linseed, mustard, wheat and safflower (Hossain, 2003; Hossain et 
al., 2007). On the other hand it was reported from a study that synthetic 
insecticides (cypermethrin, dimethoate and carbaryl), botanicals (neem oil 
and tobacco leaf extract) and biopesticides (Helicoverpa Nuclear Polyhe-
drosis Virus) found effective in reducing pod borer damage (Hossain, 2007). 
It seems that in case of single spraying it should be sprayed Cypermethrin 
(@ 1 ml/l) at 50% podding stage and in case of double spraying first spray 
should be at 50% podding stage and second during 100% podding stage 
(Hossain and Ferdous, 2007). To protect chickpea against pod borer differ-
ent IPM module was evaluated and found chickpea sown on 15 November 
and first spraying with HNPV@ 500 LE/ha just at 100% podding stage and 
second spray after 7 days interval with cypermethrin @ 1 ml/l, gave the best 
protection and ensuring higher yield and return (Hossain et al., 2010).

Lentil

In Bangladesh seven insect pests have so far been recorded on lentil. Of 
them, three are reported as major in the field and one in the store (Afzal et 
al., 1999). Out of these three major pests the aphid (Aphis craccivora Koch) 
is the most serious pest during vegetative to flowering phase while the pod 
borer (Helicoverpa armigera Hubner) during podding stage and bruchid 
(Callosobruchus chinensis, C. maculatus) in the store. Mia (1998) reported 
453 kg/ha grain can be lost due to aphid infestation in lentil. Several man-
agement techniques like spraying detergent, extracts of botanicals and 
synthetic insecticides were tested against aphid and all are found effective to 
manage the pest.

 

Figure 7: Aphid infested twigs of lentil
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Blackgram

Fourteen insect pests have been listed to infest blackgram in Bangladesh 
(Afzal et at., 1999). Out of them, three are major. These are stem fly 
(Ophiomyia phaseoli Tryon), hairy caterpillar (Spilosoma obliqua) and pod 
borer complex (Euchrysops cnejusFab.,Maruca testulalis Geyer, Helicov-
erpa armigera Hubner).  In a medium level of infestation, hairy caterpillar 
can cause grain loss of 185 to 650 kg/ha (Bakr, 1998). Removal of infested 
leaves with aggregated 1st and 2nd instar tiny larvae and destroyed them 
mechanically found effective to manage the pest. On the other hand the 
insect can be controlled effectively by spraying contact insecticides. The 
stem fly, Ophiomyia phaseoli (Tryon) is another major pest of blackgram in 
Bangladesh (Rahman, 1991; Mia, 1998; Prodhan et al., 2000). At severe 
infestation cent percent plants found infested by the stem fly (Prodhan et al., 
2000). Several research works has been carried out to manage the pest and 
developed some technologies. Intercropping of companion crops like maize, 
brinjal and groundnut in blackgram was evaluated and significant reduction 
of stem fly infestation in blackgram happened (Prodhan et al., 2007). 
Several integrated management approach was studied and seed treatment 
with carbofuran (Furadan 5G) @ 40 g/kg followed by foliar application of 
Dimethoate @ 2 ml/l at 30 days after sowing found effective and economic 
tool for stem fly management (Prodhan et al., 2008).

 

Figure 8: Flea beetles damaged leaves of blackgram

Mungbean

Mungbean has become a very popular and profitable pulse crop in Bangla-
desh. More than twelve species of insect pests were found to infest mung-
bean in Bangladesh (Anonymous 1998), among them stem fly, Ophiomyia 
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phaseoli Tryon (Lal, 1985, Rahman, 1987), aphid, Aphis craccivora Koch 
and whitefly, Bemisia tabaci(Rahman et al,. 1981), thrips, Megalurothrips 
distalis (Rahman et al., 1981, Hossain et al., 2004), hairy caterpillar, Spilo-
soma obliqua (Rahman et al., 1981) and pod borers (Euchrysops cnejus 
Fab., Maruca testulalis Geyer, Helicoverpa armigera Hubner) (Rahman et 
al., 1981; Hossain et al., 2004) are the important ones. Stem fly infestation 
on mungbean varies 50 to 100% over space and time depending on weather 
conditions (Hossain et al., 2009). It is reported that yield reduction ranging 
from 30-70% may occur due to thrips and stem fly attack and 30 to 40% by 
pod borer (Shah et al., 2009). Thrips has become the most serious pest of 
mungbean. It is associated mostly with the damage of tender buds and 
flower of mungbean (Lal, 1985). Extensive damage of thrips resulted flower 
shedding causing significant yield loss. Pod borer is another cause of 
significant yield reduction. Pod borer damages flower, flower bud and 
developing pods. This pest could damage up to 14.33% pod and grain loss 
of 136 kg/ha (Anonymous, 1998). Various research works like changing the 
sowing dates, use of sticky traps and other synthetic insecticide/ 
bio-pesticide based management approaches has been studied to manage the 
insect pests. 

 

Figure 9: Aphid infested pods of mungbean

Field trials were conducted by changing the dates of sowing for finding out 
optimum sowing dates. Research findings indicated that optimum date of 
sowing for mungbean in north-western region should be mid-March to end 
of March with less insect pest infestation and higher yield (Hossain et al., 
2009). Several insecticides and botanicals were evaluated against insect 
pests specially thrips and pod borer. Results revealed double spraying 
Imidachloprid (Imitaf 20 SL) @ 0.5 ml/l first spray at peak flowering + 
100% podding stage (at 40 days after sowing) and second spray at peak 
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podding + pod developing stage (at 47 days after sowing) effectively and 
economically control the thrips and pod borers in mungbean (Hossain, 
2011). Botanicals like neem seed and tobacco leaf extracts showed the 
effectiveness in controlling those pests but not effective as insecticides.

Stored Pulses Pest

Bruchid (Callosobruchus chinensis, C. maculatus) is one of the most dam-
aging storage insects of lentil, chickpea, mungbean, blackgram and also 
other pulses. Pulse seeds may contain some or all of the four stages, i.e. 
eggs, larvae, pupae and adults of Callosobruchus sp. Female lay eggs on the 
seeds. The eggs are hatched and larvae come out and bore the seeds and 
entered inside and start eating the seeds. In case of severe infestation seeds 
turned into powder.

Several research works has been done to protect the pulse seeds from 
bruchid infestation. The following steps should be taken to control the 
bruchid infestation: Seed should be well dried (moisture <9%) and stored in 
airtight containers. Dried neem leaves, tobacco leaves mixed with stored 
pulses gave protection against storage beetle. For keeping small quantity 
seed, mixing of coconut oil or mustard oil @ 5 ml/kg seed prevented the 
development of adult population for at least five months. Application of 
neem oil @ 8 ml/kg seed found most economic concentration causing com-
plete mortality and inhibiting oviposition by adults of C. chinensis. Large 
quantities seeds can be fumigated with phostoxin tablets @ 5-6 tablets/ton 
seeds for long time preservation.

 Integrated pest management (IPM) is an approach that uses a combination 
of biological, cultural and chemical control methods to reduce insect pest 
populations. A key aim of IPM is to reduce reliance on insecticides as the 
sole and primary means of pest control. IPM can improve growers' profit-
ability while reducing environmental damage and limiting the risk of 
on-farm pesticide exposure.

Table 6.Integrated management of some major insect pests of pulse crops
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Future Research Thrust

Climate changes will probable influence on the occurrence, prevalence and 
severity of pulse diseases and pest infestation. This will also affect manage-
ment with regard to timing, preference and efficacy of chemical, physical 
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and biological measures of control and their utilization within integrated 
pest management (IPM) strategies. Prediction of future requirements in 
disease and pest management is a great interest for agro industries, exten-
sion services and practical farmers. A comprehensive analysis of potential 
climate-change effects on disease and pest control is difficult because 
current knowledge is limited and fragmented. Previous research revealed 
that certain existing preventive plant protection measures as well as molecu-
lar approach is crucial to combat the pulse diseases and insects, such as:

• Use of a diversity of crop species in cropping systems, adjustment of 
sowing or planting dates, use of cultivars with superior resistance 
and/or tolerance to diseases. 

• Use of reliable tools to forecast disease epidemics, application of IPM 
strategies, and effective quarantine systems, may become particularly 
important in the future. 

• Study of molecular genetics of plant pathogenic fungi, bacteria and 
viruses; genetic transformation; chromosome structure; tissue culture 
of legumes; protoplast generation and fusion; cell and plant generated 
somaclonal variation; evaluation of the variation at the molecular level; 
and characterization of the induced variation in regenerated plants. 

• Gene expression during the plant disease resistance response is also 
needs to be considered at both the transcriptional and translational 
levels. 

• Efforts should be given to develop pod borer resistant chickpea varie-
ties. Hence, breeding programs should be undertaken to improve 
morphological traits as to developed resistance varieties against pod 
borer. 

• Bio-rational based techniques, viz. pheromone and biological control 
techniques should be strengthened and available to the farmers. 

• The new insecticides with low dose and less environmental pollution 
should be evaluated against pod borer complex as to make instant 
solution of those devastating pests. 

• Priority should be given to conduct research work on insect pest prob-
lems of mungbean specially stem fly, thrips and pod borer complex. 

• To build up capacity and developing skill of plant pathologists and 
entomologists through short and long term training in international 
research organizations. 

• Available diseases and insect pest’s management technologies should 
be disseminated to the farmers through leaflets, booklets and training 
programs.
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However, effective crop protection technologies are needed which will 
provide appropriate tools to adapt to altered climatic conditions, although 
the complexity of plant diseases and insect pests for future risks for manage-
ment may be considerable, particularly if new genotypes are introduced in 
an area. A research orientation that better balances the needs of Bangladesh 
or sustainability oriented agriculture with the breakthrough technologies of 
genomics and bioinformatics is needed. It requires stronger and more 
adventurous breeding programs, better use of marker-assisted technologies, 
and emphasis on disease resistance, enhanced N fixation, and tolerance to 
edaphic soil constraints. Overall, the challenge of adapting disease and 
insect control measures to climate change is not likely to be fundamentally 
different from the adjustments to technological innovations or changes in 
the economic framework already required in current crop protection.

Conclusion

Disease and insect pest causes serious yield loss of pulse crops in South East 
Asia. Climate change could also affect occurrence of diseases and insect-
pests. Severity of some of these biotic stresses may increase, such as dry 
root rot and collar rot in chickpeas and lentils, and new insect-pests and 
diseases may emerge. Thus, tolerance to these stresses must be an integral 
activity in the development of climate smart varieties. Furthermore, strong 
forecasting and forewarning modules are necessary to predict the incidence 
of these pests well in advance. So, awareness development to the farmers on 
disease and insect pest identification and control measures are most neces-
sary to reduce yield loss. Integrated control measures like, host resistant, 
cultural and chemical control measures and bio-control approaches should 
be taken for proper management of pulse diseases and insect pests. It is most 
important to strengthened advanced research on development of disease and 
pest resistant pulse varieties for major growing areas of the country. More 
emphasis should be given on manpower development and collaborative 
research with National and International Organizations on pulse crops 
improvement and disease and pest management. 
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Introduction

The vast majority of population in South Asia lives in rural areas and 
agriculture is the main stay of their livelihood. Balance diet in the region is 
one of the major constraint especially protein which is very essential for 
maintaining health and vigour of the people. Pulses are the most important 
source of protein and contain about 20-25 % protein and can help in provid-
ing the essential nitrogenous constituents of the human food (Wang et al., 
2003). Beside proteins, these are also an important source of 15 essential 
minerals required by man. In addition pulses are relatively cheap and can 
provide nutritional security.  But in the region food legumes come next to 
wheat and rice in importance as staple food crops. These are considered as 
poor-income crops and are being grown on marginal and non-productive 
lands which are not suitable for growing most other crops. As a result pulse 
crops lost their competitive edge for cultivation as a commercial crop due to 
low productivity and capacity of the marginal land farmers. 

The major food legume crops grown in South Asian countries are gram 
(Cicer arietinum), pigeon pea (Cajanus cajan), lentil (Lens culinaris), 
mungbean (Vigna radiata), black gram (Vigna mungo), pea (Pisum sativum) 
and lathyrus (Lathyrus sativus). All the major pulses are grown in rainfed 
agriculture system. Generally winter pulses are the major food legumes 
grown in most of the SAARC countries while summer pulses are usually 
grown as intercrop or alley crop. Major pulse crops differ depending upon 
climate, food habit, input availability, farming system and market value of 
each country. The most common pulses in Afghanistan are gram, lentil and 
mungbean. Lathyrus, lentil, mashbean, mungbean and felon are grown in 
Bangladesh (Alam, 2016). In Bhutan rajmabean, mungbean, mashbean, 
lentils and soybean are widely grown (Wangdi1 and Dorji, 2016). Most 
important pulse crops of India are gram, lentil, field peas, pigeonpea, mung-
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bean, mashbean, lathyrus and cowpea (Singh, 2016). While in Maldives 
mungbean, mashbean and cowpeas are mainly grown (FAO Stat, 2016). In 
Nepal lentil, gram, lathyrus, soybean, mashbean, pigeon pea and horsegram 
are grown (Gadal, 2016). Four major pulse crops, i.e. gram, lentil, mung-
bean and mashbean are grown in Pakistan (Khan and Anwar, 2016). Pulses 
such as mungbean, cowpea, soybean and lentil occupy a prominent place in 
crop commodities of Sri Lanka (Perera et. al., 2016). Pulses or grain 
legumes have played and will continue to play a diverse role in the South 
Asian farming system. These are cultivated as a food crop for direct 
consumption as grain, green pod and leaves, as a cash crop for sale, as a 
fodder crop for livestock and as a rotation crop to enhance soil fertility.

In SAARC countries pulses are grown on an area of about 8.6 million 
hectare with total production and average yield of about 7.76 million tonnes 
and 906 kilogram per hectare respectively (Table-1). India is the largest 
pulses producer and pulse crops are grown on area of about 3 million 
hectares with a total production of about 2 million tons. However average 
yield per hectare (654 kg) of pulse cops are the lowest in India among 
SAARC countries. While the highest average yields per hectare (1298 kg) is 
harvested in Sri Lanka. Lentil is the major crop in terms of area in Nepal 
(70%) and Bangladesh (33%) of total pulse area (Gadal, 2016, Alam, 2016). 
The area under pulses in Nepal is 0.29 million hectare with total production 
of 0.31 million tonnes and average yield 1062 kg per hectare. In Bangladesh 
total area under pulses is about 0.27 million hectares with a total production 
of 0.26 million tonnes and realized productivity is less than one tonne per 
hectare. Gram is the major winter food legume and mungbean is the major 
summer legume in Pakistan (Khan and Anwar, 2016). Gram occupies 76% 
of the total pulses area with 73% contribution to the total production and 
mungbean occupies 12% of total pulses area contributing 14% to the total 
pulses production. The average yield per hectare of pulses in the country is 
721 kilogram. 

Table 1. Area, production and yield of pulses in SAARC countries (2014).

FAO Stat (2016)
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Cereal and pulses are the main staple food in the region. Per hectare yield of 
main cereal and legume in all the countries is lower than world average and 
growth rate in productivity is also low. The annual growth in productivity of 
pulses in SAARC countries shows an annual increase of 6.62% in Bhutan, 
2.46% in Nepal, 1.89% in Pakistan and 1.63% in Sri Lanka (Table 2). Bang-
ladesh and India experienced 1.07% and 0.62% annual growth rate of pulses 
respectively. Afghanistan and Sri Lanka harvested close to one tonne pulses 
from one hectare of land (Ramesh, 2010). For the same period the average 
annual growth rate of pulses of pulses in the world was 0.48%. In compari-
son the productivity of wheat in the region was highest in India, closely 
followed by Pakistan. These two countries harvested more than 2.6 tonne 
wheat from one hectare of area in comparison to pulses which is 604 in 
India and 662 kg/ha in Pakistan. Wheat productivity in other countries was 
much lower than these two countries. Productivity is directly related to the 
use of high yield inputs such as improved varieties and cultural practices. 
The low average yield of pulse crops is attributed largely to its cultivation 
under rainfed and monsoon dependent marginal areas where soil moisture 
and capacity of the farmers are the critical factors determining the produc-
tivity. The variation in rainfall also fluctuate production trends in pulses 
every year. 

The improvement in production of pulses in most SAARC countries with 
passage of time was not enough and large quantities are imported to meet 
the ever increasing gap between the domestic production and requirements. 
As was the case with grain cereals, a revolution is needed to stimulate a 
sustainable long-term growth in productivity and production of pulses. 
Realizing the importance of pulses in food security FAO has declared 2016 
as the International Year of Pulses (IYP) in order to drive the attention of 
policy makers to capitalize on opportunities for both vertical and horizontal 
expansion of pulses.

Table 2. Comparison in growth productivity (kg/ha) of wheat and pulses in 
SAARC countries (1991-93 and 2005-07).

Ramesh (2010)
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Challenges in Pulses Production 

Although South Asia is the largest producer and consumer of pulses in the 
world, none of these countries has achieved self-sufficiency in pulses. 
Because pulses production faces problems due its cultivation on marginal 
lands under rainfed condition, susceptibility to pest and diseases attack, lack 
of variety development and diversion of pulses area to more remunerative 
crops as and when irrigation facility become available. In addition socio-
economic, low landholding, knowhow, inadequate extension services, non-
availability of inputs, lack of improved seed production and dissemination 
mechanism, low adoption of improved package of production and climatic 
conditions of various ecologies, yield instability over years, weeds control 
and mechanization are other challenges in enhanced pulses production in 
SAARC countries. As a result the gap between potential yield and farmers’ 
yield is widening. 

Various biotic and abiotic factors significantly affect pulses production. 
Biotic factors are diseases, insects and weeds. In storage, bruchids can cause 
severe losses. The major abiotic factors affecting winter crop production are 
cold stress at flowering stage; drought or soil moisture deficits coupled with 
temperature during pod filling stage and micronutrient disorders. In summer 
pulse crops temperature stress and terminal drought are major abiotic 
factors. 

Biotic

Diseases and insect pests including stored grain pests are the major biotic 
constraints to pulses production in the region. Most common diseases of 
gram are Ascochyta blight (Ascochyta rabiei), Fusarium wilt (Fusariumoxy 
sporum f. sp. ciceris), Dry root rot (Rhizoctonia vataticola), Rust (Uronyces 
ciceris-arietini), Powdery mildew (Leveillula taurica), Alternaria blight 
(Alternaria sp.). In lentil attack of Ascochyta blight (Ascochyta rabiei), Rust 
(Uromyces viciae-fabae), Vascular wilt (Fusarium oxysporum f. sp. Lentis), 
Botrytis graymold (Botrytis cinerea), Sclerotinia stem rot (Sclerotinia 
sclerotiorum), Collar rot (Sclerotinia rolfsii) are common. In the region 
various diseases affecting production of mung and mashbean are Leaf spot 
(Cercospora canescens), Anthracnose (Colletotrichum lindenuthianum), 
Yellow Mosaic Virus (YMV) and Powdery Mildew.

Most common insect pests are pod borer (Helicoverpa armigera), semi-
looper (Autographa nigrisigna), root knot nematode, hairy caterpillar, white 
flies, tobacco caterpillar (Sopodoptra litura), army worm and sucking insect 
pests. Also severe damage is caused by bruchids (Callosobruchus chinenisis 
and C. maculates) to all pulses expect blackgram, which is attacked only by 
C. maculates. Fungal and insect pest infestations can damage grain and seed 
and cause loss to grain quality and viability of seed. 
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Weeds: Weeds are another notorious biotic constraint in pulses production. 
Pulses are generally poor competitor to weeds because of slow growth rate 
and limited leaf area development at early stages of the crop growth. Slow 
growth habit of pulses allows fast growing weeds to smoother the crop 
resulting in 10-80% yield reduction (Khan and Anwar, 2016). 

Abiotic

Low temperature, drought, frost damage, nutrient deficiency, salinity and 
excessive rains coupled with humidity at reproductive stage of the crop are 
the major causes affecting yield of food legume crop in the region.

Apart from the above mentioned factors the use of modern technologies of 
plant breeding remains the key to address the challenges faced in pulse crop 
production. The use of modern technologies will generate biotic and abiotic 
stress tolerant crops and can bring improvement in pulse seed quality. The 
availability of related wild species as a resistance source for development of 
varieties to resist biotic and abiotic stress is lacking in most of the breeding 
programmes in SAARC countries. Further climate smart practices, chemi-
cal weeds control and lack of adoption of Integrated Pest Management 
(IPM) modules are other barriers in yield losses and instability in pulses 
production. Another issue in pulses production is the value addition. Pulses 
are consumed whole or split. Only desi chickpea is usually consumed as 
flour because of its growing demand for gram flour.

Climate Change

It is predicted that climate change will cause heavy damage to the Region 
through increased temperature and changes in precipitation pattern. The 
majority of pulse growing countries like India, Pakistan, Bangladesh, Nepal, 
Bhutan are particularly vulnerable to the impacts of climate change due to 
their strategic geographical locations in the mid-north latitude nearer to the 
equator where maximum threshold temperature for tolerance of pulses has 
already reached 35ºC (Basu, 2016). As it is evident a further rise in tempera-
ture will adversely affect the productivity of pulses in these countries. The 
small landholding, water shortages and insufficient technical and financial 
means of most SAARC countries will make the adaptation to a changing 
climate further difficult (FAO, 2015). 

 

  

Weeds infestation in mungbean cropScreening of chickpea accession for Ascochyta blight
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Opportunities for Increasing Pulses Production

The present cropping intensity in the region restricts the scope of expansion 
in area of pulses. Therefore, the strategy for expansion of pulses cultivation 
should be based on increasing productivity through adoption of improved 
varieties and cultural practices and increasing area through introduction of 
new cropping patterns and utilization of fallow lands. This will be only 
possible in modernizing breeding programmes to develop and release 
suitable new varieties, organized quality seed production, implementation 
of the full recommended technology packages, and their rapid dissemina-
tion to farmers. Some potential solutions to face the challenges in productiv-
ity and production of pulses are summarized below. The implementation of 
these strategies will significantly improve pulses productivity and produc-
tion in the region.

Acquisition and evaluation of germplasm: The enrich gene resources for 
traits dealing with biotic and abiotic stresses in varieties development will 
play main role in SAARC countries. Exploration and evaluation of germ-
plasms of local and wild species should be given priority to strengthen 
breeding programmes. The available germplasm at agricultural research 
institutes should be evaluated and genes identified to develop suitable varie-
ties for combating future challenges faced in pulses production. For exam-
ple in the germplasm variation in iron and zinc content can be exploited for 
developing high iron and zinc varieties to consume higher amount of protein 
and other nutrients from the same amount of pulses. Evaluation and identifi-
cation of germplasm of cultivated and wild species of high levels of resist-
ance to pod borer is another opportunity to control this challenging insect-
pest of pulses. 

Development of varieties: The research benefits achieved in food legume 
crops contributed immeasurable monitory returns to the farmers of South 
Asia.  For example % change in yield per hectare of pulses from 1961 to 
2014 was observed 41 in Bangladesh, 138 in Bhutan, 21 in India, 45 in 
Maldives, 115 in Nepal, 47 in Pakistan and 184 in Sri Lanka (FAO Stat, 
2016). It all happened due to release of improved and short duration culti-
vars coupled with improved management practices. In future much impact 
in mungbean production can be brought by evolving short duration, bold 
seeded disease resistant varieties. In Pakistan mungbean got entered into 
irrigated system where it occupies more than 80 % of mung bean cropped 
area (Khan and Anwar, 2016). Currently available improved varieties 
tailored to rainfed cropping and minimum application of external inputs.

Breeding programs should be focused on the development of new varieties 
having high yield potential, tolerant to heat and drought, early and uniform 
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maturity, resistant to inset, pest and diseases. The new varieties should also 
have an erect to semi-erect plant stature and top bearing growth habit to 
allow mechanized harvesting. Early maturing varieties will play an impor-
tant role in horizontal expansion of pulses cultivation in nontraditional crop-
ping systems and seasons. In addition the future varieties of pulses should 
be responsive to high level of fertilization, irrigation and chemical weed 
control. Distinct plant types need to be developed to suit both irrigated and 
rainfed growing conditions to tolerate drought.

Hybrid development: In recent past hybrid technology has brought revolu-
tion in production of cotton, oilseed crops, maize, rice and vegetable etc. 
Since most pulses are self-pollinated crops except pigeonpea with limited 
scope for hybridization. However India has released pigeonpea hybrids and 
30–40 % yield increase has been demonstrated on farmers’ fields (Gaur, 
2016). Like developed countries heavy investment in bio-technology by 
SAARC countries is needed to encourage investment in biotechnology for 
development of new varieties and hybrids of high commercial value and 
resilient to climate change. Although several national and multinational 
companies in SAARC countries are involved in seed business including 
varieties and hybrids of cash and edible crops but research is mostly in the 
purview of public sector and there is virtually no presence of the private 
sector in either genetic or agronomic research in the region. Seed business 
of pulses by private sector should be encouraged with an appropriate mecha-
nism to ensure the delivery of suitable crop varieties and hybrids at an 
affordable cost to the farmers.

Quality aspects: Apart from pulses productivity and production issues the 
quality aspect (seed size, seed colour, anti-nutrient and toxic compound) 
should be given attention in breeding programmes. To overcome the produc-
tion and consumption deficit in pulses an increased use of tools and methods 
of precision breeding should be adopted in improved varieties and hybrids 
production of pulses. In addition the development, dissemination and adop-
tion of bio-intensive eco-friendly Integrated Pest Management (IPM) mod-
ules will effectively manage the control of major insect pest and diseases.

Weed control: Weeds causes significant losses to pulses production in the 
region. Hand weeding of pulse crops is very costly. Management through 
use of post-emergence herbicides is an important tool to bring improvement 
in pulses productivity and to minimize cost of production. Eighteen differ-
ent herbicides were studied to control weed in mung and mashbean by the 
scientists of Pulses programme at National Agricultural Research Center 
(NARC) Islamabad. They found Haloxyfop-R-Methyl for control of narrow 
leaf and Lactofen for control of broad leaf. Both weedicides showed no 
phyto-toxicity in mung and mash bean. The application of these herbicides 
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increased 50 % yield of these crops. These findings revolutionized mung 
and mashbean production in the country as the farmers started mungbean 
production on large scale in wheat-fallow cropping system in rainfed areas. 
The research work is in progress for gram and lentil. Initial findings tell that 
the herbicide with ‘Haloxyfop-R-Methyl’ is safe for gram and lentil which 
is also a remarkable breakthrough at least in controlling the narrow-leaf or 
grassy weeds. The complete detail of both herbicides is given below:

Narrow Leaf Herbicide

a. Active : Haloxyfop-R-Methyl

b. Group : Aryloxypropionate 

c. Formulation: 10.8 EC

d. Mechanism of Action : Absorbed by foliage and roots 

e. Method of Application: Foliar Spray @ 1000 ml/ha

Broad Leaf Herbicide

a. Active Lactofen 

b. Group Diphenyl ether

c. Formulation 24 EC

d. Mechanism of Action: Absorbed by Foliage and roots

e. Method of Application: Foliar Spray @ 750 ml/ha

Mechanized harvesting and threshing: Manual harvesting of pulses is 
costly and labour intensive. Most of the pulses varieties are prostrate in 
growth habit and indeterminate. Therefore varieties having erect growth 
habit, uniform maturity and top bearing characteristics should be given 
preference in future breeding programme to allow mechanized harvesting of 
the crop. At NARC pulses scientists are successfully using chemical 
(Gramixon) as a desiccant to harvest and thresh mungbean using combining 
harvester. The technology has been adopted by the farmers of wheat-fallow 
and rice-wheat cropping system areas. Due to the use of the above technol-
ogy farmers has started growing of mungbean on large areas and a signifi-
cant increase in area and production of mungbean is expected in future.

 

Desiccations of mungbean with herbicide Mechanized harvesting of desiccated mungbean
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Pulses for conservation agriculture: Traditional rotation, inter-cropping 
and mixed-cropping systems are common practices in SAARC countries. 
Like many leguminous crops pulses play a key role in crop rotation to 
enhance soil fertility due to their ability to fix nitrogen and are also consid-
ered a good cover crop to protect soil from extreme erosion, improves soil 
structure, control soil-borne diseases, weeds and  a diverse farm helps farm-
ers to meet their requirement. Therefore, pulses have very important place 
and role in the conservation agriculture. 

In Pakistan sugarcane is a profitable cash crop and plays an important role 
not only in agriculture but also in industrial economy of the country. The 
total area under sugarcane is approximately one million hectares out of 
which one fourth is planted in autumn. The September planted sugarcane 
occupies the land for more than one year and hence the farmers have no 
chance to take another crop in both the winter and summer seasons. 
Autumn-planted sugarcane is very suitable for intercropping because of its 
slow growth rate during the winter and early spring due to prevalence of low 
temperature. Lentil and gram could be a best option for intercropping in 
autumn planted sugarcane. The lentil and gram crops will be ready for 
harvest by the end of March or first week of April. Similarly short duration 
varieties of mungbean are intercropped in spring planted sugarcane. There 
is a future scope of expanding the area under lentil, gram and mungbean by 
intercropping these in autumn and spring planted sugarcane. 

 

Technology transfer: Dessimination and adoption of existing improved 
varieties and technologies of food legumes of rural farmers is one the major 
constraints in production of these crops. As a result wide yield gap between 
potential yield and national average yield exists. An aggressive approach to 
disseminate production technologies to farmers on large scale will increase 
production of pulses. Therefore effective agricultural extension services and 

Intercropping of mungbean in
spring plant sugarcane

Intercropping of lentil in
spring plant sugarcane
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community development will be given priority to achieve the dissemination 
and adoption of the available improved technologies and future security of 
food legumes. In addition the establishment of agriculture input stores at 
village will provide a mechanism of timely availability of quality seed and 
other related inputs at the door steps of the resource poor farmers. In addi-
tion, production of certified seed at village level needs to be considered for 
enhanced productivity of food legumes in pulses growing areas.

Yield gap: Large gaps exist in yield of pulse crops in SAARC countries 
between what can be attained at farmers’ fields with adoption of improved 
technology and what is obtained with the existing practices followed by 
farmers. In Pakistan national average yield of 721 kg per hectare of pulses 
can be increased to 943 kg per hectare by adoption of the available improved 
production technology of pulses growers (Table 3). This potential of raising 
productivity and production of pulses can be harvested through strong 
linkages of researchers and extension workers with farmers. Unfortunately 
in most SAARC countries public extension system is inadequate and lack 
capacity for dissemination of available improved technology to the farmers. 
To avail this huge increase in pulses production the linkages between 
researchers, extension workers and farmers should be strengthened. The 
involvement of private sector in dissemination of technology and marketing 
of pulses need to be encouraged. This would require increased public-
private sector participation through appropriate returns and incentives for 
the innovators, disseminators and farmers. In most of the SAARC countries 
despite the increased yield potential of pulses the national average yields are 
much lower. To fill the yield gap minimum incentive in support prices to 
farmers will be required.  Recently India has announced a bonus of Rs. 200 
per 100 kg of pulses produced to farmers as an incentive (Sampathkumar, 
2015).

Table 3: Yield gap of major pulse crops
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* Farmers’ yield with optimum management practices.

 

  

Consumption of Pulses 

Pulses make a major part of the protein intake for the poor in South Asia and 
play an important role in the food and nutritional security. Although South 
Asia remains the largest producer and consumer of pulses in the world but 
none of these countries are closer to achieve self-sufficiency in pulses. They 
are importing substantial quantities to meet their demand for pulses. Pulses 
protein consumption per person per annum remained stagnant from 1999 to 
2007 in almost in all SAARC countries (Table:-4). For the same period the 
protein consumption varied from about 17 to 21 kg per person per annum in 
the region in comparison to world dietary protein consumption from pulses 
which is 28.1 kg per person per annum (Table:- 4). In future a wider increase 
in the gap between the present dietary protein consumption and the world 
protein consumption from pulses is expected. The requirement of pulses in 
India only has been projected to reach 32 million tonnes by 2050 
(Sampathkumar, 2015)) and in Pakistan to 2.01 million tons (Zubair, 2011, 
Rani et al., 2014). The future demand for pulses in the region will continu-
ously grow with increase in population.

Table 4: Consumption rates of dietary protein from pulses (kg per person per 
annum).

FAO Stat (2010)

Farmer practice (Mungbean) Improved practice (Mungbea)
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Import and Export of Pulses

The import and export market of pulses in the world is more than $24 
billion. Out of which the share of SAARC countries is $3.68 billion (FAO 
Stat, 2016). The share of SAARC region in world pulse import and export is 
about 40 and 3%, respectively indicating the region as the major consumer 
of pulse protein. SAARC countries imported pulses of $3.28 billion in 2013. 
To meet the persistent deficit of domestic production of pulses SAARC 
countries are heavily dependent on import. India is the major importer of 
pulses followed by Sri Lanka, Nepal, Pakistan and Afghanistan. There are 
development that pulses are being brought cultivated through India entre-
preneurs in Ethiopia, Malawi, Mozambique and Tanzania with the objec-
tives to import pulses into India (Sampathkumar, 2015). Because the lower 
cost of production of pulses in African countries over Canada and Australia 
provide an advantage to export pulses from African countries. The possibil-
ity of such developments of pulses production within the SAARC countries 
needs to be explored to benefit the region.

Conclusions

The future demand of pulses is rising to feed the fast growing population in 
the region. Although the challenges in pulses production are multifarious 
but there are opportunities to achieve the target. The technologies developed 
for pulse crops have been demonstrated significant yield improvements in 
the SAARC countries. In Pakistan an average potential yield of more than 
double than the national average yields of 500 kg/ha in pulses has been 
achieved. Therefore concerted efforts are needed to disseminate the avail-
able technologies on large scale and develop the capacity of pulse crops 
growers to adopt the technology. As land resource is shrinking with the 
passage of time therefore intercropping and growing of pulses in various 
cropping system such lentil and gram in autumn planted and mungbean in 
spring planted sugarcane. Similarly incorporation of early maturing varie-
ties of mungbean as catch crop in rice-wheat and wheat-fallow cropping 
systems will be main focus in future to utilize the available land resource at 
its optimum level for enhanced crop productivity. The availability of high 
yielding, input responsive, climate resilient with multiple resistances to 
diseases and insect-pests, uniform maturity, erect and short duration varie-
ties that fit well in different cropping systems will play an important role in 
pulses production. In addition the above mentioned varieties should have the 
potential to resist chemical weeds control and can be harvested and threshed 
mechanically.
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Traditionally diet of South Asian countries use varieties of pulses like chick-
pea (Cicer arietinum), pigeonpea (Cajanus cajan), lentil (Lens culinaris), 
mungbean (Vigna radiata), blackgram, also called urad bean, (Vigna 
mungo), pea (dry pea) (Pisum sativum) and greengram (Lathyrus sativus) in 
different forms. South Asia is the home for many pulses and highest 
producer and consumer of pulses in the world. The region has the maximum 
acreage of 33.9 million hectare representing 40% of the global pulses area 
and produces 22.5 million tons accounting 29% of world production (FAO, 
2016). In South Asia, India alone accounts for nearly one-third of global 
consumption of pulses and even though India is the largest producer of 
pulses with 24% share in the global production. 

SAARC region share in world pulse import and export are about 40% and 
3%, respectively indicating the region as the major consumer of pulse 
protein. Pulses worth US $ 395 million was exported from SAARC coun-
tries while pulses worth US $ 3283 million was imported in the same period. 
Pulses are valuable as export and import commodity globally. The import 
and export market of pulses in the world is more than $24 billion. Out of 
which the share of SAARC countries is $3.68 billion (FAOSTAT, 2016). To 
meet the persistent deficit of domestic production of pulses SAARC coun-
tries are heavily dependent on import. India is the major importer of pulses 
followed by Sri Lanka, Nepal, Pakistan and Afghanistan. 

A high proportion of pulse area harvested is under rainfed-low input 
systems compared to cereal crops. Among the various pulses, chickpea is 
grown in maximum with highest production followed by dry beans and 
pigeon pea.  Over time, pulse production in South Asia has experience very 
slow growth. Since green revolution, production of pulses has been pushed 
to less fertile and marginal lands, resulting in slower production growth. The 
trend of pulses cultivation in last two decades (1994-2014) in the region is 
positive. 

Pulses are a rich source of protein and also have documented proof of their 
beneficial micronutrient, bioactive and functional properties (Philanto and 
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Korhonen, 2003). In addition, focus and use of new raw material based on 
pulses will be the top wave of new product development in the near future. 
Lowering cholesterol, managing diabetes, energy foods and beverages, 
infant food formulations, therapeutic, geriatric foods etc. are all opportuni-
ties to value add to pulses. Specifically the nutritional properties of pulses 
can be exploited towards addressing malnutrition and hidden hunger, 
rampant at the bottom of the pyramid in the SAARC countries. In spite of 
world’s largest producers and consumers of pulses in SAARC countries,  
and are an important protein source for major population living in this 
region, pulses are still considered as secondary in importance and grown in 
marginal lands with minimum or no inputs.

Moreover, pulses can help lower blood cholesterol and attenuate blood 
glucose, which are key factors in managing diabetes and cardiovascular 
disease. Eating pulses as a replacement to some animal protein also helps 
limit the intake of saturated fats and increases the intake of fibers. Pulses 
have also been shown to be helpful in the prevention of certain cancers, 
because of their fiber content but also because of their mineral and amino-
acid contents, in particular foliate. Pulses are also rich source of carotenoids 
(Giovannucci et al., 1995), isoflavones (Yanagihara et. al., 1993) and 
precursors of short chain fatty acids (SCFA) (Fernando et al., 2010) which 
have proven anti-cancer properties. Pulses are included in all ‘food baskets’ 
and dietary guidelines. 

In farming system, pulses are an important component after cereals and 
oilseeds in terms of acreage and production. Pulses are rich source of 
protein, essential amino acids, Zinc (Zn), Selenium (Se) and Iron (Fe), and 
help maintain and improve soil fertility through symbiotic nitrogen fixation 
thus sustaining the crop productivity and soil health. Pulse crop residues and 
by-products are valuable as fodder, feed and firewood. There are several 
reasons why pulses have not received the attention they deserve. Pulses in 
South Asia are considered a residual crop and grown under rainfed condi-
tions in less fertile lands with minimum efforts to manage pest and nutrient. 
Among biotic constraints, heavy weed infestation and pests destroy over 
30% of crops before harvesting. Many diseases are also recorded to reduce 
the yield. In addition, there are post harvest losses during storage due to 
attack by pulse beetle. Drought, excess soil moisture and humidity, tempera-
ture extreme and edaphic factors are abiotic constraints for growing of 
pulses. Among social constraints, the main reason for decline in pulses area 
and production is the increasing interest of farmers to grow cereals and 
vegetables for food security and higher profit due to expansion of irrigation 
facilities and availability of high yielding varieties of these crops. These 
elements have resulted in pulses being considered a risky crop by farmers 
and yield levels being amongst the lowest in the world.
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Moreover as a secondary crop, pulses do not receive adequate resources and 
policy attention from governments as do the cereal crops, which are often, 
considered food security crops. Compared to cereal crops (wheat, maize, 
rice, barley, sorghum and millet), food legumes not only receive less quan-
tity of land resources, but also other inputs. Also, compared to cereal crops, 
pulse crops are grown in marginal areas where water is scarce. In the devel-
oping world, only about 25% of total area is planted to high input rainfed or 
irrigated production systems compared to more than 60% for cereal crops. 
In this connection, short duration pulses varieties fit well as a catch crop into 
cereal-based rotations such as rice-mungbean, rice-wheat-mungbean, rice-
potato-mungbean, maize-mungbean, maize mungbean-wheat, etc and as 
intercrops with cotton, maize, sugarcane and with vegetables, thus diversi-
fying and intensification of the system. Mungbean area and production have 
increased across India, Pakistan and Bangladesh due to introduction of short 
duration, high yielding varieties in summer season. Mix cropping of lentils 
with mustard, linseed, or grasspea or pea is a common practice in South 
Asia. Expansion of pulse cultivation in 14.6 million ha of rice-fallows of the 
Indo-Gangetic Plains spread over Pakistan, India, Nepal and Bangladesh; 
promotion of pulse in non-traditional areas, eg. extra-short duration pigeon-
pea varieties in the hills, inclusion in intercropping and sequential cropping; 
integrated nutrient management; supplemental irrigation, integrated pest 
management; mechanization, post harvest & value addition interventions, 
enabling policy for pulse promotion, improvement in pulse seed systems, 
improvement in input supply system (fertilizer and rhizobium culture), and 
strengthening of collaboration among Asian countries for development and 
exchange of technologies on pulses are the present need of hour to increase 
production, productivity and its utilization.

Both biotic and abiotic factors are critical in maintaining the crop productiv-
ity. Research has shown that several diseases and pests attach pulses which 
need major management interventions. Major pulses diseases are stemphy-
lium blight, foot rot and rust in lentil; botrytis gray mold, fusarium wilt and 
collar rot in chickpea; foot rot and powdery mildew in grass pea; yellow 
mosaic, cercospora  leaf spot and powdery mildew in both mungbean and 
blackgram. The most economic and sustainable strategies to manage these 
diseases includes the use of resistant/tolerant variety and healthy seed, seed 
treatment with fungicides, botanicals and microbials, and judicious applica-
tion of recommended foliar fungicides. In this connection, study of molecu-
lar genetics of plant pathogenic fungi, bacteria and viruses will help in 
understanding the etiology. Likewise, better understanding of gene expres-
sion during the plant disease resistance response can also be useful for 
disease management.

Another major constraint of pulses production is the invasion of insect pests. 
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Pod borer, aphid, stem fly and thrips are the major insects causing direct 
yield damage whereas white fly indirectly reduces crop yield significantly 
through transmission of viruses. A number of technologies such as inter-
cropping with companion crop, application of Helicoverpa Nuclear Polyhe-
drosis Virus, spraying with botanicals and recommended insecticides have 
been discovered and suggested to combat the insect pests. Future research 
will be directed to resistant breeding through marker-assisted technologies 
for developing disease and insect resistant variety of pulse crops. In the 
insect pest management, a broad spectrum management approach is critical 
to develop insect pest resistant varieties and bio-rational based techniques, 
viz. pheromone and biological control techniques. Hence, breeding 
programs should be undertaken to improve morphological traits as to devel-
oped resistance varieties against pod borer.

It has also been demonstrated that potential climate-change effects on pest 
and disease management is challenging due to limited and fragmented 
knowledge. As such a comprehensive pest and disease management strate-
gies is needed to better manage the pulse diseases and pests. The manage-
ment strategy should include crop combinations, adjustment of sowing or 
planting dates, use of cultivars with superior resistance and/or tolerance to 
diseases. As well as, use of reliable tools to forecast disease epidemics, 
application of IPM strategies, and effective quarantine systems, may 
become particularly important in the future. 

Opportunities for Increasing Pulses Production

The present cropping intensity in the region restricts the scope of expansion 
in area of pulses. A strategy for expansion of pulses cultivation should be 
based on increasing productivity through adoption of improved varieties, 
cultural practices and increasing area through introduction of new cropping 
patterns and utilization of fallow lands. This will be only possible through 
modernizing breeding programs to develop and release suitable varieties, 
organized quality seed production, implementation of the full recommended 
technology packages, and their rapid dissemination to farmers. The imple-
mentation of these strategies will significantly improve pulses productivity 
and production in the region. On the other hand, like many leguminous 
crops pulses play a key role in crop rotation to enhance soil fertility due to 
their ability to fix nitrogen and are also considered a good cover crop to 
protect soil from extreme erosion, improves soil structure, control soil-
borne diseases, weeds and  a diverse farm helps farmers to meet their 
requirement. Therefore, pulses have very important place and role in the 
conservation agriculture. Likewise, lentil and gram could be a best option 
for intercropping in autumn planted sugarcane. There is a future scope of 
expanding the area under lentil, gram and mungbean by intercropping in 
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autumn and spring planted sugarcane. 

Dessimination and adoption of existing improved varieties and technologies 
on food legumes to rural farmers is one of the major constraints in pulses 
production. As a result, a wide yield gap between potential yield and 
national average yield exists. A concerted approach to disseminate produc-
tion technologies to farmers on large scale will increase production of 
pulses. Therefore, effective agricultural extension services and technology 
transfer mechanism is necessary to upscale the available improved technolo-
gies. In addition, the establishment of agriculture input supply systems at 
village will provide a means of timely supply of quality seed and related 
inputs at the vicinity of the resource poor farmers. Likewise, production of 
certified seed at village level be considered for enhanced productivity of 
food legumes in pulses growing areas. The involvement of private sector in 
dissemination of technology and marketing of pulses need to be encour-
aged. This would require increased public-private sector participation 
through appropriate returns and incentives for the innovators, disseminators 
and farmers. In most of the SAARC countries despite the increased yield 
potential of pulses the national average yields are much lower. To fill the 
yield gap minimum incentive in support prices to farmers will be required.  
Recently India has announced a bonus of Rs. 200 per 100 kg of pulses 
produced to farmers as an incentive (Sampathkumar, 2015). This strategy 
can be adapted to SAARC countries to promote increased pulse production.

In South Asia, cereal crops like rice, wheat, maize and millet contribute a 
major share in area and production. Cropping systems involving pulses vary 
depending upon climate, soil types, crop varieties, soil moisture, socio-
economic factors and market opportunities. The most common and high 
productive systems are cereal based that is rice-wheat, rice-rice in lowland 
high rainfall areas and maize or millet based in low rainfall areas (Gangwar 
and Prasad, 2005). On the contrary, pulse crops are grown mainly as rainfed 
crops with minimum inputs either as sequential or mix cropping. Mono, mix 
or relay cropping of pulses in lowland rice based or upland maize based 
cropping systems are of prime importance in subsistence farming as they 
play a vital role in crop diversification, restoration of soil fertility and break-
ing down disease and pest cycles. Major cool season pulse crops such as 
lentil, chickpea, grass pea, and pea are grown in residual soil moisture after 
the harvest of rice either as a sole crop or as mixtures with other grain 
legumes or oilseed crops. Pulse production and productivity can be 
increased through area expansion in rice fallow or maize fallow or introduc-
ing short duration blackgram, mungbean or cowpea in between two cereal 
crops. In recent years, intensive cereal production systems year after year 
(short duration rice, spring maize) and use of hybrid varieties have led to the 
degradation soil fertility, poor soil health, soil erosion, changes in pest 
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disease dynamics, and even led to extinction of traditional pulse cultivars. 
Therefore, inclusion of pulses in the system is crucial for long-term sustain-
ability of the system. 

Considering the diversity of uses of pulses, it is proper to launch interven-
tions to promote value addition through product development and marketing 
of pulses in the region. In addition to identifying new market opportunities, 
there is also the need to progress towards adoption of industry-wide grading 
standards and classifications of individual pulses, in order to fulfill demands 
of different segments in the value chain. A concerted campaign towards 
increasing awareness on the benefits of pulses involving the mass media, 
private sector and stakeholders across the pulses value chains needs to be 
undertaken in the region. Further, promoting awareness of the nutritional 
value of pulses can help consumers adopt healthier diets. With economic 
development and increase in purchasing power, it is noted that the trend in 
dietary choices to go towards more animal based protein and cereals, thus 
retaining pulses in diets is an important way to ensure that diets remain 
balanced and to avoid the increase in non communicable disease which are 
often associated with diet transitions and rising incomes. One of the impor-
tant policy interventions that need to be considered is support and advocacy 
towards encouragement of value addition and use of pulses in the govern-
mental nutritional programs. This could be in the form of directives and 
awareness campaigns on the benefits of incorporation of new pulse based, 
protein and micronutrient rich foods in the national programs of nutritional 
support to children, adolescent girls and pregnant women and school mid 
day meal programs. 

Way Forward and Recommendations

Much can be done to increase pulses production in SAARC region. Studies 
have adequately demonstrated the potentials to enhance productivity and 
sustainability of pulses production int eh region.  Some of the prospective 
strategies are as follows, which are in coherence to the exiting priority 
actions and national programs:

• Encourage pulse production in rice fallows across the region. 
Substantial part of rice fallow land can be targeted for cultivation of 
pulses during post monsoon season. 

• Promote intercropping and growing short duration varieties between 
kharif (monsoon) and rabi (dry) season, by relay cropping, and inter-
cropping, ensures further utilization of existing agricultural land. 

• Promote pulse production in upland areas by integrating pulses in 
upland rice-based cropping systems. 

• Introduce incentive packages to pulse farmers encouraging them to 
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invest more in pulse production to achieve higher yields.

• Support development of high yielding varieties with multiple stress 
tolerance through research

• Disseminate crop production (varieties, water management, nutrient 
management, plant protection) and post-harvest technologies 
(harvesting, handling and processing) to facilitate efficient crop 
production and value addition.

• Provide good quality seed and promote regular seed replacement for 
maintaining the yield levels.

• Organize capacity development at all levels, farmers, community, 
extension and research.

• Develop necessary infrastructure associated with pulse production 
like processing, storage and marketing systems.

• Introduce crop insurance and start-up support to initiate pulse indus-
try in the region. 

• Promote public-private partnership in expanding pulses production 
industry in large scale.

• To combat the climate change impacts, develop and promote climate 
smart agricultural practices with adaptation of showing and harvesting 
time with value chain-based Integrated Crop Management to support 
sustainable agriculture. 

• Promote application of ICT in knowledge development and dissemi-
nation through existing mechanisms like Village Knowledge Centers, 
Farmers Field Schools, Farmers Plant Clinics, Pulse Entitlement 
Cards, Technical flyers.

In addition, there should be urgent need to establish the linkages with finan-
cial institutions for input, credit procurement, value addition, branding and 
marketing for pulses in SAARC region. In view of limited funding for 
research and development towards understanding the effect of processing on 
the nutritional and functional properties of pulses and pulse based locally 
acceptable products is needed in the SAARC region, in order to create a 
demand pull for pulses through establishment of a continuous “innovation 
funnel” delivering new scientifically validated product concepts. Addition-
ally, it is important to highlight that lack of policy support (Exim Bank. 
2015) and post harvest innovations has been attributed to be the major obsta-
cle in the region not only to increased pulses production but also new prod-
uct development and innovations. Therefore, appropriate policy interven-
tions for establishment of “Pulse Innovation Centers” and “Pulse Value-
Chain Business Incubators” may be actively pursued in the SAARC region 
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to promote demand driven innovations and sustainable enterprises through 
value addition and innovative product development. These types of center 
and incubators would be the common forum for the export and import 
market of SAARC region and would play crucial role to create conducive 
business environment for the private sector as well as public by advocacy of 
appropriate harmonized policy in SAARC region.  
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