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ABSTRACT 

Good Health and Well-being is one of the important goals in the current 
decade of twenty first century. The people of current generation prefer 
the consumption of plant sourced bioactive molecules over the modern 
medicines because the former has no side effects and residue free. In 
order to mitigate the food requirement of growing global population 
during the previous century, the green revolution technologies focused 
on fewer crops leading to negligence of several important crops; 
popularly known as underutilized or neglected crops. In the list of 
underutilized crops, Dioscorea spp. occupies significant niche as it is rich 
in several phytochemicals and could be grown under multiple stress 
conditions faced by the modern agricultural practices. Besides, it has 
been known as prominent member under age old practices of “traditional 
health care system” to treat several malaises of human being during the 
early date of civilization. The tubers and bulbils of the Dioscorea spp. are 
rich in saponins, tannin, flavonoids, sterols, polyphenols, and glycosides 
in addition to its higher contents of basic essential nutrients such as 
protein, carbohydrates, vitamins, minerals etc. Further, its tubers are 
staple food for indigenous people of several Asian and African countries. 
Therefore, the Dioscorea spp. signifies as an important crop both to the 
next generation population as well as underprivileged class of people in 
the coming decade for good health wellbeing and food security. 

Keywords: Dioscorea spp., Underutilized crop, Bulbil, Tubers, 

Phytochemicals, Good health  

INTRODUCTION 

Good Health and Well-being (Sustainable Development Goal 3) for every people is 

one of the major challenges for the entire world in the current decade of twenty first 

century. The particular goal needs to be addressed appropriately keeping in mind the 

scientific advancements achieved during the last few centuries vis a vis the current 

backdrop of changing lifestyle, consumer awareness, food safety and climate change 
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etc. In the course of human civilization, food was consumed in different forms to 

maintain health and well-being. Currently, the knowledge of health is being pursued 

for the improvement of food science and technology. It results into the emergence of 

the novel concept in the field of functional food science, popularly known as 

“Nutraceutical”. The terminology “Nutraceutical” is amalgamation of two words: 

“Nutrition” and “Pharmaceutical”. Even though, the particular scientific connotation 

is coined only during the fag end of the previous century by DeFelice L. Stephen in 

1989, but the philosophy to apply food as medicine was announced as early as 460 to 

370 BC by the Greek physician cum philosopher, Hippocrates through his famous 

quote “Let food be thy medicine and medicine be thy food”. In view of growing 

health care expenditure coupled with phobia against modern drugs and medicines, the 

current population is attracted towards the bioactive molecules of plant origin for 

health and well-being. A molecule is termed as nutraceutical if it effects beneficially 

one or more targeted physiological functions in the body along with prevention of 

disease (Dobbs and Bell, 2010).The term “Nutraceutical” as a promotional language 

was introduced in Japan nearly four decades ago. In fact, these bioactive compounds 

work on the principle of “Prevention is better than cure” to increase the quality of 

human life (Samanta et al., 2015; Roy et al., 2018). Albeit, the concept is newer in 

the field of functional food science, but the application of prebiotic or other 

nutraceuticals for healthcare is an age-old practice amongst the people of Asian 

countries particularly India and China (Samanta et al., 2011).  

About 7000 plant species have been used in the crop husbandry practices out of the 

2,50,000 known plant species in the world. Surprisingly, 75% of world’s food 

originates from merely twelve plants and five animal species (FAO, 1998). Further, if 

considers calorie intake, it is primarily derived from only three plants i.e. rice, wheat 

and maize (FAO, 2010). Evidently, such type agricultural practices are alarming not 

only for any country or region; but also, for the entire world because it leads to the 

development of the excessive homogeneity and oversimplification of both farming 

and food production system.  

To meet the energy and protein requirement of growing global population, the 

modern agriculture has focused on a very limited number of crops and animals 

leading to driving the human diet and farmer’s field to become increasingly alike 

around the world (Khoury et al., 2014). Such circumstance fails to give adequate 

attention to other food crops. The unattended crops are popularly known as 

“underutilized” or “neglected” or “forgotten” or “minor” crops. Nevertheless, few of 

these crops are perfectly fit in the category of “Nutraceutical”, which are desired by 

the generation next population to counteract the lifestyle diseases, overcoming stress, 

avoiding modern medicines, boosting immunity etc. In the list of neglected crops, the 

Dioscorea spp. occupy significant niche because its root and bulbils are rich in 

several nutraceutical molecules possessing analgesic, anti-bacterial, anti-rheumatic, 

anti-oxidant, ant-diuretic, anti-tussive, and anthelmintic activities in addition to its 

ability to boost the function of liver, kidney and blood circulatory system, 
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gastrointestinal tract (Sautour et al., 2007; Kuete et al., 2012; Mabhaudhi et al., 2017; 

Ou-yang et al., 2018). The yams are cultivated in most tropical countries especially in 

West Africa. Around 90% of yam is produced in West Africa and it is the staple food 

in that region. 

Underutilized crops 

Unlike modern agricultural practices targeting to fewer crops, the people of ancient 

civilization have developed a remarkable diversity of foods to uphold the principles 

of biodiversity for fulfilling their daily requirements as well to counteract the weather 

vagaries (Padulosi et al., 2019). With powerful wisdom and inherited knowledge, 

people during the early date of civilization have domesticated thousands of plants and 

animals’ species in spite of their dependence on food through “Gathering and 

Hunting” system (Heywood, 2013). Before the onset of industrial revolution, people 

of the particular region make best usages of the local resources to fulfil their daily 

requirements. The reliance and endurance on locally available ingredients resulted 

into the creation of vast collection of plant germplasm having therapeutic values in 

addition to basic nutritional qualities that are deeply rooted to local territories and 

culture (Padulosi et al., 2019). However, the modern agricultural practices narrowed 

down the diversity of crops leading to the development of risk on food security 

(Frison et al., 2011; Beddington et al., 2012). It results into underestimating the 

importance of biodiversity followed by neglecting the crops possessing significance 

from nutritional and therapeutic values. Nevertheless, the underutilized plant spreads 

across all food groups including the Dioscorea spp. (Ikiriza et al., 2019). Owing to 

their potentiality to grow and produce under marginal conditions (rainfed, slopping 

land, poor soil, low inputs, etc), the Dioscorea spp. offers opportunity for 

empowering and safeguarding food security of the most vulnerable community of the 

society (Padulosi et al., 2019).  

Dioscorea spp. 

Dioscorea spp. (‘Kath aloo’ in Assam, India, ‘Pesta aloo’ or ‘Mete aloo’in 

Bangladesh, ‘Guinea yam’ in Africa), is one of the most important tuber crops in the 

world. It is an herbaceous plant with creeping and climbing vines and it comes under 

monocotyledonous Dioscoreaceae family (Burkill, 1960). With approximately 644 

species, it is widely distributed in the tropical and temperate regions of Asia, Africa 

and America (Agbor-Egbe and Treche, 1995). It is one of the most important food 

crops since time immoral in several parts of the world because of its rich nutritional 

characteristics coupled with for traditional medicines as anticancer, anti-

inflammatory, antifungal, anti-rheumatism, hypoglycaemic, estrogenic, androgenic, 

contraceptives, gastropathy protective, antifungal, immunostimulant etc (Kumar et 

al., 2017). Recently, the global interest for promotion and conservation of Dioscorea 

spp. has increased several folds because of emerging challenges of the century i.e. 

ever-increasing population pressure, food security, climate change, fast depletion of 



4 Jahan et al. 

natural resources, increasing input cost of modern agricultural practices, and finally 

the nutraceutical value of the particular plant (Shajeela et al., 2011).  

According to the available reports, Dioscorea rotundata thought to be the first 

species that has been domesticated around 5000 BC in West Africa (Andres et al., 

2017). The most economically important species under this genus is Dioscorea alata 

that is originated from Southeast Asia; possibly Myanmar and Thailand (Orkwor et 

al., 1998). Presently, the particular species of Dioscorea is spread across Malaysia, 

Indonesia, Philippines, Brazil, South America, Central America, Papua New Guinea, 

South Pacific Islands etc (Kumar et al., 2017).  Air potato i.e. Dioscorea bulbifera is 

native to South Asia and is distributed among several countries namely Bangladesh, 

India, China, Cambodia, Indonesia, Java, Japan, Laos, Malaysia, Nepal, Pakistan, Sri 

Lanka, Thailand, Taiwan, Vietnam, Ghana, Gabon, Congo, Chad, Cameroon, 

Nigeria, Senegal, Sudan, Zimbabua, USA, Mexico, Cuba, Costa Rica, Jamaica, 

Nicaragua, Brazil, Ecuador, Peru, Venezuela, Australia etc. The other high yielding 

species is Dioscorea pentaphylla, a native of tropical Asia (Ayensu and Coursey, 

1972). The particular species is found in India, Bangladesh, North America and other 

tropical Asian nations.  

By virtue of its climbing nature, it could reach up to the height of 10 m or above 

depending upon the height of the supporting trees and shrubs (Fig.1). The twinning 

direction of the plant may be clockwise or anti-clockwise (Fig. 2). Rootstock are 

rhizomatous or tuberous (Lacaille-Dubois, 2002). Branching may be present or 

absent on the Stems.  Leaves of the Dioscorea spp. are alternate or opposite and with 

or without pointed tips (Fig. 3). Major veins are aroused from the base of the leaves 

and become curved aligning with the leaf shape. The flowers of Dioscorea spp. are 

small with green or greenish grey or greenish yellow in colour (Fig. 4). These are 

unisexual (dioecious plants) and originate from leaf axils (Sautour et al., 2007). The 

number of flowers may reach as high as 15 to 20 or more on a single spike. The fruits 

of Dioscorea spp. is popularly known as bulbil (Fig.5) and very rich in nutraceuticals 

of immense significance (Kuete et al., 2012). It routinely originates from stem as a 

single or conjugate form with different shape (round, oval, irregular or elongate). 

Among all the member of Dioscoreaceae family, Dioscorea bulbifera is thought to 

be the most potential owing to its production of bulbils rich in phytochemicals active 

against piles, dysentery, syphilis, ulcers, cough, leprosy, diabetes, asthma and cancer 

(Ikiriza et al., 2019). The day length influences the formation of bulbils and shorter 

the length, bulbil production speeds up (Kumar et al., 2017). The root system of 

Dioscorea spp. is shallow, fibrous, and it may or may not be anchor type. It 

concentrates within the top layer of the soil (Onwueme, 1978). Tubers are of different 

shape, size and colour (Fig. 6). 
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Figure 1. Climbing behaviour of Dioscorea spp. 

    

Figure 2. Twinning direction of Dioscorea spp. 

 

Figure 3. Leaves positioning of Dioscorea spp. 
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Figure 4. Flower of Dioscorea spp. 

 

 

Figure 5. Bulbil of Dioscorea spp. 

 

 

Figure 6. Tuber of Dioscorea spp. 

Classification of yam 

Out of the 644 species of Dioscorea (yam) genus, only a few of them are cultivated 

(Andres et al., 2017). It is broadly classified into four categories: (i) white yam, (ii) 

water yam, (iii) air potato, and (iv) bitter yam. Under white yam, important species 

are Dioscorea rotundata and Dioscorea cayenensis. The length of vines could reach 

up to 12 m. The weight of each yam usually ranges between 2.5 to 5 kg. The 

important species under water yam is Dioscorea alata and it is also known as 

“winged yam” or “purple yam”. The height of this species could reach up to 10 m or 



POTENTIALITY OF DIOSCOREA SPP. 7 

more. Its tubers are large and purple in colour and often mistaken with taro 

(Colocasia esculenta) or purple sweet potato. Dioscorea bulbifera belongs to 

category of air potato that forms at the base of leaves. In case of air potato, bulbils are 

of much important than its tubers owing to its richness in terms of important 

phytochemicals having potentiality to act against several disease as part of traditional 

medicines. The term “air potato” seems to be originated from the size (0.5 – 2 kg) of 

the bulbils that equates with popular potato. It is hardly grown commercially. But 

under home garden practices, it starts bulbils production after 4 months and continues 

the production during the entire life of the vine (up to 2 years). Dioscorea dumetorum 

belongs to the class of bitter yam because of the presence of bitter principles which 

are toxic. Often, it is used to poison the animals (Andres et al., 2017).  

Composition of Dioscorea tubers and bulbils 

The consumption of Dioscorea tuber is common among the people of Bangladesh, 

India, Ethiopia, Uganda, Cameroon, and several other tropical and subtropical 

countries. In light of the global crisis on food availability in developing and least 

developed countries, the tubers of Dioscorea spp. are expected to play a vital role in 

mitigation of the above challenge as well as to address the SDG 3 i.e. Health and 

Well-being through its high value phytochemicals. The dry matter of the tuber ranges 

from 8 to 23% (Megh et al., 2003; Abera, 2011; Shajeela et al., 2011). The 

compositional analysis (on dry matter basis) of tubers originated from different 

species of Dioscorea spp. revealed the presence of crude protein (6.2 to 13.4%), 

crude fibre (0.4 to 7.6%), crude lipid (0.09 to 7.4%), total ash (3.3 to 6.3%), nitrogen 

free extract (71 to 79%), total carbohydrates (12 to 33%) (Shajeela et al., 2011; 

Mulualem et al., 2018). Further, the tubers are rich in vitamins (niacin and ascorbic 

acid), minerals (Ca, P, Mg, Zn, Mn, Fe, and Cu) and phenolic compounds (tannin, 

saponin).  

The bulbils are produced by the Dioscorea bulbifera above the ground and popularly 

known as air potato as it looks like common potato grown under the soil. The 

important phytochemicals are phenols, tannins, alkaloids, flavonoids, saponins etc.  

The composition of bulbils is presented in Table 1. Evidently, the bulbils are rich in 

protein, carbohydrates, essential trace elements in addition to important 

phytochemicals (Celestine and David, 2015; Bolaniran et al., 2019). The quantity of 

phytochemicals present in the bulbils varies according to the place of harvest i.e. 

geographical locations, time of harvest, extraction conditions etc (Ikiriza et al., 2019).  

Along with beneficial phytochemicals, the bulbils are also reported to contain 

undesired plant secondary metabolites such as phytate, oxalate, hydrogen cyanide etc 

(Celestine and David, 2015). 
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Table 1. Compositional analysis of bulbils 

Parameters Chemical composition of bulbils 

Celestine and David (2015) Bolaniran et al. (2019) 

Nutrients  

Crude protein (%) 6.18±0.23 15.48±0.02 

Crude fat (%) 3.30±0.40 0.49±0.03 

Crude fibre (%) 7.97±0.75 2.34±0.05 

Total ash (%) 2.33±0.15 1.26±0.03 

Total carbohydrates (%) 76.68±0.78 71.25±0.04 

Energy value (KJ/100g) 1530±26.33 Not reported 

Phytochemicals  

Phenols (mg g
-1

) + (qualitative) 1.16±0.04 

Tannins (mg g
-1

) 0.37 2.50±0.01 

Alkaloids (mg g
-1

) 3.1±0.10 0.96±0.03 

Flavonoids (mg g
-1

) ++ (qualitative) 1.56±0.03 

Saponins (mg g
-1

) ++ (qualitative) 3.57±0.02 

Therapeutic potential of Dioscorea spp. 

Before the introduction of modern science based therapeutic approach, the human 

healthcare system seems to be identical all over the world and popularly known as 

“Traditional Health Care System”. In those days, the principle of traditional health 

system relies on two fundamentals: (i) application of natural product (extract or 

decoctions from leaves, roots, oils, fats, animal parts or insects) and (ii) appeal to 

spiritual forces (Neba, 2011). Even during the twenty first century, a large proportion 

(70%) of world population still depends on the age-old practice i.e. traditional health 

care system because of its minimum side effects along with least cost (WHO, 2002; 

Ikiriza et al., 2019). Evidently, the different species of Dioscorea perfectly fit under 

the umbrella of traditional health care system because its richness of several 

phytochemicals which helps to overcome lifestyle diseases, faced by the current 

generation. Further, the presence of numerous phytochemicals makes the Dioscorea 

spp. as potential antioxidant, antibacterial, antifungal, anticarcinogenic, 

hypoglycaemic, immunostimulant (Son et al., 2007; Kumar et al., 2017). Therapeutic 

values of Dioscorea spp. against disease/ disorders are presented in Table 2.   
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Table 2. Therapeutic application of Dioscorea spp. 

Name of species 
Plant 

component 
Purpose References 

Dioscorea bulbifera Bulbils Piles, dysentery, syphilis, 

ulcers, coughs, leprosy, 
diabetes 

Dutta (2015) 

Tuberculosis, sore throat Sharma and Bastskoti, 

(2009) 

Contraceptives Das et al. (2014) 

Sexual vigour enhancer Subasini et al. (2013) 

Antibacterial drug Kuete et al. (2012) 

Tubers Cough, asthma Teron (2011) 

Intestinal colic, gastric 

acidity, rheumatoid arthritis, 

dysmenorrhoea, hernia, 
labour pain 

Kumar et al. (2017) 

Ulcer, piles, syphilis, 

dysentery 

Abhyankar and 

Upadhyay (2011) 

Dioscorea 

membranacea 

Tubers Breast cancer  Itharat et al. (2004) 

Dioscorea collettii Tubers Cervical/ renal/ urinary 

bladder carcinoma 

Hu and Yao (2001) 

Dioscorea 

cayenensis 

Tubers Antifungal Sautour et al. (2004) 

Dioscorea 

pentaphylla 

Tubers Joint pain, immunostimulant, 

stomach pain 

Kumar et al. (2017) 

 

Dioscorea alata Tubers Piles, stomach worm Kumar et al. (2017) 

Overcoming weakness Kamble et al. (2010) 

Dioscorea 

dumetorum 

Tubers Jaundice  Edison et al. (2006) 

Dioscorea hirtiflora Tubers Gonorrhoea Sonibare and Abegunde 
(2012) 

Dioscorea hispida Tubers Vomiting, indigestion, 

purgatives 

Dutta (2015) 
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CONCLUSION 

The preference of next generation population has undergone a paradigm shift from 

modern therapeutic principles with synthetic compounds towards naturally occurring 

plant sourced bioactive molecules as these are safe, residue free, locally available and 

cheap. The entire global population is on the highways of information port that keeps 

the consumer abreast of the latest scientific developments relevant to healthcare and 

wellbeing. In the light of the above changing perspectives, phytochemicals have 

emerged as inevitable part of healthcare system to the consumers of all societal 

people because these biomolecules act in the principle of “Prevention is better than 

Cure” with minimal side effects and cheap. The underutilized crop “Dioscorea spp.” 

possesses great potential to fulfil the expectations of generation next population 

through its valuable phytochemicals one hand and on the other side, it is capable to 

grow and produce even during climatic stress. Certainly, tubers of “Dioscorea spp.” 

could find place as means of food security among most disadvantageous people of 

the society i.e. indigenous people. Usages of Dioscorea spp. either by generation next 

population (as source of phytochemicals) or by underprivileged people (as food or 

source of phytochemicals) is expected to push the human society nearer towards most 

important SDG3 i.e. “Good health and Well-being”. Research investment, promotion, 

value chain creation on “Dioscorea spp.” will not only turn the underutilized crop 

into valuable crop for the generation next population, but it will also step towards 

crop diversification for the benefit of the global agriculture.  
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ABSTRACT 

The present study attempts to examine the scenario of farm animal’s 
genetic diversity and their distribution pattern in Bangladesh. The major 
components of farm animals in Bangladesh are cattle, buffalo, goat, 
sheep, chicken and duck which are being raised in a mixed farming 
system integrated with crop agriculture. The biological diversity most of 
farm animals is of native origin. Cattle and chicken are the two major 
species which are being manipulated genetically either through inclusion 
of exotic blood and/or import of live animals and birds. Buffalo, goat, 
sheep and duck are also being crossed to some extent with exotic 
germplasms. Other species like pigeon, quail, and guinea fowl are also 
available in the country. This paper has also shown the population and 
list of different breed/type of farm animals available in Bangladesh which 
helps to meet the public priorities such as, their production and 
reproduction, their management practices, their survivability etc.  

Keywords:  Domestic animal, Birds, Genetic diversity  

INTRODUCTION 

The term, biodiversity or biological diversity denotes “the variety of life on earth”. It 

refers, particularly, to the differences between living organisms at different level of 

biological organization:  gene, individual species and ecosystems. Bangladesh is very 

rich in biodiversity. The rich genetic diversity in crops, livestock, fish, trees and 

wildlife directly and indirectly support the lives and livelihoods of the people of the 

country by supplying wide range of provisional, regulatory and cultural services.  

Livestock species of Bangladesh includes cattle, buffalo, goat, sheep, chicken and 

duck.  Other important species are horse, pig, geese, pigeon, guinea fowl, elephant, 

deer and gayal the latter three living principally in special forest areas.  The overall 

contribution of livestock to agricultural production is 14.08% (Hamid et al., 2017a).  

In addition, livestock contribute 95% of draft power, 50% of rural transport and 25% 
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of fuel for cooking in the country (DLS, 2016). Over 85% of livestock are raised by 

smallholder farmers who own 1-2 head of cattle, 2-3 head of sheep and goats and a 

few head of poultry and for whom the special characteristics of indigenous livestock 

adaptability to harsh climate and poor nutrition, resistance to endemic diseases and 

parasites are crucial.   

Livestock plays an important role in the national economy of Bangladesh. The 

livestock sub-sector that includes poultry offers important employment and 

livelihood opportunities particularly for the rural poor, including the functionally 

landless, many of whom regard livestock as a main livelihood option. The 

contribution of livestock to GDP is 2.5% (DLS, 2014) and the overall trend of the 

livestock in Bangladesh has also been increasing (DLS, 2014). Moreover, the 

products from livestock; like milk, meat and egg have also shown increasing trend of 

production (DLS, 2014).  

In Bangladesh, during the last decade a large number of non-descriptive cattle have 
been replaced by cross-bred cattle. It was started in 1958 by Directorate of Livestock 
Services (DLS) with artificial insemination (AI) program which was strengthened in 
1975-76. In 1960s, Savar Dairy Farm was established for dairy development program 
of the country The farm started to work with Shindhi, Shahiwal and Tharparkar breed 
to cross with indigenous cattle. In 1973, some Friesian and Jersey bull were imported 
from Australia and this was the initiating point of new dimension. These bulls were 
used for semen production for upgrading the indigenous cattle. In 1975, the AI 
program was extended throughout the country for cattle development. Haque, 2014 
stated that there are 2.3 million high yielding cross bred cattle are available in 
Bangladesh. They can produce 1800-3000 kg milk in a lactation period, if they are 
well managed. The animals get mature at the age of 18-24 months and have calving 
interval of 13-15 months. 

Although Bangladesh is rich in biodiversity (species) but unfortunately, many plant 
and animal are facing severe threats to their survival and are disappearing at alarming 
rates. And human actions are the cause behind this biological degradation. However, 
there are no documented research studies so far that investigated the farm animal’s 
biological diversity of the country. The purpose of this study is to estimate the 
present scenario of farm animal’s biodiversity and their distribution pattern in 
Bangladesh.  

Farm Animals and Their Biodiversity in Bangladesh 

Cattle, buffalo, goat, sheep, chicken and duck as major components of farm animals 
in Bangladesh. Most of them are being raised in a mixed farming system integrated 
with crop agriculture and their biological diversity is of native origin. Cattle and 
chicken are the two major species of farm animals and they are being manipulated 
genetically either through inclusion of exotic blood and/or import of live animals and 
birds. Buffalo, goat, sheep and duck are also being crossed to some extent with exotic 
germplasms. The farm animals and their biodiversity of Bangladesh are as follows:- 
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Cattle 

The indigenous cattle are considered potential in some locality and are identified by 

its local name, such as Pabna cattle, Red Chittagong cattle, North Bengal Grey cattle, 

Munshiganj cattle and Non-descript native cattle (Hamid et al., 2017b). Mating with 

Bos indicus bulls started in 1936 in some localities and resulted in improved cattle in 

the selected areas of the country. Artificial insemination program started in 1958 and 

is widely extended in the country and a good number of crossbred cattle have already 

been added to the herd of different parts of the country (DLS, 2010). Thus, cattle 

population of the country consists of i) Indigenous type ii) Exotic type (Holestein, 

Friesian, Holestein and Friesian, Shahiwal, Sindhi, Hariana and Jersey etc.) and iii) 

Crossbred type (DLS, 2010).  

BLRI, 2004 stated that, there are about four (4) local varieties and four (4) exotic 

breeds of cattle are reared in the country (Table 1). All the local varieties (Pabna, Red 

Chittagong, North Bengal Grey, Munshiganj) are at the risk of extinction due to 

indiscriminate use of cross breeding programs throughout the country. Farmers 

interest for more milk, absence of initiatives for conservation of local variety and 

absence of organized programs for identification and characterization of their 

production and reproduction performances in the past or even in the present lead to 

the local cattle germplasms at risk. All the cattle germplasms reached at the risk of 

extinction were used widely. During the last 50 years the country already lost 

potential local cattle germplasms and Jersey exotic breed.  

Table 1. Breed Diversity (Number of Breeds) in Bangladesh 

Species Number of Breeds 

Current Total At risk Widely Others Lost  

(Last 50 yr) 

L E L E L E L E L E 

Cattle 4 4 4 - 4 1 1 - 1 1 

Buffalo 4 1 - 1 4 1 - - - 1 

Goat 1 1 - - 1 - - - - - 

Sheep 1 - - - 1 - - - - 3 

Chicken 6 15 3 - 3 10 - - - - 

Duck 3 4 - - 3 3 - - - - 

Pigeon 1 6 - - 1 - - - - - 

Quail 2 3 1 - - 1 - - - - 

Guinea fowl 1 - - - 1 - - - - - 

Source: BLRI, 2004; L=Local, E=Exotic 
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The cattle populations of Bangladesh during last 10 years are presented in Table 2. 

The list of indigenous, exotic and crossbred cattle genetic diversity and their 

distribution in Bangladesh are presented in Table 3. 

 Namikawa et al. (1987) reported the blood groups, blood protein polymorphism and 

karyotypes of the native cattle. They reported the blood protein polymorphism for 6 

loci. These are haemoglobin, albumin, transferrin, carbonic anhydrase, amulase-I and 

diaphorase-II. The most frequently occurred genes were Hbb
A
, Alb

B
, TfD

2
, Am-1B, 

CA
S
 and Dia-II

c
. They detected 9 blood group systems. These were A, B, C, F, L, J, 

S, Z and R’. They found 60 chromosomes in diploid cells of native cattle, 58 

autosomal chromosomes were acrocentric, X and Y chromosome (sex chromosome) 

were submetacentric and acrocentric, respectively.  

Table 2. Livestock population of Bangladesh during last 10 years  

Livestock 

Species 

2009-

10 

2010-

11 

2011-

12 

2012-

13 

2013-

14 

2014-

15 

2015-

16 

2016-

17 

2017-

18 
2018-19 

Cattle 230.51 231.21 231.95 233.41 234.88 236.36 237.85 239.35 240.86 242.38 

Buffalo 13.49 13.94 14.43 14.50 14.57 14.64 14.71 14.78 14.79 14.86 

Sheep 29.77 30.02 30.82 31.43 32.06 32.70 33.35 34.01 34.68 35.37 

Goat 232.75 241.49 251.16 252.77 254.39 256.02 257.66 259.31 261.00 262.67 

Chicken 2280.35 2346.86 2428.66 2490.11 2553.11 2617.70 2683.93 2751.83 2821.45 2892.83 

Duck 426.77 441.20 457.00 472.54 488.61 505.22 522.40 540.16 558.53 577.52 

Source: DLS, 2019 

Table 3. List of Indigenous, Exotic and Crossbred Cattle Genetic diversity and their 

distribution in Bangladesh 

Genetic diversity Breed/Type Geographic distribution Agro-ecological 

Zone 

Indigenous 

 

Non-descript Deshi Throughout the country All agro-ecological 

(30) zones 

Red Chittagong 
Chittagong district and 

Chittagong Hill Tract 

Chittagong coastal 

plain 

Pabna 
Sirajgonj and Pabna 

district 

Active Brahmaputra 

& Jamuna flood plain 

North Bengal Grey 

Northern regions of 

Bangladesh more 

particularly in Rajshahi 

division 

Tista meander flood 

plain and lowers atrai 

basin 
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Genetic diversity Breed/Type Geographic distribution Agro-ecological 

Zone 

Munshigonj 
Munshigong and 

Manikgonj district 

Young Brahmaputra 

and Jamuna flood 

plain 

Madaripur Madaripur district 
Low Ganges river 

flood plain 

Exotic 

Holstein Friesian Government Farm 

All agro-ecological 

zones 
Jersey 

Government Farm 

& BMPCUL 

Sahiwal Government Farm 

Crossbred 

Holstein Friesian 

cross 
All over the country 

All agro-ecological 

zones Jersey cross 
Only in the milk pocket 

in the western part 

Sahiwal cross All over the country 

Source: BLRI, 2015; Hamid et al., 2017b; ILRI, 2004  

Buffalo 

The water buffaloes of Bangladesh may be grouped into types on the basis of their 

history of domestication, distribution and morphology. These are (i) Native buffaloes 

in the eastern part. (ii) Native buffaloes in the western part, (iii) Native buffaloes in 

the central part, (iv) Native buffaloes in the southern part and (v) Nili-Ravi breed in 

the Buffalo Breeding Farm at Khulna (Faruque, 2000).  

As described above there are about four types of native buffaloes in the country and 

all of them are used widely in different regions. At the beginning, the exotic buffalo 

germplasms Nili-Ravi was imported to use widely for crossing with the local cows 

and the Nili-Ravi is at risk at present (Table 1). The buffalo populations of 

Bangladesh during last 10 years are presented in Table 2. 

Blood protein polymorphism studied by Amano et al. (1987) indicates the existence 

of 7 polymorphic loci in buffalo populations of Bangladesh. These are albumin, 

transferrin, haemoglobin-α, haemoglobin-β, carbonic anhydrase, alkaline phosphatase 

and peptidase-B. Alb
X

, gene of typical swamp buffalo was found only in the 

populations of the eastern and southern part. Tf
A

, gene of typical swamp buffalo was 

detected only in the population of the eastern part. Amano et al. (1987) determined 

the karyotypes of water buffaloes of Bangladesh. They reported 50 chromosomes for 

the water buffaloes of the central part and 48 chromosomes for those of the eastern 

part (Sylhet district). The mtDNA cytochrome b gene sequence of different 

populations of water buffaloes of Bangladesh also reveals the existence of swamp 
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buffaloes in the Sylhet district. The genotypes determined indicate that water 

buffaloes of the western and the central part are river type. The water buffaloes of the 

north-eastern part are swamp type and those of the south eastern part are river type. 

The water buffaloes of the southern part are swamp type or crossbred type (Swamp X 

Nili-Ravi). The list of indigenous, exotic and crossbred buffalo genetic diversity and 

their distribution in Bangladesh are presented in Table 4.   

Table 4. List of Indigenous, Exotic and Crossbred Buffalo Genetic diversity and their 

distribution in Bangladesh 

Genetic 

diversity 

Breed/Type Geographic 

distribution 

Agro-ecological Zone 

Indigenous 

 

River type Plain land Brahmaputra-Jamuna 

flood plain area 

Swamp type 
Marshy land in the 

north eastern 

Megna-Ganges tidal 

flood plain area 

Wild Arni type 
Coastal area in the 

south 
Coastal belt 

Exotic 

Nili-Ravi Government Farm 
Both of the above 

geographical areas Migrated Indian 

buffalo 
Central part 

Crossbred 

Nili-Ravi cross 

Coastal area in the 

south 

Surrounding Indian 

border Both of the above 

geographical areas 
Murrah cross 

Surrounding Indian 

border 

River type × 

Swamp type 
- 

Source: BLRI, 2015; Hamid et al., 2017c; ILRI, 2004  

Goat 

It is estimated that more than 90 percent of total goat population in Bangladesh is 

comprised of Black Bengal (Table 1) and the remainder being Jamunapari and their 

crosses (Hussain et al., 1998). The goat populations of Bangladesh during last 10 

years are presented in Table 2. 

Black Bengal goat has some reputed features: early sexual maturity, high prolificacy, 

adaptability to hot and humid environment and yields superior quality skin and meat 

(Amin et al., 2000, Chowdhury et al., 2002). The coat color of Black Bengal goat is 

not only black but black & white, brown, brown and white & white are also common 

in the population.  
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Black Bengal goat is more or less evenly distributed throughout the country. But 

concentration is relatively higher in the north-western areas of Bangladesh and it 

belongs to the high gangas river flood plain agro-ecological zone. Moreover, they are 

also found throughout the eastern and north eastern India from Bihar through 

northern Orissa to entire West Bengal, Assam, Monipur, Tripura and Meghalay 

province.  

Jamunapari, an Indian bigger size goat breed is popularly known as Ram Chhagal. They 

are found in a limited scale in urban and peri-urban areas of Bangladesh in the form of 

pure or Jamunapari x Black Bengal cross with varying degrees of inheritance. They are 

reared both in intensive and semi intensive management system. However, the population 

size of Jamunapari is not so large (about 6-7 %) in the country (Table 1).  

In addition, some Missionary’s have few small flocks of goat in the country and they 

maintain exotic breeds such as Beetal and Jamunapari in a limited scale aiming at 

producing bucks for distribution among the landless and marginal farmers as a part of 

their poverty alleviation programme in Bangladesh. Their target is to produce 

crossbred kids with improved production potentials (particularly, milk) to meet the 

demands of landless and marginal farmers. However, the Govt. restricted 

crossbreeding programme of Black Bengal goats at present. The list of indigenous, 

exotic and crossbred goat genetic diversity and their distribution in Bangladesh are 

presented in Table 5.   

Nozawa and Katsumata, 1984 reported blood protein polymorphism at 7 loci (Hb-

all.Tf, Alp, pa-3, Amy, MDH-A).  

Table 5. List of Indigenous, Exotic and Crossbred Goat Genetic diversity and their 

distribution in Bangladesh 

Genetic 

diversity 

Breed/Type Geographic distribution Agro-ecological Zone 

Indigenous 

 

Black Bengal Throughout the country All agro- ecological zones 

Jamunapari Concentrated in 

northern and 

northeastern districts 

Tista meander flood plain, 

Karatoya-Bangali flood 

plain and lower Atrai basin 

Exotic 
Beetal Western part 

- 
Sirohi Western part  

Crossbred 

Beetal cross In the western part - 

Sirohi cross In the western part - 

Black Bengal 

× Jamnapari 

 

Concentrated in 

northern and 

northeastern districts 

Tista meander flood plain, 

Karatoya-Bangali flood 

plain and lower Atrai basin 

Source: BLRI, 2015; ILRI, 2004  



22 Hamid 

Sheep 

Sheep in Bangladesh are mostly indigenous non-descript type and it is sparsely 

distributed throughout the country (Table 1). BLRI collected different native sheep 

germplasms from different regions of the country and it has taken step for evaluation 

of production and reproduction performances. In collaboration with International 

Livestock Research Institute (ILRI), Kenya the Dept. of Animal Breeding and 

Genetics of Bangladesh Agricultural University, Mymensingh has started the process 

for genetic characterization of native sheep of Bangladesh. The sheep populations of 

Bangladesh during last 10 years are presented in Table 2. 

The rams of exotic breeds were imported in 1965, 1976 and 1984 from Pakistan (Lohi), 

New Zealand and Australia (Romney Marsh, Suffolk and Parendale) to develop native 

sheep. However, the impact of imported sheep samples on the national sheep population 

is negligible. Garole sheep are found in Sundarban area in the southern part of 

Bangladesh. It is reported to exist in the coastal region of the country. They are reputed 

for multiple births and reported to have contributed to the Boorola Merino stain of 

Australia (Sharma et al., 1999). The list of indigenous, exotic and crossbred sheep genetic 

diversity and their distribution in Bangladesh are presented in Table 6. Blood protein 

polymorphism of 11 loci was reported but large frequency differences were observed at 

Alb, Tf, x-p, Dia, Ly and K (Tsunoda et al., 1998).  

Table 6. List of Indigenous, Exotic and Crossbred Sheep Genetic diversity and their 

distribution in Bangladesh 

Genetic diversity Breed/Type Geographic distribution Agro-ecological Zone 

Indigenous 

 

Non-descript 

Deshi 

Throughout the country with 

a relatively higher 

concentration in 

Noakhali and Charlands 
districts 

Medium concentration in 

Rajshahi and Tangail 
districts 

Lower concentration in 

greater Rangpur, Sylhet, 

Dhaka and 

Comilla districts 

Lower Atrai basin, Active 

Brahmaputra and Jamuna 

flood plain 

Middle Meghna flood plain 
Meghna flood plain and 

Lower Meghna flood plain 
Chittagong 

coastal plain 

Garole Sundarban area in the 

southern part of Bangladesh 

Ganges Tidal floodplain 

Exotic Muzaffarbadi Western part - 

Crossbred 
Muzaffarbadi 

cross 
In the western part - 

Source: BLRI, 2015; ILRI, 2004  
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Chicken  

The chicken germplasms of Bangladesh is composed of indigenous or native type, 
exotic type, crossbred type and commercial hybrid. The native germplasms; such as 
Non-descript Deshi, Naked Neck and Hilly are the main germplasms of indigenous 
chicken (Bhuiyan et al., 2005). On the other hand; Aseel and Native dwarf are the 
rare germplasms of indigenous chicken. The non-descript Deshi chicken is more 

acceptable to rural people as an important source of meat and eggs (Barua and 
Howlider, 1990) due to lower nutritional demand and higher resistance to diseases 
and heat stress. But these potential genetic resources are undergoing genetic erosion 
due to continuous introduction of exotic stock from developed country and their 
indiscriminate crossing with the indigenous chickens. The exotic chicken such as, 
White Leghorn (WL), White Rock (WR), White Cornish (WC), Rhode Island Red 

(RIR), Australorp, Fayoumi, Barred Plymouth Rock (BPR) etc. are reared in different 
management systems in the country. The crossbred of different chickens such as, 
Deshi x WL, Deshi x WC, Deshi x RIR, Deshi x Fayoumi, WL x Fayoumi, RIR x 
Fayoumi, Aseel x Australorp, RIR x Naked Neck, WL x Naked Neck are also used in 
the country. There are many commercial hybrids of chickens such as grandparent 
stock (GP), parent stock (PS), commercial broiler, commercial layer which are used 

widely for meat and egg production in the country (Table 1). The chicken 
populations of Bangladesh during last 10 years are presented in Table 2. 

The volume of work pertaining to the genetic constitution of the indigenous chickens 
of Bangladesh is very thin. In the 1980s collaboration between Japan and Bangladesh 

Agricultural University attempted to clarify the gene constitution at the 
morphological and blood group loci of the Deshi chicken in Bangladesh (Okada et 
al., 1988, Zaman et al., 1991). Genetic distance was estimated from gene frequencies 
at 4 blood groups and plasma polymorphic proteins (the AKP, AKP-2, ES-1, Amy-1, 
Amy-3, Alb, Pas and Tf loci). Okada et al. (1988) suggested that the average genetic 
distances between the Domestic fowl and Jungle fowl were small for the Red Jungle 

fowl, intermediate for the Grey Jungle fowl, and very large for the Ceylonese and the 
Green Jungle fowls. 

The gene frequencies at morphological loci were also used to compare chickens of 
different districts (geographical areas of the country). The morphological 

characteristics observed were: a) comb shape; b) ear lobe colour; c) feather colour; 
and d) shank colour. Concerning the gene frequency at each locus some variations 
were observed among the districts. Good variation in the frequencies of the E and I 
alleles controlling feather colour was noticed. The genetic distances among 
indigenous Deshi populations were very small but the distance between the Deshi 
and Aseel was relatively large which almost corresponded to the differences between 

the breeds. These studies further revealed that no systematic selection had been 
carried out on those morphological characteristics of the indigenous chickens of 
Bangladesh. The list of indigenous, exotic and crossbred chicken genetic diversity 
and their distribution in Bangladesh are presented in Table 7.   
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Table 7. List of Indigenous, Exotic and Crossbred Chicken Genetic diversity and 

their distribution in Bangladesh 

Genetic diversity Breed/Type Geographic distribution Agro-ecological Zone 

Indigenous 

 

Non-descript Deshi Throughout the country All agro-ecological zones 

Naked Neck  Throughout the country All agro-ecological zones 

Aseel  Brahmanbaria district Middle Meghna flood 

plain 

Hilly  Throughout the Country Chittagong coastal plain 

Jungle Fowl  Chittagong, Chittagong 

Hill Tracts, Sundarbans, 
Rajendrapur 

Chittagong coastal plain, 

Old Brahmaputra flood 
plain area 

Exotic 

Fayoumi All over the country 

All agro-ecological zones 
RIR Government Farms 

White Leghorn 

(WL) 
Government Farms 

Broiler strain Throughout the Country All agro-ecological zones 

Layer strain Throughout the Country All agro-ecological zones 

Crossbred 

Fayoumi X RIR In the western part 

All agro-ecological zones 

Commercial layer 

hybrids  

All over the country 

Commercial broiler 

hybrids  

All over the country 

Source: BLRI, 2015; ILRI, 2004  

Duck  

Similar to chicken, Bangladesh has got different types of duck germplasm and they 

are reared through different systems in different regions of the country. Duck genetic 

resources of the country are composed of indigenous or native, improved native, 

exotic and their crosses. Most of the duck populations in the country are native duck 

like Indigenous Non-descript, Deshi White, Deshi Black, Nageshwari, Sylhet Mete, 

Cinahanh etc. The former three native ducks are used widely at farm levels (Table 1). 

The duck populations of Bangladesh during last 10 years are presented in Table 2. 

Bangladesh Livestock Research Institute (BLRI) has developed two types of native 

duck through long time selective breeding (Islam et al., 2014). The ducks are named 

as BLRI-1 and BLRI-2. Khaki Campbell, Indian Runner and Jending are the three 

exotic ducks used widely at farm level and the White Pekin, Cherry Valley, Thailand 

Black and Muscovy is limited to some duck farms in the public sector (Table 1). 

Although the crossbred of different ducks are used in the country in different farming 

systems, but unfortunately no information was recorded/available in this cross 
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breeding program. Presently, some cross breeding program is running by Department 

of Livestock Services (DLS) and Bangladesh Agricultural University (BAU). The 

DLS started cross breeding of different ducks, such as Jending x Thailand Black, 

Indian Runner x Thailand Black, White Pekin x Thailand Black since the end of 2017 

in their own farm. The Department of Poultry Science of BAU has running a cross 

breeding program of White Pekin x Thailand Black since middle of 2018. The list of 

indigenous, exotic and crossbred duck genetic diversity and their distribution in 

Bangladesh are presented in Table 8.   

Table 8. List of Indigenous, Exotic and Crossbred Duck Genetic diversity and their 

distribution in Bangladesh 

Genetic 
diversity 

Breed/Type Geographic distribution Agro-ecological Zone 

Indigenous Non-descript Deshi Kishoregonj, Netrokona, 
Sylhet, All over Bangladesh 

All agro-ecological zones 

Desi White All over Bangladesh All agro-ecological zones 

Desi Black  All over Bangladesh All agro-ecological zones 

Nageshwari In Sylhet district in the south 
east 

All agro-ecological zones 

Sylhet Mete In Sylhet district in the south 

east 
All agro-ecological zones 

Exotic 

Indian Runner All over the country 

All agro-ecological zones 
Khaki Campbell All over Bangladesh 

Jending 
Duck farms and selective 

places of the country 

White Pekin 
Limited to duck farms in the 

public sector 
- 

Muscovy  Limited to duck farms in the 

public sector 

All agro-ecological zones 

Crossbred 

Indigenous X Khaki 

Campbell, Indigenous 

X Indian Runner, 
Indigenous X Jending 

 

 

All over Bangladesh  
All agro-ecological zones 

Jending X Thailand 

Black, Indian Runner 

X Thailand Black, 

White Pekin X 

Thailand Black 

 

 

Limited to government duck 
farms 

Ongoing cross breeding 

program  

White Pekin X 

Thailand Black 

Bangladesh Agricultural 

University’s poultry farm 
Ongoing cross breeding 

program  

Source: BLRI, 2015; ILRI, 2004  
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Pigeon  

There is a single native type of pigeon but about six (6) exotic types of pigeon are 

found in the country (Table 1). Indigenous “Jalali” pigeon is widely used by peoples. 

Most of them are reared on free flying system i,e the farmers provide only shelter for 

their squab production. They used to collect their feed from different sources. The list 

of indigenous and exotic pigeon genetic diversity and their distribution in Bangladesh 

are presented in Table 9.   

Table 9. List of Indigenous and Exotic Pigeon Genetic diversity and their distribution 

in Bangladesh 

Genetic 

diversity 

Breed/Type Geographic distribution Agro-ecological Zone 

Indigenous 

 

Non-descript Deshi Throughout the country All agro-ecological zones 

Jalali All over the country All agro-ecological zones 

Siraji All over the country All agro-ecological zones 

Giribuj All over the country All agro-ecological zones  

Loton All over the country All agro-ecological zones 

Exotic 

King All over the country 

 

All agro-ecological zones 

Horner All over Bangladesh 

Fantail All over Bangladesh 

Pouters All over Bangladesh 

Tumblers All over Bangladesh 

Source: BLRI, 2015; ILRI, 2004  

Quail  

Both native and exotic types of quail are available in the country. Jungle quails are 

mostly found in the forest area under free flying conditions but indigenous type is 

reared in semi-urban area under intensive condition. Japanese, Brown and Dhakai are 

the three exotic types of Quail are reared in the semi-intensive or intensive systems. 

The exotic Japanese Quail is widely used and indigenous type is at the risk of 

extinction (Table 1). The list of indigenous and exotic quail genetic diversity and 

their distribution in Bangladesh are presented in Table 10. 
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Table 10. List of Indigenous and Exotic Quail Genetic diversity and their 

distribution in Bangladesh 

Genetic diversity Breed/Type Geographic 

distribution 

Agro-ecological Zone 

Indigenous 

 

Non-descript 

Deshi 

Semi-urban All agro-ecological zones 

Jungle  Hilly forest All agro-ecological zones 

Exotic 

Japanese 

Semi-urban  All agro-ecological zones Brown 

Dhakai 

Source: BLRI, 2015; ILRI, 2004  

Guinea fowl  

Native Guinea fowl of indigenous type is reared by the farmers and found to be 

popular in some regions of the country. However, no survey works on their habitats 

or production system or any initiative for characterization of the germplasm is done 

except some individual evaluation at farm level (Table 1). 

CONCLUSION 

The farm animal genetic diversity is very important for a country’s economic, social 

and cultural aspects. It is very essential for a country to demonstrate the linkages 

between biodiversity, livelihoods and socio-economic structure. The essential way of 

achieving sustainable conservation of biodiversity is through collaboration between 

local communities, national body or institution of a country.  
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ABSTRACT 

The present article addresses the scenario of duck genetic resources, 
their production and reproduction performances, their improvement and 
conservation in Bangladesh. The duck, among other poultry species 
available in the country, are used for meat and egg production. The duck 
germplasm available in the country are indigenous/native, improved 
native, exotic and their crosses. The native duck population is comprised 
of Indigenous Non-descript, Deshi White, Deshi Black, Nageshwari, 
Sylhet Mete etc. The improved native such as, BLRI-1 and BLRI-2 are 
developed by Bangladesh Livestock Research Institute. The exotic duck 
such as, Khaki Campbell, Indian Runner, Jending, Muscovy, White 
Pekin, Cherry Valley, Thailand Black etc. are also used at farms level. 
The crossbred of different ducks are used in the country at different 
farming systems. Improvement and conservation of native duck are 
ongoing both in-situ and ex-situ in vivo by DLS, BLRI, BAU and also by 
others. The present study provided baseline information on duck 
germplasm of Bangladesh which could be useful for future genetic 
characterization, improvement and conservation. 

Keywords: Bangladesh, Duck, Germplasm, Conservation  

INTRODUCTION 

Ducks among other poultry species is considered as an economic livelihood option in 

Bangladesh especially for smallholders and women. In Bangladesh, the rural peoples 

raise ducks in adjunct with other agricultural operations where usually no extra feed 

is required. They are commonly tended for meat and egg under traditional system in 

rural areas (FAO, 1990). Ducks play a vital role for income generation, nutritional 

fulfillment and employment generation in the low-lying areas of Bangladesh (Islam 

et al., 2003). The people rear ducks with low inputs and obtain quick returns in terms 

of egg and meat which are usually for domestic consumption and also a source of 
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good quick earning. It is an important component of farming system and plays a 

significant role to 80% rural people of Bangladesh. It provides cash income and 

creates employment opportunity for rural people, particularly for small and landless 

farmers.  

Duck genetic resources of the country are composed of indigenous or native, 

improved native, exotic and their crosses. Most of the duck populations in the 

country are native duck like Pati (Deshi), Nageswari, Sylhet Mete, Cinahanh which 

have been well adapted to local climate and are considered to be dual purpose. The 

rest are exotic breed like Indian Runner, Khaki Campbell, Jending, Pekin and 

Muscovy (Sing and Moore, 1978; Huque and Hossain, 1991). The Bangladesh 

Livestock Research Institute conducted several experiments to improve the native 

ducks under intensive management and developed two improved native such as, 

BLRI-1 and BLRI-2 (Khatun and Islam, 2010). The crossbred ducks are also found in 

the country in different farming systems. 

Ducks have several advantages over other poultry species, particularly in disease 

tolerance (FAO, 1990). In Asia, most duck production is closely associated with 

wetland rice farming, particularly in humid and sub-tropic zones. An added 

advantage is that ducks normally lay most of their eggs within the three hours after 

sunrise compared with five hours for chickens enabling them to collect those eggs in 

the morning while at home before going for outside work. This makes it possible for 

ducks to freely range in the rice fields by day, while being confined by night. Non-

descript local ducks are ubiquitous in the country and most smallholder farmers keep 

them under a subsistent level of management in Bangladesh (Islam et al., 2003). It 

appears that the ducks can be raised cheaper than broiler if the market is properly 

organized.  

Duck eggs are quite large compared to chicken eggs (1.4 times), which makes them 

easily distinguishable. The duck egg contains relatively less water and higher 

percentage of protein and fats in the yolk, albumen and total contents of egg as 

compared to chicken egg. Because of higher percentage of fat, its energy value is also 

higher than chicken eggs. Duck eggs are richer in flavour than chicken eggs, have 

better baking quality, longer storage life and people allergic to chicken egg can also 

consume duck eggs. Duck eggs have higher levels of vitamins and minerals with 12-

13 nutrients than chicken eggs. Ducks eggs are less prone to cracking than chickens; 

as the shell membrane is very strong, it prevents leaking even if the shell is broken. 

Also, ducks may make for nicer backyard occupants. Owners find that ducks eat 

slugs and weeds and have a less aggressive pecking order than chickens. Duck are 

larger in size and the meat ducks are sold at a price higher than that of local free-

range live chicken. Therefore, indigenous ducks both generate income and ensure 

protein for the people. Consequently, they are believed to act as an indispensable 

“change maker” in the rural economy of Bangladesh. 
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Although Bangladesh has rich in duck germplasm unfortunately, due to lower 

productive and reproductive performances and lack of public and private initiatives to 

accelerate, the development of duck sub-sector is sub optimal. Insufficient number of 

hatcheries for quality duckling in the country is one of the major reasons for non-

accelerated growth of duck sub-sector. However, there are no documented research 

studies so far that investigated the duck genetic resources, their improvement and 

conservation. The purpose of this study is to address the available duck germplasm 

with their distributions, productive and reproductive performances along with 

conservation status so that the duck producers and researchers can get information for 

future improvement and conservation program.   

Geographic distribution of different genotypes of duck    

The ducks in Bangladesh are distributed throughout the country especially in low-

lying areas that are around the river, cannel, ditches, ponds and natural surface water 

reservoirs. Indigenous ducks are well adapted to the agro-climate conditions of the 

country. The breed/types of duck, their geographic distribution and importance are 

presented in Table 1. 

Table 1. Geographic distribution and importance of duck in Bangladesh  

Genetic 

diversity 

Breed/Type Geographic distribution Agro-ecological 

Zone 

Importance 

Indigenous Non-descript 

Deshi 

Kishoregonj, Netrokona, 

Sylhet, All over 
Bangladesh 

All agro-ecological 

zones 

Well adapted to 

scavenging system & 
disease resistant 

Desi White All over Bangladesh All agro-ecological 

zones 

Well adapted to 

scavenging system & 
disease resistant 

Desi Black  All over Bangladesh All agro-ecological 

zones 

Well adapted to 

scavenging system & 
disease resistant 

Nageshwari In Sylhet district in the 

south east 
All agro-ecological 

zones 

Well adapted to 

scavenging system & 
disease resistant 

Sylhet Mete In Sylhet district in the 

south east 

All agro-ecological 

zones 

- 

Exotic 

Indian Runner All over the country 

All agro-ecological 

zones 

Egg 

Khaki Campbell All over Bangladesh Egg 

Jending 
Duck farms and selective 

places of the country 

Egg 

White Pekin 
Limited to duck farms in 

the public sector 
- 

Meat 

Muscovy  Limited to duck farms in 

the public sector 

All agro-ecological 

zones 

Meat 
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Genetic 

diversity 

Breed/Type Geographic distribution Agro-ecological 

Zone 

Importance 

Crossbred 

Indigenous X 

Khaki Campbell, 

Indigenous X 

Indian Runner, 

Indigenous X 
Jending 

 

 

All over Bangladesh  All agro-ecological 

zones 

 

 

Meat and egg 

Jending X 

Thailand Black, 

Indian Runner X 

Thailand Black, 

White Pekin X 
Thailand Black 

 

 

Limited to government 

duck farms 

Ongoing cross 

breeding program  

 

 

- 

White Pekin X 

Thailand Black 

Bangladesh Agricultural 

University’s poultry farm 

Ongoing cross 

breeding program  

- 

Source: FAnGRBD, BLRI, 2015; BLRI, 2004  

Population of duck compared to chicken in Bangladesh    

Duck population has been estimated at 54.016 million occupying second position in 

poultry in Bangladesh (DLS, 2018). Dolberg (2008) stated that, Bangladesh has the 

third largest population of duck after China and Indonesia. DLS (2012) mentioned 

that, duck population represents 8% to 25% of the total population of chicken. There 

are different types of duck rearing system available in the country. It can be classified 

as house hold (scavenging), semi-intensive (semi scavenging) and intensive farming 

(Khan et al., 2013). Majority of the population of duck are reared by the small 

holders in coastal and low-lying areas under scavenging system, with little or without 

supplementation. According to the DLS of Bangladesh the total duck population is 

steadily increasing, from 45.7 million in 2013 to 54.016 million in 2018. The duck 

population in Bangladesh is commonly tendered for meat and egg. In nature, they are 

reared under traditional system in rural areas (FAO, 1990).  

In Bangladesh, there are eight government hatcheries operating to produce and 

distribute ducklings to duck producers all over the country, which is far below the 

demand, especially in the Haor basins. The production of ducklings in government 

hatcheries are presented in Table 2. 

On an average, duck and chicken ratio is 1:5 in the country. It also gives information 

on duck population distribution. The proportion of duck within the poultry population 

is high in the Barisal division (1:3), which is located in the South-west and, in Sylhet 

(0.69:1) located in the North-east of the country. This is due to presence of large 

number of ponds and water bodies that are suitable for duck production. 
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Table 2. Duckling production in government hatcheries (2016-17)  

Name of the hatchery Total Layer Total Duckling 

Narayangonj 2570 222780 

Dowlatpur 1372 130235 

Kishoregonj 0 0 

Naogaon 1528 103025 

Sunagaji, Feni 940 69219 

Gopalgonj 1154 87697 

Sunamgonj 971 35540 

Rangamati 1272 11771 

Total 9807 660267 

Source: DLS, 2018 

Available duck genetic resources in Bangladesh  

Similar to chicken, Bangladesh has got different types of duck germplasm and they 

are reared through different systems in different regions of the country. The duck 

germplasm of the country have been described below:   

A) Native duck 

The native duck population is comprised of a number of breeds/types such as 

Indigenous Non-descript, Deshi White, Deshi Black, Nageshwari, Sylhet Mete etc. in 

respect of the morphological variations as well as production performances. The 

former three native ducks are used widely at farm levels. Native ducks were probably 

evolved through natural selection. The domesticated ducks belongs to the genus Anas 

and species platyrhynchos. In Bangladesh 90 to 95% of the ducks reared by village 

farmers are of Deshi type, which are very poor in egg production. But presently the 

tendency of rearing highly productive indigenous ducks is increasing day by day in 

the country in rural sides. The phenotypic features and their frequencies of Nageswari 

duck are presented in Table 3. The body measurements of Nageswari duck are 

presented in Table 4. 
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Table 3. Phenotypic features and their frequencies of Nageswari duck 

Trait Sex Characteristic features Frequency (%) 

Head color Male Black 92.31 

White spotted black 7.69 

Female Black 100 

Neck color Male Black 100 

Female Black 100 

Breast color Male White 84.62 

Black 15.38 

Female White 93.75 

Black 6.25 

Back color Male Black 100 

Female Black 100 

Wing color Male Black 100 

Female Black 100 

Tail color Male Black 100 

Female Black 100 

Bill color Male Black 57.69 

Black with yellowish tint 23.07 

Yellowish 19.23 

Female Black 93.75 

Black with yellowish tint 6.25 

Bean color Male Black 100 

Female Black 100 

Shank color Male Black 73.07 

Black with yellowish tint 7.69 

Yellowish 19.23 

Female Black 90.63 

Black with yellowish tint 9.37 

Skin color Male White 100 

Female White 100 

Eye color Male Black 88.46 

Ash 11.54 

Female Black 84.38 

Ash 15.62 

Web color Male Black 76.93 

Black with yellowish tint 23.07 

Female Black 87.50 

Black with yellowish tint 12.50 

Egg color Bluish 100 

Source: Morduzzaman et al., 2015 
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Table 4. Body measurements of Nageswari duck 

Parameter Male (Mean ± SE) Female (Mean ± SE) 

Body Weight (kg) 1.66 ± 0.07 1.51 ± 0.05 

Body length (cm) 26.27 ± 0.57 23.79 ± 0.39 

Head diameter (cm) 3.49 ± 0.02 3.36 ± 0.04 

Bill length (cm) 5.87 ± 0.09 5.54 ± 0.07 

Neck length (cm) 23.49 ± 0.58 21.59 ± 0.49 

Shank length (cm) 5.76 ± 0.12 5.16 ± 0.11 

Wing length (cm) 24.58 ± 0.49 21.99 ± 0.53 

Massiveness 6.33 ± 0.28 6.39 ± 0.22 

Condition index 6.72 ± 0.23 6.93 ± 0.23 

Source: Morduzzaman et al., 2015 

B) Improved native duck 

Bangladesh Livestock Research Institute (BLRI) has developed two types of native 

duck through long time selective breeding (Islam et al., 2014). The ducks are named 

as BLRI-1 and BLRI-2.  

C) Exotic duck 

The Khaki Campbell, Indian Runner, Muscovy and Jending are the exotic ducks 

which are used widely at farms level and the White Pekin, Cherry Valley and 

Thailand Black are limited in some duck farms in the public sector. The Khaki 

Campbell and Jending are to be considered as valuable duck genetic resources in the 

country. The preliminary studies showed that Khaki Campbell and Jending are 

medium sized egg laying duck having potentials to survive well and giving very good 

production (Pervin et al., 2013). 

D) Crossbred duck   

Although the crossbred of different ducks are used in the country in different farming 

systems, but unfortunately no information was recorded/available in this cross 

breeding program.  Presently, some cross breeding program is running by 

Department of Livestock Services (DLS) and Bangladesh Agricultural University 

(BAU). The DLS started cross breeding of different ducks, such as Jending X 

Thailand Black, Indian Runner X Thailand Black, White Pekin X Thailand Black 

since the end of 2017 in their own farm. The Department of Poultry Science of BAU 

has running a cross breeding program of White Pekin X Thailand Black since middle 

of 2018.  
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Production and reproduction performances of duck in Bangladesh  

The duck in Bangladesh are mainly used as dual purpose such as egg and meat 

production. The production and reproduction performances of duck of different 

germplasm are summarized as below: 

A) Performances of native duck 

The production and reproduction performances of Indigenous Deshi ducks are 

summarized in Table 5. The production and reproduction performances of 

Nageshwari duck are summarized in Table 6. The production performances of Deshi 

ducks with Khaki Campbell and Jending are summarized in Table 7. 

Table 5. Performances of Indigenous Deshi ducks 

Trait Average 

Adult body weight (kg) 1.60 

Feed consumption (g/duck/day) 178.13 

Age at onset of lay (d) 126.0 

Age at peak production (d) 213.0 

Egg production at the peak (%) 77.0 

Duck house egg production (%) 44.0 

Mean egg weight (g) 71.17 

Source: BLRI, 2001 

Table 6. Production and reproduction performances of Nageswari ducks  

Parameter Mean ± SE 

Age at first egg (day) 130 ± 1.83 

Weight at sexual maturity (g) 1400.84 ± 12.68 

Hen day egg production (%) 55.67 ± 2.74 

Annual egg production/duck 204.23 ± 14.19 

Average egg weight (g) 58.20 ± 1.50 

Egg mass production (g/bird/day) 32.40 ± 2.29 

Feed intake during laying (g/day) 154.85 ± 2.27 

Feed conversion efficiency 4.63 ± 0.21 

Performance efficiency index 20.92 ± 1.37 

Source: Bhuiyan et al., 2017 
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Table 7. Production performances of Khaki Campbell, Jending and Deshi ducks 

Parameters Khaki Campbell Jinding Deshi 

Total number of egg production  111980 161000 15000 

Average no. of egg production  220 230 150 

Average egg weight (g)  65.20 64.30 58.70 

Total egg mass production (kg)  34.67 34.19 31.69 

Egg mass production (g/bird/day)  26.80 30.72 15.65 

Age at sexual maturity (days)  168 157 194 

Survivability (%)  94.70 97.48 96.60 

Egg production % of TNEP  60.28 63.01 41.09 

Source: Islam, 2015 

B) Performances of improved native duck 

The production and reproduction performances of improved BLRI-1 and BLRI-2 are 

summarized in Table 8.  

Table 8. Production and reproduction performances of BLRI-1 and BLRI-2 ducks 

Parameters  BLRI-1 (Mean ± SD) BLRI-2 (Mean ± SD) 

Age at sexual maturity (day)  158 ± 0.95 151.75 ± 1.15 

Female weight at first lay (g)  1444.29 ± 20.56 1456.22 ± 24.94 

Egg weight at first lay (g)  48.87 ± 0.40 49.50 ± 0.50 

Egg production (%) at 40 wks of age  55.17 ± 1.04 53.85 ± 2.03 

Egg weight (g)  68.56 ± 6.54 63.04 ± 5.38 

Duckling weight (g)  40.10 ± 4.35 36.24 ± 2.90 

4th week body weight (g/duck)  378.95 ± 84.43 359.22 ± 103.24 

8th week body weight (g/duck)  846.71 ± 148.06 844.43 ± 165.82 

12th week body weight (g/duck)  1399.91 ± 20.20 1313.05 ± 22.90 

Fertility (%)  65.98 ± 10.36 59.59 ± 5.89 

Embryonic mortality (%)  24.94 ± 4.15 35.81 ± 18.65 

Hatchability (%) on fertile eggs 72.62 ± 16.95 77.86 ± 21.55 

Source: Islam et al., 2014 

C) Performances of exotic duck  

The production and reproduction performances of Khaki Campbell and Jending with 

Deshi ducks are summarized in Table 7. The Performances of Indian Runner, Khaki 

Campbell and Jending in integrated duck cum fish farming system are summarized in 

Table 9. The performances of exotic ducks are satisfactorily at farm levels.  
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Table 9.  Performances of Indian Runner, Khaki Campbell and Jending in integrated 

duck cum fish farming system  

Parameters  Indian Runner Khaki Campbell Jending 

Initial body wt. (g) 580.00 584.00 581.00 

Body wt. gain (up to start of egg 

laying kg/duck) 

1.55 1.51 1.48 

Mortality (%) 3.00 4.50 3.50 

Egg production (%) 68.00 70.00 61.00 

Egg weight (g) 61.00 60.50 58.00 

Source:  Das et al., 2003 

Improvement and Conservation of Duck Genetic Resources  

In Bangladesh, the improvement and productivity of duck yet has been under utilized 

and less emphasis through pedigree selection and breeding (Ukil and Islam, 1991; 

Salam and Uddin, 1987). Research and development on duck farming is still limited 

to laboratories and pilot fields, therefore, the dissemination of research results has yet 

to reach the ultimate beneficiaries. 

For the improvement of duck, the ducklings of Khaki Campbell, Indian Runner, 

Jending, native ducks are being produced in the government duck hatcheries and 

distributed among the interested farmers at subsidized price to popularize duck 

farming. However, no organized breeding programme for rural duck production has 

yet been formulated and implemented in the country. The Central Duck Breeding 

Farm of Narayanganj is working on different duck farming methods and breeding 

program. Presently, some cross breeding program is running by the Department of 

Livestock Services (DLS) in their own farm for the improvement of duck in 

Bangladesh.   

Bangladesh Livestock Research Institute (BLRI) initiated native duck breeding 

program to conserve five types of native ducks since 1999. Since then, several 

experiments have been conducted to improve the productivity of native ducks under 

intensive management. Thus, phenotypic, productive and reproductive characteristics 

of two native ducks were improved by selective breeding (Khatun and Islam, 2010). 

After verification, comparative better performers of two native ducks were named as 

improved ducks of BLRI-1 and BLRI-2.  

Bangladesh Agricultural University also has a Department of Poultry Science with 

undergraduate, graduate, and post-graduate degrees, specializing on Poultry. Many 

research works are carried out by the students and faculties which are useful for the 

improvement and conservation of duck in Bangladesh.  

There are many haors and bills in Kishoreganj and Sylhet where water body is 

available for the maximum time in the year, e.g. Etna, Mithamoin, Baniachong, 
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Azmiriganj, Jokiganj, Fenchuganj, Salla, Dirai, Dharampasha, Tahirpur, Sunamganj 

sadar, Durgapur, Khaliajuri etc. Ducks are found in adequate quantity in Kishoreganj, 

Netrokona, Sylhet, Sunamgonj and Kurigram.  

CONCLUSIONS 

From the above discussion, it may be concluded that Bangladesh is rich in duck 

genetic resources. These serve well in fulfilling nutritional requirement of the country 

and income generation for millions of people. There is scope to improve the 

productivity of Indigenous duck through appropriate breeding and husbandry 

practices. This study represents useful resources for future study of duck genetic 

resources in the country. 
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ABSTRACT 

The study was conducted to evaluate the effect of bio-pesticides and 
chemical insecticides namely Novastar 56EC, Stargate 48SC, Confidor 
70WG, Actara 25aWG, Tracer 45SC, Ecomec 1.8EC, Bioneem plus 1EC 
to control thrips infesting mung bean in the experimental field of Sher-e-
Bangla Agricultural University during November 2017 to February 2018. 
An untreated control observation was also evaluated. Efficacy of the 
treatments differed significantly and showed effective results in reduction 
of thrips population and infestation on mung bean at vegetative and 
reproductive growth stages of the plant. Stargate 48SC (clothianidin) was 
the most effective insecticide against the thrips species Megalurothrips 
usitatus and Thrips palmi with the highest reduction of population on top 
trifoliate leaves and terminal shoots (100.00 and 89.40%, respectively) at 
vegetative stage and reduction on flower buds and flowers (86.04 and 
85.95%, respectively) at reproductive stage of mung bean. The lowest 
flower bud and flower infestation (7.22 and 3.41%, respectively) and 
shedding (4.21 and 1.06%, respectively) by thrips with the highest 
number of pod (23.80 plant

-1
), seed (10.20 pod

-1
), 1000 seed weight 

(48.40 g) and yield (1026.91 kg ha
-1

) were also found in Stargate 48SC 
treated plots followed by Confidor 70WG and Actara 25WG treatments.  

Keywords: Bio-pesticides, Chemical insecticides, Mung bean, 
Megalurothrips usitatus, Thrips palmi. 

INTRODUCTION 

Mung bean (Vigna radiata L.), is one of the most important pulse crops in 

Bangladesh, ranks 4
th 

in terms of acreage and production. Mung bean production in 

Bangladesh is about 32 thousand metric tons in the area of 96 thousand acres and the 

average yield is 341kg acre-
1
 (BBS, 2015). Mung bean contains about 51% 

carbohydrate, 26% protein, 4% mineral, 3% vitamins (Yadav et al., 1994). Mung 
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bean is suitable for summer season but it can be grown in Kharif-I, Kharif-II and Late 

Rabi season in different regions of Bangladesh. Among several biotic and abiotic 

stresses, attack of insect pests is one of the major limiting factors of mung bean 

production. Insect pests are responsible for 42% and 58% losses at pre-flowering and 

post-flowering stages, respectively of mung bean (Malik, 1992). Thrips is one of the 

major insect pests causing considerable losses of mung bean. Severe attacks of 

Megalurothrips usitatus cause yield losses of mung bean from 13% to 64% 

(Farajallah, 2013). During vegetative stage, M. usitatus feed inside vegetative buds, 

rasp the top, unopened trifoliate leaves and suck plant juice oozing out of the plant 

part. In the initial blooming stage, male and female thrips randomly distributed 

within the flowers. Both larvae and adults feed on pollen and rasp other flower parts 

and suck the plant juice oozing out from the injured plant parts. As a result of this 

type of damage, flowers drop of and affects on pod formation. Losses caused by petal 

and fruit malformation and scarring are of even greater economic importance (Zhang 

et al., 2007). Thrips occur every growing season and cause yield losses through 

premature dropping of flowers. Thrips can cause various levels of damage to the bean 

pod, from light scaring to severely twisted and scared pods. Thrips palmi attacks 

various legumes, fruiting and leafy vegetables in many countries in tropical and 

subtropical regions cause economic damage to plant crops both as a direct result of 

its feeding activity and from its ability to vector tospoviruses such as Watermelon 

Bud Necrosis Virus (WBNV) and Peanut Yellow Spot Virus (PYSV) (Gopal et al., 

2010). Thrips populations are higher during the dry season, which favors rapid 

multiplication of thrips. So, it is necessary to control thrips in a safer and effective 

way for getting higher yield of mungbean. Farmers usually like to get results quickly 

but environmental safety is also an important considering factor. Neem based 

pesticides are reported to control young nymphs, inhibit growth and development of 

older nymphs and reduce egg-laying by adult thrips. Adding 0.1 to 0.5% of soft soap 

enhances efficacy of neem-based pesticides. Sucking pests have developed resistance 

to almost all conventional synthetic insecticides and also developing resistance to 

multiple classes of insecticides (Palumbo et al., 2001). Moreover, conventional 

insecticides provide poor control of insect pests and generally lead to pest resurgence. 

Therefore, to overcome these problems the use of bio-pesticides and new generation 

chemical neonicotinoids with novel mode of action that are active at very low 

dosages and manage thrips population, is the ultimate alternative for effective pest 

management. Hence, the present study was planned to investigate the relative toxicity 

of some bio-pesticides and newer chemical insecticides in order to find an effective 

control of thrips infesting mung bean. 

MATERIALS AND METHODS 

The experiment was conducted in the field of Sher-e-Bangla Agricultural University 

(SAU), Sher-e-Bangla Nagar, Dhaka, Bangladesh during November 2017 to 

February 2018. The plots were well prepared with good tilth and recommended 
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fertilizers were applied for mung bean production during final land preparation 

(BARC, 2012). The experiments were laid out in Randomized Completely Block 

Design with three replications. The treatments were randomly allotted in each block. 

The seeds of BARI Mung-6 were directly sown on 2 November, 2017 in 2.5m×2m 

experimental unit plot with a distance of 50 cm between the plots and 100 cm 

between the replications on 2 November, 2017. The seeds were sown in rows with 

the spacing of 30 cm. The population of the plant was maintained constant by 

keeping plant to plant distance of 10 cm. After sowing seeds, irrigation and other 

intercultural operations were done. Eight treatments including Novastar 56EC @ 1 

ml, Stargate 48SC @ 0.4 ml, Confidor 70WG @ 0.2 g, Actara 25WG @ 0.2 g, Tracer 

45SC @ 0.4 ml, Ecomec 1.8EC @ 1 ml, Bioneem plus 1EC @ 1ml L
-1

 of water and 

untreated control were tested. Chemical insecticides and bio-pesticides were applied 

at 7 days interval to the foliage at vegetative stage when the thrips appeared and 

continued till reproductive stage of the crop. Ten mung bean plants were randomly 

selected from each plot avoiding border plants. A white paper was placed under the 

top trifoliate leaves of the each selected plant and shaked rapidly by using a soft 

brush (beating method). Then the number of adult Megalurothrips usitatus and 

Thrips palmi was counted. Data were collected two times at weekly intervals from 

top trifoliate leaves at vegetative stage. After counting thrips population, treatments 

were applied and data were collected after 7 days following the same procedures. 

Similarly, the number of adult M. usitatus and T. palmi was counted two times from 

terminal shoots from the selected plants at vegetative stage. As such the number of 

thrips of the two species was counted from ten flower buds and ten flowers of those 

selected plants of each plot at reproductive stage. Data were collected ten times at 

weekly interval and treatments were applied after counting of adult thrips at every 

inspection. Percent reduction of thrips over untreated control was calculated. Number 

of total flower buds and flowers, number of infested flower buds and flowers, 

shedding flower buds and flowers plant
-1

 were recorded from the ten selected plants 

of each plot. Percent infestation and percent shedding of flower buds and flowers 

were also calculated. Harvesting was done three times when pods were matured. All 

pods were separated and counted from ten sample plants and the average number of 

pod plant
-1 

was calculated at each harvest. The average pod length and number of 

seed pod
-1 

were recorded after harvesting from ten randomly selected pods and 1000 

seed weight was taken from each plot at every harvest. Seed yield data was converted 

into kg ha
-1

 for each plot.  

Statistical analysis: Data were analyzed by using MSTAT software. The significant 

differences among the treatment means were compared by DMRT at 5% level of 

probability.  
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RESULTS  

Significant variations in efficacy of different bio-pesticides and chemical insecticides 

were observed at vegetative stage of mung bean in comparison to control. Stargate 

48SC treatment (clothianidin) was found very effective to control thrips and there 

was no thrips on top trifoliate leaves in this treatment. The lowest number of M. 

usitatus and T. palmi (0.99 and 0.02, respectively) on10 terminal shoot
-1

 was found in 

Stargate 48SC treated plot. On the other hand, the highest incidence of M. usitatus 

and T. palmi (5.76 and 2.25, respectively) on10 top trifoliate leaves
-1

 and that of M. 

usitatus and T. palmi (6.77 and 2.78, respectively) on 10 terminal shoots
-1

 was 

recorded in untreated control plot. Stargate 48SC reduced maximum thrips 

population 100.00% on top trifoliate leaves and 89.40% on terminal shoots followed 

by Confidor 70WG (81.25% on top trifoliate leaves and 82.61% on terminal shoots).  

Among the Bio-pesticides, Ecomec 1.8EC performed better in reducing thrips 

population (43.60% and 46.65%) on top trifoliate leaves and terminal shoots, 

respectively (Table 1).  

Table 1.  Efficacy of the pesticides on the abundance of thrips on top trifoliate leaves 

and terminal shoots of mung bean at vegetative stage of the crop  

Treatment 

 

Mean No. of thrips  

10 top trifoliate leaves-1 

% 

reduction 

of thrips 

over 
control 

Mean No. of thrips  

10 terminal shoots-1 

% 

reduction 

of thrips 

over 
control 

M. 

usitatus 

T. 

palmi 

Cumulativ

e mean 

No. of 

two thrips 
species 

M. 

usitatus 

T. palmi Cumulat

ive mean 

No. of 

two 

thrips 
species 

Novastar 56 EC 2.76 d 0.99 d 3.75 e  52.92 d 3.18 c  1.10 d 4.28 e 54.87 c 

Stargate 48 SC 0.00 f 0.00 g 0.00 h 100.00 a 0.99 d 0.02 f 1.01 g 89.40 a 

Confidor 70 WG 1.25 e 0.25 f 1.50 g 81.25 b 1.26 d 0.39 e 1.65 g 82.61 a 

Actara 25 WG 1.50 e 0.74 e 2.24 f 71.94 c 1.74 d 1.00 d 2.74 f 71.23 b 

Tracer 45 SC 4.73 c 1.51 b 6.24 c 21.95 f 4.83 b 1.42 c 6.25 c 33.94 e 

Ecomec 1.8 EC 3.24 d 1.25 c 4.49 d 43.60 e 3.85 c 1.23 cd 5.08 d 46.65 d 

Bioneem plus 1EC 5.26 b 1.49 b 6.75 b 15.35 g 5.25 b 2.14 b 7.39 b 21.90 f 

Untreated control 5.76 a 2.25 a 8.01 a - 6.77 a 2.78 a 9.55 a - 

LSD(0.05) 0.49 0.16 6.88 6.43 0.82 0.24 0.72 8.09 

CV (%) 9.45 9.19 0.48 6.53 13.84 11.24 8.97 7.95 

In a column means having similar letter(s) are statistically identical at 5% level by DMRT. 

The data on mean number of thrips (M. usitatus and T. palmi) per 10 flower buds and 

10 flowers of mung bean presented in Table 2 revealed that significantly the lowest 

number of adult M. usitatus (1.66) on 10 flower bud
-1

 and (1.87) on 10 flower
-1

 was 
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recorded in Stargate 48SC treated plot. There was no T. palmi on flower bud and the 

lowest number (0.11) on10 flower
-1

 was found in Stargate 48SC treated plot. On the 

other hand, the highest population of M. usitatus and T. palmi (8.98 and 3.08, 

respectively) on10 flower bud
-1

 and that of M. usitatus and T. palmi (9.23 and 4.90, 

respectively) on10 flower
-1

 was recorded in untreated control plot. Stargate 48SC 

reduced the population (86.04% on flower buds and 85.95% on flowers) followed by 

Confidor 70WG (61.89% on flower buds and 62.56% on flowers). Among the Bio-

pesticides, Ecomec 1.8EC performed better in reducing thrips population on flower 

buds and flowers (38.50 % and 37.13%, respectively).  

Table 2.  Mean population of M. usitatus and T. palmi under different treatments on 

flower buds and flowers at flowering stage of mung bean  

Treatment Mean No. of thrips 

10 flower buds-1   

% 

reduction 

of thrips 

over 

control 

Mean No. of thrips 

10 flowers-1   

% 

reduction 

of thrips 

over 

control 

M. 

usitatus 

T. palmi Cumulati

ve mean 

No. of 

two thrips 

species 

M. 

usitatus 

T. 

palmi 

Cumulati

ve mean 

No. of 

two thrips 

species 

Novastar 56 EC 4.83 cd 1.62 c 6.45 de 46.14 cd 5.13 d 2.10 c 7.23 d 48.72 c 

Stargate 48 SC 1.66 e 0.00 e 1.66 g 86.04 a 1.87 e 0.11 f 1.98 f 85.95 a 

Confidor 70 WG 4.25 d 0.33 d 4.58 f 61.89 b 4.52 d 0.75 e 5.27 e 62.56 b 

Actara 25 WG 4.38 d 1.54 c 5.92 e 50.70 bc 5.03 d 1.43 d 6.46 d 54.01 c 

Tracer 45 SC 6.11 b 1.97 b 8.08 c 32.01 ef 6.87 c 2.38 c 9.25 c 34.45 d 

Ecomec 1.8 EC 5.73 bc 1.66 bc 7.39 cd 38.50 de 6.62 c 2.25 c 8.87 c 37.13 d 

Bioneem plus 1EC 6.63 b 2.83 a 9.46 b 20.70 f 7.89 b 3.97 b 11.86b  15.77 e 

Untreated control 8.98 a 3.08 a 12.06 a  - 9.23 a 4.90 a 14.13 a - 

LSD(0.05) 1.04 0.33 1.31 11.66 1.00 0.38 0.94 6.69 

CV (%) 11.53 11.91 11.14 13.66 10.00 10.10 6.85 7.77 

In a column means having similar letter(s) are statistically identical at 5% level by DMRT. 

Flower bud infestation and shedding by thrips were significantly affected by the 

application of bio-pesticides and chemical insecticides (Table 3). Among the 

treatments, the lowest infestation and shedding of flower bud (7.22% and 4.21%, 

respectively) by thrips was found in Stargate 48SC treated plot. This was statistically 

identical with Confidor 70WG and Actara 25 WG treatments. On the other hand, the 

highest infestation and shedding (14.29% and 9.38%, respectively) by thrips was 

recorded in control plot.  
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Table 3. Effect of bio-pesticides and chemical insecticides on infestation and 

shedding of flower bud and flower of mung bean by thrips   

Treatment 

 

% infestation 

of flower bud 

by thrips 

% flower 

bud 

shedding  

% 

infestation 

of flower by 

thrips 

% flower 

shedding by 

thrips  

Novastar 56 EC 9.94 cd 6.01 c 21.03 e 11.06 e 

Stargate 48 SC 7.22 e 4.21 d 3.41 g 1.06 g 

Confidor 70 WG 8.20 de 4.96 cd 12.07 f 6.08 f 

Actara 25 WG 9.17 cde 5.28 cd 18.20 e 9.02 e 

Tracer 45 SC 12.39 ab 8.08 ab 33.65 c 19.12 c  

Ecomec 1.8 EC 10.85 bc 6.66 bc 26.59 d 15.49 d 

Bioneem plus 1EC 13.38 a 8.50 a 41.63 b 25.53 b 

Untreated control 14.29 a 9.38 a 47.22 a 28.69 a 

LSD(0.05)  1.92 1.58 4.79 2.33 

CV% 10.62 14.05 11.14 9.50 

In a column means having similar letter(s) are statistically identical at 5% level by DMRT. 

Different bio-pesticides and chemical insecticides significantly affected the mung 

bean flower infestation and shedding by thrips (Table 3). Among the treatments, the 

lowest infestation and shedding of flower (3.41% and 1.06%, respectively) was 

observed in Stargate 48SC treated plots. On the other hand, the highest infestation 

and shedding of flower (47.22% and 28.69%, respectively) was recorded in untreated 

control plot. 

There was a positive relationship between number of thrips on flower and rate of 

flower shedding (Figure 1). The result showed that the flower shedding percentage 

increase with the increase of thrips population but pesticide’s reduce the thrips 

population and flower shedding. 

The data on number of pod plant
-1

, pod length, number of seed pod
-1

, 1000 seed 

weight and yield of mung bean under different treatments have been shown in Table 

4. The highest number of pod (23.80 plant
-1

), pod length (8.03 cm), seed number 

(10.20 pod
-1

), 1000 seed weight (48.40 g) and yield (1026.91 kg ha
-1

) were observed 

in Stargate 48SC treated plot. This was statistically identical with Confidor 70WG 

and Actara 25 WG treatments. The lowest number of pod (16.40 plant
-1

), pod length 

(5.84 cm), seed number (6.97 pod
-1

), 1000 seed weight (37.30 g) and yield (532.24 kg 

ha
-1

) were found in control plot.  
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Figure 1. Effect of thrips population on flower shedding of mung bean. 

Table 4. Effect of bio-pesticides and chemical insecticides on yield and yield 

contributing characters of mung bean 

Treatment 

 

Pod No. 

plant
-1

 

Pod 

length 

(cm) 

Seed No. 

pod
-1

 

1000 seed 

weight (g) 

Yield 

(kg ha
-1

) 

Novastar 56 EC 20.70 abc 7.22 ab  8.70 bcd 45.20 b 871.43 b 

Stargate 48 SC 23.80 a 8.03 a 10.20 a 48.40 a 1026.91 a 

Confidor 70 WG 22.40 ab 7.82 a 9.30 ab 47.10 ab 991.26 a 

Actara 25 WG 21.20 abc 7.36 ab 9.00 bc 46.40 ab 970.22 a 

Tracer 45 SC 18.80 cd 6.84 abc 8.10 cd 44.10 b 774.12 bc 

Ecomec 1.8 EC 19.70 bcd 7.13 ab 8.50 bcd 44.70 b 792.80 b 

Bioneem plus 1EC 17.20 d 6.34 bc 7.80 de 40.70 c 691.37 c 

Untreated control 16.40 d 5.84 c 6.97 e 37.30 d 532.24 d 

LSD(0.05)  3.13 1.11 1.06 2.94 94.72 

CV (%) 9.26 9.28 7.34 3.94 6.75 

In a column means having similar letter(s) are statistically identical at 5% level by DMRT. 

DISCUSSION 

The present study revealed that two thrips species including M. usitatus and T. palmi 

was observed on vegetative plant parts i.e. young top leaves and terminal shoots of 

mung bean before flowering. In Stargate 48SC treated plots, no thrips population was 

found on top trifoliate leaves but in other treatments thrips population was observed. 

The lowest number of M. usitatus and T. palmi was recorded on terminal shoot of 
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mung bean in Stargate 48SC treated plots. As thrips likes to habitat in hinder or 

closer parts of the plant, the number of thrips population was higher in terminal 

shoots than top trifoliate leaves at vegetative stage. After initiation of inflorescence, 

thrips population started to migrate on flower buds and flowers as they prefer floral 

parts for pollen and nectar. The lowest number of thrips on flower buds (1.66) and 

flowers (1.98) was found in Stargate 48SC treated plots followed by Confidor 70WG 

and Actara 25WG treated plots. Stargate 48SC (clothianidin) is a neonicotinoid 

insecticide act as nicotinic acetylcholine receptor agonists, reduces the maximum 

thrips population on different plant parts of mung bean. Then the effective treatment 

was Confidor 70WG (imidacloprid) followed by Actara 25WG (thiamethoxam) in 

controlling thrips population. Among the bio-pesticides, Ecomec 1.8EC (abamectin) 

which is neuroactive and affects ion transfer through cell membrane, showed better 

performance in controlling M. usitatus and T. palmi population on different plant 

parts both at vegetative and reproductive stage of mung bean than other bio-

pesticieds i.e., Tracer 45 SC (spinosad) and Bioneem plus 1EC. The highest number 

of thrips population was observed in untreated control plots during the cropping 

period. Kasina et al. (2009) reported that during development of french bean crop, the 

thrips can only forage on vegetative plant parts as the crop has not flowered. The 

high thrips number on flowers, could be due to upward migration of thrips from 

lower canopy in addition to new infestations from nearby other host plants (Reitz, 

2002). Seal (2011) reported that various insecticides of the neonicotinoid group 

provided 42% to 75% control of T. palmi and clothianidin provided higher level 

(>70%) of T. palmi control. Patil et al. (2007) reported better performance of 

clothianidin and acetamiprid against thrips infesting Indian bean. Ahirwar et al. 

(2016) reported that the effect of thiamethoxam on thrips population (1.54) per 6 

trifoliate mung bean leaves was more followed by imidacloprid (2.11). Abamectin 

provided over 60% reduction of T. palmi on bean. Kar et al. (2018) recorded the 

mean thrips population ranged from 6.2 to 23.2 numbers 10 flowers
-1 

of mung bean 

among the treatments as against 38.3 numbers 10 flowers
-1

 in control. Jensen (1995) 

found that spinosad showed very little onion thrips control, although other tests had 

shown it to be active against other types of thrips, which also supports the present 

findings. Hossain (2015) reported that application of imidacloprid at different growth 

stages of mung bean suppressed thrips population and flower infestation 

significantly.  

In the present investigation, the lowest percent infestation and shedding of flower bud 

and flower was observed in Stargate 48SC treated mung bean crop which produced 

higher pods (23.80 plant
-1

), seeds (10.20 pod
-1

) and yield (1026.91 kg ha
-1

) followed 

by Confidor 70WG and Actara 25WG treated plots. Among bio-pesticides, Ecomec 

1.8EC showed comparatively, better result than Tracer 45SC and Bioneem plus 1EC 

that performed poorly against thrips resulting higher infestation and shedding of 

mung bean flower bud and flower. As thrips likes to feed on pollen and rasp other 

floral parts and suck the juices oozing out from the injured parts, causes flower bud 
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and flower shedding, which effects on lower pod setting, malformation of pod and 

yield of mung bean. Tamo et al. (1993) reported that thrips is an important pest of the 

reproductive structures (flower buds and flowers) of cowpea, with early feeding 

leading to flower bud and flower dropping and consequently poor pod setting. 

Mumutaj (2014) reported that the lowest mungbean flower shedding (6.02%) was 

found in Talstar 2WP followed by Confidor 70WG (6.99%), Dursban 20EC (8.10%) 

and Actara 25WG (10.08%). Neem oil showed poor performance and found 30.02% 

flower shedding in mung bean field. Singh et al. (2016) reported that clothianidin 50 

WDG produced maximum yield 6.67 q ha
-1

 while the control plot yielded 3.39 q ha
-1

.  

CONCLUSION 

Among the bio-pesticides and chemical insecticides, Stargate 48SC was the most 

effective to control thrips, as it showed lower infestation and shedding of flower bud 

and flower which cause higher pod formation and yield of mungbean. Among the 

bio-pesticides, Ecomec 1.8EC treated plots showed better result in controlling thrips. 

Stargate 48 SC would be the most effective treatment to suppress thrips population 

during that time as well as the remaining cropping period. 
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ABSTRACT 

In the context of farming, Punjab is bestowed with fertile land. It is a land 
of five rivers and friendly atmosphere for agriculture as well as for 
livestock. Majority of its population lives in rural areas and its major 
source of income is based on agriculture. Women are contributing a 
significant share in the field of farming. This study was carried out to 
investigate the effects of socio-economic factors on the living conditions 
of those women who are involved in any farming activities. The nature of 
study was quantitative. 400 women were selected through multiple 
sampling techniques from three different geographical zones of Punjab. 
The tool for data collection was interview schedule. Statistical Package 
of Social Science (SPSS) was used for quantitative analysis for 
enhancing the scope and validity of research. Bi-variate analysis was 
carried out for showing the relationship between variables. The study 
revealed positive as well as negative impacts on living conditions of 
women in this sector. This study shed a light on women participation as a 
farmer and its impact on their lives. The major suggestions were made 
after conducting the research that there should be proper training for 
women in agriculture sector. Proper health and education facilities 
should be provided to them and their children. Government should make 
policies to facilitate the women in farming system. 

Keywords: Domestic chores, Education Farming activities, Female 

participation, Living standard. 

INTRODUCTION 

Pakistan as an agrarian country is dependent on agriculture. A huge chunk of 

population is involved in agricultural activities. Total female population of the 

country is 51% and almost 80% from this women population are engaged in farming 

system (Fayyaz, 2010). 
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Reportedly, women are contributing largely and significantly in the economy of rural 

areas and in agriculture sectors of almost all developing nations. They are 

participating in all agricultural activities with the changing socio-economic scenario 

in the context of agricultural development in different regions at global level. Rural 

women are mostly involved in managing multifarious households and practice 

different livelihood strategies. They mostly perform activities like growing 

agricultural crops, animal husbandry, preparation and collection of food, earning 

money as a laborer, collection of wood for fuel and bringing water for household use, 

involving in marketing and trading of products, look after their children and 

maintenance of their homes. But their contribution is not acknowledged in the 

context of economic contribution. They are not taken as an active employee in the 

definition of national account other than their contribution in organizing and looking 

after the family, as a whole (FAO, 2011). Women comprise a large portion of world 

population. Their participation in all fields is encouraging as the world scenario got a 

drastic change due to wave of feminism and modernism. Women are taken as a root 

in the development of rural area and also essential for national economic 

development and prosperity of the nation. They encompass 43% of the world 

agriculture labor force and in some countries, this proportion exceeds up to 70% 

(MuGeDe, 2013). According to Gerrior et al. (2008), 60% of the respondents were 

physically inactive. Aggarwal et al. (2013) reported that majority of women (80%) 

worked at farms in all seasons, suffered from many diseases in spring and autumn 

due to weather conditions. He further revealed another problem being faced by a 

large number of women (76%) in agriculture sector was economic constraints which 

put stress on their socio-economic condition. Another precarious impact on physical 

condition of women farmers was shown when they applied chemicals like 

pesticides/insecticides on crops. Female health suffered due to the use of these 

hazardous chemicals while performing farming activities. Carbonates and inorganic 

compounds were some of the major reasons behind acute sickness like skin or eyes 

allergies and extreme women farmers poisoning.  

Social and economic development of women is not merely the question of equalizing 

them with their counter parts. Rather, it is the issue of overall development of 

Pakistan. (Jamali, 2009).Women has a prominent role in farming, livestock and 

cottage industries of Pakistan. Farming women allocate more time to agricultural 

activities as compared to the males. Village women are involved in almost all 

agricultural chores like sowing, transplanting, winnowing, dying, grinding, husking, 

storage and post-harvest operations. Milking, making and storage of dung cakes, 

collection of manures, caring of diseased animals, making feed concentrates and 

feeding of livestock, cleaning of animal sheds, fodder chopping, and calf rearing 

were other relevant activities where rural women had high rate or participation 

(Arshad, 2009). In addition to farming work, women solely are responsible for 

domestic activities like cooking; taking care of children, fetching water and fuel, 

cleaning and maintaining the house.  
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Keeping in view the above facts, this study was designed to investigate the living 

standards of farming women influenced by different socio-economic factors. 

METHODOLOGY 

Methodological techniques are considered very important for analyzing sociological 

problems empirically. Social research is concerned with exploring, describing and 

explaining social phenomena related to human behavior (Sufian, 1998). This study 

was conducted in Punjab province of Pakistan because this province is considered 

more fertile in the context of land, and many women are participating as farmers. The 

nature of study was quantitative because in this study deductive approach is followed 

for conduction of research. Survey method was used for collection of information 

from respondents. Multistage sampling techniques were used to select female 

farmers. Sample size was 400 which were taken from three different districts of 

Punjab (Rawalpindi, Chiniot, Multan).The information was collected from the 

respondents to generalize to the whole population of under design study. The tool for 

data collection was interview schedule because most of the respondents were 

illiterate. The collected data was analyzed by using Statistical Package of Social 

Science (SPSS). The collected data was further analyzed by using inferential 

statistical techniques which were chi square and gamma test. The relationship was 

tested between socio-economic characteristics and living standards of respondents. 

RESULTS AND DISCUSSION 

The inferential analysis was carried out. The variable of living standards was 

constructed by food pattern, health condition, access to medical facilities, daily 

working hours, performing domestic chores, family and relationships, contribution in 

household expenditures, involvement in agricultural and livestock activities. The 

results are given below under tables and in description form.  

Hypothesis 1: Higher the age of the female in farming system, higher will be 

influencing on their living style. 

Table 1 represents the relationship between age of the selected females and their 

living style. Chi-square value (χ
2 

= 26.32) showed a highly significant (p = 0.000) 

association between age of the selected females and their living style (Table 1).  
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Table 1. Relationship between age of the selected females and their living style 

Age (in years) Living style Total  

Low Medium High 

Up to 20 15 26 6 47 

21-30 41 67 10 118 

31-40 38 72 22 132 

Above 40 27 41 35 103 

Total 121 206 73 400 

30.3% 51.5% 18.3% 100.0% 

Chi-square = 26.32 (d.f. = 6)      P-value = 0.000**       Gamma = 0.213      P-value = 0.002** 

** = Highly Significant 

Gamma statistics indicated a strong positive and significant relationship between 

variables (Table 1). As regards living styles, higher % age of all age farming females 

had medium living style as compared to low and high living styles (Fig. 1).Women 

up till 40 years old (55.3% for up to 20, 56.8% for 21-30 and 54.5% for 31-40 years 

old) had statistically similar medium living style as against the lowest of 39.8% for 

above 40 years old (Fig. 2). Similar was the case with those of having low living 

style (Fig. 2). On the contrary, more women with age of above 40 years (34.0%) were 

enjoying statistically high living style as compared to all other age groups (Fig. 2). It 

showed that selected high age farming females had high living style as compared to 

lower age selected women. It was further observed that majority of the lower age 

farming women (up till 40 years old) had low to medium level living style. On the 

other hand, mostly aged farming women (above 40 years old) had medium and high-

level living style. So, the hypothesis “Higher the age of the female in farming system, 

higher will be influence on their living standard” is accepted. 

 

Figure 1. Comparison of living styles for different age groups 
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Figure 2. Comparison of age groups for low to high living styles 
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As regards living style, most of illiterate and literate women had low (34.4%) or 

medium (63.3%) living standards as compared to other educational groups (Fig. 4). 

On the contrary, most of the farming female community enjoying high standard of 

living were educated (Fig. 4), showing thereby that educated farming females had 

good living style as compared to illiterate women. So, the hypothesis “Higher the 

education of the females in farming system will be influencing on their living style” 

is accepted. 

 

Figure 3. Comparison of living styles for different educational groups 

 

 

Figure 4. Comparison of educational groups for low to high living styles 
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Hypothesis 3: Higher the income of household of females in farming system, 

higherwill be influenced on their living style  

Table 3 represents the relationship between total household income of the selected 

females and their living style. Chi-square value (χ
2 

= 54.11) showed a highly 

significant (p = 0.000) association between household income of the selected females 

and their living style (Table 3). 

Table 3.  Relationship between household income of the selected females and their 

living style 

Household income 

(Rs.) 

Living style Total  

Low Medium High 

80000-100000 53 106 16 175 

100001-120000 45 39 22 106 

120001-140000 10 32 7 49 

140001-160000 8 14 10 32 

160001-above 5 15 18 38 

Total 121 206 73 400 

30.3% 51.5% 18.3% 100.0% 

Chi-square = 54.11 (d.f. = 8)       P-value = 0.000**       Gamma = 0.251        P-value = 0.000** 

** = Highly significant 

Gamma statistics indicated a strong positive and significant relationship between 

variables (Table 3). As regards living styles, majority of the lower income up till Rs. 

1,40,000 farming women had low to medium living style (30.3-60.6% women having 

income of Rs 80,000-100000, 36.8-42.5% women having income of Rs. 100001-

120000, 20.4-65.3% women having income of Rs 120001-140000, respectively). On 

the other hand, majority of the women having high income (Rs. 140001 and above) 

had medium to high level living style (Fig. 5). 31.3% women having income of Rs. 

140001-160000 and 47.4% having income above Rs. 160001 were enjoying high 

standard of living as compared to a smaller number of female farming community 

(Fig. 6), showing thereby that farming females having high income were enjoying 

high standard of living as compared to those having low income. So, the hypothesis 

“Income of household of females in farming system will be influencing on their 

living style” is accepted. 
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Figure 5. Comparison of living styles for different household income groups 

 

 

Figure 6. Comparison of household income groups for low to high living styles 
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Table 4. Relationship between family type of the selected females and their living 

style 

Family type Living style Total  

Low Medium High 

Nuclear 42 50 4 96 

Joint 37 78 42 157 

Extended 42 78 27 147 

Total 121 206 73 400 

30.3% 51.5% 18.3% 100.0% 

Chi-square = 25.06 (d.f. = 4)      P-value = 0.000**      Gamma = 0.177     P-value = 0.019* 

** = Highly significant     * =   Significant 

Gamma statistics indicated a positive and significant relationship between variables 

Table 4). It means that joint and extended families’ farming females had good living 

style as compared to nuclear families’ females. As regards living styles, majority of 

the farming women of all three family systems (Fig. 7) had medium living style 

(52.1% of nuclear, 49.7% of joint and 53.1% of extended families). Whereas, higher 

percentage of females of nuclear families (43.8%) had low living standard than those 

of joint (23.6%) and extended (28.6%) families (Fig. 8). In terms of medium living 

style, all the three families had almost similar percentage of females, while a greater 

number of females of joint families (26.8%) were enjoying high living styles (Fig. 8), 

followed by females of extended families (18.4%). So, the hypothesis “Family 

structure of females in farming system will be influencing on their living style” is 

accepted. 

 

Figure 7. Comparison of living styles for different family structure groups 
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Figure 8. Comparison of family structure groups for low to high living styles 
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(2008) revealed that labourer did not enjoy maximum days of employment during 

whole year. They got maximum work during weeding, harvesting and postharvest 

operations. Female labourer had to suffer from unemployment when there was off-

season of farming in summer. They had to search for work on summer season. It was 

also found that during the times of unemployment, women agricultural workers 

resulted in negative impact on income of labourer, family expenditures & their 

savings and debt condition, which was the main cause of degradation of their living 

standard. Sometimes, labourer had to migrate and adopt other occupations. It was not 

compulsory that high rate workforce engagement would always result in increased 

welfare levels. However, higher educational capacities, assets and income would 

bring increased welfare level (Fig. 3-6). 

Chiong-Javier (2009) narrated that women were accomplishing central role to meet 

the growing food demand for their household as well for their community in almost 

all developing countries,but they had to face health issues including malnutrition that 

were the results of poor economic condition and extra work burden. This may be due 

to no or less education (Fig. 3-4). Our findings are also supported by those of 

Bharathi and Chhaya (2009) who also found the lack of formal education as the main 

problem faced by farmwomen. Lal and Khurana (2011) also acknowledged that a 

large number of females in developing regions were associated with agriculture. He 

further stated that more than 50% women in Asia were getting their employment in 

this sector. This population was considered most active population in term of 

economic benefits but illiteracy and lack of skills among females were considered the 

major reasons to keep women in subsistence agriculture. This study also proved that 

educated farming females had good living style as compared to illiterate women (Fig. 

3-4). On the average, 54.9% educated farming women (61.5% women of Matric and 

above, 45.5% Middle pass and 57.7% Primary pass) were enjoying high standard of 

living against 2.2% illiterate farming women (Fig. 4). 

On the contrary, findings of Kalyani et al. (2011) showed that contribution of tribal 

women to household income was much more than that of the men although these 

women belonged to poor families and faced cultural constraints. Their overall 

participation was very high despite of their restricted access to resources required for 

effective agricultural production. They also spent longer hours in farming work as 

compared to men. Goswami (2013) gave his remarks after doing research in Assam 

that women with poor economic were playing productive role in household income 

by working as a labour despite their economically marginalized condition. They were 

supporting their families even with their meagre income and ameliorating economic 

condition of their family members. Women accepted to work in farms because they 

could not get employment without proper training or education and but that 

employment opportunities were not permanent. It was also proved that despite having 

more shares of females as agricultural labour than men, they get lower wages than 

males. Quisumbing and Pandolfelli (2009) narrated that women might have the 

modes of transformation which were culturally unsuitable for them. They faced 
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harassment by the market and health officials when they sold their agricultural yield 

outside the market boundaries due to high cost of permits. The shortage of time 

forced women to sell their produce on low rates.  

CONCLUSION 

It may be concluded that female participation in farming system had positive impacts 

on their life style. They are still considered invisible workers in farming system due 

to lack of right to take decision in any matters. They had less access to market and 

their opinion was not considered while taking any decision regarding farming 

activities. It was considered a male profession, so their efforts were acknowledged 

and appreciated as whole. After bivariate analysis, the socio-economic attributes like 

age, family structure, education and income were influencing the life style of women 

in farming system. All indicators were directly affecting their life style. It also 

revealed after conducting analysis that age, education and time spending on farms 

were influencing female participation in farming system. Study concluded that 

women had low level of income, their living style was also low as compared to 

women with high level of income,but the positive aspect was that they had very 

significant contribution in household expenditure and had to some extent economic 

independence. 
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ABSTRACT 

The study was conducted to observe the overall seroprevalence and 
molecular detection of circulating FMD virus from infected cattle and 
efficacy of antibacterial drugs against secondary bacterial infection at 
Savar, Dhaka from January- December 2018. A total of 92 serum 
samples were collected for indirect c-ELISA to detect antibodies against 
non-structural proteins of FMD virus, and overall seroprevalence was 
94.02%. The seroprevalence of serotype O and A was higher (95.83% 
and 95.83%) in male cattle than female (93.18% and 90.91%) 
respectively. 6 Months to 3 years aged cattle showed, significantly 
(p<0.01) higher seroprevalence (100%)  than above 4 years age groups 
for serotype O (82.14%) and A (78.57%). Local cattle were more 
seropositive 96.88% compared to crossbred cattle 93.33% for serotype 
O and 91.67% for serotype A and this variation was not statistically 
significant (p>0.05). Among 10 clinical samples of FMD from infected 
cattle, 8 samples were positive for different serotypes, among them 2 
each were identified as serotype A  and Asia-1. On the other hand,4 
samples were identified as mixed infection (1 sample of serotype O+A, 3 
samples of O+Asia-1) by mRT-PCR. In this study on therapeutic 
intervention with sulphadimidine significantly (p<0.05) reduced the 
clinical signs of FMD than Gentamycin and Ampicillin. The higher 
seroprevalence of the disease has substantial economic implications 
which signify the need for devising effective control measure. However, 
the detection of ‘O’, Asia-1and ‘A’ serotype emphasizes the critical need 
for use of atrivalent vaccine in the field.  
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INTRODUCTION 

Foot and Mouth Diseases (FMD) is the most fatal and contagious viral disease of 
cloven hoofed animal like cattle (Smith et al., 2014), and listed as A grade disease 
according to OIE. Locally, FMD is known as Khuraroag.  FMD virus (FMDV) 
belongs to the genus Apthovirus under the family Picornaviridae (OIE, 2012). There 
are seven serotypes of FMDV like A, O, C, Asia 1, SAT-1, SAT-2, SAT-3 and no 

cross-protection between the serotype and even after vaccination (Mumford, 2007). 
FMDV has four surface proteins notably, VP1, VP2, VP3 and VP4, in which VP4 
has a significant role in viral attachment, protective immunity and serotype 
specificity (Bittle et al., 1982).  The clinical sign included high fever (104-106

0
F), 

water soap like profuse salivation, ulceration in mouth, tongue, gum, sometimes 
eruption of whole tongue epithelium, ulceration in soft tissue on inter digital space of 

hooves, dehydration, calf mortality, low production performance in infected animal. 
Meanwhile it was alarming that recovered animal shown half of the initial production 
performance. Death occurs due to FMDV mostly in calves and known as tiger heart 
disease (Siddique et al., 2018). In Bangladesh FMD is endemic and the most fatal 
economic diseases in the livestock sector. It is estimated,180 billion BD TK losses 
due to FMD yearly (Giasuddin et al., 2016). Among the serotypes A, O,C, Asia 1 are 

circulating in this territory (Loth etal., 2011). There are about 25 million cattle, 25 
million goats, 1.4 million buffalo and 3.4 million sheep in Bangladesh (Livestock 
Economy, 2017-18, Bangladesh). Due to the high density of the cattle population, 
FMD outbreak spreads rapidly in Bangladesh. Moreover it is a transboundary animal 
disease and every year huge infection occurred due to animal movement (Siddique et 
al., 2018). Meanwhile, clinical signs are the first sight for FMD identification but for 

confirmatory laboratory diagnosis is necessary like complement fixation test (CFT), 
virus neutralization test (VNT) etc. However, Reverse Transcriptase Polymerase 
Chain reaction (RT-PCR) is routinely used for confirmation of FMDV throughout the 
world. In addition, detection of the antibody levels due to natural infection by FMDV 
or vaccination against FMDV, Enzyme Linked Immunorosbent Assay (ELISA) is 
used for proper sero-monitoring (Sil et al., 2000 and Mohapatra et al., 2018).FMD is 

a viral disease, but to check the secondary bacterial infection, practitioners used 
antibacterial drug along with other supportive treatment. Therefore, keeping in view 
the importance of FMD in Bangladesh this study was designed for seroprevalence 
and molecular detection of FMDV in a selected area of Bangladesh along with 
evaluation of drug efficacy against secondary bacterial infection. 

MATERIALS AND METHODS 

Location and Period of Study 

The study was carried out in different areas of Savar Upazila under Dhaka district 

from January to December 2018. The molecular and serological works were done in 

Foot and Mouth Disease (FMD) Research laboratory, Bangladesh Livestock 

Research Institute (BLRI), Savar, Dhaka (Annex 1). 



SEROPREVALANCE OF FMD VIRUS 69 

Sample Collection 

A total of 92 blood serum samples were randomly collected from vaccinated cattle 
according to their age, sex and breed and 10 clinical samples (tongue epithelium) 
from infected cattle. Tissue samples were immediately transported with medium 
containing equal volumes of glycerol and phosphate-buffered saline (pH 7.2-7.6) and 
2% antibiotic-antimycotic to the laboratory on ice. Blood samples were collected 
from the jugular vein of cattle through the venipuncture method by using sterile 10 
ml needle and syringe. 

Serum preparation and ELISA Test: 

Collected blood was kept at least 3-4 hours at room temperature in a slightly inclined 
position to facilitate clotting and separation of serum. The collected sera were stored 
at -20°C until use. The ELISA test was carried out from serum by using Indirect 
ELISA kit manufactured by ID.Vet® Innovative Diagnostics, France according to the 
manufacture’s protocol. 

Inoculum Preparation and RNA Extraction 

Piece of the epithelial tissue was removed from the glycerol buffer, blotted dry on 
absorbent paper to reduce the glycerol content. Approximately 1-2 gm tissue was 
weighted by an electric balance and homogenized by grinding with sterilized mortar 
and pestle. Then 20% suspension was prepared by adding phosphate buffer saline. 
The suspension of each of the samples was then centrifuged at 3,000 rpm for 10 
minutes maintaining the temperature at 4°C. The supernatant of each of the samples 
was taken for further processing according to the OIE manual. For the sterility test, a 
little number of inoculums was inoculated into bacteriological media to identify the 
presence of any type of bacteria. RNA extraction was carried out from FMD 
inoculums by using the QIAamp® Viral RNA kit (Qiagen, Germany) according to 
the manufacture’s protocol.  

Conventional Reverse Transcription Polymerase Chain Reaction (RT-PCR) 

The target in the genome was amplified by one step RT-PCR using the FMD 
universal and serotype specific primer (Reid et al., 2000). Primer details were 
mentioned in following table (Table.1).  

Table 1. Different Primer label with PCR products (bp) 

FMD 

serotypes 

Primer 

label 
Sequence(5΄-3΄) Location 

PCR 

products 
(bp) 

Reference 

All 

serotypes 

P33 AGCTTGTACCAGGGTTTGGC  2B  328 Vangrysperre 

and De Clercq, 

(1996)  O P38 GCTGCCTACCTCCTTCAA  1D  402 

Asia-1 P74 GACACCACTCAGGACCGCCG  1D  292 

A P110 ATGCA(G:A:T:C)AC(G:A:T:C) CAC  1D  732 Callens and De 

Clercq, (1997)  



70 Jannat et al. 

The amplification was performed on a thermal cycler with one step RT-PCR kit 

(Qiagen, Germany) with one cycle of reverse transcription conditions of 50°C for 30 

min and 95°C for 10 min and followed by 30 cycles of 94 °C for 1 min, 55°C for 1 

sec (type A), 55°C for 30 sec (type O) and 72°C for 1min and finally one cycle of 

final extension of 72°C for 10 min. After PCR, the amplified products were 

visualized by agarose gel electrophoresis using 2% agarose gel containing 0.6 mg/ml 

ethidium bromide at 100V in 1X tris borate EDTA (TBE) buffer. At the end of 

electrophoresis, the gel was documented on a UV transiluminator 

(AlphaImager®Mini System, USA).  

Grouping of animal for Antibiotic therapy:  

A total of 30 FMD affected cattle were used for the study. The animals were divided 

into three treatment groups each containing 10 animals (Table 2).  

Table 2. Details of treatment groups of cattle. 

Group Drug used Dosage Treatment days 

Group A Sulphadimidine 30 ml/50 kg body weight (I/M) 7 

Group B Gentamycin 12 ml/100 kg body weight (I/M) 7 

Group C Ampicillin 8 ml/100 kg body weight (I/M) 7 

Statistical Analysis 

The data obtained from this study were subjected to descriptive statistics (Tables and 

charts), Chi-square test of independence and odds ratio (OR) to determine the 

association of the variables (age, sex, species and breed) with the presence of FMD 

virus antibodies. The value of p<0.05 was considered significant in this study. 

Descriptive statistics was carried out using Microsoft excel 2007. Chi square, odds 

ratio and confidence intervals were calculated using IBM SPSS 15 software. 

RESULTS 

Results of ELISA test: 

A total of 92 serum samples were collected for indirect c-ELISA to detect antibodies 

against non-structural proteins of FMD virus, and overall seroprevalence was 

94.02%. The seroprevalence of serotype O and A was higher (95.83% and 95.83%) 

(Table 3 and Table 4) in male cattle than female (93.18% and 90.91%) (Table 5 and 

6) respectively. 6 Months to 3 years aged cattle showed, significantly (p<0.01) higher 

seroprevalence (100%) than above 4 years age groups for serotype O (82.14%) and A 

(78.57%) (Table 7 and 8). Local cattle was more seropositive 96.88% compared to 

crossbred cattle 93.33% for serotype O and 91.67% for serotype A (Table 9 and 10)  

and this variation was not statistically significant (p>0.05).  
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Table 3. Seroprevalence of serotype O of FMD in Cattle 

Total no. of 

cattle serum 

examined 

No. of positive No. of negative Doubtful 

No. Prevalence 

(%) 

No. Prevalence 

(%) 

No. Prevalence 

(%) 

92 87 94.57 5 5.43 0 0 

Table 4. Seroprevalence of serotype A FMD in Cattle 

Total no. of 

cattle serum 

examined 

No. of positive No. of negative Doubtful 

No. Prevalence 

(%) 

No. Prevalence 

(%) 

No. Prevalence 

(%) 

92 86 93.48 5 5.43 1 1.087 

Table 5. Sex-wise seroprevalence of serotype O FMD in Cattle 

Sex 

No. of 

cattle 
Examined 

No. of positive No. of Negative Doubtful 

χ2 

Level of 

significance(p
-value) 

No. Prevalence 

(%) 

No. Prevalence 

(%) 

No.  % 

Male  48 46 95.83 2 4.17 0 0 .314 

 

.576(NS) 

 Female  44 41 93.18 3 6.82 0 0 

NS means non-significant (P> 0.05) 

Table 6. Sex-wise seroprevalence of serotype A FMD in Cattle 

Sex 

No. of 

cattle 

Examined 

No. of positive No. of Negative Doubtful 

χ2 

Level of 

significance 

(p-value) 
No. Prevalence 

(%) 

No. Prevalence 

(%) 

No.  % 

Male  48 46 95.83 2 4.17 0 0 
1.447 

 .485 (NS) 

 Female  44 40 90.91 3 6.82 1 2.27 

NS means (P> 0.05) 
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Table 7. Age-wise seroprevalence of serotype O FMD in Cattle 

Aged groups 
No. of 

tested 

No. of Positive 

case 

No. of Negative 

case 
Doubtful 

χ2 

Level of 

significance 
(p-value) No. 

Prevalence 

(%) 
No. 

Prevalence 

(%) 
No. (%) 

Group 1 

(>6 months-1 
year) 

30 30 100 0 0 0 0 

12.085 
.002** 

 
Group 2 

(>2-3 years) 
34 34 100 0 0 0 0 

Group 3 

(>4 years) 
28   23 82.14 5 17.87 0 0 

**P value <0.01 

Table 8. Age-wise seroprevalence of serotype A FMD in Cattle 

Aged groups 
No. of 

tested 

No. of Positive 

case 

No. of Negative 

case 
Doubtful 

χ
2
 

Level of 

significance 

(p-value) No. 
Prevalence 

(%) 
No. 

Prevalence 

(%) 
No. (%) 

Group 1 

(>6 months-

1 year) 

30 30 100 0 0 0 0 

14.671 .005* Group 2 

(>2-3 years) 
34 34 100 0 0 0 0 

Group 3 

(>4 years) 
28 22 78.57 5 17.87 1 3.57 

*P value <0.05 

Table 9. Breed-wise Seroprevalence of serotype O FMD in Cattle 

Breed 

No. of 

Goat 

Examined 

No. of 

Seropositive 

No. of 

Seronegative 
Doubtful 

χ2 

Level of 

significance 

(p-value) No. Prevalence 

(%) 

No. Prevalence 

(%) 

No. Prevalence 

(%) 

Cross breed         60 56 93.33 4 6.67 0 0  

0.509  0.475 (NS) Indigenous 

breed 

        32 31 96.88 1 3.13 0 0 

NS means (P> 0.05) 
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Table 10. Breed-wise Seroprevalence of serotype A FMD in Cattle 

 

Breed 

 

No. of 

Goat 
Examined 

No. of 

Seropositive 

No. of 

Seronegative 
Doubtful 

χ2 

Level of 

significance(p-
value) No. Prevalence 

(%) 

No. Prevalence 

(%) 

No. % 

Cross breed         60 55 91.67 4 6.67 1 1.67 1.076 
.584  

(NS)  Indigenous 

breed 

        32 31 96.88 1 3.13 0 0 

NS means (P> 0.05) 

Efficacy of antibacterial drugs against secondary bacterial infection in FMD of 

cattle: 

Among the FMDV infected cattle, 30 animals were selected for antibacterial 

treatment against secondary bacterial infection. The antibacterial efficacy of 

Sulphadimidine (Diadin®, Reneta Ltd.), Gentamycin (Genacyn-Vet®, Square Ltd.) 

and Ampicillin (Ampicin-vet®, Square Ltd.) were determined on the basis of 

recovery of the disease showed in Table 13. The present study was demonstrated the 

excellent efficacy of Sulphadimidine @ 30ml/50kg body weight against secondary 

bacterial infection of FMD that significantly (P<0.05) reduced the lesions of FMD 

within 6.0±0.32 days than Gentamycin @ 12 ml/100kg body weight and Ampicillin 

@ 8 ml/100kg body weight that took recovery period of 7.4±0.25and 7.9±0.37 days 

respectively (Table 11). Sulphadimidine injection was found more effective to 

control the secondary bacterial infections and healing of FMD lesion than the other 

Gentamycin and Ampicillin.  

Table 11. Efficacy of antibacterial drugs against secondary bacterial infection in 

FMD of cattle 

Name of 

the group 

No. of 

animal 

treated 

Name of antibiotic Dose & route of 

administration 

Range of 

complete 

recovery days 
(Mean±SE) 

Group-A 10 Sulphadimidine @ 30ml/50kg body wt. i/mly  

on the 1st day then ½ dose 
daily for 7 days 

6.0±0.32a 

Group-B 10 Gentamycin @ 12 ml/100kg body wt. 

i/mly daily for 7 days 

7.4±0.25b 

Group-C 10 Ampicillin @ 8 ml/100kg body wt. i/mly 

2 times at 1st day then 1 time 
daily for 76.0 days 

7.9±0.37b 

Level of significance 0.04* 

*P value <0.05 
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Results of RT-PCR test: 

Samples from cattle of different ages were collected from Savarupazila of 

Bangladesh during the year 2018. It was found that out of 10 suspected samples, 2 

were positive for FMDV serotype A, 2 were positive for FMDV serotype Asia 1, 

while 4 samples were positive for mixed infection. So, out of total tested samples, 

80% samples were positive for FMD virus (Figure 1) 

1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 

 

 

 

 

 

 

 

 

 

 

 

                           Figure 1                                                  Figure 2 

Figure 1 and 2: Electrophoresis of RT-PCR products on 2% agarose gel stained with ethidium 

bromide. In figure 1; Lane 1: 1 KB plus DNA ladder (Invitrogen, USA), lane 2: Positive 

control, lane 3, 4, 5, 7, 8: FMDV Asia 1 serotype, lane 6, 9, 10: FMDV A serotype, lanes 11: 

Negative control (RNase-free water). In figure 2; Lane 1: 1 KB plus DNA ladder (Invitrogen, 

USA), lane 2: Positive control, lane 3, 5, 6: FMDV O serotype, lanes 7: Negative control 

(RNase-free water). 

In conventional RT-PCR, amplification of RNA dependent RNA polymerase gene of 

foot and mouth disease virus yielded 402 bp for serotype O, 732 bp for serotype A 

and 292 bp for serotype Asia 1 virus and no amplification in negative template 

control (Figure1 &2). Total time required to complete the RT-PCR including 

extraction of viral RNA is about 5 h.  

DISCUSSION 

Seroprevalence of Foot and Mouth Disease in cattle 

In Bangladesh, trivalent FMD vaccine is used by the Government to control the 

diseases throughout the country. The strains used in trivalent FMD vaccine is A, O 

and Asia 1 (Mahmud et al., 2018). Similar serotype vaccine seed is used in India for 

402 bp 
732 bp 

292 bp 
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FMD control program (Raveendra Hegde et al., 2016). From the present study, the 

overall seroprevalence of FMD in both serotypes in cattle were 94.02%. This finding 

was more or less similar to (Raveendra Hegde et al., 2016) which were 83-93% in 

different districts of Karnataka.  

Foot and Mouth Disease Virus Detection in cattle 

In this study, Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) shown 

that, 80% of samples were positive similar with the previous findings of Alam et 

al.(2015) by 83.33%, Hossen et al. (2014) by 85.88%, Reid et al. (2000) by 85% and 

lower than Kadir et al. (2014) by 90%. Nawaz et al. (2014) by 89.40% and Saeed et 

al. (2010), who reported 87.20% specificity of the test with these primers 

respectively. FMDV serotype Asia-1(25%) and serotype A (25%) was mostly 

prevalent followed by Type O. Serotype ‘Asia I’, was detected in 2 (25%) samples 

and 82% in different outbreak areas of Bangladesh (Siddique et al., 2018). However 

serotype O and A is more prevalent in Bangladesh than other serotypes, (Nandi et al., 

2013). Although, Serotype Asia 1 was currently circulating FMDV in Bangladesh 

(Islam et al., 2017). Therefore, at present serotypes O, A and Asia 1 was actively 

circulating in Bangladesh (Hoor-E-Jannat et al., 2018). 

The effects of antibacterial drug against secondary bacterial infection due to 

FMD: 

The animal treated with Sulphadimidine was showed the recovery in 6.0±0.32
a
 days 

where as the animal treated with Gentamycin and Ampicillin shown the recovery in 

7.4±0.25
b
and 7.9±0.37

b
days respectively. Sulphadimidine injection was found more 

effective to control the secondary bacterial infections and healing of FMD lesion than 

Gentamycin and Ampicillin. The test result of group A was statistically significant 

compared to other group B and group C. This result was discussed and analyzed with 

field veterinarian with their experience. Actually, FMD is a viral diseases, no 

confirmatory treatment against FMD but antibiotic therapy was practiced widely to 

check secondary bacterial infection and to minimize the aggravate of the disease 

condition.  

CONCLUSIONS 

FMD is one of the major constraints for livestock development in Bangladesh. High 

economic losses due to calf mortality, reduced milk production, draft power and low 

body weight gain of beef fattening was seen. Moreover, it has no specific treatment. 

So, vaccination is the only way to prevent the outbreaks of the disease. Finally, these 

research findings proved that Serotype Asia-1, serotype O and serotype A of FMDV 

is promptly circulating in Bangladesh. Consequently, vaccination with local serotype 

given the protection against FMDV above 90% that obviously a clear message for 

FMD control program in this territory. 
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ABSTRACT 

The experiment was conducted to find out effective control measure 
against thrips and pod borers of mungbean by various means, including 
chemicals, botanicals and biopesticide. The mungbean variety, BARI 
Mung-6 was grown in the field and six treatments viz., T1 [Azadirachtin 
(Bioneem plus 1EC)], T2 [Bacillus thuringiensis (Bt. powder)], T3 

[Spinosad (Tracer 45SC)], T4 [Chlorpyrifos + Cypermethrin (Nitro 
505EC)], T5 [Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC)] 
and T0 [Untreated control (water spray)] were set in randomized complete 
block design (RCBD) with three replications. The insecticidal treatment 
options showed significantly different performance against thrips 
(Megalurothrips distalis), gram pod borer (Helicoverpa armigera) and 
legume pod borer (Maruca vitrata) on mungbean. The lowest population 
of thrips, gram pod borer and legume pod borer was found in Voliam flexi 
300SC treated plot which showed maximum percent reduction of these 
pests. The lowest percent pod infestation by pod borers observed by the 
same treatment. Bioneem plus showed the intermediate results 
considering all the parameters. The maximum yield (1254.50 kg ha

-1
) 

and the highest marginal benefit cost ratio (MBCR) (6.68) were obtained 
from Voliam flexi 300SC. Considering effectiveness and marginal benefit 
cost ratio, Voliam flexi 300SC was more effective among treatments for 
controlling thrips and pod borers of mungbean followed by Nitro 505EC.   

Keywords: gram pod borer, legume pod borer, mungbean, thrips,  
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INTRODUCTION 

Mungbean (Vigna radiata L. Wilczek) belonging to the family leguminosae is an 

ancient and widely used pulse crop. It is one of the most important pulse crops of 

Bangladesh. This crop is known as green gram, golden gram, sonamung, mungbean 

but commonly as ‘Moog’ in Bangladesh. It contributes only about 11.53% of the total 

pulse production in Bangladesh and ranks fifth among the pulse crops (BARC, 2013). 

It is a rich source of protein and several essential micronutrients like as calcium, iron, 

and β-Carotene. Mungbean seed contains 52% carbohydrate, 26% protein, 10% 

moisture, 4% minerals and 3% vitamins (Kaul, 1982). It also contains amino acid 

lysine, which is generally deficient in food grains (Elias et al., 1986). According to 

FAO (2013) recommendation, a minimum intake of pulse by a human should be 80 

g/day, whereas it is only 7.92 g in Bangladesh (BBS, 2014). Additionally this 

leguminous plant fixes atmospheric nitrogen (58-109 kg ha
-1

) through symbiosis with 

a Rhizobium species into the soil. Apart from these, addition of organic matter to the 

soil is important factors in maintaining soil fertility (Zapata et al., 1987). Some of the 

constraints limiting mungbean production include absence of improved varieties, low 

yield potential of the crop, lack of research and extension focus, attacking of insect 

pests, low domestic market and inconsistency of the crop’s performance. 

The reasons of low yield are numerous but yield losses due to insect pest complex are 

distinct one. Insect pests attack is considered as the most important one limiting 

mungbean production. More than twelve species of insect pests are found to infest 

mungbean in Bangladesh (Anonymous, 1998), among them stemfly (Lal, 1985; 

Rahman, 1987), aphid and whitefly (Rahman et al., 1981), thrips (Rahman et al., 

1981; Hossain et al., 2004), hairy caterpillar (Rahman et al., 1981) and pod borers 

(Rahman et al., 1981, Hossain et al., 2004) are considered major ones. Both nymph 

and adults of thrips (Megalurothrips distalis Karny) nourish on pollen and scratch 

flower parts by sucking the plant sap causing flower drop resulted in less pod 

formation. Severe infestation of thrips resulted flower shedding causing significant 

yield loss (Lal, 1985). Heavy infestation of pod borer occurs at flowering and pod 

filling stages. Pod borer damages flowers, flower buds and developing or mature 

pods (Poehlman, 1991). In the field, gram pod borer (Helicoverpa armigera) and 

legume pod borer (Maruca vitrata) is considered to be major insect pests in 

Bangladesh. The larvae bore into the young pods, remain there and feed on the seeds 

inside. It was reported that the yield reduction ranged from 30% to 70% due to thrips 

attack and 30% to 40% by pod borer in Bangladesh (Afzal et al., 2004). 

Though many options are available for the management of these insect pests, 

Bangladeshi farmers use different synthetic chemicals against different insect pests 

because of their quick knock down effect with or without knowing the bad effects of 

these chemicals. Information regarding insecticidal management practices selecting 

appropriate insecticides with proper doses in mungbean is not available. However, 

with the advent of high yielding and short duration varieties and increased market 
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value of mungbean, farmers become interested on the cultivation of mungbean 

adopting proper pest management measures. Keeping this in view, the present study 

was carried out to evaluate the effectiveness of chemicals, botanicals and 

biopesticides against thrips and pod borers of mungbean. 

MATERIALS AND METHODS 

The experiment was conducted at the Agricultural Farm of Patuakhali Science and 

Technology University (PSTU), Dumki, Bangladesh during January to April 2017. 

The experiment was laid out in Randomized Complete Block Design with 3 

replications. The unit plot size was 4 m x 2.5 m with a distance of 1 m between the 

plots and 1.5 m between the replications. BARI Mung-6 was used as experimental 

material and was sown on 24 January at the rate of 30 kg ha
-1

 (BARI, 2011) in rows 

maintaining spacing (30 cm x 10 cm) for mungbean cultivation. The fertilizers were 

applied as per fertilizers recommendation guide (BARI, 2011). Urea, triple super 

phosphate (TSP) and muriate of potash (MoP) were applied in the field uniformly @ 

50, 85 and 35 kg ha
-1

, respectively during the final land preparation. All intercultural 

operations (thinning out, gap filling, weeding, irrigation and drainage) were done as 

and when necessary to ensure normal growth and development of crops.  

The experiment comprised five treatments of various insecticides and one untreated 
control. The treatments of the experiment were assigned as follows: (1) T1 = 
Azadirachtin (Bioneem plus 1EC) @ 1 ml l

-1
 of water; (2) T2 = Bacillus thuringiensis 

(Bt. powder) @ 1 g l
-1

 of water; (3) T3 = Spinosad (Tracer 45SC) @ 0.3 ml l
-1

 of 
water; (4) T4 = Chlorpyrifos + Cypermethrin (Nitro 505EC) @ 1 ml l

-1
 of water; (5) 

T5 = Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC) @ 0.5 ml l
-1

 of 

water; (6) T0 = Untreated control (water spray @ 500 l ha
-1

). The spray solutions at 
the pre-fixed concentration of the respective treatments were prepared in Knapsack 
sprayer by mixing with water as required just before spraying. The volume of spray 
in various treatments was as per the treatment design and water was sprayed on 
untreated control plot. The spray solutions were sprayed, at flowering stage (35 DAS) 
and at podding stage (42 DAS). The spraying was always done in the afternoon to 

avoid bright sunlight. The spray was done uniformly to obtain complete coverage of 
whole plants. Caution was taken to avoid any drift of the spray mixture to the 
adjacent plots at the time of the spray. 

The data were recorded from incidence of thrips, gram pod borer and legume pod 

borer during different growth stages of the crop. Number of thrips, gram pod borer 
and legume pod borer was recorded at flowering stage and podding stage. The data 
on the population of thrips, gram pod borer and legume pod borer were collected 
before and after 1 day of spray application from each unit plot. Thrips population was 
assessed from 10 opened flowers which were randomly collected from two rows of 
each side of the plot avoiding border and central four rows. The collected flowers 

were immediately opened on the white paper and counted the thrips. The selected 
1m

2 
(1m x 1m) area of the center of each unit plot was kept undisturbed for recording 
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yield data. Grains were recorded from 1 m
2
 area per plot wise and the yields were 

expressed in kg ha
-1

.   

For collecting data on the percentage of pod borer infested pods, the number of 

infested pods and the total number of pods from randomly selected 10 plants from 

each unit plot were counted at ripening stage and recorded. The following formula 

was used for taking the infestation percentage:  

                                                   Total number of infested pods 

              % Pod infestation =                                                             x   100 

                                                   Total number of pods 

Gross return (GR): The yield in terms of money that was measured by multiplying 

the total yield by the unit price of mungbean (Tk. 60 kg
-1

). 

Net return (NR): The net return was calculated by subtracting treatment wise 

management cost from gross return. 

Adjusted net return (ANR): The ANR was determined by subtracting the net return 

for a particular treatment from the net return with control plot.  

Finally, the marginal benefit cost ratio (MBCR) for each treatment was calculated by 

using the following formula described by Elias and Karim (1984): 

                                                                           Adjusted net return 

Marginal Benefit Cost Ratio (MBCR) =   

                                                                         Total management cost 

Statistical analysis 

The collected data was statistically analyzed through the analysis of variance 

(ANOVA) using WASP 1.0 package. The population data were transformed to 

square root (√x + 0.5) values. Means were separated by critical difference (CD) 

values at 5% level of significance.  

RESULTS AND DISCUSSION 

Efficacy of treatments on the incidence of thrips population at different growth 

stages  

The results are mean comparison of the data, regarding the treatment effect on thrips 

(Megalurothrips distalis) population and percent reduction, at different growth stages 

(flowering stage and podding stage). The treatments also showed significant 

influence on the incidence of thrips (Table 1). 

The lowest number of thrips (1.26 plot
-1

 at flowering and 1.26 plot
-1

 at podding stage) 
was observed in T5 [Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC)] 
treated plot followed by T4 [Chlorpyrifos + Cypermethrin (Nitro 505EC)] treated plot 
having significant difference between them. The highest number of thrips (2.33 plot

-1
 

at flowering and 2.08 plot
-1

 at podding stage) was found in T0 [Untreated control] plot 
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which was significantly higher than all other treated plots. The results of the present 
study reveal that all the insecticides significantly reduced thrips population infesting 
mungbean. However T5 [Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC)] 
was the most effective against thrips and T4 [Chlorpyrifos + Cypermethrin (Nitro 
505EC)] was the second most effective treatment but T3 [Spinosad (Tracer 45SC)] 
was less effective. These results were in agreement with that of Hossain et al. (2004) 
who reported that schedule spraying of insecticides (Azodrin 40WSC, Cymbush 
10EC, Nogos 100EC and Dimecron 100SCW) application reduced population of 
thrips on mungbean. Treatment T2 [Bacillus thuringiensis (Bt. powder)] and T1 

[Azadirachtin (Bioneem plus 1EC)] was poorly effective against thrips infesting 
mungbean in field condition. Mumutaj (2014) also reported poor effectiveness of 
neem oil against population of thrips on mungbean.    

Table 1. Efficacy of treatments on the incidence of thrips population at different 

growth stages in mungbean 

 

Treatments 

Flowering stage  Podding stage  

No. of thrips/10 open 

flowers 

Reduction of 

thrips 

population after 

1 day of spray 

(%) 

No. of thrips/10 open 

flowers 

Reduction of thrips 

population after 1 day 
of spray (%) 

Before 

spray 

After 1 day 

of spray 

Before 

spray 

After 1 day 

of spray 

T1 3.41 a 1.80 b 47.21 3.20 bc 1.70 bc 46.88 

T2 3.34 ab 1.63 b 51.20 3.51 ab 1.74 ab 50.43 

T3 3.23 abc 1.55 bc 52.01 3.10 c 1.43 bcd 53.87 

T4 2.86 c 1.29 cd 54.90 2.76 d 1.26 d 54.35 

T5 2.97 bc 1.26 d 57.58 3.04 cd 1.26 d 58.55 

T0 3.51 a 2.33 a 33.62 3.55 a 2.08 a 41.41 

CV (%) 6.44 8.97 - 5.69 12.33 - 

CD (0.05) 0.38 0.27 - 0.33 0.36 - 

In a column means having dissimilar letter(s) differ significantly as per 0.05 level of probability. CV = 

Coefficient of Variation, CD = Critical Difference.  

T1 = Azadirachtin (Bioneem plus 1EC) @ 1 ml l-1 of water; T2 = Bacillus thuringiensis (Bt. powder) @ 

1 g l-1 of water; T3 = Spinosad (Tracer 45SC) @ 0.3 ml l-1 of water; T4 = Chlorpyrifos + Cypermethrin 

(Nitro 505EC) @ 1 ml l-1 of water; T5 = Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC) @ 

0.5 ml l-1 of water; T0 = Untreated control (water spray) @ 500 l ha-1.  

Percentage reduction of thrips population after spraying over control at 

different growth stages 

The highest reduction (45.92%) of thrips over control was noticed in T5 followed by 

T4 (44.63%), T3 (33.48%), T2 (30.04%) and T1 (22.75%) at flowering stage (35 DAS). 

Thus the order of performances of treatments in descending of efficiency was 

T5>T4>T3>T2>T1>T0 (Fig. 1).  
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Figure 1. Population of thrips/10 open flowers after 1 day of spray and 

% reduction over control under treatments at flowering stage 

The highest reduction (39.42%) of thrips over control was noticed in T5 which was 

statistically identical to T4 and followed by T3 (31.25%), T1 (18.27%) and T2 

(16.35%) at podding stage (42 DAS). Thus the order of performances of treatments in 

descending of efficiency was T5>T4>T3>T1>T2>T0 (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Population of thrips/10 open flowers after 1 day of spray and 

% reduction over control under treatments at podding stage 
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Efficacy of treatments on the incidence of pod borers’ population at different 

growth stages  

The results are mean comparison of the data, regarding the treatment effect on gram 

pod borer (Helicoverpa armigera) and legume pod borer (Maruca vitrata) and 

percent reduction at different growth stages (flowering stage and podding stage). The 

treatments also showed significant influence on the incidence of gram pod borer 

(Table 2) and legume pod borer (Table 3).    

Table 2.  Efficacy of treatments on the incidence of gram pod borer population at 

different growth stages in mungbean  

 

Treatm
ents 

Flowering stage Podding stage 

No. of gram pod 

borer/plot 

Reduction of 

gram pod borer 

population after 1 
day of spray (%) 

No. of gram pod borer 

/plot 

Reduction of gram 

pod borer 

population after 1 
day of spray (%) 

Before 

spray 

After 1 

day of 
spray 

Before 

spray 

After 1 day 

of spray 

T1 1.77 c 0.88 b 50.28 2.33 ab 1.10 b 52.79 

T2 2.03 c 1.05 b 48.28 2.03 bc 1.05 b 48.28 

T3 2.85 ab 1.34 b 52.98 2.26 ab 1.05 b 53.54 

T4 2.61 b 1.17 b 55.17 2.00 bc 0.88 b 56.00 

T5 2.67 b 0.88 b 67.04 1.68 c 0.71 b 57.74 

T0 3.13 a 1.93 a 38.34 2.78 a 1.68 a 39.57 

CV 

(%) 

9.21 26.37 - 14.60 24.72 - 

CD 
(0.05) 

0.42 0.59 - 0.58 0.48 - 

In a column means having dissimilar letter(s) differ significantly as per 0.05 level of probability. CV = 

Coefficient of Variation, CD = Critical Difference.  

T1 = Azadirachtin (Bioneem plus 1EC) @ 1 ml l-1 of water; T2 = Bacillus thuringiensis (Bt. powder) @ 

1 g l-1 of water; T3 = Spinosad (Tracer 45SC) @ 0.3 ml l-1 of water; T4 = Chlorpyrifos + Cypermethrin 

(Nitro 505EC) @ 1 ml l-1 of water; T5 = Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC) @ 

0.5 ml l-1 of water; T0 = Untreated control (water spray) @ 500 l ha-1.  
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Table 3.  Efficacy of treatments on the incidence of legume pod borer population at 

different growth stages in mungbean 

 

Treatments  

Flowering stage Podding stage 

No. of legume pod 

borer/plot 

Reduction of 

legume pod borer 

population after 1 
day of spray (%) 

No. of legume pod 

borer/plot 

Reduction of 

legume pod borer 

population after 1 
day of spray (%) 

Before spray After 1 day 

of spray 

Before 

spray 

After 1 day 

of spray 

T1 2.41 ab 1.17 b 51.45 2.41 abc 1.17 bc 51.45 

T2 2.27 abc 1.17 b 48.46 2.61 ab 1.46 ab 44.06 

T3 2.32 abc 1.05 b 54.74 2.58 ab 1.17 bc 54.65 

T4 2.08 bc 0.88 b 57.69 2.18 bc 1.05 bc 51.83 

T5 1.76 c 0.71 b 59.66 1.93 c 0.71 c 63.21 

T0 2.79 a 1.86 a 33.33 2.97 a 2.04 a 31.31 

CV (%) 13.90 30.38 - 13.37 25.41 - 

CD (0.05) 0.57 0.63 - 0.59 0.58 - 

In a column means having dissimilar letter(s) differ significantly as per 0.05 level of probability. CV = 

Coefficient of Variation, CD = Critical Difference.  

T1 = Azadirachtin (Bioneem plus 1EC) @ 1 ml l-1 of water; T2 = Bacillus thuringiensis (Bt. powder) @ 

1 g l-1 of water; T3 = Spinosad (Tracer 45SC) @ 0.3 ml l-1 of water; T4 = Chlorpyrifos + Cypermethrin 

(Nitro 505EC) @ 1 ml l-1 of water; T5 = Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC) @ 

0.5 ml l-1 of water; T0 = Untreated control (water spray) @ 500 l ha-1.  

The lowest number of gram pod borer and legume pod borer (0.88 and 0.71 plot
-1

 at 

flowering and 0.71 and 0.71 plot
-1

 at podding stage, respectively) was observed in T5 

[Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC)] treated plot followed by 

T4 [Chlorpyrifos + Cypermethrin (Nitro 505EC)] treated plot having significant 

difference between them. The highest number of gram pod borer and legume pod 

borer (1.93 and 1.86 plot
-1

 at flowering and 1.68 and 2.04 plot
-1

  at podding stage, 

respectively) was found in T0 [Untreated control] plot which was significantly higher 

than all other treated plots. The results of the present study revealed that all the 

insecticides significantly reduced gram pod borer and legume pod borer infesting 

mungbean. However, T5 [Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC)] 

was the most effective treatment against gram pod borer and legume pod borer while 

T4 [Chlorpyrifos + Cypermethrin (Nitro 505EC)] was the second most effective 

treatment. But treatments T3 [Spinosad (Tracer 45SC)], T1 [Azadirachtin (Bioneem 

plus 1EC)] and T2 [Bacillus thuringiensis (Bt. powder)] were less effective 

insecticides against gram pod borer and legume pod borer infesting mungbean in 

field condition. These results agreed with the report of Hossain et al. (2004) who 

reported that schedule spraying of insecticides (Azodrin 40WSC, Cymbush 10EC, 

Nogos 100EC and Dimecron 100SCW) application reduced population of pod borers 

on mungbean.  
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Percentage reduction of pod borers’ population after spraying over control at 

different growth stages 

The highest reduction (54.40%) of gram pod borer over control was noticed in T5 

which was statistically identical to T1 and followed by T2 (45.60%), T4 (39.38%) and 

T3 (30.57%) at flowering stage (35 DAS). Thus the order of performances of 

treatments in descending of efficiency was T5>T1>T2>T4>T3>T0 (Fig. 3).   

 

 

 

 

 

 

 

 

 

 

Figure 3. Population of gram pod borer/plot after 1 day of spray and % reduction over control 

under treatments at flowering stage 

The highest reduction (57.74%) of gram pod borer over control was noticed in T5 

followed by T4 (47.62%), T3 (37.50%) and T2 (37.50%), T1 (34.52%) at podding 

stage (42 DAS). Thus the order of performances of treatments in descending of 

efficiency was T5>T4>T3>T2>T1>T0 (Fig. 4).  

 

 

 

 

 

 

 

 

 

Figure 4. Population of gram pod borer/plot after 1 day of spray and % reduction over control 

under treatments at podding stage 

The highest reduction (61.83%) of legume pod borer over control was noticed in T5 

followed by T4 (52.69%), T3 (43.55%), T2 (37.10%) and T1 (37.10%) at flowering 
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stage (35 DAS). Thus the order of performances of treatments in descending of 

efficiency was T5>T4>T3>T2>T1>T0 (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Population of legume pod borer/plot after 1 day of spray and % reduction over 

control under treatments at flowering stage 

The highest reduction (65.20%) of legume pod borer over control was noticed in T5 

followed by T4 (48.53%), T3 (42.65%) and T1 (42.65%), T2 (28.43%) at podding 

stage (42 DAS). Thus the order of performances of treatments in descending of 

efficiency was T5>T4>T3>T1>T2>T0 (Fig. 6).     

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Population of legume pod borer/plot after 1 day of spray and % reduction over 

control under treatments at podding stage 
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Percentage of pod infestation by pod borers at ripening stage 

The percentage of infested pods ranged from 2.33 to 18.53% (Table 4). The lowest 

pod infestation was observed 2.33% in T5 [Thiamethoxam + Chlorantraniliprole 

(Voliam flexi 300SC)] which was followed by T4 [Chlorpyrifos + Cypermethrin 

(Nitro 505EC)] (5.88%), T3 [Spinosad (Tracer 45SC)] (7.48%) and T1 [Azadirachtin 

(Bioneem plus 1EC)] (8.65%). However, the highest percent pod infestation was 

18.53% in T0 [Untreated control] followed by T2 [Bacillus thuringiensis (Bt. 

powder)] (13.47%). The findings can be compared with the result of Anonymous 

(2014) who reported that Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC) 

treated plots had significantly lowest pod infestation. 

Table 4.  Efficacy of treatments on pod infestation by pod borers and Cost-benefit 

analysis of mungbean production  

Treatments Pod infestation by  

Pod borers (%) 

Cost of 

management 
(Tk.) 

Yield  

(kg ha-1) 

Gross 

return 
(Tk.) 

Net 

return 
(Tk.) 

Adjusted 

net return 
(Tk.) 

Marginal  

benefit cost 

ratio (MBCR) 

T1 8.65 c 5400.00 1052.20 63132.00 57732.

00 

10092.00 1.87 

T2 13.47 b 12450.00 1010.00 60600.00 48150.

00 

510.00 0.04 

T3 7.48 c 14056.50 1125.40 67524.50 53467.

50 

5827.50 0.41 

T4 5.88 c 3900.00 1176.70 70602.00 66702.

00 

19062.00 4.89 

T5 2.33 d 3600.00 1254.50 75270.00 71670.

00 

24030.00 6.68 

T0 18.53 a - 794.00 47640.00 47640.

00 

- - 

CV (%) 17.14 - - - - - - 

CD (0.05) 2.92 - - - - - - 

In a column means having dissimilar letter(s) differ significantly as per 0.05 level of probability. CV = 

Coefficient of Variation, CD = Critical Difference.  

T1 = Azadirachtin (Bioneem plus 1EC) @ 1 ml l-1 of water; T2 = Bacillus thuringiensis (Bt. powder) @ 

1 g l-1 of water; T3 = Spinosad (Tracer 45SC) @ 0.3 ml l-1 of water; T4 = Chlorpyrifos + Cypermethrin 

(Nitro 505EC) @ 1 ml l-1 of water; T5 = Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC) @ 

0.5 ml l-1 of water; T0 = Untreated control (water spray) @ 500 l ha-1.  

For calculating marginal benefit cost ratio, the following prices were used: Bioneem plus 1EC @ Tk. 

280/100 ml, Bt. powder @ Tk. 150/20 g, Tracer 45SC @ Tk. 200/7 ml, Nitro 505EC @ Tk. 90/50 ml 

and Voliam flexi 300SC @ Tk. 320/100 ml. Market price of mungbean seed @ Tk. 60/kg. Labor cost @ 

Tk. 400/man/8 hour 
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Yield and Marginal benefit cost ratio (MBCR)     

Various chemical, biological and botanical insecticides were used as pesticide to 

manage thrips and pod borers. T5 [Thiamethoxam + Chlorantraniliprole (Voliam flexi 

300SC)] showed the highest yield (1254.50 kg ha
-1

) where the maximum reduction of 

thrips and pod borers population was found followed by T4 [Chlorpyrifos + 

Cypermethrin (Nitro 505EC)] (1176.70 kg ha
-1

) and T3 [Spinosad (Tracer 45SC)] 

(1125.40 kg ha
-1

). On the other hand, the lowest yield (794.00 kg ha
-1

) was found in 

T0 [Untreated control] plot because less reduction of thrips and pod borers was 

recorded on mungbean field (Table 4). These results agreed with the report of 

Anonymous (2014) who reported that seed yield (kg ha
-1

) varied significantly among 

different treatments which was similar to the findings of Hossain et al. (2004). 

Cost-benefit analysis of treatments applied against thrips and pod borers on 

mungbean has been done. The net return and Marginal Benefit Cost Ratio (MBCR) 

varied depending on the costs of different chemicals used in treatments. The T0 

[Untreated control] did not incur any pest management cost. For treatments, cost of 

insecticides was involved. Thus the highest marginal benefit cost ratio (6.68) was 

calculated in T5 [Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC)] 

followed by T4 [Chlorpyrifos + Cypermethrin (Nitro 505EC)] (4.89) and T1 

[Azadirachtin (Bioneem plus 1EC)] (1.87). The minimum MBCR (0.04) was 

calculated in T2 [Bacillus thuringiensis (Bt. powder)] (Table 4). These results agreed 

with the report of Anonymous (2014) who reported that marginal benefit cost ratio 

varied among different treatments which was similar to the findings of Hossain et al. 

(2004).    

CONCLUSION 

The application of Thiamethoxam + Chlorantraniliprole (Voliam flexi 300SC) is the 

most profitable approach for the management of thrips and pod borers of mungbean 

followed by Chlorpyrifos + Cypermethrin (Nitro 505EC) for suppressing these insect 

pests.   
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AN ECONOMIC ANALYSIS OF GOVERNMENT  

CUSTOM HIRING SERVICES FOR DIFFERENT 

FARM MACHINERIES IN BHUTAN 
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ABSTRACT 

Farmers in Bhutan trend to own agricultural machineries though the 
individual area under farm mechanization is not enough. Hiring out or in 
of farm machineries as a business enterprise need to be advocated. 
Therefore, an effort was made in this study to generate some parameters 
regarding farm machinery business at farm level based on practical 
experience. Bhutanese Government has endorsed some users’ 
parameters including cost and return which are used to guide the custom 
rates for different machineries for farmers and service providers. The 
study’s objective was to generate different empirical formula for different 
farm machineries which shall help to propose varying custom hiring rates 
based on the projected operation days based on the government 
endorsed parameters. It is also to ascertain whether the present rates 
charged by Farm Machinery Corporation Limited bring a positive return 
to its custom hiring business for different machines.  The study revealed 
that the operation cost of farm machinery includes both fixed cost and 
variable cost. Cost, return and break-even data for different farm 
machineries give a confident opinion for the owners and Farm Machinery 
Corporation Limited (FMCL) to take up the hiring scheme as a profitable 
business. The custom hiring rate also gives a good guide on the custom 
hiring rates to be charged based on the operating days in the country. 
On endorsed hiring rates and parameters by government, FMCL shall be 
able to make a huge profit annually especially on tractors and mini 
combine harvesters as compared to other machineries by Nu 0.51M and 
0.39 M respectively. All other machines are also making a profit annually 
under the government endorsed parameters. However, there is also an 
opportunity to reduce the custom rates to bring down the overall cost of 
cultivation of respective crops using the machines. 

Keywords: Farm machinery, Custom hiring service, Breakeven point, 

acre 
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INTRODUCTION 

Bhutan is an agrarian country with 62.2% rural population (PHCB, 2017). 

Unfortunately only 7.8% of the total area is under agriculture which is again driven 

predominantly by animal draft due to rugged terrains and unavailability of farm 

machinery in the country. Major efforts are being initiated by government to promote 

farm mechanization activities. There is huge demand for farm machinery like power 

tiller, tractors to be used in the primary and secondary tillage operations in the 

country. Still huge demand is there and farmers in majority trend to have their own 

machines though the individual area under farm mechanization is not high. This trend 

can be delinked through hiring system and equally important to let the machineries 

owners understand that hiring their machines to others is a business and also to 

educate other farmers that hiring is more advantages than owning if their individual 

land holdings are less. Custom hiring has the potential to be one of the most effective 

strategies to introduce high quality and efficient farm mechanization to the small 

farming structures that are widespread in many countries in the Asia-Pacific region 

(CSAM, 2017). There is limited and fixed time available for each operation in each 

season which makes it all the more imperative to calculate the machines requirement 

and cost of operation. 

At present the hiring of farm machineries in Bhutan is not on a commercial scale and 

the informal hiring practiced is purely based on the convenience of the machine 

owners and also the rate for the hiring is based on the farmers practice and not at all 

calculated to accept as a realistic hiring rate. Farm Machinery Corporation Limited 

(FMCL) had been implementing the government hiring scheme to encourage farmers 

to avail this service. All the farmers who availed the hiring services found the service 

very beneficial (AMC, 2019). The rates are endorsed based on different parameters. 

All the custom hiring centres studied under the south western province under Punjab, 

India were running in profit (Parminder et al., 2012). 

This study shall provide a guide for the private firms to relook at their hiring rates in 

comparison with the government hiring scheme using the empirical formula for 

respective farm machinery and also to observe the present hiring rate and its 

profitability based on government endorsed hiring parameters. 

MATERIALS AND METHODS 

The cost of operation of farm machinery is divided into two sub-costs (i) Fixed cost 

and (ii) Variable cost, where fixed cost is independent of operational use while 

variable cost varies proportionally with the area coverage or the machine use. Higher 

the machine use, higher will be the variable cost for that machine. The major 

components of the fixed and variable costs are given below. 

1) Annual Fixed Cost 

i. Depreciation cost 
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ii. Interest on investment 

iii. Insurance cost 

iv. Shelter cost for the machine 

v. Registration cost 

For the implements associated with the farm machinery, it generally has depreciation 

and interest cost only. 

2) Annual Variable Cost 

i) Fuel cost 

ii) Lubrication cost 

iii) Labour wages 

iv) Repair and maintenance cost 

Calculation of the Fixed cost of the farm machinery 

i) Depreciation cost: It is the measure of the amount by which value of the 

machine decreased with passage of time. According to Kepner et al. 

(2005), the annual depreciation was calculated as 

  
     

 
 

Where, D= Yearly depreciation; P= Purchase price of the machine (Nu), 

S= is the salvage value or the selling price of the machine after its useful 

use (Nu) and assumed as 10 % of the machine price; L= useful life of the 

machine between buying and selling (10 years for farm machinery). 

ii) Interest on investment: It is the interest generated had the money to buy the 

machine is used for other purposes which would have given the maximum 

return. It is normally the interest amount generated from a fixed deposit. In 

Bhutan, the maximum interest generated through fixed deposit is 

8.5%.According to the Kepner et al. (2005) and Khairo et al. (2009) the 

annual interest on the investment was calculated as follows: 

  
     

 
 

 

   
 

Where, I= Rate of interest in %, i= Annual interest rate for buying a 

machinery 

iii) Machinery shed (shelter): This is the cost associated with having a shed used 

primarily to house the machinery. Shelter cost has been calculated at 1.5% of 

the purchase price of the machine. 
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Where,Sc= hiring rate of the shelter in %, is = Hiring cost of the shelter 

(1.5% per annum for the agricultural use). 

iv) Insurance and taxes: It is an amount that spent on insurance every year as 

these machines need to be insured as they are movable machines and 

accident can happen anywhere any time. 

   
    

 
 

  

   
 

Where, In = Rate of insurance and taxes, %; in= Annual insurance and 

taxes rate (2% per annum for agricultural use). 

v) Registration cost: This is the yearly cost incurred in registration, fitness test 

fee and blue book renewal of the machinery with respective authority. It is 

calculated as Nu 1000 per year as the renewal and registration cost for farm 

machinery in Bhutan is low. 

Calculation of variable costs of the farm machinery 

i) Fuel cost 

For simplicity, fuel cost was calculated as: 

Fuel cost (Nu h
-1

) = fuel price (Nu L
-1

) x Fuel consumption ( Lh
-1

) 

ii) Lubrication oil cost 

Average lubrication cost = 1.5% of fuel cost (Nu h
-1

) 

iii) Repair and maintenance cost 

According to Kepner et al. (2005) it was taken 2.5% of the purchase price. 

However for Bhutanese terrain, it was proposed 20% as the repair needed is 

frequent. 

RM = 20% x Purchase price of farm machinery (Nu) 

iv) Operator and labour wages 

The labour cost (Nu) was the product of number of labour required for 

number of days for any operation and labour charges per person per day. It is 

assumed as Nu 700/day 

Labour cost= Number of days x Labour charge (Nu d
-1

) 

v) Mathematical analysis 

i) Cost of operation is the cost involved in the operation of the machine in 

the field 
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Where, total annual cost includes both fixed cost and variable cost. The capacity of 

the machines is its performed capacity in acre/year 

vi) Over head cost is inclusive of the cost involved in arranging the operation 

from office, power, office rent, telephone calls, the machines transportation 

cost to the field and off the field, etc. It is taken as 15% on the cost of 

operation of the machinery. In detail overhead cost of 10%, contingency cost 

of 5% from the operation cost per day can been included in the final 

calculation of the cost of operation per acre. 

ii) Profit margin: A profit margin needs to be built into the hiring rate to 

make doing the work worthwhile. The profit margin can be 10% on the 

cost of operation. 

iii) Hiring rate: It is inclusive of the cost of operation, overhead cost 

involved and the profit margin. This is the rate or the charge that you ask 

during the hiring system which can be hour or acreage basis. 

iv) Break-even point analysis 

Break-even point (BEP) is the point at which the total hiring cost is exactly 

equal to the total costs. It was calculated in terms of the fixed cost, 

variable cost and hiring charges. It is frequently calculated in terms of 

area coverage and it is the minimum acre coverage required so that there 

is neither loss nor a profit from this work. 

    
            

  
     

                             
  

               
  

 

v) The hiring charges in Nu/h and even break-even in hours can be calculated. 

This 

can be done  

           
  

 
  

       

      
 

Where, Nu/acre is the custom rate in acre and acre/ h is the field capacity of the farm 

machinery. 

The nationally approved parameters are based on the actual field results and 

experiences had been adopted for calculation. This is the standard cost analysis 

practiced by Farm Machinery Corporation Limited (FMCL) which is executing the 

national hiring scheme in the country. The private individuals are also practicing the 

hiring though in very limited numbers as shown in Table 1. 
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Table 1. Hiring cost parameters for custom hiring analysis 

Description 
Power 

tiller 

Tractor 

above 

34hp 

 Tractor 

34hp 

Tractor 

18hp 

Paddy 

reaper 

Combine 

harvester 

Paddy 

Transplanter 

Water 

pump 

Mini 

Tiller 

Initial Cost 302,839 1,300,000 1,000,000 800,000 130,000 1,300,000 150,000 252,927 257,000 

Life of machine 10 10 10 10 6 10 6 10 10 

Operating 

hours/day 
8 8 8 8 8 8 8 8 8 

Operating days 

/year 
70 70 70 70 20 50 20 30 50 

Operating hrs/year 560 560 560 560 160 400 160 240 400 

Machine capacity    

(acre/hour) 
0.10 0.30 0.25 0.18 0.30 0.30 0.30 0.25 0.06 

Machine 
capacity(acre/year) 

56 168 140 100.8 48 120 48 60 24 

The in-depth operating and variable parameters which was endorsed by Ministry of 

Agriculture and Forest (MoAF) price fixation committee based on the past years 

operating cost and expenses in running the hiring operation were used for calculating 

the operating cost as shown in Table 2. 

Table 2. Revised and approved parameters for operating cost 

Description Revised criteria Remarks 

Repair/year 

20% from initial 

cost 

Spare parts and transportation are 

expensive  

Fuel cost (Nu/L) 60 The current price of diesel fuel  

Lubrication cost 1.5% of fuel cost It’s a standard requirement to change 

Operator charge 

(Nu/day) 

700 The labour cost in western region is more 

expensive 

Transportation during 

hiring  

10% of  operation 

cost 

Should be met from hiring 

Overhead cost 

10% of operation 

cost Previously it was very high 

Contingency cost 

5% of the 

operation cost 

Accidents, natural calamities affects are 

included 

Profit Margin 

10% of operation 

cost 

Hiring should be sustainable and  

continued 

Total variable cost % 

range 55%   
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RESULTS AND DISCUSSION 

Custom hiring rates for different machines 

Agricultural work is season based and it’s not year round activity. The seasons are 

very limited and during the season everyone wants a machine at the same time which 

makes it all the difficult to operate the machines for a longer time. These national 

hiring machines are also not allowed to be used for the non agricultural purposes and 

thus shall have very limited operating days. For power tillers and tractors, the 

operating days endorsed is 70 days and for combine harvester is 50 days as shown in 

Table 3. A few of the government endorsed hiring rates based on above parameters 

are Power tiller: Nu 3376/day, Tractor>34 hp; Nu12044/day, Tractor 34hp; 

Nu9018/day and Combine harvester; Nu 13179/day. The empirical formula for 

different machines in above Figures also provide a guide to project different custom 

rates based on the operating days which can be possible based on individual 

convenience by private hiring entrepreneurs  

Determination of economic feasibility of farm machinery 

After calculating the break-even point (BEP), it is observed that most of the farm 

machines under the hiring scheme have BEP more than their annual operating days 

and use i.e. the net annual usage of machinery after the BEP is reached is positive 

(where the net annual usage=annual operating days per year – BEP of machinery). If 

the net annual usage is positive, the hiring of that machine is positive. 

At present the hiring rates based on the operating days endorsed by government for 

the Farm Machinery Corporation Limited (FMCL) is positive and it can make good 

profit if it’s done as shown in Table 3. The most common machine which is power 

tiller fetches a profit of Nu 0.16 M for operating days of 70 days endorsed by 

government. Similarly tractor of 34 hp above power fetches the maximum of Nu 

0.51M and Nu 0.37 M for 34 hp power tractor respectively.  The combine harvester 

which is another very required and sought out machine by farmers fetches a profit of 

Nu 0.39 M as shown. 

Table 3. Break-even point analysis of farm machines 

Parameters 

 

Power 

tiller 

Tractor 
above 

34hp 

 Tractor 

34hp 

Tractor 

18hp 

Paddy 

reaper 

Combine 

harvester 

Paddy 

Trasplanter 

Water 

pump 

Mini 

Tiller 

Initial Cost ( Nu) 302,839 1,300,000 1,000,000 800,000 130,000 1,300,000 150,000 252,927 257,000 

Operating            

days/year 

70 70 70 70 20 50 20 30 50 

Actual operation 

cost/day ( Nu) 

3376 12044 9018 7000 4427 13179 4900 3301 3862 

Break-even point                  
(days/year) 

22.6 27.9 28.4 29.0 9.2 20.3 9.4 14.1 15.8 
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From the above data, the graph of annual profit or loss is plotted as shown in Figure 

1. It is observed that tractors and mini combine harvesters make a maximum profit 

annually at the present hiring rates and the operating days for the government hiring 

scheme. Tractors alone make a profit of really Nu 0.51 M in a year which 

necessitates the requirement to reduce the custom hiring rate for these machines for 

the ease to the farmers. Others machines are all making a profit which is good for the 

hiring scheme. 

 

Figure 1. Annual profit/loss of various common farm machines 

CONCLUSION  

The results and the analysis give a confident opinion for the machine owners and 

FMCL to take up the hiring scheme as it is still very profitable based on the national 

endorsed parameters. At present endorsed hiring rates and parameters by 

government, FMCL is making a huge profit, especially on tractors and mini combine 

harvesters as compared to other machines. This is a good business for any enterprise 

wanting to start. However, there is also an opportunity to reduce the custom rates to 

bring the overall cost of cultivation of respective crops using this machine down 

which will benefit the marginal farmers at large. 
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ABSTRACT 

Boro season is the most productive among Aus, Aman and Boro 
seasons. For confirming food security, we need to emphasize more on 
Boro season to feed more people. That’s why forty entries of Boro rice 
germplasm were allowed to evaluate for their genetic variations in yield 
and yield contributing traits, their associations and also direct and 
indirect effects on yield. Observing means, range and all genetic 
parameters, selection could be done on the basis of number of effective 
tillers, harvest index, filled grains per panicle, unfilled grains per panicle, 
days to maturity and grain yield. Traits association analysis revealed that 
days to flowering, days to maturity and filled grain per panicle could 
significantly improve rice germplasm. Path analysis estimated that direct 
selection based on days to flowering, days to maturity and filled grain per 
panicle would be efficient for improvement of rice germplasm. G5 had 
the highest yield along with filled grain per plant, harvest index and 1000 
grain weight and it could be used as potential variety for improving yield. 
The germplasm G7, G19, G9 and G33 could be used in further breeding 
program for the improvement of rice germplasm. 

Keywords: Germplasm, Variability, Trait association, Path coefficient 

analysis 

INTRODUCTION 

Rice (Oryza sativa L.) is one of the most important and top prioritized crop for many 

nations in the world, which is under the family Poaceae. Bangladesh is one of the 

highest rice growing country in the world as well as the staple food of this country, 

this state needs profuse advancement in quality breeding lines to meet up the 

upcoming population hunger. The cultivable lands are decreasing day by day due to 

industrialization (Mahmud, 2003). Bangladeshi rice cultivation heavily depends on 
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Aman season due to rainfed condition but the yield performance is significantly 

lower than the Boro season (Williams et al., 2006). It has been estimated that the 

world will have to produce 60% more rice by 2030 than what it produced in 1995 

(Babu et al., 2012). To meet up the hunger we need to emphasize on Boro rice 

production so that the sustainable food security will be achieved by Bangladesh. 

Though Boro rice is long duration but it is balanced by the yield. But it is crucial to 

find out the marvelous breeding lines having short duration without compromising 

with yield for Boro season. Though yield is a polygenic trait so it is governed by the 

many genes and having a complex association with many yield contributing 

characters. Those characters are profusely influenced by the environmental factors 

(Doehlert et al., 2001). 

A complete, efficient and meaningful breeding program will led to find out more 

genetic variation, selection of genotypes and advancement of selected genotypes for 

the varietal development (Ye et al., 2013, Peyman; 2012 and Chakravorty et al., 

2013). Heritability estimation helps to find out the flow of traits from parents to 

offspring. Heritability alone can’t be used in selection criteria also requires genetic 

advance for efficacy. 

This study was undertaken to find out the variability among the traits of selected 

Boro germplasm, association between the traits and yield to find out the selection 

guidelines, path coefficient among the traits with yield for the effective selection and 

to find out the promising genotypes for the further advancement of the rice breeding. 

MATERIALS AND METHODS 

Materials 

All forty entries of Boro rice germplasm (Table 1) were collected from the genebank 

of Bangladesh Rice Research Institute (BRRI). The germplasm were sown in the 

seedbed in 30 November 2016 and raised 40 days seedling in the Genetic Resources 

and Seed Division farm of BRRI. The soil was slightly acidic (pH 6.5), silt clay and 

low in organic matter (0.86%), having sharp differences in summer and winter 

temperatures. Hence the seedlings were transplanted in the main experimental field 

with one seedling per hill in 9 January 2017. The row to row and plant to plant 

distance was maintained 20cm × 20cm. There were 30 hills for each germplasm in 

each replication. Entries were repeated for three times. The experiment was laid out 

in a Randomized Complete Block Design (RCBD). The recommended agronomic 

practices were maintained for the proper crop growth.  
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Table 1. Selected Boro germplasm from BRRI genebank 

Sl. N Germplasm 

Names 

Sl. N Germplasm 

Names 

Sl. N Germplasm 

Names 

Sl. N Germplasm 

Names 

G1. Banajira G11. Jagli G21. Boro 398 G31. Chinese var#1 

G2. Ghuniboro G12. Boro G22. Boro 465 G32. Firooz 

G3. Aushaboro G13. Tupa G23. Boro 522 G33. Moghalsail 

G4. Kaikka boro G14. Sadaboro G24. Boro259 G34. Fenaful 

G5. Khamarang G15. Sailboro G25. Dhaliboro7/2 G35. Bichi barui 

G6. Deshi boro G16. Birion G26. Dhaliboro87/1 G36. Toifaboro 

G7. Jamir G17. Boro 66/1 G27. Dhali boro94 G37. Biroin 

G8. Isamoti G18. Boro69/2 G28. Dhaliboro104/1 G38. Chengri 

G9. Sadaboro G19. Boro135/1 G29. Dhaliboro G39. Unknown 

G10. Bogra G20. Boro 391 G30. Omniboro G40. Sonaliboro2 

Data collection 

Data were collected from the randomly selected ten plants in each replication for 

plant height (cm), flag leaf length (cm), flag leaf width (cm), days to flowering, days 

to maturity, panicle length (cm), effective tiller number, harvest index, filled grains 

per panicle, unfilled grain per panicle, grain length (mm), grain breadth/width (mm), 

1000 grain weight (g) and yield (kg ha
-1

). 

Statistical analysis 

Mean, range and standard deviation (SD) for each character were estimated. The 

mean sum of square was estimated for the calculation of genotypic and phenotypic 

variances (Johnson et al., 1955). Genotypic and phenotypic coefficients of variation 

were estimated by the formula suggested by Burton (1952). Heritability in broad 

sense was estimated which was further defined by Lush (1949) by the suggested 

formula (Johnson et al., 1955). The expected genetic advance for different characters 

was calculated using the suggested formula (Johnson et al., 1955 and Lush, 1949). 

Genetic advance in percentage of mean was calculated by the given formula 

(Comstock et al., 1952).  Phenotypic and genotypic correlations were worked out by 

using the suggested formulae (Falconer, 1964). Analysis of path coefficient 

suggested (Wright, 1921) and modified by (Dewey and Lu, 1959)
 
was used to 

calculate the direct and indirect contribution of various traits to yield. 

RESULTS AND DISCUSSION 

The mean analysis given in table 2 shows that twenty seven (27) genotypes for plant 

height, twenty four (24) genotypes for flag leaf length, twenty five (25) genotypes for 
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flag leaf width, sixteen (16) genotypes for days to flowering, nineteen (19) genotypes 

for days to maturity, nineteen (19) genotypes for panicle length, thirteen (13) 

genotypes for effective tiller number, twenty two (22) genotypes for harvest index, 

seventeen (17) genotypes for filled grain per panicle, ten (10) genotypes for unfilled 

grain per panicle, nineteen (19) genotypes for grain length, twenty one (21) 

genotypes for grain breadth, twenty two (22) genotypes for 1000 grain weight and 

twenty (20) genotypes for yield/hill performed over their grand mean. The highest 

plant height was found in G13 followed by G24, G34 and G35. The highest flag leaf 

length was found in G21 followed by G11, G20 and G30. The highest flag leaf width 

was found in G11 followed by G12, G13 and G29. The highest days to flowering was 

found in G29 followed by G5, G30 and G7. The highest days to maturity was found 

in G5 followed by G24, G25 and G34. The highest panicle length was found in G34 

followed by G24, G32 and G33. The highest effective tiller number was found in G6 

followed by G9, G1 and G33. The highest harvest index was found in G3 followed 

by G35, G19 and G10. The highest filled grain per panicle was found in G34 

followed by G5, G24, G33 and G11. The highest unfilled grain per panicle was found 

in G26 followed by G32 and G34. The highest grain length was found in G32 

followed by G39, G9 and G31. The highest grain breadth was found in G8 followed 

by G22, G7, G20 and G23. The highest 1000 grain weight was found in G32 

followed by G8, G31 and G5. The highest yield was found in G5 followed by G7, 

G19, G9 and G33. 

Table 2. Mean performance of selected 40 Boro rice germplasm 

Variety Plant 

Height(cm) 

Flag Leaf 

Length(cm) 

Flag Leaf 

Width(cm) 

Days to 

Flowering 

Days to 

Maturity 

Panicle 

Length(cm) 

Effective 

Tillers 

G1 102.07 26.77 0.90 119.00 147.33 19.37 14.00 

G2 92.53 28.77 1.06 112.00 141.33 18.27 9.33 

G3 89.77 28.50 0.96 111.00 141.67 17.70 11.00 

G4 85.60 29.60 1.01 112.00 142.33 17.17 11.00 

G5 54.40 32.97 1.03 130.00 163.00 14.70 10.33 

G6 104.03 22.60 0.81 121.00 148.67 17.67 26.00 

G7 106.90 32.10 1.03 124.33 143.33 21.23 9.67 

G8 107.77 30.37 1.04 118.33 147.00 20.53 12.00 

G9 89.00 26.63 0.88 117.33 145.67 19.17 19.00 

G10 99.40 32.97 1.05 116.67 145.67 18.87 12.33 

G11 113.47 38.43 1.22 115.00 144.33 20.63 9.33 

G12 105.23 37.60 1.14 115.33 147.33 21.43 8.00 

G13 124.27 34.27 1.14 120.67 149.33 23.43 12.33 

G14 106.20 35.73 1.12 114.33 144.00 21.80 9.00 

G15 115.20 36.00 1.12 116.00 145.00 20.93 11.33 



YIELD CONTRIBUTING TRAITS OF BORO RICE 107 

Variety Plant 

Height(cm) 

Flag Leaf 

Length(cm) 

Flag Leaf 

Width(cm) 

Days to 

Flowering 

Days to 

Maturity 

Panicle 

Length(cm) 

Effective 

Tillers 

G16 105.87 35.90 1.06 114.67 144.00 20.87 11.33 

G17 114.50 36.63 1.05 115.67 144.00 20.50 10.33 

G18 111.17 36.73 1.07 116.00 145.33 20.17 10.67 

G19 105.30 34.97 1.10 117.67 146.00 19.50 10.67 

G20 109.17 38.30 1.13 113.33 142.00 20.47 11.33 

G21 117.73 38.60 1.12 117.33 146.00 21.87 10.00 

G22 105.50 35.07 1.12 113.67 143.00 20.90 10.00 

G23 115.13 36.13 1.13 118.00 147.00 22.27 8.33 

G24 122.13 32.67 1.13 123.00 153.33 24.63 11.00 

G25 118.47 28.43 1.07 121.33 151.67 23.17 13.00 

G26 112.67 37.77 1.09 116.67 148.33 20.10 12.67 

G27 108.90 33.80 1.03 119.33 148.33 20.10 11.00 

G28 111.53 34.00 1.10 117.33 146.00 21.00 11.00 

G29 115.70 37.50 1.14 131.33 148.67 22.03 10.67 

G30 104.93 38.13 1.12 128.00 146.00 19.50 10.00 

G31 45.47 18.67 1.08 110.67 139.33 16.40 8.00 

G32 100.83 28.73 1.08 121.00 149.33 24.27 8.33 

G33 105.10 29.93 1.02 119.67 147.00 23.40 14.00 

G34 123.33 34.37 1.07 122.67 150.33 27.40 9.00 

G35 120.30 29.70 1.06 118.33 146.33 23.00 7.67 

G36 112.37 34.30 1.16 121.00 148.67 22.73 10.33 

G37 107.87 34.07 1.11 114.33 142.33 20.10 9.33 

G38 76.82 34.30 1.04 115.67 144.00 20.57 9.67 

G39 107.20 32.20 0.99 113.33 142.00 20.60 11.67 

G40 98.53 27.43 0.93 119.00 147.67 19.80 11.00 

Grand Mean 104.31 32.79 1.06 118.05 146.32 20.71 11.14 

Coefficient 

of variation 

13.01 8.46 4.62 4.63 1.55 7.99 6.23 

Standard 

deviation 

16.26 4.52 0.08 4.73 4.03 2.34 3.15 

Standard 

error 

7.84 1.60 0.03 3.15 1.31 0.95 0.40 

Critical 

difference 

(0.05) 

31.94 6.53 0.11 12.86 5.33 3.89 1.63 
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Table 2. Mean performance of selected 40 Boro rice germplasm (Continue) 

Variety Harvest 

Index(%) 

Filled 

Grain/Panicle 

Unfilled 

Grain/Panicle 

Grain 

Length(mm) 

Grain 

Bredth(mm) 

1000 grain 

weight(g) 

Yield 

(kg ha-

1) 

G1 26.26 56.33 1.00 7.86 3.10 20.59 2770.00 

G2 36.27 53.33 2.67 7.76 3.04 18.75 1315.00 

G3 49.93 46.67 2.33 7.77 2.81 18.38 1917.50 

G4 29.87 59.00 2.33 7.76 3.19 19.56 2617.50 

G5 37.61 107.33 9.00 8.14 2.95 20.85 3595.00 

G6 28.16 43.67 2.33 7.40 3.03 16.81 2882.50 

G7 33.69 56.33 6.33 7.92 3.24 19.99 3140.00 

G8 28.37 58.33 3.33 8.06 3.27 21.30 1910.00 

G9 36.16 65.67 2.33 8.25 3.13 20.83 2945.00 

G10 43.68 49.00 3.33 7.55 3.06 18.90 2770.00 

G11 35.86 81.00 4.00 7.75 3.17 20.41 2915.00 

G12 36.12 64.00 3.33 7.76 2.99 19.10 2110.00 

G13 27.37 75.33 3.00 7.82 2.83 16.36 2622.50 

G14 27.97 80.33 5.67 7.83 3.03 19.39 2127.50 

G15 43.21 70.67 1.33 7.66 3.03 19.87 2082.50 

G16 32.48 55.67 2.67 7.69 3.02 19.02 2607.50 

G17 35.47 64.00 4.33 7.96 3.22 19.85 2260.00 

G18 40.52 76.33 3.33 7.90 3.23 18.56 2165.00 

G19 46.19 61.00 4.33 7.61 3.21 21.34 3087.50 

G20 37.05 69.00 3.33 7.93 3.23 19.05 1892.50 

G21 38.32 70.33 4.33 7.68 3.09 16.87 2492.50 

G22 40.45 61.33 3.67 7.71 3.26 20.04 2102.50 

G23 33.47 47.67 2.67 7.94 3.23 20.42 2117.50 

G24 25.44 82.67 4.67 7.94 3.11 17.43 2282.50 

G25 28.76 67.00 3.00 7.70 2.90 17.73 2715.00 

G26 26.85 36.67 30.67 7.73 3.22 19.90 1470.00 

G27 32.81 66.00 5.67 8.18 2.99 20.36 1612.50 

G28 36.43 60.33 9.00 7.84 3.13 20.33 1775.00 

G29 34.53 75.00 4.33 7.75 3.04 18.40 2857.50 

G30 40.88 69.00 4.00 7.56 3.13 18.40 1850.00 

G31 36.97 51.33 4.67 8.25 2.91 20.86 1702.50 

G32 32.34 59.67 15.67 9.74 2.76 21.40 1932.50 

G33 39.28 81.00 4.33 7.24 2.77 16.67 2917.50 
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Variety Harvest 

Index(%) 

Filled 

Grain/Panicle 

Unfilled 

Grain/Panicle 

Grain 

Length(mm) 

Grain 

Bredth(mm) 

1000 grain 

weight(g) 

Yield 

(kg ha-

1) 

G34 33.70 123.67 13.67 5.75 2.99 11.54 2342.50 

G35 48.07 74.33 8.33 7.54 3.14 19.98 2687.50 

G36 29.99 67.33 4.33 7.89 3.24 19.06 1947.50 

G37 42.92 64.00 4.33 8.10 3.04 19.29 2877.50 

G38 40.83 61.67 3.33 6.76 3.04 16.46 2725.00 

G39 41.44 57.33 5.33 8.30 3.11 20.32 2755.00 

G40 37.39 61.33 2.33 7.69 3.13 20.09 2732.50 

Grand 

Mean 

35.83 65.77 5.22 7.79 3.07 19.11 2390.00 

Coefficient 

of 
variation 

7.89 2.97 13.00 4.67 5.40 6.46 7.95 

Standard 

deviation 

6.14 15.81 5.07 0.53 0.14 1.85 516.56 

Standard 

error 

1.63 1.23 0.39 0.21 0.09 0.71 109.71 

Critical 

difference 
(0.05) 

6.66 4.59 1.59 0.85 0.39 2.91 447.27 

In the table of variance and heritability (Table 3), high differences in genotypic and 

phenotypic variances were present for all the studied traits except for flag leaf width, 

effective tiller number, filled grain per panicle, yield and unfilled grain per panicle. It 

depicts that these traits are less influenced by environment. The highest genotypic 

and phenotypic coefficient of variation was found for unfilled grains per panicle 

(Islam et al., 2016). High heritability was observed for all traits except for plant 

height, flag leaf length, flag leaf width, days to flowering, days to maturity, panicle 

length, grain length, grain breadth and 1000 grain weight (g). High heritability along 

with genetic advance (GA) and genetic advance in percent of mean (GAMP) was 

observed for effective tiller number, harvest index, filled grains per panicle, unfilled 

grains per panicle and grain yield. It means that these traits are controlled by multiple 

genes with high additive gene action and this result agreed with (Chuchert et al., 

2016). 
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Table 3. Variability analysis of selected 40 Boro rice germplasm 

 Range Vg Vp GCV PCV hb
2 GA GAM (%) 

PH (cm) 45.47-124.27 203.07 387.27 13.66 18.87 52.44 16.30 15.63 

FLL(cm) 18.67-38.6 17.92 25.61 12.91 15.43 69.96 5.59 17.06 

FLW(cm) 0.81-1.22 0.01 0.01 7.21 8.57 70.79 0.10 9.58 

DF 110.67-131.33 12.50 42.36 2.99 5.51 29.51 3.03 2.57 

DM 139.33-163 14.54 19.68 2.61 3.03 73.89 5.18 3.54 

PL (cm) 16.40-27.40 4.60 7.34 10.36 13.08 62.72 2.68 12.96 

ET 8.00-26.00 9.74 10.22 28.02 28.70 95.29 4.81 43.21 

HI (%) 25.44-49.93 35.06 43.06 16.53 18.31 81.42 8.44 23.56 

FG/P 43.67-123.67 248.79 252.60 23.98 24.17 98.49 24.73 37.61 

UFG/P 1.00-30.67 25.61 26.07 96.95 97.81 98.24 7.93 151.82 

GL (mm) 5.75-9.74 0.24 0.37 6.28 7.83 64.35 0.62 7.96 

GB (mm) 2.76-3.27 0.01 0.04 3.21 6.29 26.11 0.08 2.60 

1000 gwt. (g) 11.54-21.40 2.94 4.46 8.97 11.06 65.87 2.20 11.51 

Yield (kg/ha) 1315-3595 255008.67 291119.67 21.12 22.57 87.60 746.75 31.23 

PH=Plant height (cm), FLL=Flag leaf length (cm), FLW= Flag leaf width (cm), DF= Days to flowering, 

DM= Days to maturity, PL= Panicle length (cm), ET= Effective tiller, HI= Harvest index, FG/P= No. of 

filled grain per plant, UFG/P= No. of unfilled grain per plant, GL= Grain length (mm), GB= Grain 

breadth (mm), 1000 gwt.= 1000 grain weight (g), Vg= Genotypic variance, Vp= Phenotypic variance, 

GCV= Genotypic coefficient of  variation, PCV= Phenotypic coefficient of  variation, h2
b= heritability, 

GA= Genetic advance, GAMP= Genetic advance in percent of mean 

The genotypic and phenotypic associations among selected traits are presented in 

Table 4. Genetic association value was always higher for all traits than their 

phenotypic ones. The positive and significant association was found for days to 

flowering, days to maturity and filled grain per panicle with yield/hill only in 

genotypic level and the result was agreed with Naseer et al. (2015), Vanisree et al. 

(2013) and Gour et al. (2017). Flag leaf width had negative and significant 

association with yield/hill. So, this trait should be discarded. Grain length and grain 

breadth have positive association with 1000 grain weight agreed with Ketan and 

Sarkar (2014). 
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Table 4. Genotypic correlation coefficient (rg) and phenotypic correlation coefficient 

(rp) of selected 40 Boro rice germplasm 

  FLL 

(cm) 

FLW 

(cm) 

DF DM PL 

(cm) 

ET HI (%) FG/P UFG/P GL 

(mm) 

GB 

(mm) 

1000 

gwt.(g) 

Yield 

(kg/ha) 

PH 

(cm)  

rg 0.579** 0.375** 0.259 0.090 0.864** 0.013 -0.215 0.142 0.098 -0.299* 0.357* -0.387* -0.109 

 rp 0.441** 0.242 0.090 -0.008 0.601** 0.022 -0.148 0.101 0.070 -0.049 0.148 -0.194 -0.074 

FLL 

(cm) 

rg  0.740** 0.175 0.091 0.322* -0.430** 0.100 0.290* 0.176 -0.178 0.545** -0.148 -0.096 

 rp  0.602** 0.095 0.018 0.317* -0.350* 0.088 0.243 0.132 -0.172 0.206 -0.082 -0.064 

FLW 

(cm) 

rg   0.071 0.018 0.428** -0.758** 0.044 0.290* 0.160 0.023 0.193 -0.011 -0.325* 

 rp   -0.026 -0.084 0.340* -0.610** 0.011 0.234 0.126 0.026 0.087 -0.016 -0.231 

DF rg    0.941** 0.405** 0.150 -0.317* 0.603** 0.199 -0.108 -0.216 -0.293 0.507** 

 rp    0.612** 0.103 0.082 -0.184 0.317* 0.114 -0.026 -0.030 -0.109 0.235 

DM rg     0.208 0.147 -0.345* 0.541** 0.279 -0.003 -0.332* -0.148 0.353* 

 rp     0.090 0.132 -0.324* 0.465** 0.244 -0.021 -0.122 -0.136 0.266 

PL 

(cm) 

rg      -0.252 -0.263 0.436** 0.229 -0.255 -0.102 -0.592** -0.103 

 rp      -0.211 -0.183 0.344* 0.172 -0.185 -0.106 -0.350* -0.055 

ET rg       -0.286* -0.242 -0.135 -0.089 -0.045 -0.131 0.275 

 rp       -0.238 -0.235 -0.131 -0.046 -0.048 -0.115 0.264 

HI (%) rg        -0.009 -0.197 -0.122 -0.072 0.099 0.138 

 rp        -0.002 -0.185 -0.115 -0.015 0.079 0.115 

FG/P rg         0.030 -0.398* -0.244 -0.506** 0.302* 

 rp         0.026 -0.322* -0.129 -0.399* 0.276 

UFG/P rg          0.047 -0.011 -0.007 -0.265 

 rp          0.052 -0.009 -0.021 -0.241 

GL 

(mm) 

rg           -0.064 0.875** -0.166 

 rp           -0.093 0.573** -0.129 

GB 

(mm) 

rg            0.495** -0.098 

 rp            0.178 -0.031 

1000 

gwt. 

(g) 

rg             -0.056 

 rp             -0.066 

PH=Plant height (cm), FLL=Flag leaf length (cm), FLW= Flag leaf width (cm), DF= Days to flowering, 

DM= Days to maturity, PL= Panicle length (cm), ET= Effective tiller, HI= Harvest index, FG/P= No. of 

filled grain per plant, UFG/P= No. of unfilled grain per plant, GL= Grain length (mm), GB= Grain 

breadth (mm), 1000 gwt.= 1000 grain weight (g) 

The path analysis revealed that the direct and indirect effect of different traits on 

yield at genotypic level. It was found that days to flowering, days to maturity and 

filled grain per panicle have positive direct effect on yield and made the total 
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correlation positive and significant (Table 5) and agreed with Surek and Beser 

(2003). Effective tiller number and harvest index have high positive direct effect on 

yield/hill and made the total correlation positive which agreed with Ashok et al. 

(2016), Bornare et al. (2014), Moosavi et al. (2015) and Sandhya et al. (2014). So, 

direct selection based on these traits would be effective for the yield improvement of 

these boro germplasm. Flag leaf length, panicle length and 1000 grain weight have 

positive direct effect on yield but made the total correlation negative insignificant and 

agreed with Sandhya et al. (2014). So, selection based on these traits would not be 

effective for the breeders. Flag leaf width has high negative direct effect on yield/hill 

followed by unfilled grain per panicle, grain length, plant height and grain breadth 

which is agreed with Bhadru et al. (2012) and Devi et al. (2017). So, these traits 

should be discarded in direct selection method for yield improvement. The residual 

effect was found 0.565, it means that 43.5% variability was estimated by 14 yield 

contributing traits of this study and 56.5% variability would be controlled by other 

yield contributing traits which were not in this study. 

Table 5. Partitioning of genotypic correlation into direct (bold phase) and indirect 

components of selected 40 Boro rice germplasm 

 PH FLL(c

m) 

FLW(c

m) 

DF DM PL(cm

) 

ET HI (%) FG/P UFG/P GL(m

m) 

GB(mm

) 

1000 

gwt.(g) 

Y/hill 

(g) 

PH -0.255 0.101 -0.089 0.038 0.008 0.205 0.005 -0.037 0.031 -0.022 0.039 -0.019 -0.114 -0.109 

FLL 

(cm) 

-0.138 0.196 -0.175 0.031 0.006 0.089 -0.121 0.019 0.066 -0.042 0.038 -0.019 -0.046 -0.096 

FLW 

(cm) 

-0.089 0.134 -0.256 0.005 -0.013 0.108 -0.232 0.006 0.065 -0.038 -0.005 -0.005 -0.005 -0.325* 

DF -0.042 0.025 -0.005 0.235 0.079 0.066 0.034 -0.048 0.203 -0.039 0.014 0.058 -0.073 0.507** 

DM -0.012 0.012 0.009 0.178 0.106 0.044 0.043 -0.067 0.124 -0.069 0.022 0.018 -0.055 0.353* 

PL(cm

) 

-0.189 0.063 -0.108 0.056 0.017 0.277 -0.078 -0.045 0.096 -0.059 0.049 0.004 -0.186 -0.103 

ET -0.004 -0.078 0.179 0.026 0.015 -0.065 0.304 -0.053 -0.058 0.035 0.016 0.006 -0.048 0.275 

HI (%) 0.047 0.019 -0.008 -0.057 -0.036 -0.064 -0.082 0.198 -0.001 0.051 0.026 0.010 0.035 0.138 

FG/P -0.032 0.053 -0.069 0.105 0.054 0.110 -0.073 -0.001 0.243 -0.008 0.080 0.017 -0.177 0.302* 

UFG/P -0.022 0.031 -0.038 0.036 0.028 0.057 -0.042 -0.038 0.007 -0.262 -0.011 0.011 -0.022 -0.265 

GL(m

m) 

0.047 -0.034 -0.006 -0.015 -0.006 -0.062 -0.022 -0.024 -0.089 -0.023 -0.219 0.003 0.284 -0.166 

GB(m

m) 

-0.063 0.069 -0.044 -0.023 -0.023 -0.028 -0.013 -0.028 -0.046 0.012 0.017 -0.047 0.119 -0.098 

1000 

gwt.(g) 

0.076 -0.024 0.016 -0.045 -0.015 -0.135 -0.038 0.018 -0.122 0.012 -0.169 -0.012 0.382 -0.056 

Residual Effect= 0.565 

PH=Plant height (cm), FLL=Flag leaf length (cm), FLW= Flag leaf width (cm), DF= Days to flowering, 

DM= Days to maturity, PL= Panicle length (cm), ET= Effective tiller, HI= Harvest index, FG/P= No. of 

filled grain per plant, UFG/P= No. of unfilled grain per plant, GL= Grain length (mm), GB= Grain 

breadth (mm), 1000 gwt.= 1000 grain weight (g) 
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The summary of this finding is G5, G7, G19, G9 and G33 are the elite germplasm 

among these selected forty germplasm due to their overall performance in case of 

days to maturity, harvest index, effective tiller number and filled grain number. 

CONCLUSION 

Considering mean, range and other variability analysis this study expressed wide 

range of variability among 40 genotypes of selected Boro germplasm. The finding of 

this studyshows that G5 (Kamarang), G7 (Jamir), G19 (Boro135/1), G9 (Sadaboro) 

and G33 (Moghalsail) are the elite germplasm among these selected forty entries of 

Boro germplasm due to their overall better performance than average including days 

to maturity, harvest index, effective tiller number and filled grains per panicle. So, 

these entries in studied germplasm can be used in future breeding programs to create 

high yielding advance breeding lines with short maturity duration, profuse effective 

tillers along with more fertile filled grains per panicle and good harvest index so that 

the national rice yield could be increased and provide a safeguard to the national food 

security. However considering the findings of heritability, association and path 

analysis days to flowering, days to maturity and filled grain per panicle would be the 

selection criteria for further yield improvement 
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ABSTRACT 

Low availability of phosphorus (P) due to P sorption onto soil is one of the major 
hindrances that greatly affect crop production. So, the understanding of P-soil 
interactions plays a vital role for increasing agronomic efficiency as well as 
proper P management. For optimal crop production, annual P application rates 
should be in equilibrium with the rate of P sorption by soil to ensure the presence 
of sufficient P in soil. So, it is important to identify the rate of P sorption with time. 
The focus of this study was to determine and compare the influence of solution P 
concentrations and equilibrium time on P sorption in calcareous and non-
calcareous soils. In the experiment, 0, 2.5, 5, 10, 20 and 50 μg P ml

-1
 solutions 

were taken and the sorption rate was investigated at 6, 12, 24 and 48 hour time 
periods. The results indicate that the P retention onto soil significantly increased 
with increasing concentration of solution P. Equilibrium time also influenced P 
sorption. The maximum P sorption was found after 24 hours. After 48 hours, 
some desorption of fixed P was observed that reflects the reversibility of sorbed 
P with time. The higher P sorption was found in calcareous soil than in non-
calcareous soil irrespective of equilibrium time and solution P concentration. 

Keywords: Calcareous soil, Phosphorus, Sorption 

INTRODUCTION 

Proper management and efficient use of plant nutrients, which ensure the nutrient 

availability to plants, can be considered as the prerequisite for maintaining soil 

fertility and crop productivity (Cordell et al., 2009; Worstall, 2013). Phosphorus (P), 

next to N is the most important macronutrient. Adequate amount of P is essential 

from the very early stage of plant growth especially for the promotion of root 

formation and it plays a key role for a number of physiological functions including 

energy generation and transfer, photosynthesis, energy storage, respiration, cell 

enlargement, enzyme activation, membrane synthesis, nitrogen fixation and so on 

(Grant et al., 2001; Withers and Jarvie, 2008; Mullins, 2009). 

Understanding soil P behavior is a fundamental and major task to assume the 

biogeochemical cycle of highly reactive P in soil and to ensure proper plant nutrition 
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because soil contains very low amount of P (ranging from 0.01 to 0.1%) and due to 

many reasons the soil P remains unavailable to plants. Adsorption or fixation 

mechanism of P onto soil over time results in the conversion of readily available to 

stable forms is one of the major factors that affects P availability in soils (Chen and 

Ma, 2001; Hopkins and Ellsworth, 2005). Phosphorus chemically binds with Fe and 

Al to form insoluble Fe and Al phosphates in acid soils and with Ca to form insoluble 

Ca phosphates in alkaline soils (Brady and Weil, 2002). The calcareous soils contain 

significant quantities of free CaCO3 (1 to 40%) (Thompson, 2007). On the other 

hand, non-calcareous soils containing less than 1% CaCO3 also exhibit P adsorption 

and it is the main retention mechanism for P in this type of soil (Thompson, 2007). 

The P adsorption processes in both calcareous and non-calcareous soils are highly 

dependent on solution concentration and equilibrium time. Phosphorus retention by 

both the soils increases with the amount of added P. With time, the applied phosphate 

tightly bind on adsorption sites of CaCO3 and the extractability of applied P in soils 

decreases with increasing time (Rajput et al., 2014). 

Globally, poor P availability in calcareous soil and consequent P-deficiency 

represents a major constraint to crop production (Ahemad et al., 2009). In 

Bangladesh, available P status is poor and availability of P to the crops is a problem 

mainly in calcareous soils of Ganges floodplain (Moslehuddin et al., 1997). When P 

is added to soils as fertilizer, a series of reactions takes place especially P adsorption. 

It is  estimated that only 10-15% P are taken up by plant in the year of fertilizer 

application within 2 to 4 weeks more than  90% of inorganic P is fixed by soil 

(Sharpley and Beegle, 2001; Brady and Weil, 2002). More study on P management 

regarding P adsorption characteristics in soils is necessary to conserve and maintain 

this non-renewable resource. Considering proper understanding of P adsorption or 

retention in these soils, the present experiment aimed at evaluating the effects of 

solution P concentration and equilibrium time on P sorption in both calcareous and 

non-calcareous soils. 

MATERIALS AND METHODS 

The experiment was conducted in the laboratory of Soil, Water and Environment 

discipline, Khulna University, Bangladesh. 

General information about soil sampling sites  

Soil samples were collected from the agricultural field at Gutudia of 

Dumuriaupazilla, Khulna. Calcareous soil belongs to Dumuria soil series and non-

calcareous soil belongs to Barisal soil series. The land type is medium high land for 

both soils. The lands are mainly used for rice cultivation. 

Collection and preparation of soil samples 

Both soils were collected at a depth of 0-15 cm on the basis of composite sampling 

method. Field identification method was used to identify calcareous and non-
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calcareous soils. The emergence of effervescence or fizzing after placing few drops 

of dilute hydrochloric acid (10% HCl) indicated the presence of free CaCO3 in soil. 

After that, the collected soil samples were air dried and the larger aggregates were 

broken gently by crushing with a wooden hammer and passed through a 0.5-mm 

sieve and the samples were preserved in plastic bags for experiment and analysis. 

Soil analysis 

Particle size analysis of the soils was done by combination of sieving and hydrometer 

method as described by Gee and Bauder (1986). Textural classes were determined by 

Marshall’s triangular co-ordinate system by the respective percentage of soil 

separates (Brady and Weil, 2002). Soil pH, EC and total P were determined by 

following the procedure (Huq and Alam, 2005).  

P sorption studies  

Equilibration procedure 

Both calcareous and non-calcareous soils were used for this experiment. Triplicate 

1.0g soil sample was weighed into a series of 50-ml polyethylene centrifuge tubes. 

Twenty five (25) ml each of P solution, containing 0, 2.5, 5.0, 10.0, 20.0 and 50.0 μg 

P ml
-1

, were added to the tubes. The pH of the soil suspensions was adjusted to 6.0 

with 0.1M HCl or 0.1M NaOH. The amount of HCl or NaOH added for adjusting pH 

was taken into account in calculating the total volume of the equilibrating solution. 

The reason for choosing pH 6.0 in this experiment was that adsorption isotherms 

have been reported to be better defined at this pH than at other pH levels (Shuman, 

1975). The tubes were shaken on a reciprocating shaker for two hours and were 

allowed to equilibrate at room temperature for 6, 12, 24 and 48 hours. Immediately 

following the equilibration period, the suspensions were centrifuged and filtered. The 

filtrates were analyzed for P by spectrophotometry. 

Calculation of P sorption 

Isotherms were computed in the usual way by subtracting the P remaining in solution 

from the original P and assuming the difference represented the adsorbed P. The zero 

P solution was used as background P for the experiment and these values were 

subtracted from the others to correct for the P that was released from the untreated 

soil. The following form of the Langmuir adsorption isotherm was tested to calculate 

the adsorption coefficients (Joardar et al., 2005): 

 

 
 
 

  
 
 

 
 

Where, 

C = Equilibrium concentration of P in solution (μg ml
-1

) 

X = Amount of P adsorbed (μg g
-1

) 

b = Adsorption maximum (μg g
-1

) 
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k = Constant related to the bonding energy of P to the soil (ml μg
-1

) 

A plot of C/X versus C was made for both soils. The values of adsorption maximum 

and bonding energy were calculated from slope (1/b) and intercept (1/kb) of the plot, 

respectively. 

Statistical analysis 

The results were expressed as the average of four replications. The data was 

subjected to ANOVA using computer built-in statistical software program Minitab–

16. Differences between means were statistically analyzed using Fisher method 

(p=0.05). Graphs were prepared by using computer built-in Microsoft Excel–2010 

program. 

RESULTS AND DISCUSSION 

Soil properties  

Some soil properties are presented in Table 1. The EC values were determined as 

6.98 dSm
-1

 and 8.42 dSm
-1 

which can be categorized as moderately saline and saline 

for calcareous and non-calcareous soils, respectively (Karim et al., 1990). The pH 

value of calcareous soil sample was 7.45 and non-calcareous soil was 6.87, which are 

slightly alkaline and neutral soil in nature (Soil survey manual, 1993). The total P 

status of the soils was low with regards to the range of soil nutrients. The soil textural 

class was determined by the respective percentage of soil separates (Soil Survey 

Staff, 1951) and the observed calcareous soil was clay type and non-calcareous soil 

was silty clay. 

Table 1. Some properties of both calcareous and non-calcareous soils 

Soil type 
EC 

(dSm
-1

) 
pH 

Total P 

(%) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural 

Class 

Calcareous 6.98 7.45 0.072 12 35 53 Clay 

Non-calcareous 8.24 6.87 0.068 8 41 51 Silty Clay 

Sorption of P at different solution concentrations 

The P sorption onto soil at different solution P concentrations at four specific 

equilibrium times and comparison between calcareous and non-calcareous soils are 

shown in Table 2. The P sorption increased significantly with the increase of solution 

P concentration irrespective to time duration and soil type (calcareous and non-

calcareous soil). In this experiment, the 50 µgml
-1

 P concentration showed the highest 

and 2.5 µgml
-1

 showed the lowest adsorption in both soils. It was also reported that P 

sorption significantly increased with increasing P concentration in calcareous and 

non-calcareous soils (Zhou and Li, 2001; Jalali, 2007; Rajput et al., 2014). In the 

present study, sorption rate is higher in calcareous soil than non-calcareous soil in 
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every case. The primary reason might be the presence of large amounts of free 

CaCO3 in calcareous soil which is very active for P sorption. Afsar et al. (2012a, b) 

also stated that at the same concentrations of P in solution, calcareous soils sorbed 

more P in their labile pool than that of non-calcareous soils. In addition to solution P 

concentration, sorption was significantly influenced by pH and soil texture. In this 

experiment, the observed pH of calcareous soil was quite high (7.45) and it was 

estimated that, above pH7.0, Ca
+2

 ions can precipitate with P as Ca-P mineral and 

cause scarcity of this nutrient (Bubba et al., 2003; Saleh et al., 2015). In case of 

texture, the observed calcareous soil was clay in nature. Numerous studies reported 

that clay content plays a vital role in P sorption (Kaloi et al., 2011). On the other 

hand, experimented non-calcareous soil was silty clay type and silt fraction also has a 

great influence on P sorption as mentioned by Awasthi and Pathak (1971); Yadav et 

al. (2017). 

Table 2. P sorption by calcareous and non-calcareous soils 

Solution 

Concentration 
0 µgml

-1
 

2.5 µgml
-

1
 

5 µgml
-1

 10 µgml
-1

 20 µgml
-1

 50 µgml
-1

 

Time (hours) P adsorption,  X (µgg
-1

) 

Calcareous soil 

6 
A
0.00

e
 

B
58.00

d
 

D
60.00

d
 

C
76.76

c
 

C
329.50

b
 

D
631.9

a
 

12 
A
0.00

f
 

A
59.25

e
 

C
65.50

d
 

C
79.77

c
 

B
341.25

b
 

B
802.3

a
 

24 
A
0.00

f
 

A
60.00

e
 

A
83.00

d
 

A
111.75

c
 

A
353.75

b
 

A
890.9

a
 

48 
A
0.00

f
 

B
58.00

e
 

B
77.50

d
 

B
98.75

c
 

C
331.75

b
 

C
718.0

a
 

Non- calcareous soil 

6 
A
0.00

e
 

D
60.00

d
 

C
64.00

cd
 

C
75.75

c
 

C
308.75

b
 

D
492.5

a
 

12 
A
0.00

f
 

C
60.73

e
 

B
75.75

d
 

B
87.25

c
 

B
330.50

b
 

C
631.3

a
 

24 
A
0.00

f
 

A
62.00

e
 

A
88.00

d
 

A
105.5

c
 

AB
337.09

b
 

A
875.5

a
 

48 
A
0.00

f
 

B
61.25

e
 

B
77.75

d
 

A
109.5

c
 

A
341.50

b
 

B
680.0

a
 

Values having different letters in a column indicate the significant differences (p=0.05); small letters for 

differences between the solution P concentrations and capital letters for between the equilibrium times. 

Effects of equilibrium time on P sorption 

Phosphorus sorption was also significantly influenced by equilibrium time up to 24 

hour. Phosphorus sorption increased with increasing equilibrium time (except 48 

hour) in every case and the maximum sorption (891 µg g
-1

) was observed after 24 

hour equilibrium time at 50 µg ml
-1

 P solution in calcareous soil (Table 2) whereas it 

was 876 µg g
-1 

in non-calcareous soil. The formation of Ca-P mineral phases was 

increased with reaction time which results in enhancement of P sorption and decrease 
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in available P content. Rajput et al. (2014) reported that during the initial 2 days most 

of the added P was sorbed (40-84%) which indicates the percentage of P retention 

increased with time period. In our experiment, it was noticed that P sorption was 

increased with equilibrium time up to 24 hours and it was decreased after 48 hours at 

every rate of applied P concentration. This decreased amount of P retention might be 

due to desorption of P from the adsorbed sites. The fact is that applied P is not 

irreversibly fixed in unavailable forms in soils and sorbed P in soil is de-sorbable 

which is a major process influencing the long-term availability of P in soils (Said and 

Dakermanji, 1993). Saleh et al. (2015) recognized that after 48-hours of adsorption 

reaction, about 28% of tested soils showed low affinity toward P retention by soil 

colloids. Different experimental results also found that desorption rate and 

equilibrium time were related to sorption rate (Egwu and Hoseini, 2017; Heidari et 

al., 2017). 

In this experiment, it was also observed that, the amount of P desorption increased 

with the amount of P sorbed which was similar with the findings of Said and 

Dakermanji (1993). So, the percentage of the total sorbed P that was desorbable was 

a function of equilibrium time and some factors like nature of its fixation, P sorption 

capacity soil, amount of P sorbed etc. It was also estimated that the rates of P 

sorption by soils were initially fast and then slowed down gradually for a long time 

without any evidence of ending (Kanwar and Grewal, 1971; Zhou and Li, 2001; 

Rajput et al., 2014). 

The Langmuir adsorption model 

Adsorption isotherm is an important tool to study the sorption behavior of soils. It 

also helps to understand the involved processes and summarize many aspects of soil-

P interactions by different parameters. A number of models have been developed to 

quantify the sorption characteristics, among them the most commonly used sorption 

model which is a favorable method to explain the P sorption in most soils, is 

Langmuir adsorption model (Langmuir, 1918). The results were tested for and 

observed the best fit to Langmuir model. The closeness of fit of the experimental 

adsorption data to the Langmuir adsorption model for both the soils are shown in 

Figures 1 and 2. Besides, the correlation coefficient (r) between C/X and C, 

adsorption maximum (b) and bonding energy (k) for both the soils are shown in 

Table 3. 

  

http://scialert.net/fulltext/?doi=ijar.2012.388.397&org=10#76115_ja
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Table 3. Correlation between C/X and C, and Langmuir coefficients for calcareous 

and non-calcareous soils 

Calcareous soil 

Equilibrium time (hour) b (µg g
-1

) k (µg g
-1

) r 

6 862.1 0.047 0.316 

12 857.6 0.056 0.249 

24 932.8 0.086 0.326 

48 921.7 0.065 0.398 

Non- calcareous soil 

6 617.3 0.069 0.519 

12 766.9 0.072 0.433 

24 803.9 0.102 0.359 

48 872.6 0.026 0.502 

 

 

Figure 1. Langmuir adsorption plots for calcareous soil at different time duration 
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Figure 2. Langmuir adsorption plots for non-calcareous soil at different time durations 

CONCLUSION 

The study was done to compare the P sorption in two representative soils (calcareous 

and non-calcareous) with equilibrium time and solution P concentration. Results 

revealed that the P sorption was greatly affected by both the solution P concentration 

and equilibrium time. Phosphorus sorption was significantly increased with 

increasing solution P concentration in both calcareous and non-calcareous soils. 

Maximum sorption was found for concentration of 50 µg P ml
-1

 in solution. 

Equilibrium time had also a significant effect on P sorption in both the soils. Sorption 

of P was increased with equilibrium time up to 24 hours then it was decreased after 

48 hours. The decreased P after 48 hours indicated that the P was adsorbed to its 

maximum level within 24 hours and it might be desorbed from the adsorption sites. 

Between calcareous and non-calcareous soils, the maximum sorption was found for 

calcareous soil irrespective to solution P concentration and equilibrium time. 
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ABSTRACT 

Natural calamities have adverse effects on the life of marginal and small 
farmer practicing rice cultivation in Sundarban areas. Through discussion 
and questionnaires opinion of farmers were obtained that was applied to 
mitigate the problem of rice cultivation. Rice varieties tolerant to stagnant 
flooding, submergence and salinity had great promise to improve food 
security and livelihoods of the poor farmers of Sundarban area. The 
study revealed that small and marginal farmers accepted the new 
varieties very readily if seeds were produced locally. Informal seed 
systems had better promise for small and marginal farmers live in fragile 
ecosystem of Sundarban.  

Keywords: Climate Change, Food Security, Livelihood, Sundarban  

INTRODUCTION 

The area of the Sundarbans is decreasing fast due to various reasons starting from 

increasing human population to the effect of other edaphic factors such as flooding, 

heavy siltation and salinity due to the control water flow at upper embankment of the 

rivers, beach erosion and cyclonic storm surges. Poorest of the poor live in these 

areas and always expose to natural calamities (Ghosh et al., 2015). Mangroves forest 

is disappearing at alarming rate of 2% per year and the situation is alarming over 

alarming (Aziz and Paul, 2015). 70% of people in Sundarbans depend on agriculture. 

Rice is mainly cultivated once in a year during wet season (Sarkar and Ray, 2016). 

So, increasing rice productivity along with work opportunity among the poor farmers 

may help to preserve the vulnerable mangroves forest and other life forms in the 

region. The scenario is denigrated further due to climate change (Dasgupta et al., 

2016). Farming community especially those are nature dependent is mostly 
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vulnerable due to climate change as they grow crops in an open environmental 

condition with all sort of vagaries (Bastakoti et al., 2014). In this investigation we 

tried to understand the problem of rice cultivation through discussion and 

questionnaires’, imparted training on different aspects of rice cultivation techniques, 

rice seed production and last of all ‘seeing is believable’, several demonstrations 

were done with stress tolerant rice cultivars to create awareness among farming 

community of the region. The main objective of the investigation was to improve 

food security and livelihood among the small and marginal farmers of the 

Sundarbans area.  

MATERIALS AND METHODS 

Study site, climate and rice ecology  

The study areas were the both Eastern and Western Sundarbans of Indian site that 

was situated between 22
° 

to 22
°
-56

´
N and 88

° 
-

 
41

 ́
to 89

°
- 23

´
E. Demonstrations of 

climate resilient rice varieties were done in five blocks of Sundarban region, namely, 

Sandeshkhali-I and Hingalganj (Eastern part) of North 24 Parganas and Gosaba, 

Basanti and Patharpratima (Western part) of South 24 Parganas. Among the five 

blocks Patharpratima is the part of the Sundarban Biosphere Reserve. 

Study site and Interview and focus group discussion (FGD) 

Both quantitative (interview schedule) and qualitative (FGD) features were used to 

know about soil salinity, water logging and submergence and their impact on rice. 

The survey targeted 99 farmers in two villages of Sundarbans of North 24 Parganas. 

The sample size of Chhoto Sehara, Sandeshkhali-I was 49 and of Kumirmari, 

Hingalganj was 50. Interview was designed to capture relevant data pertaining to rice 

cultivation. The secondary data were collected from published data sources. FGD 

was done in all the five blocks of study area. FGD was initiated on 2012 winter 

season after the harvest of Wet season crops. Thereafter during the years of 2013-14, 

2014-15 and 2015-16 several meetings, training and demonstrations of rice cultivars 

were done. Farmers were invited at cultivation site to judge the performances of 

varieties. During harvest a general survey was done about the performances of rice 

varieties and opinion of the farmers was sought for about a variety related to the 

acceptance of it by him / her.  

Testing of rice varieties  

During 2013 wet season where occasional salinity and stagnant flooding (up to 45 cm 

depth) were major stresses, three released rice varieties such as CR Dhan 402, CR 

Dhan 403 and CR Dhan 406 were grown along with one farmers’ variety such as SR 

26B. Numbers of farmers were six and each farmer was considered as one 

replication. Seeing the performances of CR Dhan 403 and CR Dhan 406 respectively, 

23 and 13 demonstrations were made during the year 2014 with other local cultivars 

in different locations. Varshadhan, Swarna-Sub1 and Savitri-Sub1 were grown along 
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with the local cultivars in 18, 13 and 6 sites, respectively during the year 2014 and 

2015 in stagnant flooding (40-70 cm depth) and submergence prone areas. Twice in a 

month two physical parameters such as water depth and level of salinity were noted.  

Output & outcome, Failures, and impact 

We provided three hundred and thirty Kg of seeds of different stress tolerant rice 

varieties to farmers at initial level. Two Kg of seeds were given to each farmer. 

Characteristics of seeds were explained to farmers so that they can cultivate the 

variety at appropriate ecology. Outcome of the programme was measured based on 

the intention of the farmers to grow stress tolerant rice varieties in the subsequent 

season. Impacts of the programmes outcome were measured based on broader 

changes within the community that took interest in the production of seeds of stress 

tolerant rice cultivars and selling of rice as seeds from farmer to farmer.   

Statistical analysis 

Ranking of each parameter was made based on their Weighted Cumulative Score 

(WCS) Yu et al. (2016). To demonstrate significant differences between stress 

tolerant rice variety and farmers’ variety paired t-test was done. WCS of the two 

parameters such as preference of rice cultivars and problems of rice cultivation were 

first normalized taking highest WCS as ‘1’ and accordingly other data were also 

changed. Each village data was normalized separately taking highest WCS as ‘1’ to 

give the similar credence of WCS. Spearman rank correlation was done to test the 

association of the farmers’ perception between two villages. Statistical analysis was 

done using either IBM SPSS Statistics (version 20) software or EZR.R (version 2.4-

0) (Kanda, 2013). 

RESULTS 

Land holding capacity, economic status, education and purpose of rice 

cultivation 

Land-holding capacity of most of the farmer was below 1 ha (Fig. 1). Most of the 

farmers of Choto Sehera were below poverty line (BPL) category (79.6%), whereas 

at Kumirmari 4% of farmers were BPL category. The education status of the farmers 

did not vary much between the two villages. Primary objective of rice cultivation was 

to provide food to the family members (subsistence type). Ploughing method differed 

greatly in two villages (Fig. 1). Rice cultivation mainly depended on rainfall. Shallow 

and Deep-tube wells were available in the both the villages but only 46.9% and 42% 

of the farmers of Choto Sehera and Kumirmari, respectively could utilize such 

facilities during the emergency.  
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Figure 1. Land holding capacity (A), economic status (B), education and purpose of rice 

cultivation (C) in two villages of Sundarbans. 
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Perception of farmers about problems in rice cultivation 

Rice cultivation that is also under stressful environment is challenging in many 

respects (Fig. 2). Perception of farmers on problem of rice cultivation between the 

villages did not differ much. Spearman correlation analysis showed significant 

association at p<0.05 (rho = 0.461*). Selling of paddy below minimum support price 

(MSP) and flooding were the most predominant problems followed by erratic 

rainfall, unavailability of quality seeds and infestation of insects and pests at Choto 

Sehera whereas flooding, erratic rainfall, unavailability of quality seeds and lack of 

enough pesticides and availability of fertilizers at right time were predominant factors 

hindering rice cultivation at Kumirmari.  

 

Figure 2. Perception of farmers on problematic issues in rice cultivation. A. Sale of paddy 

below minimum support price (MSP) fixed by govt, B. Flood and submergence after heavy 

rain, C. Erratic rainfall in rainfed areas, D. Unavailability of quality seeds in time, E. 

Infestation of insects and pests, F. Infestation of diseases, G. Lack of proper technical 

knowledge and skill in rice farming, H. Unavailability of labour during rice cropping season, 

I. Unavailability of enough pesticides and fertilizers, J. High cost of farm inputs (like seeds, 

fertilizers, pesticides and labour), K. Crop damage due to drought or water scarcity, L. Poor 

economic condition of self/ farmers, M. Lack of irrigation facility, N. 'Illegal practices and 

bribes by govt. officials for providing services, loans and subsidy etc., O. Poor farmers-

extension workers linkage, P. Unavailability of enough nos. of farm implements/ machineries, 

Q. Unavailability of references materials for farmers, R. Lack of knowledge in handling of 

farm machineries, S. Incompatibility of farm machineries in our farming situation. 
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Farmers’ preference in selection of rice varieties 

The choices of farmers in both the villages were more or less similar (Fig. 3). 

Spearman correlation analysis showed highly significant association at p< 0.001 (rho 

= 0.852***). If importance and moderately importance are taken into one unit more 

than 80% farmers of both the villages gave importance on 7 items among the 15 

items. These were high yield (productivity) > resistance to disease and pests = 

tolerance to flood and submergence > tolerance to occasional drought or water 

shortage > easily marketable > tolerance to salinity = bold grain quality. Early 

duration and fine grain quality came next with normalised score of 0.75. Based on the 

interview, group discussion and prevalent abiotic stresses rice varieties were chosen 

for demonstration (Table 1). 

 

Figure 3. Criteria to prefer rice varieties by the farmers of two villages of Sundarbans area. [A 

- High yield (productivity), B - Resistance to disease and pests, C - Tolerance to occasional 

drought or water shortage, D – Tolerance to flood and submergence, E - Tolerance to salinity, 

F - Good milling quality of paddy, G - Good cooking quality, H - Good quality paddy straw, I 

- Early duration of maturity, J - Easy to prepare value added products (Raw rice/ Parboiled 

rice / Watered rice / Expanded rice / flattened rice / Puffed rice), K - Easily marketable, L - 

White coloured grain, M - Fine grain quality, N - Bold grain quality, O - Response to low 

dose of fertilizer/ organic manure] 
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Table 1.  Rice varieties chosen for demonstration based on interview and group 

discussion. 

Variety Duration 

(days) 

Height 

(cm) 

Interactions 

with disease & 

pests 

Productivity 

(t ha
-1

) 

Remarks 

Varshadhan 

(CRLC 899) 
160 150 

Tolerance to 

neck blast, 

BLB, sheath rot 

and WBPH 

4.0 

Can tolerate up to 75 cm 

depth of water; long bold 

grain 

Swarna-Sub1 

(CR 2539-1) 
143 100 -------------- 5.5 

Tolerant to submergence; 

medium slender grain 

Savitri-Sub1 155 120 

Tolerant to 

blast and sheet 

blight 

5.5 

Tolerant to submergence; 

short bold grain 

Luna Suvarna 

(CR Dhna 403) 
150 135 --------------- 4.0 

Tolerant to salinity (5.0-8.0 

dS/m) and SF up to 45 cm; 

medium slender grain 

Luna Sampad 

(CR Dhan 402) 
140 130 

Resistance to 

blast 
4.2 

Tolerant to salinity (5.0-8.0 

dS/m) and SF up to 45 cm; 

medium bold grain 

Luna Barial 

(CR Dhan 406) 
155 120 

Tolerant to 

YSB 
3.9 

Tolerant to salinity (5.0-8.0 

dS/m) and SF up to 45 cm; 

short bold grain 

Luna Sankhi 

(CR Dhan 405) 
120 110 ------------- 4.6 

Tolerant to salinity (5.0-8.0 

dS/m); medium slender 

grain, suitable for dry 

season. 

Categorization of land on the basis of salinity, drought and flooding 

Categorization of land based on prevalent abiotic stresses revealed that abiotic 

stresses such as drought, salinity, stagnant flooding and submergence were 

predominant in both the villages (Fig. 4). Stagnant flooding (31%) and salinity (25%) 

were prevalent at Choto Sehera whereas salinity (58%) and submergence (21%) were 

more dominant at Kumirmari. Categorization of water-stagnation revealed that 

medium depth (50 cm) stagnant flooding was more predominance, followed by deep 

(>50 to 90 cm) and shallow water stagnation (up to 30 cm).  
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Figure 4. Percentage of lands under the grip of abiotic stresses in two  

villages of Choto Sehera and Kumirmari. 

Performances of stress tolerant rice varieties 

Stress-tolerant varieties produced significantly higher yield as compared to local 

traditional cultivars (Fig. 5). Luna Sankhi was grown in dry season while all other 

five varieties were grown at wet season. Savitri-Sub1 produced better yield (5.998 t 

ha
-1

), followed by Swarna-Sub1 (5.273 t ha
-1

), Varshadhan (5.1777 t ha
-1

), CR Dhan 

406 (5.159 t ha
-1

), Luna Sankhi (4.434 t ha
-1

) and CR Dhan 403 (4.373 t ha
-1

).  

 

Figure 5. Comparison of yield of stress tolerant high yielding varieties with that of traditional 

cultivars. **, denotes highly significant differences between high yielding variety and 

corresponding tested traditional cultivars. CR Dhan 403 was tested against three traditional rice 

cultivars such as Pankaj, CR1017 and Patnai; CR Dhan 406 against CR1017 and Pankaj; Luna 

Sankhi against Satabdi and M-Shankar; Varshadhan against Pankaj, Patnai, Sabita, CR1017 and 

Kalo Mota; Swarna-Sub1 and Savitri-Sub1 against Masuri,  CR1017 and Kalo Mota. 
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Acceptance of stress tolerant varieties, seed purchase and production 

During wet season the acceptance of stress tolerant cultivars was 98% whereas 

during dry season the acceptance was merely 20% (Fig. 6A). Farmers of nearby 

locality showed greater interest to purchase the seeds from the farmers who grew 

these cultivars. One hundred ninety-five Kg of seeds were sold by the farmers (Fig. 

6B). Six hundred forty-five kg of seeds of four varieties were purchased by the 

members of two Non-Government Organisations (NGOs) such as Pathar Pratima 

Dakshin Shibganj Lokosiksha and Rural Development Society and Citizen Forum, 

Basanti (Fig. 6C). Although the yield advantage of CR Dhan 402 was not significant 

over checks but it was accepted by a few farmers due to its lesser duration as 

compared to local varieties. Pathar Pratima Dakshin Shibganj Lokosiksha, a NGO 

took interest and started to produce seeds of the rice cv. Swarna-Sub1.  

 

Figure 6. Impact of cultivation of stress tolerant rice varieties in Sundarbans area. (A) 

Percentage of farmers convinced to re-cultivate the stress tolerant rice during wet and dry 

season, (B) Numbers of farmers purchased the seeds from other farmers by seeing the 

performances of stress tolerant rice, (C) Quantities of seeds purchased by farmers from 

farmers group / NGOs. 

Breeder seed indent from Government of West Bengal, India after varietal 

demonstration 

Since 2015 breeder seed indent of CR Dhan 402, CR Dhan 403, CR Dhan 405, 

Varshadhan and Savitri-Sub1 by the Agricultural Department, Government of West 

Bengal, India. The present demonstrations at farmers’ fields in Sundarbans had great 

impact on this initiative (Table 2).  
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Table 2. Breeder seed indent (quintal) for varieties under study from West Bengal 

after varietal demonstration  

Varieties 
Year wise breeder seed indent (q) 

Estimated 

certified 

seed (q) 

Estimated 

number of 

farmers 

2015 2016 2017 2018 2019 Total   

CR Dhan 402 0.5 0.2 0.3 0.5 1 2.5 2000 12500 

CR Dhan 403 0.5 0.2 0.3 0.5 1 2.5 2000 12500 

Varshadhan 1 
 

3 3 3 10 8000 50000 

Swarna- Sub1 14 12 31 14 14 85 68000 425000 

Savitri- Sub1 ------ 0.5 2 2 2 6.5 5200 32500 

Total 85200 532500 

(Source: https://seednet.gov.in/) 

DISCUSSION 

Big natural hazards change the land use pattern and habitat of the people of 

Sundarbans. During 2009, super cyclone ‘Aila’ occurred in the month of May; 2.5 

million people of 4249 villages were affected in Indian site with approximate loss of 

property of $ 330 million and similar destruction was occurred in Bangladesh site 

(Saha, 2017). Area of crop cultivation decreased whereas water body increased in 

2013. Captive shrimp and fish cultivation took a leading role. A social change 

occurred. Marginal farmers became landless and started to work as labourer in 

fishing ponds (Datta and Dev, 2012). Patharpratima block was worst affected due to 

Aila. Two to three years after Aila the agricultural land in some areas became barren 

while natural catching of fish and collection of honey from the forest decreased 

substantially that forced the people to migrate in other parts of the Country. People 

became refugee in their own country due to environmental disaster (Mallick and 

Vogt, 2014). Forest resource utilization increased greatly for food and fuel that 

considerably damaged the mangrove ecology (Rahman et al., 2017). So, cultivation 

of crops under adverse conditions is necessary not just for food security but for 

livelihood resiliency of the farming community of Sundarbans as well as for the 

protection of mangrove ecology. 

In two villages among the 99 farmers 91 were marginal types with <1 ha of land (Fig. 

1). Farmers in BPL category (income Rs. 2250 ≈ $ 32/month) are more vulnerable 

due to climate change (Ferreira et al., 2015). A little economic gain is a great bonus 

to poor people. Food insecurity forced them to migrate. They mainly cultivated rice 

for survival; none of the farmers cultivated rice for commercial purposes (Fig. 1). 

Even, 39.8% and 62% of farmers respectively of the Choto Sehera and Kumirmari 

did not sale their rice to market. The rest of the farmers though sold their rice to 
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market; it was due to unwarranted troubles. Some irrigation facilities were available 

in both the villages yet all of them depended on rainwater during rainy season. Due to 

lack of sufficient irrigation facilities during dry season, they were compelled to 

cultivate rice once in a year. This showed that a chunk of farmers in Sundarbans were 

helpless (Dasgupta et al., 2016). 

Farmers had definite idea about the problems of rice cultivation (Fig. 2). Among the 
different issues, we addressed mainly on technological issues which were hindering 
rice cultivation. Farmers of Sundarbans opined that flooding and erratic rainfall 
greatly hindered rice cultivation. So, the rice varieties that possessed tolerance to 
different abiotic stresses were asked for by the farmers with acceptable grain type 
(Fig. 3). Abiotic stresses such as drought, water stagnation, submergence and salinity 
were predominant at different localities of Sundarbans (Fig. 4). It showed that rice 
cultivars tolerant to different abiotic stresses were helpful to farmers to produce more 
as compared to cultivars which lacked stress tolerance character. Farmers of 
Sundarbans grew large numbers of rice cultivars, which were either traditional type 
(e.g. Kala Mota, Patnai, Sabita) or high yielding type released long back in 1970’s 
(e.g. CR 1017 and Pankaj) or 1960s’s (e.g. SR26B). Earlier attempts were made to 
introduce modern high yielding rice cultivars but no success was achieved due to lack 
of stress tolerance characters of those varieties (Dar et al., 2017). Yield advantage of 
newly improved stress tolerant rice cultivars was 0.44, 0.63, 0.84, 1.07, 1.08, and 
2.14 t ha

-1
 respectively, in Luna Sankhi, CR Dhan 403, Varshadhan, CR Dhan 406, 

Swarna-Sub1 and Savitri-Sub1 (Fig. 5). In India, presently the minimum support 
price (MSP) of rice is ₹ 1750 or $ 25 q

-1
 (100 Kg = 1 quintal (q) = 0.1 tonnes (t), $ 1 

= ₹ 70). Farmers could earn ₹ 7700 – 37450 or $ 110-535 ha
-1

 extra compared to the 
old cultivars.  

Due to unavailability of seeds of high yielding stress tolerant varieties farmers of 
these areas were in compulsion for cultivation of local /old rice varieties. It showed 
that to access seed of good varieties by the marginal and small farmers through 
formal seed supply agencies was a non-starter. The present investigation showed that 
the situations had been changed in study area. Farmers started to cultivate stress 
tolerant cultivars instead of local cultivars (Fig. 6). Seeds produced locally were 
accepted by the farmers very easily as they observed the goodness of such varieties 
by themselves or hearing from neighbours (Wossen et al., 2017). Cultivars grew in 
wet season were highly accepted by the farmers. During dry season though Luna 
Sankhi (Fig. 5) gave better yield as compared to locally available two cultivars such 
as Satabdi and M-Shankar, yet Luna Sankhi was not so popular among the farmers 
due to bold type grain quality. The purpose of rice cultivation during dry season was 
to sell in market rather than home consumption (Fig. 6A). It was observed that 
involving local agricultural Government Officials was useful to extend benefit to 
farmers. Government of West Bengal, India started to give indent of breeder seeds to 
national seed supplying authorities (Table 2). The indented breeder seeds could 
produce 86,000 quintal of certified seeds. In India, generally, certified seeds are used 
in cultivation. Certified seeds are sold through Government machinery to the farmers 
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in a small packet suitable for 1 acre (0.4 ha) of land. If a farmer cultivates stress 
tolerant varieties in 1 acre (0.4 ha) of land, then the numbers of beneficiaries were 
estimated to be more than 0.5 million (Table 2). Involving formal seed supply 
agencies fasten the seed distribution, however, there were always hurdle whether 
such seeds would be accessible to small and marginal farmers or not. Big farmers 
with resources can snatch the benefit from small and marginal farmers. Here is the 
importance of informal seed supply (Sperling and McGuire, 2010). Informal seed 
systems had better promise to supply the seeds to weak and poor farmers. Besides 
farmers to farmers seed supply, NGOs played a crucial role in this respect. 

CONCLUSION 

Sundarbans- a highly popular place where rice is mainly grown during the rainy 

season. Most of the farmers are poor. Improving rice productivity is directly helpful 

to these people to secure food, employment and overall social security. Improving 

knowledge to grow stress tolerant varieties of farmers is essential to mitigate their 

drudgery. Growing stress tolerant rice varieties, farmers could get 0.44 to 2.14 t ha
-1

 

more yield than traditional cultivars even under various abiotic stresses such as 

salinity, submergence and stagnant flooding. So, stress tolerant rice is an armoury to 

fight against insecurity to food and livelihood. Additional produce of rice would 

reduce the dependence of poor and marginal farmers on forest. Little financial 

goodness to poor people has great consequence on society in relation to education 

and health. Seeds produced locally were most acceptable to small and marginal 

farmers and were more accessible to them. Seed production at village level would be 

more useful to small and marginal farmers.  
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ABSTRACT 

The current study was carried out using data of the Nucleus Herd and 
Community Herd of Red Chittagong Cattle (RCC) established through 
USDA funded Red Chittagong Cattle project under the Department of 
Animal Breeding and Genetics, BAU, Mymensingh. Data on 151 calves 
and 75 lactating cows were analyzed. The estimated heritability values 
were 0.45 ± 0.05 for birth weight, 0.48 ± 0.05 for weaning weight, 0.41 ± 
0.08 for pre-weaning daily gain, 0.47 ± 0.06 for lactation length, 0.43 ± 
0.07 for lactation milk yield and 0.35 ± 0.09 for average daily milk yield. 
The highest Breeding Value (BV) were for birth weight (3.2 kg), weaning 
weight (24.46 kg), pre-weaning daily gain (82.39g), lactation length 
(52.25 days), lactation milk yield (186.04 kg) and average daily milk yield 
(0.66 kg). The minimum and maximum phenotypic index values by using 
phenotypic parameters were for growth traits (1196.24 and 4713.24) and 
milk production traits (8573.93 and 40670.81). The minimum and 
maximum genetic index values by using breeding values were for growth 
traits (1812.49 and 2870.21) and milk production traits (-1812.49 and 
2870.21). All the estimated index values can be used in animal selection 
and breeding programs for RCC improvement and similar index selection 
can be applied for other indigenous cattle development programs in 
Bangladesh or elsewhere. 

Keywords: RCC, Herzitability, BV, Phenotypic index and Genetic index 

INTRODUCTION 

Cattle of Bangladesh are mostly non-descriptive indigenous type along with fewer 

exotic pure breeds and their crosses with indigenous cattle and these are the 
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component of cattle genetic resource of Bangladesh. The indigenous cattle constitute 

nearly 90% of the total population. (Afroz et al., 2011).The Red Chittagong Cattle 

(RCC) is an important cattle breed genotype of Bangladesh. They have been 

originated from greater Chittagong district of Bangladesh. The Red Chittagong breed 

is found more or less everywhere in Chittagong district but with a relatively higher 

concentration in the Thanas of Chandonaish, Anawara, Potia, Raozan, Rangunia, 

Mirersarai, Hathazari , Bashkhali and Photicshary and is rare in other parts of the 

country. This breed of cattle has their distinct identity that distinguishes it from other 

cattle of Bangladesh (Bhuiyan, 2004).The coat color of RCC is red (deep as well as 

light), their muzzle and hoof are whitish in color and small headed, its body size is 

comparatively small but physical condition is very strong and stout (Habib et al., 

2003). Furthermore, they are reputed to give birth every year, which is considered a 

unique characteristic of RCC (Habib et al., 2010). It is not yet recognized as a breed 

is considered to be a valuable indigenous bovine genetic resource of Bangladesh with 

many attributes better than other available indigenous types and is readily 

distinguishable from others due to its distinct phenotypic features (Bhuiyan et al., 

2007). 

Heritability (h
2

) estimation is the pre-requisite to estimate the genetic merit of 

individual animal constituting population and they are essential population 

parameters required in the design and application of practical animal breeding 

programme. The estimation of breeding value of female stocks in a herd is of utmost 

importance since the selection of superior female results into the increased 

production in the present generation as well as this also helps in taking decisions for 

replacement and culling in a herd (Shakhawat, 2006).The genetic trend, which is the 

change in production per animal per unit of time due to change in mean breeding 

value of the animals would be an indicator to determine the direction of change 

brought about as a result of any kind of breeding program operated (Bhuiyan et al., 

2003). 

MATERIALS AND METHODS 

The data of the study were collected from the Nucleus Herd of United States 

Department of Agriculture (USDA) funded Red Chittagong Cattle (RCC) project 

carried out at the Department of Animal Breeding and Genetics, Bangladesh 

Agricultural University (BAU), Mymensingh and community herd Char Jailkhana 

under Mymensingh district, Bangladesh during the period from 2005 to 2011. For 

genetic analysis of growth traits, birth weight, weaning weight, pre-weaning daily 

gain was taken. For genetic analysis of milk production traits, data on seventy five 

(75) cows were taken into consideration. Milking was done twice in a day. The whole 

year was divided into three seasons both for growth trait and milk trait data to take an 

unbiased account of environmental variation. The three seasons were summer 

(March-June), rainy (July-October), and winter (November-February).The RCC 
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Nucleus herd at BAU (site-1) is situated 4.5 kilometer (km) apart from Mymensingh 

city. It lies between 24
°
30´ and 25

°
10´ North latitude and 90

°
15´ and 91

°
15´ East 

longitudes. The community RCC herd (site-2) is situated 2.0 kilometer (km) apart in 

the North side from Mymensingh city lies between 24
°
77´ and 24

°
78´ North latitude 

and 90
0°

39´ and 90
°
41´ East longitudes (Fig.1). 

 

Figure 1. Data collection site at Mymensingh district (herd-1 and herd-2) 

indicated by blue circle mark 

Feeding and management practices followed at the nucleus herd were almost uniform 

throughout the years. The animals were stall-fed and concentrate feeds were supplied 

twice daily in the morning and evening. Annual fodder maize and perennial fodder 

German and road side grasses were fed in fresh condition to the cattle and calves. 

Rice straw was used as bulk basal feed with some green grasses. During the crisis 

period (e.g. in winter when there is scarcity of green grass), the animals were fed 

with Urea Molasses Straw (UMS). Regular vaccination, medication, heat detection 

were performed. Animal are reared in community herd mainly by pasturing in fallow 

land and harvested crop field. Sometimes farmers supply concentrate with straw to 

the animal. The weight at birth of the calf was expressed in kilogram (kg). The birth 

weight was taken with a balance directly just after birth. Weaning weight was taken 

by balance at weaning age and expressed in kg. Growth rate of animals before 
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weaning was estimated. Pre-weaning growth rate was estimated (g/day) on the basis 

of exact weaning age of individuals. In this study lactation length was measured in 

days. The number of days from first milking to the end of milking of a cow is called 

lactation length. Total lactation milk yield was expressed in kg. The total quantity of 

milk produced throughout the lactation was taken as lactation yield. The average 

daily yield is the total milk yield in lactation divided by the total number of days in 

that lactation and was measured in kg. 

Data structure 

Data structures are presented in Table 1 and Table 2.  

Table 1. Data structure for growth traits 

Trait N 
Sex Herd 

Male Female Nucleus Community 

BWT 151 77 74 75 76 

WWT 151 77 74 75 76 

PWDG 151 77 74 75 76 

BWT = Birth weight, WWT = Weaning weight, PWDG = Pre-weaning daily gain, N = No. of 

observation 

Table 2. Data structure for milk production traits 

Trait N 
Parity Herd 

1 2 3 4 5 6 Nucleus Community 

ADMY 89 18 36 17 8 3 7 55 34 

LL 89 18 36 17 8 3 7 55 34 

LMY 89 18 36 17 8 3 7 55 34 

ADMY= Average daily milk yield, LL = Lactation length, LMY = Lactation milk 

Yield, N = No. of observation. 

Data analyses 

Simple means and standard errors of the studied traits were analyzed by using 

Statistical Package for Social Science (SPSS 16.0) program. For estimating 

heritability (h
2
), VCE-4.2.5 (Groeneveld, 1998) computer software was used.  

All analyses were done using a single trait animal model where animal’s additive 

genetic effect was the only random factor and sex of the animal, parity of mother, 

season of birth and year of birth as fixed factors. 

The statistical model in matrix notation was: 

Y = Xb + Za + Wc + e 
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Where, 

             Y = Vector of observation. 

              X, Z and W = Known incidence matrices that were associated with  

levels of b, a,c with Y. 

               B = Unknown vector of fixed effects (i.e. sex of calf, parity of dam, year  

                       of birth  and season of birth). 

               a = Unknown vector of breeding value. 

               c = Unknown vector of permanent environmental effect. 

               e = Vector of residual effects. 

The pre-weaning growth rate was calculated from weight data between birth and 
weaning. The statistical comparison was done by using SPSS 16.0 computer package 
program. 

Heritability estimation 

Heritability and variance components were estimated for birth weight, weaning 

weight, pre-weaning daily gain, lactation length, lactation milk yield and average 

daily milk yield. Heritability (h
2
) = 

   
   

 = 
   

      
 
 
 = 

   

      
 
    

 
      

 

Where, 

   = Additive genetic variance 

    = Genotypic variance 

    = Variance due to dominant gene action 

    = Variance due to epistatic gene action 

    = Variance due to environmental variation 

    = Total phenotypic variance 

Breeding value estimation 

Breeding value of animals for the traits was estimated using Best Linear Unbiased 
Prediction (BLUP) methodology. The BLUP in turn was carried out by computer 
program prediction and estimation (PEST-3.1) proposed by Groeneveld et al, (1998).  

Ranking of animals 

In this study, animals were ranked according to the predicted breeding values. The 
animals were evaluated for six production traits viz. birth weight, weaning weight, 
pre-weaning daily gain, average daily milk yield, lactation length and lactation milk 
yield. 

Genetic evaluation of RCC for multiple traits 

This was done by selection index method using phenotypic values, breeding values, 
and relative economic values of considered traits.  The two selection indices were 
constructed as follows: 
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1. The net genetic improvement which can be brought about by selecting among a 

group of animals is the sum of the genetic gains made for the several traits which 

have economic importance. It is logical to weight the gain made for each trait (Gi) by 

the relative economic value of that trait (ai). Thus the average phenotypic index (IP) 

value of an animal was calculated as: 

  IP= a1G1 + a2G2 + a3G3 + ……………..+anGn  

          ai = relative economic value of particular trait (hypothetical and constant values 

for the traits were used) 

          Gi = phenotypic value of an animal for a particular t trait 

2. An animal’s genotype for a given trait may be defined as the sum of average 

(strictly additive) effects of its genes which influence that trait. Thus the aggregate 

genotypic index (IG) value of an animal was calculated as: 

IG = a1G1 + a2G2 + a3G3 + …………..+ anGn 

            ai = relative economic value of particular trait(hypothetical and constant 

values for the traits were used) 

           Gi = breeding value of an animal for a particular trait 

Relative economic value for BWT, WWT and PWDG were taken as 40, 30 and 30 

respectively. Relative economic value for LL, LMY and ADMY were taken as 35, 30 

and 35 respectively. 

RESULTS 

Heritability 

The data of 151 RCC were analyzed using general linear model (univariate). The 

model with highest R
2
 value was treated as final model. The estimated heritability for 

BWT, WWT and PWDG were 0.45 ± 0.05, 0.48 ± 0.05 and 0.41 ± 0.08 (Table 3 and 

Table 4).  

Table 3. Summary of analyses of growth traits 

Factor 
Trait 

BWT WWT PWDG 

Sex ** NS NS 

Season of birth * NS *** 

Year of birth NS *** NS 

Parity of dam NS NS NS 

Herd NS *** ** 

R2 of the model 0.984 0.931 0.898 

BWT = Birth weight, WWT = Weaning weight, PWDG = Pre-weaning daily gain, NS = not significant 

(P>0.05), (*) = significant (P<0.05), (**) = highly significant (P<0.01), (***) = highly significant 

(P<0.001).  



GENETIC EVALUATION OF RED CHITTAGONG CATTLE  147 

Table 4. Covariance components and heritability of growth traits  

Trait N 
(Co)variance matrices 

h
2
 ± SE 

Additive genetic Common environment 

BWT 151 1.920 0.465 0.45 ± 0.05 

WWT 151 112.841 928.860 0.48 ± 0.05 

PWDG 151 1517.129 626.990 0.41 ± 0.08 

BWT = Birth weight, WWT = Weaning weight, PWDG = Pre-weaning daily gain, N = No. of 

observation, SE = Standard error, h2 = Heritability. 

Breeding value 

Breeding value of 151 RCC for body weight and growth traits was estimated and 

animals were ranked according to their genetic merit. - 

Milk production traits 

Lactation length 

Mean lactation length (day) of cows  according to season of birth, year of birth, parity 

of dam and herd are shown in Table 5. The mean lactation length of RCC was 212.19 

± 9.02 days. The effect of herd was significant (P<0.05) on lactation length.  

Table 5. Mean lactation length (day) of calves according to season of birth, year of 

birth, parity of dam and herd 

Factor N Mean ± SE Level of significance 

Season of 

birth  

Summer 37 211.82 ±11.06 

NS Rainy 16 221.08 ±11.20 

Winter 22 203.66 ±11.76 

Year of 

birth 

2005 16 207.59 ± 9.65 

NS 
2006 18 212.34 ±10.60 

2007 39 201.33 ± 9.37 

2008 02 227.49 ±30.40 

Parity of 

dam 

1st 10 235.98 ± 16.47 

NS 

2nd 33 197.18 ± 9.40 

3rd 15 217.10 ± 11.79 

4th 09 209.68 ± 13.22 

5th 02 205.79 ± 29.98 

6th 06 207.39 ± 18.82 

Herd 
Community 21 196.73 ± 9.69 

* 
Nucleus 54 227.65 ± 13.70 

NS = not significant (P>0.05), (*) = significant (P<0.05),   N = No. of observation, SE = Standard error. 
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Lactation Milk Yield 

Mean lactation milk yield (liter) and average daily milk yield of calves according to 

season of birth, year of birth, parity of dam and herd are shown in Table 6 and Table 

7. The mean lactation milk yield of RCC was 579.11 ± 38.89 liters. The effect of 

herd and parity of dam was significant (P<0.05) on lactation length.  

Table 6.  Mean lactation milk yield (liter) of calves according to season of birth, year 

of birth, parity of dam and herd 

Factor N Mean ± SE Level of significance 

Season of 

birth  

Summer 37 575.66 ±47.64 

NS Rainy 16 609.67 ±48.27 

Winter 22 551.99 ±50.68 

Year of 

birth 

2005 16 556.62 ±41.57 

NS 
2006 18 604.60 ±45.69 

2007 39 585.67 ±40.39 

2008 02 569.54 ±130.99 

Parity of 

dam 

1st 10 561.49
ab

 ± 70.95 

* 

2nd 33 484.48
b
 ± 40.49 

3rd 15 600.98
ab

 ± 50.79 

4th 09 682.05
a
 ± 56.97 

5th 02 594.39
a
 ± 129.18 

6th 06 551.24
ab

 ± 81.12 

Herd 
Community 21 644.35 ± 41.77 

* 
Nucleus 54 513.86 ± 59.04 

NS = not significant (P>0.05), (*) = significant (P<0.05), N = No. of observation, SE = Standard error. 

Average Daily Milk Yield 

The average daily milk yield of RCC was 2.67 ± 0.13 liters. The effect of parity of 

dam was highly significant (P<0.01) on average daily milk yield. The effect of herd 

was also highly significant (P<0.001) on average daily milk yield (Table 7).  
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Table 7.  Mean average daily milk yield (liter) of calves according to season of birth, 

year of birth, parity of dam and herd 

Factor N Mean ± SE Level of significance 

Season of 

birth  

Summer 37 2.68 ±0.16 

NS Rainy 16 2.69 ±0.16 

Winter 22 2.65 ±0.17 

Year of 

birth 

2005 16 2.69 ±0.14 

NS 
2006 18 2.86 ±0.15 

2007 39 2.96 ±0.13 

2008 02 2.19 ±0.43 

Parity of 

dam 

1
st
 10 2.12

abc
 ± 0.23 

** 

2
nd

 33 2.52
c
 ± 0.13 

3
rd

 15 2.79
bc

 ± 0.17 

4
th

 09 3.29
ab

 ± 0.19 

5
th

 02 2.74
a
 ± 0.42 

6
th

 06 2.57
ab

 ± 0.27 

Herd 
Community 21 3.33 ± 0.14 

*** 
Nucleus 54 2.02 ± 0.19 

NS = not significant (P>0.05),   (**) = highly significant (P<0.01), (***) = highly significant (P<0.001), 

N = No. of observation, SE = Standard error. 

Heritability 

The data of 75 RCC were analyzed using general linear model (univariate). The 

model with highest R
2
 value was treated as final model. Summary of analysis of milk 

production traits are shown in Table 8. Co-variance component and heritability of 

milk production traits are also presented in Table 9. The estimated heritability for LL, 

LMY and ADMY were 0.47 ± 0.06, 0.43 ± 0.07 and 0.35 ± 0.09. 

Table 8. Summary of analysis of milk production traits 

Factor 
Trait 

LL LMY ADMY 

Season of birth NS NS NS 

Year of birth NS NS NS 

Parity of dam NS * ** 

Herd * * *** 

R2 of the model 0.976 0.935 0.969 

LL = Lactation length, LMY = Lactation milk yield, ADMY= Average daily milk yield, NS = not 

significant (P>0.05), (*) = significant (P<0.05), (**) = highly significant (P<0.01), (***) = highly 

significant (P<0.001). 
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Table 9. (Co) variance component and heritability of milk production traits 

Trait 
(Co)variance matrices 

h
2
 ± SE 

N Additive genetic Common environment 

LL 75 628.62 95.89 0.47 ± 0.06 

LMY 75 11656.83 3962.56 0.43 ± 0.07 

ADMY 75 0.13 0.11 0.35 ± 0.09 

LL = Lactation length, LMY = Lactation milk yield, ADMY= Average daily milk yield, N = No. of 

observation, SE = Standard error, h2 = Heritability. 

Breeding value 

Breeding value of 75 RCC for milk production traits was estimated and animals were 

ranked according to their genetic merit.  

Multi-trait genetic evaluation of RCC by using selection index 

Estimation of relative economic values of various traits of RCC is yet to be done in 

Bangladesh. So, an assumption of relative economic values for BWT, WWT and 

PWDG were taken as 40, 30 and 30 respectively. Relative economic values for LL, 

LMY and ADMY were taken as 35, 30 and 35 respectively. 

Selection index for multiple traits and ranking of animals 

Growth traits 

Phenotypic index value by using phenotypic data of particular trait for growth traits 

ranged from 1196.24 to 4713.24. Animal bearing ID 178 obtained highest index 

value that had highest birth weight, weaning weight and pre-weaning daily gain as 

13.50 kg, 138.75 kg and 0.36 g/d, respectively. On the other hand, animal bearing ID 

71 obtained lowest index value that had lowest birth weight, weaning weight and pre-

weaning daily gain as 13.00 kg, 22.50 kg and 0.04 g/d, respectively. Genetic index 

value by using breeding value of particular trait for growth traits ranged from -

1812.49 to 2870.21. Animal bearing ID 196 obtained highest index value and ID 229 

obtained lowest index value. 

Milk production traits 

Phenotypic index value by using phenotypic data of particular trait for milk traits   

ranged from 8573.93 to 40670.81. Animal bearing ID 74 obtained highest index 

value that had highest lactation length, lactation milk yield and average daily milk 

yield as 304.00 days, 997.20 liters and 3.28 liters, respectively. Animal bearing ID 74 

obtained lowest index value that had lowest lactation length, lactation milk yield but 

highest average daily milk yield as 47.00 days, 225.37 liters and 4.80 liters, 

respectively. Genetic index value by using breeding value of particular trait for milk 

traits ranged from -1812.49 to 2870.21. Animal bearing ID 196 obtained highest 

index value and ID 229 obtained lowest index value. 
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DISCUSSION 

Discussions on results found in the study are presented below in different sub-

headings. 

Heritability (h
2
) 

Growth traits 

Estimated heritability for birth weight was slightly higher than the value obtained by 

Afroz et al. (2011) found from RCC, Rabeya et al. (2009) found from RCC, Deb 

(2004) found from Jersey x Local, Stamer et al. (2004) found from Holstein calves, 

Bhuiyan (1999) found from Friesian x Local as 0.48±0.04, 0.497±0.051, 0.48±0.04, 

0.63 and 0.64 ± 0.56, respectively. This result is slightly lower than the results 

obtained by Afroz et al. (2011) found from RCC, Rabeya et al. (2009) found from 

RCC, Stamer et al. (2004) found from Holstein calves as 0.47 ± 0.06, 0.47 ± 0.06 and 

0.50, respectively. Afroz et al. (2011) found from RCC, Rabeya et al. (2009) found 

from RCC lower heritability for pre-weaning daily gain of calves compared with the 

results of present study as 0.48±0.06, 0.50 ± 0.05 and 0.49±0.07, respectively.  

Milk production traits 

This result is more or less similar with the results obtained by Deb (2004) who found 

heritability for lactation length as 0.48±0.12, 0.49±0.15 and 0.49±0.11 for Friesian x 

Local (FN x LO),  Jersey x Local (JR x LO) and Local (LO), respectively. Estimated 

heritability for lactation length was lower than the value obtained by Iqbal (2005) 

found from FN x LO and JR x LO. This result is consistent with the results obtained 

by Shakhawat (2006) found from crossbred cattle and Deb (2004) found from Local 

cattle as 0.43 ± 0.50 and 0.45 ± 0.03, respectively. Estimated heritability for lactation 

milk yield was higher than the value obtained by Alam et al. (2007) found from RCC, 

Balieiro et al. (2003) found from Gir cattle and Choudhary et al. (2003) found from 

Sahiwal cows as 0.27±0.11, 0.31±0.09, 0.25-0.27 and 0.27±0.17, respectively. This 

result is consistent with the results obtained by Munim et al. (2006) found from 

crossbred cattle and Hossain et al. (2002a) found from Local cattle as 0.33±0.11 and 

0.28, respectively. Das et al. (2003) found from Pabna Milking cattle higher 

heritability for daily milk yield as 0.43±0.27. Ibrahim et al. (2012) found from 

Holstein cows, Choudhary et al. (2003) found from Sahiwal cows obtained lower 

heritability for average daily milk yield compared to the present study as 0.17 ± 0.14, 

0.20±0.07 and 0.27 ± 0.17, respectively. 

Breeding values and ranking of animals 

Growth traits 

This result is lower than the results obtained by Afroz et al. (2011) found from RCC 

and Atil et al. (2005) found from Holstein calves who found breeding value for birth 

weight as -3.9438 to 5.8998 and -4.10 to 5.11, respectively. But higher than the 

results obtained by Alam et al. (2007) found from RCC and Shakhawat (2006) found 
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from Pabna Milking as -1.494 to 2.782 and -0.101±0.05, respectively. This result is 

higher than the result obtained by Atil et al. (2005) found from Holstein calves who 

found breeding value for weaning weight as -0.10 to 5.11. Afroz et al. (2011) found 

better breeding value for nine month weight of RCC as -16.8767 to 38.1598.The 

breeding value for pre-weaning daily gain was ranged from -49.7487 to 82.3983. 

This result is lower than the result obtained by Afroz et al.  (2011) found from RCC 

as -66.8323 to 144.3421. However, such comparison of breeding values and ranking 

of the animals based on estimated breeding values are not comparable with others in 

real sense. 

Milk production traits 

The breeding value for lactation length was ranged from -61.7492 to 52.2508. This 

result is higher than the result obtained by Alam et al. (2007) found from RCC as -

14.660 to 25.513.The breeding value for lactation milk yield was ranged from -

163.7303 to 186.0424. This result is higher than the results obtained by Alam et al. 

(2007) found from RCC and Shakhawat (2006) found from Pabna Milking as -51.924 

to 79.687 and 12.077±2.81, respectively. The breeding value for average daily milk 

yield was ranged from -0.5449 to 0.6695.  

CONCLUSION 

Data used in the present study were collected from the Nucleus Herd and Community 

Herd of Red Chittagong Cattle (RCC) established through United States Department 

of Agriculture funded RCC project under the Department of Animal Breeding and 

Genetics, Bangladesh Agricultural University, Mymensingh, Bangladesh. The high 

estimates of heritability except average daily milk yield, indicate that genetic 

improvement of these traits can be achieved through selection and breeding. 

Therefore, selection of individuals based on their own performance may be effective. 

These index values of the animals can well be used for selecting RCC considering all 

studied traits together and can be applied in similar animal improvement situations. It 

may be concluded that heritability, breeding value and index value estimation of 

some economically important traits of RCC may have an immense worth in selection 

and breeding program for their genetic improvement.  
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CLIMATIC FACTORS AFFECTING THE POPULATION 

DYNAMICS OF LENTIL APHID IN INNER TERAI  

REGION OF NEPAL 
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*
 and S. Subedi 
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ABSTRACT 

Population dynamics of lentil aphid Aphis craccivora (Hemiptera: 
Aphididae) was assessed in relation with climatic parameters at the 
research field of National Maize Research Program (NMRP), Rampur, 
Chitwan during winter season of two consecutive years 2016 to 2018. 
The experiment was organized in randomized complete block design 
consisting 20 lentil varieties with three replications. The crop was sown 
during last week of November in both the years. The daily meteorological 
parameters like maximum temperature (Tmax), minimum temperature 
(Tmin), relative humidity (RH) and rainfall (Rf) were recorded at the 
meteorological station located in NMRP, Rampur, Chitwan and then 
converted into weekly basis as the standard meteorological week (SMW) 
with correspondence to weekly population of aphid. The incidence of 
aphid was started from 2

nd
 SMW of January (2 aphid/plant/10 cm apical 

twigs) during both experimentation years. Initially the population was low 
and gradually increased and reached to its peak (49 aphid/plant/10cm 
apical twigs) on 9

th
 SMW i.e. first week of March with correspondence to 

weather parameters viz. maximum and minimum temperature (°C), 
relative humidity (%) and rainfall (mm) were 30.80, 15.34, 67.72 and 0, 
respectively over the years. The aphid population had significant positive 
correlation with Tmax (r= 0.94) while the Tmin showed highly significant 
correlation (r=0.99). The relative humidity (RH) had non significant 
negative correlation (r= -0.90) and rainfall (Rf) showed non significant 
negative impact (r= - 0.15) with aphid population. The regression model 
developed could explain 99% variation in aphid population in different 
cultivars of lentil. 

Keywords: Aphis craccivora, Lens culinaris, Temperature, Relative 

humidity, Rainfall,   
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INTRODUCTION 

Lentil (Lens culinaris Medik )  is a major grain and widely distributed legume crop 

grown under a broad range of climates in many developing countries (Turk et al., 

2004). This crop is grown mainly as an inexpensive source of high quality protein in 

human diets (Salehpour et al., 2009). It is one of the most important and highly 

commercialized pulse crops among the grain legumes in terms of area (206969 ha), 

production (254308 mt) and productivity (1229 kg ha
-1

) which shares almost 62% of 

total area and 65% of total production of pulses and also rates the higher consumer 

preference in Nepal (MoALD, 2017). However, the lentil average yields in our 

country yet low as compared to other countries due to many constraints like insect 

pest and diseases incidence, delay sowing and others management practices. Among 

different insect pests of lentil, aphid (Aphis craccivora Koch.) infestation is one of 

the major problems and widely distributed throughout the world.  

Aphid causes damage directly by sucking the phloem from the different parts of the 

plants (Ali and Rizvi, 2007). Aphids feed on plant sap, disrupting the normal plant 

growth pattern including reduction in root and nodulation growth. At high aphid 

densities, plants are deformed; stunted and seed set is reduced (Sharma et al., 2014). 

The population dynamics of this pest considered to be highly influenced by 

prevailing weather condition particularly temperature and relative humidity. Several 

studies have been indicated that weather plays an important role on the aphid 

appearance, multiplication and disappearance (Srivastava and Srivastava, 1972; Roy, 

1975; Kumar et al., 1999; Srivastava, 1999; Vekaria and Patel, 2000). The efforts 

have been made by Kishor et al. (2019) to correlate the temperature and relative 

humidity with the incidence and multiplication of aphid in the lentil crop. The 

changes in aphid population with change in weather parameters enable to forecast the 

population of lentil aphid under changing scenarios of climate using statistical 

approaches. Statistical forecasting model is the best approach that would be helpful to 

provide the information regarding incidence of pest in an advance based on medium 

range weather forecast. Thus, an attempt has been made to quantify the relationship 

between weather parameters and appearance, development of aphids in lentil crop at 

inner Terai region of Nepal. 

MATERIALS AND METHODS 

The study was conducted on lentil (2n=14) crop during winter season of two 

consecutive years 2016 to 2018 at the research field of National Maize Research 

Program (NMRP), Rampur, Chitwan. Geographically, the location is situated at 

27˚40' N latitude and 84˚19' E longitude at an altitude of 228 m above mean sea level 

having humid and subtropical climate with cool winter and hot summer. The study 

was laid down in randomized block design consisting 20 lentil varieties received 

from Grain Legumes Research Program (GLRP), Banke as a collaborative trial with 

three replications. The crop was sown during last week of November in both the 
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years. The plots were maintained following the recommended agronomic practices in 

same manner for all the treatments. All the plots were kept free from any insecticidal 

spray throughout the crop period. The number of aphids per 10 cm of the main shoot 

of the 10 pre-labeled randomly selected plants from each plot was counted at weekly 

interval from the day of aphid appearance in the field and then was averaged. Twenty 

varieties were cultivated in each year and each variety was raised in three plots. It 

means that every year lentil was cultivated in (20×3) 60 plots and every sampling day 

observation was done on (60×10) 600 plants. The daily meteorological parameters 

like maximum temperature (Tmax), minimum temperature (Tmin), relative humidity 

(RH) and rainfall (Rf) were recorded at the meteorological station located in the 

National Maize Research Program, Rampur, Chitwan and then converted into weekly 

basis against the standard meteorological week (SMW) with correspondence to 

weekly population of aphid. The pooled data of aphid population over the years was 

taken for the correlation and regression analysis. The weekly population of aphid was 

considered as dependent variable and correlated with corresponding weekly weather 

parameters as independent variables. On the bases of significant correlation 

coefficients between aphid population and weather variables, stepwise regression 

study was performed to develop statistical forewarning model. Aphid populations are 

influenced not only by a single weather variable, but by the interaction effect of more 

than one variable. Hence, multiple regression models were developed based on 

significant correlation coefficients between aphid population and weather variables 

by using stepwise regression method for predicting aphid population.  

The multiple linear regression model used as follows; 

  y=β0+β1w1+β2w2  +β3w3+β4w4  

Where y = Response or dependant variable i.e. aphid per plant 

β0=Constant, β(1-4) = Un-standardized coefficient for each predictor 

variables 

  w1= Average Tmax in 
0
C (During SMW) 

  w2 = Average Tmin in 
0
C (During SMW) 

  w3 =Total Rf in mm (During SMW) 

  w4 =Average RH (%) (During SMW) 

Here, the aphid per plant is a response variable where as average Tmax, Tmin, RH 

and total Rf are the predictor variables. MS-Excel computer package program 

software version 7 was used for correlation and regression analysis. 

RESULTS  

Population dynamics of lentil aphid  

The incidence of aphid was started from second standard meteorological week 

(SMW) (2 aphid/plant/10 cm apical twigs) during year 2017 and 2018. Initially the 
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population was low and gradually increased and reached to its peak (49 

aphid/plant/10cm apical twigs) on 9
th
 standard meteorological week. So far as the 

effect of weather parameters is considered, the maximum aphid population was 

recorded during 9
th
 SMW when corresponding weather parameters viz. maximum 

and minimum temperature (°C), relative humidity (%) and rainfall (mm) were 30.80, 

15.34, 67.72 and 0, respectively over the years 2017 and 2018 (table 2). The 

meteorological data during crop period (2016- 2018) is shown in table 1.  

Table 1. Meteorological data during crop period (2016/17- 2017/18) 

Year/Month Max temp(°C) Min. temp(°C) Relative humidity (%) Total rainfall(mm) 

Nov-16 28.5 13.7 92.5 0 

Dec-16 23.8 10.1 95.8 0 

Jan-17 24 8.1 84.7 13.8 

Feb-17 26.4 12.3 79.2 3.4 

Mar-17 29.5 16.7 68.7 64.5 

Apr-17 33.4 21.7 72.4 77.6 

Nov-17 29.2 15.6 91.3 0 

Dec-17 25.5 11.6 94.8 0 

Jan-18 20.9 8.5 95.5 0.6 

Feb-18 26.4 12.6 86.8 0 

Mar-18 32.6 18 70.6 26 

Apr-18 34.5 22.3 68.1 35.1 

Table 2. Population dynamics of aphid on lentil in relation to meteorological 

parameters during winter season of 2017-2018 

Year: 2017 and 

2018(Month) 

SMW Mean no of 

aphid/plant 

Tmax 

(°C) 

Tmin (°C) RH 

(%) 

Rf (mm) 

January  2  7 22.50 6.14 90.44 0.00 

January  3  13 23.20 7.66 90.23 0.00 

January  4  19 23.63 9.91 87.36 14.40 

February  5  25 24.39 10.51 86.69 0.00 

February  6  31 24.96 12.21 84.21 0.00 

February  7  40 26.75 12.98 81.71 0.00 

February  8  44 27.66 14.27 79.01 3.40 

March  9  49 30.80 15.34 67.72 0.00 

Note: SMW- Standard Meteorological Week, Tmax- maximum temperature, Tmin- minimum 

temperature, RH- relative humidity, Rf-rainfall, °C- degree centigrade, mm- millimeter, %- percentage  
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Correlation between lentil aphid and weather parameters 

The combined correlation analysis of aphid population with meteorological factors 

over the years 2017 and 2018 showed that the aphid population had significant 

(P=0.05) positive correlation with maximum temperature Tmax (r= 0.94) while the 

minimum temperature (Tmin) showed highly significant (P=0.004) correlation 

(r=0.99). The relative humidity (RH) had non significant (P=0.07) negative 

correlation (r= -0.90) and rainfall (Rf) showed non-significant (P=0.525) negative 

impact (r= - 0.15) with aphid population (table 3). 

Table 3. Correlation coefficient of aphid/plant population on lentil in relation to 

meteorological factors during winter season of 2017 and 2018  

Parameters Tmax (°C) Tmin (°C) Rf (mm) RH 

(%) 

Mean 

aphid/plant 

Tmax (°C) 1.00     

Tmin (°C) 0.92 1.00    

Rf (mm) -0.20 -0.06 1.00   

RH (%)   -0.99 -0.89 0.16 1.00  

Mean aphid/plant  0.94*  0.99**  -0.15 -0.90 1.00 

Note: Tmax- maximum temperature, Tmin- minimum temperature, RH- relative humidity, Rf-rainfall, 

°C- degree centigrade, mm- millimeter, %- percentage, *Significant at 5% level of significance, ** 

Significant at 1 %  level of significance  

Forecasting model for lentil aphid 

Aphid / plant = -237.28 + 4.80 × Avg. Tmax (
0
C) + 3.47 × Avg. Tmin (

0
C) - 0.08 × 

total Rf (mm) +1.25 × Avg. RH (%) 

Here, the aphid per plant is a response variable where as average Tmax, Tmin, RH 

and total Rf are the predictor variables.The forecasting model relies on average max 

and min. temperature, total rainfall and average relative humidity to assign aphid per 

plant and the model has an adjusted R
2 

value of 0.99 and  standard error is 1.29 

(n=8).The P-value for the full model is 0.0004 which is small enough at both 5% and 

1% level of significance to suggest that at least one of the predictor variables may be 

useful for the prediction (table 4). The adjusted R
2 

is 0.99 which indicates that the 

predictor variables explain 99% of the variance in the response variable (Fig. 1).  
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Figure 1. Observed versus predicted aphid per plant as affected by meteorological  

parameters in Rampur, Chitwan, Nepal 2017/18 

These models are simple and easy in calculation and could be used to predict aphid 

population in lentil crop well in advance (table 5).  

Table 4. Parameters of aphid population per plant as affected by average atmospheric 

temperature (max and min °C), total rainfall (mm) and average relative 

humidity (%) 

Parameter Coefficients SE t -Stat P-value Lower 95% CI Upper 95% CI 

Intercept -237.27 75.63 -3.14 0.05 -477.95 3.40 

Avg. Tmax (0C) 4.80 1.57 3.06 0.05* -0.18 9.79 

Avg. Tmin (0C) 3.46 0.46 7.52 0.004** 2.00 4.93 

Total Rf (mm) -0.08 0.11 -0.72 0.53 -0.44 0.28 

Avg. RH (%) 1.25 0.471 2.65 0.07 -0.24 2.75 

Note: SE- Standard error, CI- Confidence interval, Avg.-Average, Max-Maximum,  Min-Minimum, T- 

Temperature, Rf- rainfall, RH-relative humidity,  (oC) – degree centigrade, mm- Millimeter, *-  

Significant, **- Highly significant 
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Table 5. Residual output of the forecasting model for lentil aphid 

Month/week 
Observed aphid 

/plant 
Predicted aphid/plant Residuals 

January second week 7 5.48 1.0 

January third week 13 13.81 -1.3 

January 4th week 19 18.92 0.1 

February first week 25 25.03 -0.5 

February Second week 31 30.51 0.0 

February Third week 40 38.66 1.3 

February fourth week 44 43.85 -0.3 

March first week 49 48.75 -0.2 

DISCUSSION 

Global warming has great importance regarding to population size, growth, 

distribution and outbreak of insect pests (Sable and Rana, 2016). The major climatic 

factors like temperature, light, humidity etc. can be assessed by observation of the 

rate of change rather than describing direct change in a specific physiological 

reaction (Overgaard and Sorenson, 2008; Karl et al., 2011). These factors can affect 

the mortality, fecundity, generation time, multiplication rate, sex ratio and somewhat 

mutation of any insect species. For instance, with the range of temperature, speed of 

development can be enhancing but production of deformities and larval mortality will 

also increased (Chown et al., 2011). Species richness and insect activity varies due to 

temperature and water availability. In multi climatic factors particularly temperature 

can extend or reduce the life cycle of insects (Régnière et al., 2012). High thermal 

thresh hold influence the insects cycle stage, growth or some internal metabolic 

activities. Tropical species of insects considered to be the high risk of microclimatic 

variation and behavioral optimization than the temperate regions. Low temperature 

have a great effect to disturb the physiological, mechanical and behavioral of the 

various insects (Overgaard and Sorenson, 2008; Karl et al., 2011). It can change the 

chemical ingredients and causing dehydration of the cells or maintaining body fluids 

keeping liquids below melting point (Sinclair et al., 2003). Insects could not bear the 

challenge against high and low thresh hold temperatures. High mortality was 

observed and somewhat developmental rate was affected and also performed the 

successful insect modeling that can aid to analyze the insect population response and 

behavior against climatic change (Karl et al., 2011; Régnière et al., 2012). New 

research shows that insect species living in warmer areas are more likely to undergo 

rapid population growth because they have higher metabolic rates and reproduce 

more frequently. Lower winter mortality of insects due to warmer winter 

temperatures could be important in increasing insect populations (Harrington et al., 

2001). 



162 Neupane and Subedi 

The finding of this experiment was supported by Hossain et al. (2006) who reported 

that lentil aphid appeared in the field during first week of January and the maximum 

aphid population was recorded in the first week of February, but the population 

reached to the peak in the last week of January, subsequently rainfall caused a sudden 

reduction of aphid population in latter dates. Aphid population and infestation 

increased with the delayed dates of sowing. Hossain et al. (2006) reported that the 

lentil crop sown in November received less aphid infestation and consequently 

produced higher yield than the crop sown in December. The present findings 

supported by the reports of the Dalwadi et al. (2007) who worked out the correlation 

coefficient between weather parameters and pest population and reported that 

maximum and minimum temperature had significant positive correlation with aphids 

population whereas relative humidity and rainfall showed negative association. 

Prasad et al. (2008) reported that aphid population had significant positive 

association with maximum temperature, minimum temperature and negative 

association with relative humidity and rainfall. In the earlier work Hasan et al. (2009) 

reported that among the different environmental factors maximum temperature and 

minimum temperature positively correlated with aphid population while rainfall and 

relative humidity negatively correlated with aphid population.  

CONCLUSION 

The result of present findings concluded that weather parameters like temperature, 

rainfall and humidity were found to significant influence on initiation and 

development of lentil aphid in inner terai region of Nepal. Predictions from insect 

forewarning models under changing scenarios of climate, pest population could be 

managed efficiently through ecological manageable practices like timely application 

of insecticides, adjustment of sowing time and selection of varieties etc. that would 

be helpful to obtained higher yield. 
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ABSTRACT 

Garden pea is one of the economically and nutritionally most important 
winter vegetable crops in Nepal. Garden pea production is an emerging 
farm enterprise of Nepalese farmers of Eastern hill and mountain. The 
study was conducted to determine profitability, to investigate whether 
factors of production are being used in economic way, and to find out 
extension strategies for increasing income of farmers in Dhankuta district 
of Eastern Nepal. A total of 120 garden pea producing farmers, (60 from 
Chhathar-Jorpati Rural Municipality and 60 from Mahalaxmi Municipality 
of Dhankuta), were randomly selected and interviewed using semi-
structured interview schedule. Descriptive statistics and Cobb-Douglas 
production function were used to analyze the collected data. The benefit 
cost ratio (3.54) indicates that the garden pea production in study site 
was profitable with productivity of 6.59 Mt ha

-1
 per hectare. The 

production function revealed that cost on seed and labor have 
statistically significant effect on gross returns. In contrast, the effect of 
cost cost on plant nutrients and pesticides were not statistically 
significant. The sum of regression coefficients was 1.04 which indicates 
that production function exhibited an increasing return to scale. Thus, 
extension strategies should be primarily focused on introducing high 
yielding varieties, use of high quality seeds, providing trainings on 
improved farming practices, increasing value addition practices and 
strengthening market infrastructures. 

Keywords: Garden pea, Benefit-cost ratio, Cobb-Douglas production 

function, Resource productivity,  

INTRODUCTION 

Garden pea (Pisum sativum L.) is a most important vegetable cash crop in Eastern 

hill of Nepal. Fresh green seeds, tender pods, green immature peas and dry peas have 
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always high market demand (Poudel et al., 2017). It is an annual winter leguminous 

food crop having always high demand in market. In Eastern hill of Nepal, the area 

under cultivation, production and productivity is 1210.5 hectare, 8596.9 Mt and 7.1 

Mt respectively. Similarly in Dhankuta district, the area under cultivation, production 

and productivity are 320 ha, 3550 Mt and 11.1 Mt ha
-1

 (ABPSD, 2016). Area under 

garden pea production in Dhankuta district is the second largest in Eastern hill. 

Garden pea, produced in eastern hills of Nepal has high potentiality to be exported to 

different districts of Nepal as well as to neighboring countries, including India, 

Bhutan, and Bangladesh. Garden pea occupied the first position among vegetable 

exported to India from the Eastern region through Pashupatinagar customs, Ilam 

during 2010 to 2014 and third position during 2014-15 (Ojha, 2016). Moreover, 

garden pea has nutritional and medicinal importance. It is rich source of starch, 

digestible protein, fiber, vitamins, minerals (potassium, magnesium and calcium), 

nutraceutical compounds and natural anti-oxidants (Dahl et al., 2012). Pea seed meal 

is also an important protein-energy supplement in fish and animal feed ration 

(Gouveia and Davies, 1998). Moreover, field pea hay is possible to enhance feed 

value of diet, to improve milk production; especially, milk fat in buffaloes and cattle 

(Hayashi et al., 2007). 

MATERIALS AND METHODS 

Study Area and Sampling Design 

The study site is located at 27
0
06’ N latitude and 87

0
40’ E longitude with an 

elevation of 2150 masl. A total of 120 garden pea producing farmers, 60 from 

Chhathar-Jorpati Rural Municipality and 60 from Mahalaxmi Municipality of 

Dhankuta district of Province 1 of Nepal were selected in simple random sampling 

technique.  

Data Collection and Analysis 

Primary data were collected through face to face interview by use of pre-tested semi-

structured interview schedule during May–June, 2018. Collected data were analyzed 

using SPSS (version 16) and MS Excel software. 

Cost and Return Analysis 

The total variable costs of garden pea production was calculated by covering all the 

variable inputs such as seed cost, organic manure cost, chemical cost, pesticide cost, 

and labor cost at their current market prices. All the cost were taken in Nepali Rupees 

(NRs.) ha
-1

 

Total Variable Cost = Cseed + Corganic manure + Cfertilizer + Cpesticide + Clabor  

Where, Cseed = cost on seed (NRs. ha
-1

), Corganic manure = cost on organic manures 

(NRs.ha
-1

), Cfertilizer = cost on fertilizer (NRs. ha
-1

), Cpesticide= cost on pesticides (NRs. 

ha
-1

) and Clabor = cost on human labor (NRs. ha
-1

). 
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Similarly, Gross return = total quantitiy of garden pea produced × average price of 

garden pea 

Gross Margin Analysis 

Gross margin was calculated to have estimation of difference between the gross 

return and variable costs (Dhakal et al., 2015). Gross margin was calculated by using 

the formula given by Olukoshi et al. (2006), which is as following; 

Gross Margin (NRs. ha
-1

) = Gross Returns (NRs. ha
-1

) - Total Variable Cost (NRs.  

ha
-1

) 

Benefit Cost Analysis 

The economic performance of a business can be determined most efficiently by the 

benefit cost analysis method. It is used to compare benefit per unit of cost (Dhakal et 

al., 2015). Undiscounted benefit cost ratio was estimated by using formula;  

B/C Ratio =
            

                   
 

Resource Productivity Analysis 

The econometric model, Cobb-Douglas Production Function, is a most commonly 

used technique to represent the technological relationship between amounts of all 

inputs and output that can be produced by those inputs i.e., input-output relationship 

(Balogun and Ogheneruemu, 2012). Cobb-Douglas Production Function was used to 

represent relationship between various inputs used and output produced. It 

determines the contribution of different factors on production of garden pea. Cobb-

Douglas production function examines the resource productivity, efficiency, and 

return to scale (Dhakal et al., 2015). The form of Cobb-Douglas production function 

is following; 

Y=aX1
b1

 X2
b2 

X3
b3 

X4
b4 

e
u
 

Where, Y = Gross return (NRs. ha
-1

) 

X1 = cost on source of seed (NRs. ha
-1

), X2 = cost on plant nutrients (NRs. ha
-1

), X3 

= cost on pesticides (NRs. ha
-1

), X4 = cost on human labor (NRs./ha), e = Base of 

natural logarithm, u = Random disturbance term, a=constant and b1, b2, b3, and b4 

are coefficient of respective variables. 

The linearised form of above Cobb-Douglas production function is expressed as 

following; 

lnY = lna+b1lnX1+b2lnX2+b3lnX3+b4lnX4+u 

Where, ln= Natural logarithm, and u= Error term 
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RESULTS AND DISCUSSION 

Contribution of garden pea on farmers’ total income  

Vegetable is a major source of income of Nepalese farmers. In study area, major 

cultivated vegetables were mainly temperate vegetables, which were: cabbage, 

cauliflower, garden pea, broad leaf mustard, raddish, capsicum, etc. (Fig. 1). From 

the study, it has been found that income from garden pea production contributes a 

major part of total income from vegetable in Dhankuta district, Nepal. Income from 

garden pea had second highest contribution (29%) on total income from vegetables 

(Fig.1). 

 

Figure 1. Share of different vegetables on farmers’ total income 

Cost of production 

The largest proportion of the cost of garden pea production was found to be occupied 

by seed cost (45.92%) followed by human labor cost (44.41%). The estimated cost on 

seed cost was NRs. 24295.97 ha
-1 

(Table 1). The cost on chemical fertilizer and 

pesticides (Fig. 2) were very low because garden pea being leguminous crop; 

nitrogen fixing crop, only source of phosphorus and potash are necessary to be 

supplied. The production activities that require human labor are land preparation, 

sowing, manure application, irrigation, harvesting and packaging. The manure cost 

was estimated to be NRs. 3938.47 ha
-1

, which occupied 7.44% of total variable cost 

of production (Table 1). Poultry manure and farm yard manure (FYM) were major 

organic manure easily available and commonly used in garden pea production in 

study area. Application of FYM + poultry manure gives significantly higher pod 

yield (Gopinath and Mina, 2011). The irrigation cost was negligible because most of 

the farming was rainfall dependent. Weeding was not in trend for garden pea in study 

area. Dense foliage of garden pea is able to check weed growth up to considerable 

extent. 
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Table 1. Total variable costs of garden pea production (NRs. ha
-1

) 

Inputs Mean Percentage 

Seed 24295.97 45.92 

Manure 3938.47 7.44 

Fertilizer 1051.34 1.99 

Pesticide 130.36 0.25 

Labour 23497.49 44.41 

Total variable cost 52913.63 100 

Source: Field Survey, 2018 

 

 

Figure 2. Share of different cost componets of garden pea production 

Return from garden pea production 

Farmers in the study area were producing garden pea on an average at 0.41 hectare of 

land. The average productivity of garden pea production was 6.59 Mt ha
-1

 at study 

area; however, it is lesser than average of Dhankuta district (AICC, 2017). It is 

because most of the farmers (61.67%) had grown Arkel variety having production 

potential 5-7 Mt ha
-1

 (AICC, 2017). The average farmgate price of garden pea was 

estimated to be NRs. 26.35 per kg. The total variable cost and gross return of garden 

pea production were estimated to be NRs.  52913.63 and NRs. 181650.78, 

respectively (Table 2.). Total fixed cost (TFC) used for garden pea production was 

mainly cost on land rent for crop duration. The overall benefit cost ratio of garden 

pea production considering total variable cost was estimated to be 3.54. This implies 

that garden pea production is a highly profitable farm enterprise for farmers in 

Eastern hill of Nepal.  
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Verma et al. (2015) had carried out similar study, which found the benefit cost ratio 

of garden pea in large size farm to be 2.8, whereas lesser benefit cost ratio in smaller 

farms. The benefit cost ratio of garden pea at study site was found to be very high; it 

might be due to low costs (less than 10% of TVC) incurred in manure, fertilizers, and 

pesticides (Table 1.). Garden pea is a leguminous crop; it fixes nitrogen because of 

which fertilizer application is reduced.  

Table 2. Economic statement of garden pea production in Dhankuta, Nepal, 2018 

Measuring Criteria Average value 

Area (ha) 0.41 

Productivity (Mt ha
-1

) 6.59 

Average Revenue (NRs. Kg
-1

) 26.35 

Gross Return (NRs. Kg
-1

) 181650.78 

Total Variable Cost (NRs. ha
-1

) 52913.63 

Gross Margin (NRs. ha
-1

) 128737.15 

Benefit Cost Ratio 3.54 

Source: Field Survey, 2018 

Resource productivity analysis 

Out of four independent variables included in regression analysis, cost on human 

labor was found to be significant at 1% level and cost on seed was found to be 

significant at 5% level while cost on plant nutrient and pesticide cost were found to 

be non-significant in garden pea production in the study area. Garden pea production 

is highly labor intensive constituting a major cost of cultivation (Khunt and Desai, 

1996). Being highly labor-intensive crop, it is potential to provide ample employment 

to particularly small and marginal farmers (Singla et al., 2006). The regression 

coefficient of seed cost was 0.31. This indicates that with 1% increase in seed cost, 

gross return would increase by 0.31%. Similarly, 1% increase in human labor cost, 

gross return would increase by 0.72%. The sum of regression coefficient of all inputs 

used in production turned out to be 1.044 (Table 3). It indicates the production 

function exhibit in increasing return to scale. The sum of regression coefficient 

(1.044) implies if all inputs used in production are increased by unity, the gross 

returns will increase by 1.044. 
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Table 3.  Estimated value of coefficients and related statistics of Cobb-Douglas 

production function of garden pea production in Dhankuta. 2018 

Factors Coefficient Standard Error t-value p-value 

Constant 1.72 1.34 1.25 0.2 

Seed cost 0.31** 0.113 2.75 0.007 

Nutrient cost 0.006 0.007 0.75 0.457 

Pesticide cost 0.008 0.01 0.79 0.431 

Labour cost 0.72*** 0.09 7.95 <0.001 

F-value 21.15 

   R square 0.43 

   Adjusted R square 0.41 

   Return to scale 1.044 

   Note: '**' indicates statistical significance at 0.01 probability level; '***' indicates statistical significance 

at 0.001 probability level. 

Source: Field Survey, 2018 

CONCLUSION 

The garden pea production was found to a most important source of income of the 

farmers in Dhankuta district of Nepal. The benefit cost ration clearly shows that 

garden pea production is profitable farm enterprise for farmers. Thus, it should be 

promoted in Eastern hills of Nepal. For higher productivity and profitability, 

extension strategies and approaches should be basically focused on following: use of 

high quality seed, hybrid or improved variety, training to human labor regarding 

good agriculture and handling practices, post harvest management operations. The 

formulation and implementation of plans for infrastructure development for 

transportation and safe-keeping (collection centre, storage, cold houses etc.) were 

found to be indispensible. Moreover, marketing channel strengthening and farmers' 

easy access to right market information on time would increase profitability of this 

farm enterprise. That is why, strong extension strategies and approaches from 

government and non-government sectors are exigent. 
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ABSTRACT 

The effect of vermicompost on dry matter and specific gravity of potato 
tubers under ambient storage condition was studied. Vermicompost was 
used at four rates viz. 0, 2, 4 and 6 t ha

-1
 over the four varieties of potato 

viz. BARI TPS-1, BARI Alu-28 (Lady Rosetta), BARI Alu-25 (Asterix) and 
BARI Alu-29 (Courage). Results demonstrated that processing 
parameters such as dry matter percentage (%) and specific gravity 
increased with increasing vermicompost levels while they decreased with 
the increasing storing period. Lady Rosetta and Asterix potato varieties 
can be safely stored at normal room temperature up to 60 days. There 
was no interaction between vermicompost rates and crop varieties. 
Hence, the potato growers of Bangladesh can use vermicompost at 6 t 
ha

-1
 for achieving better yield without affecting processing quality. 

Keywords: Dry matter, Potato, Specific gravity, Vermicompost 

INTRODUCTION 

Potato (Solanum tuberosum L.) belongs to the Solanaceae family is grown in nearly 

150 countries and is the world’s single most important tuber crop with a vital role in 

the global food system and food security (Singh 2010). It is the fourth world crop 

after wheat, rice and maize. The total world potato production was estimated 376.83 

million Mt in 2016 (FAOSTAT 2017). In the world’s top 10 potato producing 

countries, Bangladesh ranks 7
th
 position (FAOSTAT 2017). In Bangladesh, it ranks 

2
nd

 after rice in production. The total area under potato crops, per ha yield and total 

production in Bangladesh were 499,725 hectares, 22.53 t ha
-1

 and 10,215,957 metric 
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ton, respectively during fiscal year 2017-18 (FAOSTAT 2017). The total production 

is increasing day by day because of an alternative food crop against rice and wheat 

and also a nutrient-rich crop that rapidly increases consumption in Bangladesh (BBS 

2013). 

Due to the increasing demand of consumers and foreign importers on this important 

crop, special attention should be given to increase its yield and quality. The storage 

limitation is also a serious problem in Bangladesh. Storage conditions in potato make 

several differences in the physiochemical properties of the tubers and textures. Potato 

is a perishable commodity and three variables determine storage losses in potatoes: 

quality of the tuber at the beginning of the storage, storage conditions, and duration 

of storage (Burton et al., 1992). 

Storage losses are often specified as weight losses and losses in the quality of 

potatoes which are caused by respiration (Basker 1975); sprouting (Amoros et al., 

2000); evaporation of water from the tubers (Kabira and Lemaga, 2006); changes in 

chemical composition and physical properties of the tuber (Cronk et al., 1974; Maga 

and Fitzpatrick, 1980) and damage by extreme temperatures (Linnemann et al., 

1985). Nowadays, gradual deficiencies in soil organic matter and reduced yield of 

crop and quality are alarming problems in Bangladesh. The cost of inorganic 

fertilizers is very high. On the other hand, the organic manure is easily available to 

the farmers and its cost is low compared to that of inorganic fertilizers. 

Vermicompost (organic manure) is a good source of different macro and 

micronutrients particularly N, P, K and S. The increased microbial activity improves 

the availability of soil phosphorous and nitrogen. Vermiculture is the science of 

rearing of earthworms for mass propagation on organic wastes under semi-natural 

conditions and vermicomposting is the bioconversion of organic waste materials 

through earthwormic ways (Senapati, 1992). Senesi et al. (1996) mentioned that 

vermicomposting is a controlled, aerobic, biological process and able to convert 

biodegradable humus like organic substances and suitable for the application of soil 

amendment. 

Sometimes potato produced in Bangladesh is not good quality enough in respect of 

dry matter and specific gravity which are not present at optimum level in produced 

products (Keijbets, 2008). So, using different amounts of vermicompost materials 

may contribute for improving the quality of potato in Bangladesh’s condition. The 

objective of this experiment was to find out the influence of vermicompost as soil 

supplement on processing quality of potato during ambient storage condition. 

MATERIALS AND METHODS 

Research Location 

The research was conducted at the Agronomy Research Field of Sher-e-Bangla 

Agricultural University, Dhaka-1207, Bangladesh during the period from November 

1, 2016 to April 30, 2017. Top soil was silty clay in texture, olive-gray with common 



PROCESSING QUALITY OF POTATO TUBERS 175 

fine to medium distinct dark yellowish-brown mottles. Soil pH was 5.6 and had 

organic carbon 0.45%. The selected plot was medium high land. Plenty of sunshine 

and moderately low temperature prevails during experimental period, which is 

suitable for potato growing in Bangladesh. The weather data during the study period 

are presented in Table 1. 

Table 1.  Monthly meteorological information during the period from November 

2016 to April 2017 

Year 
Month 

Air temperature (°C) Relative 

humidity (%) 

Total rainfall 

(mm) 
Maximum Minimum 

2016-

2017 

November 28.10 11.83 58.18 47 

December 25.00 9.46 69.53 0 

January 23.98 10.47 73.86 Trace 

February 26.45 14.83 75.38 Trace 

March 30.45 18.36 69.44 59 

April 35.93 42.35 73.92 103 

Source: Metrological Centre, Climate Division, Agargaon, Dhaka 

Experimental Design 

The experiment consisted of two factors. Factor A: Potato varieties (V1-4) - V1: BARI 

TPS-1, V2:BARI Alu-28 (Lady Rosetta), V3: BARI Alu-25 (Asterix), V4:BARI Alu-

29 (Courage); Factor B: Vermicompost levels (M1-4) - M1: 0 t ha
-1

 (control), M2: 2 t 

ha
-1

, M3: 4 t ha
-1

, M4: 6 t ha
-1

. Experiment was provoked in a split-plot design with 

three replications. The variety was assigned to main plot and vermicompost to 

subplot. The distance between row to row was 50 cm, plant to plant was 25 cm and 

plot to plot was 75 cm. The size of the unit plot was 2 m × 2.5 m. 

Crop Management 

Collected all varieties of seed potatoes were certified seed and the individual weight 

of seed potato was 60-70 g. The experimental soil was fertilized with Urea (250 kg 

ha
-1

), Triple Super Phosphate (150 kg ha
-1

), Muriate of Potash (250 kg ha
-1

), Gypsum 

(120 kg ha
-1

), Zinc Sulphate (10 kg ha
-1

) and Boric Acid (10 kg ha
-1

) as recommended 

by Mondal et al., (2011). The total amount of vermicompost was applied at 7 days 

before planting as per treatment. The well sprouted healthy and uniform sized potato 

tubers were planted according to 4-5 cm depth in soil. Different intercultural 

operations such as irrigation, weeding, mulching, earthing up and plant protection 

measures were done as per when needed. Haulm cutting was done at 85 DAP, when 

40-50% plants showed senescence and the tops started drying. After haulm cutting 

the tubers were kept under the soil for 10 days for skin hardening. The potatoes of 

each plot were separately harvested, bagged and tagged and brought to the 
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laboratory. 

Recording of Data 

The following data were collected during the experiment from the laboratory where 
the potatoes were stored with a well ventilation facility. 

Dry Matter Content (%) 

The samples of tuber were collected from each treatment. After peeling off the tubers 
the samples were dried in an oven at 72°C for 72 hours. Dry matter content was 
calculated as the ratio between dry and fresh weight and expressed as a percentage 
(Barton, 1989). 

Specific Gravity (g cm
-3

) 

It was measured by using the following formula – 

                            Weight of tuber in air (g) 
Specific gravity =  

Weight of tuber in air - Weight of tuber in fresh water at 4°C 

Statistical Data Analysis 

The data obtained for different characters were statistically analyzed following the 
analysis of variance (ANOVA) techniques by using Statistix 10 (2013) computer 
package program. The significant differences among the treatment means were 
compared by Least Significant Difference (LSD) at 5% level of probability (Gomez 
and Gomez 1984). The correlation was calculated on the basis of data from 0 days of 
storage, i.e. at harvesting day. The correlation graph was plotted with the help of 
Microsoft Excel 2016. 

RESULT AND DISCUSSION 

Dry Matter Content 

Significant variation was found among different varieties to dry matter content of 

tuber at different ambient storage time. The maximum dry matter content of tuber 

was shown by V3 (23.54%, 22.91%, 22.15%, 21.70%) and minimum was shown by 

V1 (19.56%, 18.66%, 17.67%, 17.05%) at 0, 20, 40 and 60 DAS respectively (Fig. 1).  

 
Figure 1. Effect of variety to dry matter content (%) of potato tuber at different days after storage V1 –
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BARI TPS-1, V2 – Lady Rosetta, V3 – Asterix, V4 – Courage. (LSD values 0.460, 0.694, 0.803 and 

0.889 for 0 DAS, 20 DAS, 40 DAS and 60 DAS, respectively) 

Profound variation was found among different levels of vermicompost on tuber dry 

matter content at different ambient storage time. At 0 and 20 DAS the maximum dry 

matter content of tuber was found by M4 (24.19%, 22.99%) and minimum was found 

by M1 (19.30%, 18.37%) respectively. At 40 DAS the maximum dry matter content 

of tuber was found by M4 (21.78%) which was statistically similar to M3 and 

minimum was found by M1 (17.90%). At 60 DAS the maximum dry matter content 

of tuber was found by M4 (21.40%) and minimum was found by M1 (17.20%)  

(Fig. 2).  

 

Figure 2. Effect of vermicompost on dry matter (%) of potato tuber at 

different days after storage M1 – Control, M2 – 2 t t ha-1, M3 – 4 t/ha, M4   – 6 t t ha-1. (LSD values 

0.782, 0.744, 0.710 and 0.739 for 0 DAS, 20 DAS, 40 DAS and 60 DAS, respectively) 

Remarkable variation was found among different variety and vermicompost levels on 

tuber dry matter content at different storage times. At 0 DAS maximum dry matter 

content was retained by V3M4 (25.13%) which was statistically similar to V2M4, 

V3M2, V3M3, V4M3 and V4M4; minimum was retained by V1M1 (18.39%) which was 

statistically similar to V1M2 and V2M1. At 20 DAS maximum dry matter content was 

retained by V4M4 (24.22%) which was statistically similar to V2M4, V3M2, V3M3, 

V3M4 and V4M3; minimum was retained byV1M1 (16.94%). At 40 DAS maximum 

dry matter content was retained byV4M4 (24.12%) which was statistically similar to 

V3M3 and V4M3; minimum was retained by V1M1 (16.44%). At 60 DAS maximum 

dry matter content was retained by V4M4 (23.25%) which was statistically similar to 

V3M3 and V3M4; minimum was retained by V1M1 (15.22%) (Table 2). 
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Table 2.  Combined effect of variety and vermicompost level on percent dry matter 

content at different days after storage of potato tuber 

Combination Dry matter (%)  

0 DAS 20 DAS 40 DAS 60 DAS 

V1M1 18.39 f 16.94 e 16.44 i 15.22 i 

V1M2 18.57 f 18.14 c-e 17.54 g-i 17.0 gh 

V1M3 19.12 ef 18.63 cd 18.13 gh 17.89 fg 

V1M4 22.14 b-d 20.93 b 18.57 fg 18.07 fg 

V2M1 18.82 f 17.56 de 16.86 hi 16.16 hi 

V2M2 19.79 ef 19.67 bc 18.88 fg 18.38 fg 

V2M3 22.46 bc 20.99 b 20.57 de 20.41 de 

V2M4 24.96 a 22.88 a 21.68 cd 21.59 b-d 

V3M1 20.57 de 20.54 b 20.46 de 20.19 de 

V3M2 24.23 a 23.01 a 21.70 cd 21.41 b-d 

V3M3 24.23 a 24.12 a 23.67 ab 22.49 a-c 

V3M4 25.13 a 23.95 a 22.76 a-c 22.70 ab 

V4M1 19.42 ef 18.44 c-e 17.83 g-i 17.23 gh 

V4M2 21.62 cd 20.49 b 19.88 ef 19.35 ef 

V4M3 23.59 ab 23.40 a 22.26 bc 21.06 cd 

V4M4 24.55 a 24.22 a 24.12 a 23.25 a 

CV (%) 4.29 4.23 4.20 4.50 

LSD0.05 1.57 1.48 1.42 1.47 

Level of 

significance 
** ** ** * 

Numbers in columns followed by the same letter are not statistically different at P0.05. 

** = Significant at 1% level of probability. V1 –BARI TPS-1, V2 – Lady Rosetta, V3 – Asterix,V4 – 

Courage; M1 – 0 t ha-1 (Control), M2 – 2 t ha-1, M3 – 4 t ha-1, M4   – 6 t ha-1 

Maximum dry matter content was found at the harvesting time and decreased with 

the increase of storage time. Among the four varieties Asterix was shown the 

maximum dry matter content and BARI TPS-1 was shown minimum dry matter 

content. The variation in dry matter content among the potato varieties were also 

observed by Suyre et al. (1975) and Capezio (1987). Variation in tuber dry matter 

content may be attributed to cultivars inherent in the production of total solids. 

Burton et al., (1992) reported that genetic differences among varieties a role in their 

ability to produce high solids when grown on the same test plot. Dry matter content is 

subjected to the influence of both the environment and genotypes (Miller et al., 1975; 
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Tai and Coleman, 1999). There was a significant decrease in dry matter concentration 

through time and cultivars with high dry matter concentration at harvest could be 

stored for extended periods at ambient temperature without significant quality. Loss 

of tuber dry matter during storage period may be due to respiration (Burton et al., 

1992). Sprouting is a physiological process at which resting buds break their 

dormancy and resume growth by utilizing stored food (Salisbury and Ross 1992). 

Dry matter content increased with the increasing of Vermicompost levels (Kmeťová 

et al., 2013; Agrawal et al., 2017). A positive correlation (r=0.751) was found 

between the dry matter content and specific gravity of potato tuber (Fig. 3) (Mostofa 

et al., 2019). 

Figure 3. Relationship between dry matter content and specific gravity of potato tuber 
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Table 3. Effect of variety to specific gravity at different days after storage of potato tuber 

Variety Specific gravity (g cm-3) 

0DAS 20DAS 40DAS 60DAS 

V1 1.05 c 1.04 d 1.04 d 1.03 c 

V2 1.06 b 1.06 c 1.06 c 1.06 b 

V3 1.08 a 1.08 a 1.08 a 1.07 a 

V4 1.08 a 1.07 b 1.07 b 1.07 a 

CV (%) 2.64 1.62 2.10 3.40 

LSD0.05 0.0027 0.0017 0.0021 0.0037 

Level of 

significance 
** ** ** ** 

Numbers in columns followed by the same letter are not statistically different at P0.05. 

** = Significant at 1% level of probability. V1 –BARI TPS-1, V2 – Lady Rosetta, V3 – Asterix,V4 – 

Courage 

Significant variation was found among different levels of vermicompost on specific 

gravity of tuber at different ambient storage time. At 0 DAS highest specific gravity 

of tuber was exhibited by M3 (1.075) and lowest was exhibited by M1 (1.068) which 

is statistically similar to M2.At 20 DAS highest specific gravity of tuber was 

exhibited by M4 (1.072) and lowest was exhibited by M1 (1.064) which was 

statistically similar to M2. At 40 DAS highest specific gravity of tuber was exhibited 

by M4 (1.071) and lowest was exhibited by M1 (1.061) which was statistically similar 

to M2. At 60 DAS highest specific gravity of tuber was exhibited by M4 (1.066) 

which was statistically similar to M3 and lowest was exhibited by M1 (1.058) which 

was also statistically similar to M2 (Table 4).  

Table 4.  Effect of vermicompost on specific gravity at different days after storage of 

potato tuber 

Vermicompost level Specific gravity (g cm-3) 

0DAS 20DAS 40DAS 60DAS 

M1 1.068 c 1.064 c 1.061 c 1.058 b 

M2 1.070 c 1.065 c 1.062 c 1.059 b 

M3 1.075 b 1.070 b 1.067 b 1.065 a 

M4 1.078 a 1.072 a 1.071 a 1.066 a 

CV (%) 2.47 1.87 2.30 3.12 

LSD0.05 0.0022 0.0017 0.0020 0.0028 

Level of significance ** ** ** ** 

Numbers in columns followed by the same letter are not statistically different at P0.05. 

** = Significant at 1% level of probability. M1 – 0 t ha-1 (Control), M2 – 2 t t ha-1, M3 – 4 t t ha-1, M4   – 6 t ha-1 
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No significant variation was found among different variety and vermicompost levels 

on specific gravity of tuber at 0 DAS. At 20 DAS maximum specific gravity of tuber 

exhibited by V3M4 (1.090) and minimum was exhibited by V1M3 (1.046). At 40 DAS 

maximum specific gravity of tuber exhibited by V3M4 (1.088) and minimum was 

exhibited by V1M2 (1.041) which was statistically similar to V1M1 and V1M3. At 60 

DAS maximum specific gravity of tuber exhibited by V3M4 (1.085) which was 

statistically similar toV3M3 and V4M4; minimum was exhibited by V1M1 (1.041) 

(Table 5). 

Table 5.  Combined effect of variety and vermicompost on specific gravity at 

different days after storage of potato tuber 

Combination Specific gravity(g cm
-3

) 

0DAS 20DAS 40DAS 60DAS 

V1M1 1.049 1.047 g 1.042 h 1.041 h 

V1M2 1.050 1.042 i 1.041 h 1.035 ij 

V1M3 1.052 1.046 gh 1.041 h 1.038 hi 

V1M4 1.055 1.043 hi 1.047 g 1.032 j 

V2M1 1.064 1.059 f 1.057 f 1.054 g 

V2M2 1.066 1.062 f 1.060 f 1.058 fg 

V2M3 1.071 1.067 e 1.065 e 1.063 ef 

V2M4 1.072 1.068 e 1.067 e 1.065 de 

V3M1 1.080 1.078 c 1.075 cd 1.071 cd 

V3M2 1.081 1.078 c 1.075 cd 1.071 cd 

V3M3 1.091 1.086 b 1.083 b 1.082 a 

V3M4 1.094 1.090 a 1.088 a 1.085 a 

V4M1 1.077 1.073 d 1.069 e 1.066 de 

V4M2 1.081 1.077 c 1.073 d 1.070 d 

V4M3 1.084 1.080 c 1.078 c 1.076 bc 

V4M4 1.089 1.086 b 1.082 b 1.081 ab 

CV (%) 2.47 1.87 2.30 3.12 

LSD0.05 - 0.003 0.003 0.005 

Level of 

significance 
NS ** ** ** 

Numbers in columns followed by the same letter are not statistically different at P0.05. 

** = Significant at 1% level of probability, NS = Not significant. V1 –BARI TPS-1, V2 – Lady Rosetta, 

V3 – Asterix,V4 – Courage; M1 – 0 t ha-1 (Control), M2 – 2 t ha-1, M3 – 4 t ha-1, M4   – 6 t ha-1 
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There was an overall reduction in specific gravity with the increase in storage time 

and variation was found among different genotypes (Asmamaw et al., 2010). 

Vermicompost had a great effect on increasing specific gravity of potato tubers. With 

the increasing of Vermicompost levels were shown maximum specific gravity in 

tuber (Agrawal et al., 2017). 

CONCLUSION 

From the study, it can be concluded that the variety and vermicompost have shown 

the statistically significant variation among the parameters studied under the 

experiment. Based on storage and processing parameters, it can be said that V3: 

BARI Alu-25 (Asterix) has shown better performance on most of the varieties and 

M4: 6 t ha
-1

 has shown a significantly better result on most of the vermicompost 

levels. The potato growers of Bangladesh may apply vermicompost on their field at 

the rate of 6 t ha
-1

 for better processing quality in combination with potato varieties 

Lady Rosetta and Asterix. 
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ABSTRACT 

Phenotypic divergence was quantified by multivariate analysis among 
the 70 genotypes collected from different agro-climatic regions and was 
available in the gene bank of Energypac Agro Ltd., Gazipur, Bangladesh. 
Based on the phenotypic value of 11 characters, 70 genotypes were 
grouped into five clusters. The genotypes of tomato were distributed in 
different clusters suggesting that no association was found between 
geographical and phenotypic diversity. Cluster II consisted of maximum 
twenty three genotypes (32.86%) followed by cluster III of sixteen 
genotypes (22.85%). Cluster IV and Cluster V comprised of thirteen 
(18.57%) and ten genotypes (14.29%), respectively. Cluster I consisted 
of eight genotypes (11.43%). The highest intra-cluster divergence 
(0.061) for cluster I was invariably smaller than the lowest inter-cluster 
divergence between cluster IV and cluster V (2.83), thus authenticating 
the clustering pattern formed in this study. The intra-cluster divergence 
ranged from 0.007 to 0.061, whereas the inter-cluster divergence ranged 
from 2.83 to 8.34 between clusters IV and V and clusters III and V, 
respectively. The four characters that played the greatest role in 
differentiation were locule number per fruit, pericarp thickness, fruits per 
plant and days to 50% flowering. Twenty homozygous parents (15 
female and five male) were selected from five clusters using range test 
among genotypes within cluster. From cluster I parents TM409, TM386 
and TM528 and from cluster III parents TM403 and TM349 were 
selected as male. Parents TM356, TM361, TM368, TM371, TM377, 
TM384, TM422 and TM423 from cluster II; parents TM388, TM390, 
TM392 and TM410 from cluster IV and parents TM382, TM419 and 
TM360 from cluster V were selected as female. 

Keywords: Tomato, Parent selection, Phenotypic value, Multivariate 

analysis 
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INTRODUCTION 

Tomato (Solanum lycopersicum L.) belongs to Solanaceae is one of the important and 

popular vegetable in the world. It is considered the second important vegetable in 

Bangladesh after potato because of its wider adaptability, high nutritional value, high 

yielding potential, multipurpose uses and commercial important (Reddy et al., 2013). 

Tomato is diploid (2n = 24) and self-pollinated annual crop. It is source of rich 

lycopene that acts as an antioxidant which is often colligated with carcinogenesis 

(Bai and Lindhot, 2007). In Bangladesh the average yield of tomato is very low 

(13.68 t ha
-1

) compared to other tropical countries (BBS, 2018).  

The knowledge of available genetic diversity is an important factor for any heritable 

improvement and selecting desirable parents from a germplasm for the successful 

breeding programe. Among the various methods identified/developed to study the 

genetic divergence in the genotypes. Mahalanobis D
2
 (Mahalanobis, 1936) is reliable 

and the most frequently used. D
2
 analysis is a useful tool in quantifying the degree of 

divergence between biological population at genotypic level and to assess relative 

contribution of different components to the total divergence, both at the inter and 

intra-cluster levels. The grouping of genotypes into different clusters is done by 

Tocher’s method as described by Rao (1952). An improvement in yield and related 

traits in self-pollinated crops like tomato is normally achieved by selecting the 

genotypes with desirable character combinations existing in nature or by 

hybridization (Reddy et al., 2013; Nalla et al., 2014). It is very useful technique of 

measuring genetic divergence as reported by various workers (Meena and Bahadur, 

2015). Considering the above facts, the present studies had been planned with the 

objective to assess the extent of phenotypic diversity and identify promising 

accessions to use in future hybridization program from the available gene pool based 

on eleven quantitative traits. 

MATERIALS AND METHODS 

The present investigation was carried out R&D center, Energypac Agro Ltd., 

Gazipur. Seventy tomato genotypes were used as experimental materials (Table 1). 

Experiment was laid out in RCBD design with three replications during Rabi season 

of 2012-13. Seed sowing was carried out in October in the nursery. Thirty days old 

seedlings were transplanted in the field in Mid November with spacing of 40 cm 

between plants and 60 cm between rows. Necessary intercultural operations were 

carried out during cropping period for proper growth and development of the plants. 

Data were recorded on various morphological traits such as days to 50% flowering, 

flower per cluster, fruits per cluster, fruits per plant, plant height, fruit weight, fruit 

length, fruit diameter, pericarp thickness, locule number per fruit and fruit yield per 

plant. The means of characteristics per accessions of three replicates were subjected 

to D
2
 and canonical analyzes for genetic divergence (Mahalanobis,1936; Rao, 1952). 
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Table 1. List of tomato germplasm and their origin 

Designation Origin 

TM341, TM342, TM343, TM344, TM354, TM355, TM356, TM382, 

TM383, TM384, TM388, TM390, TM392, TM393, TM403, TM404, 

TM405, TM406, TM407, TM408, TM423, TM425, TM445, TM429, 

TM385, TM399, TM491, TM497, TM395, TM360, TM510 

India 

TM361, TM368, TM369, TM370, TM371, TM374, TM375, TM376, 

TM377, TM426, TM428, TM427, TM386, TM357, TM400, TM467, 

TM470, TM372, TM462, TM463, TM458, TM460, TM465, TM466, 

TM412, TM394, TM349, TM514, TM521, TM524, TM508 

Bangladesh 

TM409, TM528 China 

TM515 Italy 

TM410, TM417, TM419, TM420, TM422 Thailand 

RESULTS 

Seventy tomato genotypes were used to study the genetic diversity among them. 

ANOVA showed the presence of significant variation among the tested genotypes in 

respect of the yield and yield related characters (Table 2). 

PCA analysis 

The results showed that the first principal axis largely accounted for the variation 

among the genotypes which alone contributed 25.31% of the total variation (Table 3). 

The first four axis of the principal component with eigen values above unity 

accounted for 73.59% of the total variation among the 11 axis. The rest seven axes 

contributed remaining 26.41% of total variation.  

Table 2. Analysis of variances for yield and yield related characters of 70 genotypes 

in tomato 

Variation

s 
Df 

MS 

D50%F FPC FRPC FPP PH FW FL FD PT LN FYP 

Rep 2 14.57 0.08 2.83 23.41 35.616 593.43 0.07 0.15 0.53 0.01 0.76 

Var 
69 

162.58*

* 

2.10*

* 

2.64*

* 

212.54*

* 

593.15*

* 

1437.91*

* 

1.47*

* 

0.87*

* 

2.46*

* 

4.76*

* 

1.30*

* 

Error 138 4.63 0.52 0.42 36.24 71.44 282.81 0.15 0.14 0.55 0.46 0.42 

** >P 1%, DF= degrees of freedom, MS= mean sum of square, D50%F= days to 50% flowering, FPC= 

flower per cluster, FRPC= fruits per cluster, FPP= fruits per cluster, PH= plant height (cm), FW= Fruit 

weight (g), FL= Fruit length (cm), FD= Fruit diameter (cm), PT= Pericarp thickness (mm), LN= Locule 

number per fruit and FYP= Fruit yield per plant (Kg). 
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Table 3. Eigen values and percent contribution of 11 axis of 70 germplasm 

Clustering and Cluster Distance 

On the basis of nonhierarchical clustering, 70 tomato genotypes were grouped into 

five clusters (Table 4). Cluster II included of 23 genotypes (32.86%) and it was 

followed by cluster III of 16 genotypes (22.85%), cluster IV comprises 13 genotypes 

(18.57%), cluster V consisted of 10 genotypes (14.29%) while cluster I consisted 

eight genotypes (11.43%). The inter-cluster distance ranged from 2.83 to 8.34 (Table 

5). The inter cluster D
2
 values were maximum (8.34) between the cluster III and 

cluster V, followed by III and I (6.86) and III and IV (6.32). The intra cluster distance 

was highest in cluster I (0.061) followed by cluster III (0.016) and the lowest in 

cluster IV (0.008).  

Table 4. Distribution of 70 tomato genotypes in five different clusters 

Cluster no. No. of Genotypes Genotypes 

I 8 
TM342, TM344, TM370, TM409, TM425, TM386, TM357, 

TM528 

II 23 

TM341, TM354, TM355, TM356, TM361, TM368,TM371, 

TM376, TM377, TM384, TM405, TM406, TM422, TM423, 

TM426, TM427, TM385, TM491, TM463, TM465, TM510, 
TM521, TM524 

III 16 

TM343, TM369, TM374, TM403, TM404, TM417, TM420, 

TM428, TM462, TM466, TM412, TM394, TM349, TM514, 
TM515, TM508 

IV 13 
TM375, TM383, TM388, TM390, TM392, TM393, TM407, 

TM408, TM410, TM445, TM497, TM458, TM460 

V 10 
TM382, TM419, TM429, , TM400, TM399, TM395, TM467, 

TM470, TM360, TM372 

 70  

Characters Eigen values Percent variation Cumulative % 

I 2.78 25.31 25.31 

II 2.21 20.17 45.48 

III 1.65 15.01 60.49 

IV 1.44 13.10 73.59 

V 0.94 8.55 82.14 

VI 0.76 6.99 89.13 

VII 0.65 5.92 95.05 

VIII 0.30 2.78 97.83 

IX 0.14 1.34 99.17 

X 0.05 0.50 99.67 

XI 0.03 0.33 100.00 
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Table 5. Intra (bold) and inter-cluster divergence (D
2
 values) among five clusters of 

tomato 

Clusters I II III IV V 

I 
0.061 

(0.246) 

5.27 

(2.30) 

6.86 

(2.62) 

4.29 

(2.07) 

6.06 

(2.46) 

II  
0.005  

(0.070) 

3.73 

(1.93) 

3.11 

(1.76) 

5.18 

(2.28) 

III   
0.016 

(0.126) 

6.32 

(2.51) 

8.34 

(2.89) 

IV    
0.007 

(0.084) 

2.83 

(1.68) 

V     
0.011 

(0.105) 

D value in parenthesis 

Cluster mean analysis 

Minimum days to 50% flowering were observed in cluster I (53.92) (Table 6). 

Maximum (6.47) flowers per cluster were observed in cluster III. Genotypes in 

cluster III had the highest mean (5.99) for fruits per cluster. Maximum fruits per plant 

(32.10) and plant height (119.14) were observed in cluster III and cluster I, 

respectively. Cluster V and cluster IV had the maximum average fruit weight 

(123.35) and fruit length (5.99), respectively. Highest fruit diameter (6.29) and 

pericarp thickness (8.20) both were recorded in cluster V. Minimum locule number 

per fruit was observed in cluster III (2.80). A highest fruit yield per plant was 

recorded by the genotype making up cluster I (2.51). 

Table 6. Cluster mean values of 11 characters of 70 genotypes 

Characters I II III IV V 

Day to 50% flowering 53.92 54.51 63.98 56.95 59.97 

Flower per cluster (no.) 5.81 6.15 6.47 5.85 5.99 

Fruit per cluster (no.) 5.88 5.24 5.99 5.05 5.59 

Fruits per plant (no.) 28.11 25.58 32.10 19.50 17.80 

Plant Height (cm) 119.14 82.70 87.23 89.76 80.27 

Average fruit weight (g) 90.81 82.94 59.88 102.45 123.35 

Fruit length (cm) 5.61 5.47 5.27 5.99 5.97 

Fruit diameter (cm)  5.70 5.43 4.93 5.77 6.29 

Pericarp thickness (mm) 7.33 7.70 7.23 7.84 8.20 

Locule number per fruit 3.85 3.23 2.80 3.55 3.87 

Fruit yield per plant (Kg) 2.51 2.05 1.92 1.99 2.16 
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Table 7. Relative contributions of eleven characters of 70 genotypes 

Selection of parents 

The genotypes of cluster I best in terms of early flowering, high yielder and tall plant 

(Table 11). The genotypes of cluster II produced early maturing and medium yielder. 

The genotype of cluster III possessed highest flower and fruit per cluster and highest 

fruit per plant. The genotypes of cluster IV produced longer fruit and higher fruit 

weight and the cluster V possessed highest fruit weight, more fruit diameter, pericarp 

thickness and locule number per fruit. To select potential homozygous parents from 

each cluster, DMRT was done within each cluster. That`s why mean values with 

DMRT of studied traits are presented in Table 8-10.  

Table 8. Mean performance for 11 traits of genotypes of cluster I & V 

Cluster Genotype DFPF FPC (no.) 
FRPC 

(no.) 

FPP 

(no.) 
PH (cm) FW (g) 

FL 

(cm) 

FD 

(cm) 

PT 

(mm) 
LN 

FYP 

(Kg) 

I 

TM342 52.00b 5.67ab 5.83-ac 33.11a 111.46ab 83.16bc 5.86bc 5.11b 7.72b 2.33c 2.76a 

TM344 52.67b 6.22a 6.67ab 29.83ab 112.74ab 104.86ab 7.15a 5.50b 8.83a 2.00c 3.13a 

TM370 54.00ab 6.67a 5.56a-d 34.22a 137.38a 62.52c 5.16d-f 5.19b 6.29e 3.42b 2.12ab 

TM409 52.33b 4.78bc 5.35cd 14.50c 118.17ab 93.50b 5.14ef 5.75ab 7.58bc 4.00ab 1.38b 

TM425 49.33c 5.89ab 4.44d 34.35a 103.07ab 84.16bc 5.52cd 5.51b 7.33b-d 2.22c 2.94a 

TM386 52.67b 6.56a 5.96a-c 21.50bc 87.16b 118.78a 5.49de 6.38a 6.84c-e 4.76a 2.53a 

TM357 55.67a 6.11a 6.75a 24.67ab 117.33ab 94.85b 5.03f 5.81ab 6.75de 4.17ab 2.36ab 

TM528 48.00c 3.78c 5.44b-d 29.63ab 115.94ab 84.39bc 5.99b 5.73ab 8.13ab 3.67ab 2.49ab 

V TM382 57.00d 5.11c 4.67bc 22.67a-c 73.73c 112.53a 6.17b 6.17bc 7.95a 4.67b 2.58a 

Characters 
Principal Component 

Vector-1 Vector-2 

Day to 50% flowering 0.0156 0.0262 

Flower per cluster (no.) -0.1173 0.0811 

Fruit per cluster (no.) 0.3464 -0.3603 

Fruits per plant (no.) 0.0738 0.0226 

Plant Height (cm) -0.0420 -0.1169 

Average fruit weight (g) -0.1248 0.0229 

Fruit length (cm) 0.1940 -0.2653 

Fruit diameter (cm) 0.0546 -0.8500 

Pericarp thickness (mm) 0.0925 0.4530 

Locule number per fruit 0.4192 0.2609 

Fruit yield per plant (Kg) -0.6675 0.4550 
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Cluster Genotype DFPF FPC (no.) 
FRPC 

(no.) 

FPP 

(no.) 
PH (cm) FW (g) 

FL 

(cm) 

FD 

(cm) 

PT 

(mm) 
LN 

FYP 

(Kg) 

TM419 67.33b 7.33a 7.00a 24.53a 137.00a 119.07a 5.00c 7.03a 5.99b 9.00a 2.90a 

TM429 75.33a 5.22c 5.35bc 15.50c-e 79.17bc 115.28a 7.08a 5.68c 9.00a 2.00c 1.70a 

TM400 54.67d 6.78ab 7.00a 15.82b-e 83.00bc 124.04a 5.92bc 6.17bc 8.14a 4.37b 1.96a 

TM399 56.67d 6.00bc 6.67a 21.83a-c 87.00b 122.50a 5.51bc 6.33a-c 8.08a 4.00bc 2.70a 

TM395 60.33c 6.00bc 4.22c 15.11c-e 74.67c 130.20a 5.87bc 6.33a-c 7.92a 3.17bc 1.99a 

TM467 62.00c 6.22a-c 5.44b 9.67e 77.67bc 133.68a 5.87bc 6.42a-c 8.17a 4.17bc 1.26a 

TM470 62.67c 6.22a-c 4.67bc 18.00a-d 81.00bc 123.08a 6.18b 6.93ab 9.28a 4.11bc 2.22a 

TM360 61.33c 6.33a-c 7.11a 24.00ab 80.00bc 113.86a 5.95bc 5.92c 8.17a 2.83bc 2.77a 

TM372 61.00c 5.78bc 5.35bc 11.50de 73.83c 143.55a 5.94bc 6.74ab 9.17a 3.83bc 1.65a 

Table 9. Mean performance for 11 traits of genotypes of cluster II 

Cluster Genotype DFPF FPC (no.) FRPC (no.) FPP (no.) PH (cm) FW (g) FL (cm) FD (cm) PT (mm) LN FYP (Kg) 

II 

TM341 55.00d-f 8.11a 6.33a-d 25.33b-d 78.01c-f 76.08a-c 5.97a-c 5.00de 7.75a-f 2.33gh 1.94a-e 

TM354 48.33g-j 6.74b 4.44g 20.67b-d 79.53b-f 85.98a-c 5.20c-f 5.75a-c 7.97a-e 3.50c-f 1.84a-e 

TM355 61.33bc 5.89b-d 4.22g 16.67cd 84.31a-e 74.96bc 5.80a-e 4.88e 7.56b-g 2.33gh 1.25de 

TM356 51.67e-i 6.44b 5.44c-g 28.08a-c 83.86a-e 91.99ab 5.75b-e 5.77a-c 7.30c-g 4.00b-d 2.58a-c 

TM361 53.67e-g 4.89cd 4.67fg 23.67b-d 87.13a-d 84.38a-c 5.32c-f 5.68a-d 7.00d-g 4.67b 2.04a-e 

TM368 53.00e-h 6.56b 7.11a 33.58ab 79.74b-f 68.34c 5.09ef 5.25b-e 6.30g 3.27c-g 2.29a-e 

TM371 47.33h-j 6.78b 5.78b-f 33.22ab 78.66b-f 86.88a-c 5.23c-f 5.72a-c 8.90a 3.27c-g 2.87a 

TM376 57.00c-e 6.33b 6.22a-e 20.67b-d 68.97f 95.32a 5.33c-f 5.97ab 7.67a-f 4.67b 1.98a-e 

TM377 64.33b 5.78b-d 6.75ab 15.33cd 73.33ef 92.07ab 5.57b-f 5.37a-e 6.56fg 3.78b-e 1.38c-e 

TM384 50.33f-j 6.44b 4.44g 21.60b-d 74.81d-f 84.93a-c 5.49c-f 5.56a-e 8.19a-d 2.71e-h 1.83a-e 

TM405 55.33d-f 6.67b 5.00e-g 20.34b-d 90.13a-c 86.12a-c 5.33c-f 5.33a-e 8.38a-c 2.00h 1.45c-e 

TM406 46.00ij 5.78b-d 5.00e-g 15.78cd 77.82c-f 87.30a-c 5.19c-f 5.50a-e 6.79e-g 4.33bc 1.38c-e 

TM422 50.00f-j 6.11bc 4.44g 22.73b-d 92.32ab 70.83c 5.93a-d 5.27b-e 8.17a-d 2.33gh 1.61b-e 

TM423 50.33f-j 4.67d 6.67a-c 33.50ab 88.42a-d 82.28a-c 5.38c-f 5.52a-e 7.83a-f 3.00d-h 2.76ab 

TM426 52.33e-h 4.89cd 4.22g 38.44a 78.66c-f 75.65a-c 5.31c-f 5.12c-e 8.00a-e 2.33gh 2.90a 

TM427 51.33ei 6.67b 4.67fg 32.48ab 84.33a-e 72.04bc 5.18d-f 5.27b-e 7.09c-g 3.33c-g 2.34a-d 

 

TM385 56.67c-e 6.56b 5.35d-g 25.89a-d 89.78a-c 84.68a-c 5.51c-f 5.48a-e 8.39a-c 2.55f-h 2.20a-e 

 TM491 45.33j 5.56b-d 4.44g 12.77d 79.40b-e 82.49a-c 4.92f 5.56a-e 5.19h 6.87a 1.05e 

 TM463 71.00a 6.22bc 5.78b-f 26.00a-d 87.33a-d 81.37a-c 6.48a 4.89e 8.89a 2.00h 2.11a-e 

 TM465 59.33b-d 6.22bc 5.96a-e 23.00b-d 95.67a 75.12a-c 4.86f 5.26b-e 7.50b-g 2.58f-h 1.74a-e 

 TM510 60.33b-d 5.44b-d 7.00ab 21.00b-d 82.21a-f 84.83a-c 6.29ab 5.13c-e 8.67ab 2.00h 1.81a-e 

 TM521 56.33c-e 6.14bc 4.44g 33.00ab 84.06a-e 76.80a-c 5.57b-f 5.17c-e 7.18c-g 2.67f-h 2.56a-c 

 TM524 53.33e-g 5.78b-d 4.22g 32.33ab 84.33a-e 85.24a-c 4.81f 6.04a 7.33c-g 4.00b-d 2.79ab 

Values with same letter(s) are statistically identical at 5% level of probability 
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Table 10. Mean performance for 11 traits of genotypes of cluster III & IV 

Cluster Genotype DFPF FPC (no.) FRPC (no.) FPP (no.) PH (cm) FW (g) FL (cm) FD (cm) PT (mm) LN FYP (Kg) 

III 

TM343 52.33g 8.33a 7.00a 34.11b-d 76.25e 60.98cd 6.16b 4.73b-d 7.78a-d 2.00f 2.09b-e 

TM369 68.67cd 7.33ab 5.35c-e 32.17b-e 91.73b-d 47.06d 4.15f 4.90b-d 6.50d-f 3.33cd 1.51de 

TM374 56.00ef 5.67c-f 5.00c-f 20.22ef 85.70c-e 119.37a 5.64b-d 6.07a 7.50a-e 4.67b 2.40b-d 

TM403 54.00fg 7.00a-c 5.56cd 22.58d-f 75.01e 83.41bc 5.86bc 5.56a-c 8.46ab 2.58d-f 1.88c-e 

TM404 56.00ef 6.33b-e 5.78bc 21.33d-f 75.18e 61.39cd 5.20cd 5.07b-d 8.00a-c 2.00f 1.24de 

TM417 67.00d 7.45ab 6.75ab 30.19b-f 79.50de 54.26d 4.09f 5.14b-d 7.18b-f 4.00bc 1.59de 

TM420 77.67a 6.12b-e 6.67ab 33.75b-e 75.50e 63.43b-d 4.00f 5.48a-d 6.18ef 5.67a 2.15b-e 

TM428 52.67g 5.22ef 5.44c-e 25.33c-f 93.68bc 58.50cd 5.00de 5.03b-d 6.33ef 2.00f 1.50de 

TM462 69.33cd 7.34ab 5.56cd 21.67d-f 84.00c-e 61.72cd 4.32ef 4.87b-d 6.00f 3.17c-d 1.23de 

TM466 71.33bc 5.67c-f 6.75ab 40.78ab 82.93c-e 71.56b-d 7.03a 4.90b-d 7.89a-c 2.00f 2.85bc 

TM412 57.00ef 5.56d-f 6.67ab 42.83ab 79.67de 71.15b-d 6.91a 4.70cd 7.78a-d 2.44ef 3.18b 

TM394 73.67b 6.22b-e 4.44ef 37.50a-c 89.67b-d 60.59cd 5.05de 5.07b-d 6.83c-f 3.33cd 2.29b-d 

TM349 55.00eg 4.67f 4.22f 17.33f 105.67a 56.01cd 5.37cd 4.67cd 7.50a-e 2.00f 0.98e 

TM514 69.00cd 6.67b-d 5.44c-e 39.33ab 109.50a 49.01d 5.53b-d 4.60d 8.57a 2.00f 1.91c-e 

TM515 73.00b 7.11ab 6.67ab 39.44ab 98.22ab 54.25d 5.87bc 4.63d 8.44ab 2.00f 2.12b-e 

TM508 57.67e 6.41b-e 4.67d-f 48.82a 86.72b-e 89.79b 5.00de 5.63ab 7.96a-c 3.67c 4.31a 

IV 

TM375 56.33c 4.33d 5.35bc 22.83a-d 93.49bc 109.24a 5.75d 5.78a-d 8.17b-d 4.00ab 2.51ab 

TM383 54.33c-e 5.11cd 4.78bc 18.67b-e 89.04bc 98.55a 5.32d 5.73a-d 7.33c-e 4.11ab 1.80b-d 

TM388 55.33cd 5.56cd 4.22c 22.67a-d 105.09a 108.99a 5.53d 6.11a 6.50e 4.89a 2.49ab 

TM390 54.33c-e 5.33cd 4.78bc 23.92a-c 79.76de 99.51a 5.63d 5.68a-d 6.88de 3.92ab 2.35a-c 

TM392 55.33cd 5.67c 4.67bc 19.17a-e 86.36cd 97.96a 5.38d 5.95a-c 6.83de 4.17ab 1.88b-d 

TM393 53.67c-e 7.11ab 5.00bc 26.00a 93.78bc 96.78a 6.78bc 5.40cd 9.71a 2.42d 2.53ab 

TM407 52.33e 5.67c 4.33c 17.50c-e 85.88cd 111.49a 5.34d 6.14a 7.19c-e 4.83a 1.94a-d 

TM408 52.67de 5.78c 4.67bc 15.75de 93.32bc 102.58a 5.59d 5.79a-d 7.33c-e 4.40ab 1.62cd 

TM410 66.00a 7.33a 5.96ab 15.67de 75.33e 100.16a 5.72d 5.80a-d 7.17c-e 3.50bc 1.52d 

TM445 56.00c 6.00bc 7.11a 14.00e 92.50bc 104.88a 7.41a 5.36d 8.40a-c 2.33d 1.48d 

TM497 56.33c 6.44a-c 4.44bc 16.23de 95.63b 90.67a 5.69d 6.02ab 8.50a-c 2.89cd 1.42d 

TM458 64.67ab 6.11a-c 5.00bc 25.44ab 86.26cd 108.70a 7.23ab 5.81a-d 9.37ab 2.00d 2.75a 

TM460 63.00b 5.56cd 5.35bc 15.67de 90.50bc 102.34a 6.53c 5.50b-d 8.50a-c 2.75cd 1.60cd 

Table 11. Parent selection from different clusters and their saline features 

Cluster Salient features Selected parent genotypes 

I Early flowering 

Tall plant 

High fruit yield  

TM409, TM386, TM528 as male 

II Early flowering 

Medium yielder 

TM356, TM361, TM368, TM371, TM377, TM384, 

TM422, TM423 as female 

III High flower and fruit per cluster 

High fruits per plant 

TM403, TM349 as male 

IV Longer fruit 

Higher fruit weight  

TM388, TM390, TM392,TM410 as Female 

V Highest fruit weight  

More fruit diameter 

More pericarp thickness 

More locule number per fruit 

TM382, TM419, TM360 as Female 
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DISCUSSION 

The clustering pattern indicates that there was no association between geographical 

distribution of genotypes and genetic divergence. This result suggests that the 

factor(s) other than geographical separation is responsible for divergence. Singh et al. 

(2008) reported eight clustering in tomato, Sharma et al. (2006) studied with 60 

genotypes of tomato and had 10 clusters and Prasanth (2003) had seven clusters for 

67 tomato genotypes. The present genotypes were grouped into five clusters. Among 

the five clusters, cluster II was the biggest with 23 genotypes, followed by III and IV 

with 16 and 13 genotypes. This result supported to the Mahesh et al. (2006) results, 

they reported 11 genotypes in cluster II and Singh et al. (2008) reported 10 each in 

cluster I & II.  

The maximum inter cluster distance recorded between III and V clusters (8.34) 

indicate to obtain wide variability of the genotypes in these clusters. The moderate 

distance was between cluster I and II (5.27). It was apparent that the genotypes 

included cluster III was far diversed from cluster V and where genotypes belonging 

to V and IV were the least diversed followed by IV and II. Genotypes of cluster III-

IV, III-I and I-V were moderately diversed from each other. Therefore, the genotypes 

present in the clusters III and V or I and II could be utilized for successful 

hybridization progarmme. Inter cluster distance was observed maximum between 

cluster V and VI by Prasanth (2003). Considerable diversity between clusters was 

noticed by Dharmatti et al. (2001). Hybridization among the genotypes drawn from 

widely divergent clusters with high yield potential would likely to manifest 

maximum heterotic combinations as well as new recombination with desired traits. 

The intra cluster distance was maximum in cluster I (0.061) was invariably smaller 

than the lowest inter cluster divergence between clusters IV and V (2.83), thus 

authenticating the clustering pattern formed in this study. The maximum intra-cluster 

distance was reported by Prasanth (2003) in cluster IV. The intra cluster distances in 

all the five clusters were lower than the inter cluster distances and which indicated 

that genotypes within the same cluster were closely related.  

First principal component axis contributed maximum (25.31%) each towards total 

divergence followed by 2
nd

 PCA (20.17%), 3
rd

 PCA (15.01%), 4
th
 PCA (13.10%), 5

th
 

PCA (8.55%) and 6
th
 PCA (6.99). These results were almost in accordance with the 

studies of Prasanth (2003). 

Cluster I mainly an early flowering genotype e.g. it produced the lowest values for 

50% flowering. They possessed the highest mean values for plant height and yield. 

This findings support to the result of Arun et al. (2003) for these traits. The genotypes 

under cluster II were also early flowering and higher yielder. Cluster III has late 

flowering and maximum flowers and fruits per cluster, fruits per plant and the lowest 

fruit weight, fruit length, fruit diameter, pericarp thickness, locule number per fruit. 

The genotypes belong to the cluster IV were oblong fruit and lowest number of fruits 

per cluster. The genotypes of the cluster V were shorter plant statue and the least 
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number of fruits per plant. They also had larger fruit size along with most fruit 

diameter and pericarp thickness. In general, cluster V had maximum mean for most 

of the characters followed by cluster I including yield in the present study. 

Selection of parents 

From five clusters twenty parents were selected based on mean value within each 

cluster. From cluster I the genotypes TM409, TM386 and TM528 and from cluster III 

genotypes TM403 and TM349 were selected as male (tester) parent. Other hand, the 

female (line) parents were selected as TM356, TM361, TM368, TM371, TM377, 

TM384, TM422 and TM423 from cluster II; genotypes TM388, TM390, TM392 and 

TM410 from cluster IV; and genotypes TM382, TM419 and TM360 from cluster V 

for line x tester (15 x 5) cross. 

CONCLUSION 

Parent selection is an important step in any breeding program. In the present study, 

20 genotypes out of 70 were selected using cluster analysis and mean performance. 

Cluster analysis developed uniform group and mean separation helped in selection 

parent from each uniform group. Genetic potentiality of the selected parents could be 

evaluated by combining ability and heterotic hybrid. 
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ABSTRACT 

A season wise survey was conducted on the fungal diseases of some 
important cultivated medicinal plants in two consecutive years 2014 and 
2015 in the northern region of Bangladesh. Eleven fungal diseases 
namely root rot (Fusarium solani) and leaf blight (Alternaria alternata) of 
Ashwagandha, leaf spot (Curvularia lunata) and collar rot (Fusarium 
oxysporium) of Alovera, powdery mildew (Erysiphe sp.) and root rot 
(Fusarium oxysporium) of Tulsi, collar rot (Fusarium oxysporium) and 
leaf spot (Collettotrichum gloeosporioides) of Kalmegh, tuberous rot 
(Fusarium solani) and stem rot (Fusarium oxysporium) of Satamuli, and 
root rot (Fusarium solani) of Basak were recorded. Most of the diseases 
were found in the rainy season’s comparative to other seasons. Among 
all the above-mentioned diseases, the powdery mildew (Erysiphe sp.) of 
Tulsi was found mainly in winter season. With the spreading of these 
fungal diseases on medicinal plants could be a set back to the industry 
associated with the formulation of its medicinal products. Therefore, this 
work may encourage other researchers to study these diseases further 
for development of proper management. 

Keywords: Medicinal plant, Survey, Fungal diseases, Causal organism, 

Disease incidence.  

INTRODUCTION 

The importance of medicinal plants is increasing day by day. In recent years, 

traditional medicine has made a comeback for a variety of reasons including side-

effects and toxicity of modern synthetic drugs, evolution of multi-drug resistance 

microorganisms, and the inability of modern medicine to find effective cures for a 

number of diseases. More than 70% of the developing world’s population now 

depends on traditional medicinal system, otherwise known as complementary or 

alternative systems of medicine (Azaizeh et al., 2010). In Bangladesh, about 500 
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plant species have been identified as medicinal plant because of their therapeutic 

properties (Ghani, 1998). A large number of industries (400 herbal factories) have 

been established in this country for producing Ayurvedic, Unani and Kabiraji 

medicines and about six thousand metric tons of medicinal plants are required 

annually by the relevant industries in Bangladesh for producing traditional medicines 

(Sharmin, 2004). There is worth of 11 million US dollars medicinal plant market in 

Bangladesh (Bregum, 2004). Considering of its market potential, government and 

some non-government organization have taken mass program to cultivate medicinal 

plants in to the northern areas of Bangladesh organizing farmers of low-income 

group, especially the woman. Major cultivated plant species are Ashwagandha 

(Withaniasomnifera L.), Basak (Adhatodavasica), Tulsi (Ocimum sanctum L.), 

Kalmegh (Andographispaniculata), Aloevera (Aloe indica L.) and Satamuli 

(Asparagus racemosus). These medicinally important plants are facing serious 

problems of the fungal attack. It’s adversely affected the medicinal plant parts and 

decreases the medicinal value of that part. It may be harmful to the human body 

while using these infected parts as a medicine (Chavan and Korekar, 2011). But in 

Northern area of Bangladesh the research in diseases of medicinal plants is very few 

or none. So, identification of the infected fungi is important. Therefore, the purpose 

of this study was to survey and identify fungal diseases and pathogens associated 

with the selected medicinal plants of the northern areas of Bangladesh.  

MATERIALS AND METHODS 

Survey Area 

Four districts of Rajshahi and Rangpur division which are mid-western and northern 
region of Bangladesh were selected for the survey study. Natore, Bogra and 
Jaoypurhat districts of Rajshahi Division and Gaibandha district of Rangpur Division 
were designated for survey. A total of seven (7) Thana/ Sub-station were surveyed of 
four selected districts. The selected region has a subtropical monsoon climate 
characterized by wide seasonal variations in rainfall, moderately warm temperatures 
and high humidity. Three seasons are generally recognized: a hot, humid summer 
from April to June; Rainy monsoon season from June to October and a cool, dry 
winter from October to March. In general, maximum summer temperatures range 
32ºC-38ºC. April is the warmest month of the country. January is the coldest month, 
when the average temperature for most of the country is 10ºC. The northern part is 
mainly agriculture-based area, which is 23% of total area of Bangladesh and 24% of 
total population live here (Banglapedia, 2012). The mass population of northern 
Bangladesh is under poverty line, struggling hard for a better living standard. 
Recently, medicinal plants are commercially cultivated (Ashwaganda, Aloevera, 
Kalmegh, Tulsi, Basak and Satamuli) in the district of Natore, Bogra, Gaibandha, 
Joypurhat, Rangpur and Naogoan to fulfill the demand of Pharmaceuticals, 
Ayurvadic and Kabirazi uses. In order to study the disease incidence (%) of selected 
medicinal plant was surveyed in summer, rainy and winter season in selected region 
of Bangladesh during 2014-2015.  
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Sample collection, isolation of fungi and estimation of disease incidence 

Leaf blight, leaf spot, root rot, stem rot, powdery mildew, tuberous rot and collar rot 

samples were collected during field survey. All the samples with the symptoms of 

disease were collected in separate plastic bags. The name of plant, places and time of 

samplings were recorded. Samples were taken into the laboratory (Lab.) and the 

fungi were isolated by using standard moist blotter method (SBM) and Agar plate 

methods (APM). The survey was conducted on the basis of random sampling 

method. The disease incidence (%) was calculated by following formula. 

 

Disease incidence (%) =   

 

Identification of fungi 

Fungi were identified on the basis of morphological and microscopic characteristics. 

Pure cultures of these fungi were prepared and maintained on potato dextrose agar 

(PDA) slants. Plant pathogenic agents of powdery mildews could not grow on most 

commonly used nutrient media in lab conditions. So, this fungus was identified as 

such, according to microscopic structures and classified on several related keys and 

references (Barnett and Hunter, 1999). Pathogenicity tests were carried out in field 

conditions and the fungi were re-isolated from these plants and identified. The causal 

organism, morphological and microscopic characteristics of the pathogen and 

symptoms of the diseases were examined and recorded during experimentation. 

Statistical analysis 

All data were analyzed by Duncan’s Multiple Range Test (DMRT) using the computer 

based program SPSS (SPSS Inc., Chicago, IL, USA). 

Results and Discussion 

Several fungal diseases were found from the infected medicinal plants in survey 

areas. The causal organism, morphological and microscopic characteristics of the 

pathogen and symptoms of the diseases are summarized in Table 1 and 2. After 

identification of the pathogens the result indicated that the medicinal plant Withania 

somnifera was attacked by the leaf blight and root rot disease caused by Alternaria 

alternata and Fusarium solani, respectively. These diseases were found in summer, 

winter and rainy season. It was observed that the rainy season is more favorable for 

both diseases. In rainy season, the highest disease incidence (%) of root rot and leaf 

blight was recorded 96.74 and 92.16% at Laxmipur village, Natore sadar thana, 

Natore district and Mohadipur village, Polashbari thana, Gaibandha district, 

respectively. The lowest disease incidence (%) of root rot and leaf blight were 

recorded 43.87 and 55.64 % at Tilakpur village, Akkelpurthana, Joypurhat district, 

and Kagoil village, Gabtoli thana, Bogra district, respectively (Table 3). Alternaria 

leaf spot of Ashwagandha (W. somnifera), caused by A. alternata and root rot wilt 

 Number of plants affected 

Total number of plants observed  
X 100 
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caused by Fusarium solani is one of the serious diseases of Ashwagandha in the 

nursery as well as in the commercial fields at Lucknow and its adjoining areas in 

North India. These diseases may cause the adverse effect on medicinal value of the 

Withania plant (Gupta et al., 2004). Root rot disease of W. somnifera plant caused by 

Fusarium solani was also recorded by Rahman et al. (2014) and reported that this 

fungus can adversely affected at nursery level. Gupta et al. (2004) reported that root 

rot disease of Ashwagandha caused by Fusarium soalani is one of the destructive 

diseases and this fungus can affect the nursery plant. The affected plants in the 

nurseries showed symptoms of yellowing, dropping and decay at seedling stage 

leading to 30-50% mortality.   

Table 1. Diseases, causal organism and disease symptoms of the some 

commercially cultivated medicinal plant in northern region of Bangladesh 

Medicinal plant Local name Diseases Causal 

Organism 

Symptoms 

 

Withenia 
somnifera L. 

Ashwaga

ndha 

Root rot 
Fusarium 

solani 

The root of infected plant showed 

pulpiness with brownish color. 

Diseased areas of the plant enlarged 

with age and turn brown. 

Longitudinal cracks were developed 

in older lesion and cortical tissues 

were discolored and decayed (Fig. 
1a). 

Leaf 
blight 

Alternaria 
alternata 

At the initial stage of infection, 

symptoms appeared as small, light 

brown spots, gradually becoming 

irregular, dark brown, concentrically 

zonate with a diffuse margin, 

frequently surrounded by light yellow 

haloes, conspicuous brownish 

concentric rings in the advance stage 
of infection (Fig. 1b). 

Aloe indica L. Aloevera 

Leaf spot 
Curvularia 

lunatus  

Small, circular to oval dark brown 

necrotic sunken spots appeared on the 

leaves. As these spots expanded, 

centre of the lesion became reddish 

brown to brown color. In the advance 

stage of infection, spots appeared on 

both the surfaces of leaf; affected area 

lost the mucilaginous gel and leads 
the death of infected leaves (Fig. 1c). 

Collar rot 
Fusarium 

oxysporium 

Small brown spot appeared near 

collar region and spread to leaf. As 

the disease progressed, growth was 

stunted and the affected plants died 
(Fig. 1d).  
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Medicinal plant Local name Diseases Causal 

Organism 

Symptoms 

Ocimum sanctum 

L. 
Tulsi 

Powdery 

mildew 
Erysiphe sp. 

The disease first appeared on young 

leaves as slightly raised blister like 

areas that soon became covered with 

greyish, white and powdery growth of 

the pathogen on mature leaves (Fig. 
1e). 

Root rot 
Fusarium 

oxysporium 

The lower taproot and lateral roots of 

infected plants was appeared brown 

to black in color and showed cortical 

decay or vascular discoloration. 

Lateral roots also died and 

decomposed and secondary roots 

were developed above them on the 
upper taproot (Fig. 1k). 

Andrographis 

paniculata 
Kalmegh 

Collar rot 
Fusarium 

oxysporium 

The affected plants showed typical 

rotting symptoms at the collar region 

on which numerous yellowish brown 

colored (Fig. 1h). 

Leaf spot 

Collettotrichu

m 

gloeosporioi
des 

Infected plants were brown or black 

water-soaked spots on the foliage, 

sometimes with a yellow halo, 
usually uniform in size (Fig. 1g).  

Asparagus 
racemosus 

Satamuli 

Tuberous 

rot 

Fusarium 

solani 

Rotten roots were soft and give out 

offensive odour particularly in 

infections involving pathogen. Stems 

became weak at the base and lodge. 
(Fig. 1e). 

Stem rot 
Fusarium 

oxysporium 

Initial symptoms showed as pale 

yellow lesions at the stem base. These 

lesions were expanded and spread to 

cause a root and stem rot. Plants were 

eventually turned brown and die (Fig. 
1f). 

Adhatoda vasica Basak Root rot 
Fusarium 

oxysporium 

Symptoms were generally included 

dark brown to black, discolored, 

decaying or completely rotted roots 

(Fig. 1i). 
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Table 2. Morphological and cultural characteristics of the pathogen 

Medicinal 

plant 

Local 

name 

Disease Causal 

organism 

Morphological and cultural characteristics 

 

Withenia 

somnifera  

L. 

Ashwagan

dha 

Root rot 
Fusarium 

solani 

Colony grown on PDA became whitish to brown. 

Macroconidia were hyaline, two-to several-celled, 

fusiform-to sickle-shaped. Microconidia were 1-

to 2-celled, hyaline, pyriform, fusiform to ovoid, 

straight or curved (Fig 2 a & b). 

Leaf blight 
Alternaria 

alternata 

Mycelium was hyaline that turned to grey- 

brownish. The conidiophores measured 42.26 µm 

(27.30-112 µm) in length and 4.29 µm (3.12-8.43 

µm) in width (Fig. 2 c & d). 

Aloe indica 

L. 
Aloevera 

Leaf spot 
Curvular 

ialunata 

The colony was dark olive-gray in color and on 

the reverse side was greyish black. Conidiophores 

were erect, long and unbranched. Conidia were 

four transverse septa and 18-29 × 10-8 µm in size 

(Fig 2 g & h). 

Collar rot 
Fusarium 

oxysporium 

The colonies were white with numerous 

microconidia in false heads on short phialides 

Microconidia were hyaline, generally single-

celled, oval or cylindrical to slightly curved, and 

5.5 to 17.2 × 2.6 to 5.5 μm. Macroconidia were 

hyaline, fusiform, slightly to moderately curved 

or cylindrical (2 j & k).  

Ocimum 

sanctum L. 
Tulsi 

Root rot 
Fusarium 

oxysporium 

The colony formed with white aerial mycelia. 

Microconidia produced on microconidiophores 

had elliptical shape and no septate. Macroconidia 

were straight to slightly curve in shape with 3 

septa.  

Powdery 

mildew 
Erysiphe sp. 

Conidia were hyaline, ellipsoid to cylindrical, 

measuring 28.1 to 35.7 × 12.9 to 14.4 μm 

(average 32.8 × 13.4 μm). The conidiophore foot 

cell was cylindrical and the appressorium lobed 

(Fig. 2 i). 

Angraphis 

peniculata 
Kalmegh 

Collar rot 
Fusarium 

oxysporium 

The mycelium was white usually becoming 

purple. Microconidia abundant and characteristic 

(bean shape). Macroconidia fusiform, slightly 

curved. 

Leaf spot 

Collettotrichu

m 

gloeosporioid

es 

Mycellium formed velvety, gray colonies with 

slightly wavy margin. The conidiogenous cells 

were hyaline, cylindrical, or tapered and 

measured up to 20 by 3 to 4 μm (2 e & f). 

Asparagus Satamuli Tuberous Fusarium 
The fungus formed white colony with dense aerial 

mycelium. Microconidia measuring 3-16 × 3-5 
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Medicinal 

plant 

Local 

name 

Disease Causal 

organism 

Morphological and cultural characteristics 

racemosus rot solani μm. Macroconidia were fusoid with a well-

marked foot cell, and 5 to 7 septate measuring 14-

46 × 3-5 μm. Chlamydospores were globose to 

oval, 6-9×7-10 μm, and terminal or intercalary. 

Stem rot 
Fusarium 

oxysporium 

Of-white floccose (cottony) mycelia observed that 

becoming tinged in purple. Microconidia (5 - 12 

X 2.3 – 3.5 µm) were usually non-septate, 

ellipsoidal and were straight. Macroconidia (23-

54 X 3.0 – 4.5 µm) were fusiform in shape. 

Adhatoda 

vasica 
Basak Root rot 

Fusarium 

oxysporium 

The mycelia were white to pink and often with 

purple tinge. Microconidia were oval-ellipsoid, 

straight to curved, 5-12 x 2.2-3.5 m, and 

nonseptate.  Macroconidia were three- to five-

septate, fusoid-subulate and pointed at both ends. 

Chlamydospores, both smooth and rough walled.    

Aloevera (Aloe indica) plant was affected by the leaf spot disease caused by the 

Carvularia lunatain in winter, summer and in rainy season. In winter season, the 

highest disease incidence of leaf spot was recorded 96.75% at Kantalbaria village, 

Natore sadar thana, Natore district and the lowest disease incidence was 59.92% 

recorded at Harinathpur village, Polashbari thana, Gaibandha district (Table 4). The 

collar rot disease of Aloevera plant caused by Fusarium oxysporium was also found 

in all three seasons and the rainy reason is favorable for this disease. In rainy season, 

the highest disease incidence of collar rot was 89.56% at Kantalbaria village, Natore 

sadar thana, Natore district and the lowest disease incidence was recorded 53.28% at 

Harinathpur village, Polashbari thana, Gaibandha district (Table 4).  The leaf spot 

disease on Aloe plant first came into limelight as purple spot disease on Aloe 

arboescens Mill. caused by Fusarium phyllophilum (Kinshi et al., 1999) and later 

Haematonectria haematococca (anamorph: Fusarium sp.) causing ring spot disease on 

Aloe barbadensis (Hirooka et al., 2007). Zhai et al. (2013) was first reported of leaf 

spots in Aloevera caused by Nigrospor aoryzae in China. 
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Table 3. Disease incidence (%) in Ashwagandha at survey areas 

Location Disease incidence (%) 

District Thana Village 

Seasons 

Summer Winter Rainy 

RRA LBA RRA LBA RRA LBA 

Gaibandha 

Sadullapur 

Banagram 90.12 b 75.62 b 57.12 a 58.16 a 96.26 ab 88.13 b 

Dhaperhat 85.76 d 69.95 def 53.23 c 54.43 b 88.54 d 73.65 ef 

Idilpur 78.97 f 73.54 c 46.86 f 43.86 d 87.42 d 78.75 c 

Kamarpara 88.39 c 60.18 h 54.76 bc 41.76 e 94.53 bc 64.75 kl 

Polashbari 

Manoharpur 68.87 jk 57.86 i 55.98 ab 40.32 e 73.42 ij 63.53 l 

Harinathpur 75.86 g 54.75 j 54.98 b 38.43 g 79.66 fg 68.86 ij 

Mohadipur 88.28 c 89.26 a 46.46 f 47.24 c 94.63 bc 92.16 a 

Natore 

Natore 

sadar 

 

Kholabaria 70.29 ij 68.16 f 35.38 j 36.28 h 78.71 g 71.28 gh 

Barabaria 69.54 ijk 74.21 bc 32.93 k 38.12 g 76.93 h 76.12 d 

Kantalbaria 78.19 f 70.12 de 40.78 h 30.13 kl 82.93 e 72.13 fg 

Toltoliapara 71.18 hi 68.54 def 38.23 i 33.24 i 80.83 f 70.42 ghi 

Laxmipur 92.63 a 70.38 d 50.94 d 37.91 gh 96.74 a 73.92 e 

Bogra 

Bogra 

sadar 

Rajapur 81.18 e 68.21 f 42.82 g 31.18 j 84.12 e 71.16 gh 

Shabgram 75.87 g 54.64 j 48.97 e 43.86 d 74.65 i 65.64 k 

Gabtoli 
Baliadighi 68.13 k 69.54 def 33.75 k 34.18 i 72.23 j 70.63 ghi 

Kagoil 72.32 h 43.75 l 38.87 i 39.32 fg 74.65 i 55.64 o 

Joypurhat 

Panchbibi 

Balighata 69.22 jk 65.63 g 37.98 i 25.14 m 70.21 k 69.18 ij 

Mohammadpur 65.54 l 59.98 h 43.54 g 32.53 ij 76.86 h 64.97 kl 

Kusumba 43.75 n 54.87 j 32.65 k 39.42 fg 54.43 m 61.16 m 

Dharangi 53.42 m 64.65 g 38.87 i 55.39 b 58.96 l 68.12 j 

Akkelpur 

Gopinathpur 36.85 p 45.76 l 25.65 m 32.75 ij 46.75 n 57.86 n 

Roykali 42.89 n 49.86 k 29.87 l 40.31 ef 53.36 m 69.53 hij 

Tilakpur 39.97 o 53.32 j 17.53 n 28.53 l 43.87 o 57.64 n 

RRA=Root rot of Ashwagandha, LBA=Leaf Blight of Ashwagandha, 

In a column same latters are not significantly different by DMRT at 5% lavel. 
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Table 4. Disease incidence (%) in Aloevera and Basak at survey areas 

Location Disease incidence (%) 

District Thana Village 

Seasons 

Summer Winter Rainy 

LSA CRA RRB LSA CRA RRB LSA CRA RRB 

Gaibandha 

Sadullapur 

Banagram 72.53 g 
75.45 

cd 
78.13 d 69.76 d 65.52 b 50.13 h 85.92 f 84.75 d 83.72 fg 

Dhaperhat 65.48 i 70.21 f 81.18 c 61.64 f 60.18 c 49.28 hi 81.16 g 75.96 f 
89.19 

de 

Idilpur 61.93 j 58.18 j 79.32 d 59.84 g 47.81 g 59.41 c 78.81 h 71.64 g 85.42 f 

Kamarpara 58.73 k 65.72 g 76.18 e 54.73 i 55.19 d 56.73 d 76.84 i 79.73 e 83.25 g 

Polashbari 

Manoharpur 45.13 o 49.13 m 72.57 g 42.97 m 38.92 k 51.93 g 60.73 l 59.43 j 78.42 ij 

Harinathpur 44.88 o 46.62 n 68.53 hi 41.24 no 36.14 l 49.18 hi 59.92 l 53.28 k 81.21 h 

Mohadipur 78.71 e 55.18 k 66.93 i 70.84 cd 44.92 h 40.32 k 90.47 d 62.53 i 76.49 k 

Natore 

Natore 

sadar 

 

Kholabaria 86.73 c 81.53 a 89.54 a 79.17 b 40.89 j 38.27 l 93.86 c 84.65 d 96.15 b 

Barabaria 89.54 b 76.74 c 79.53 e 82.64 a 50.12 f 35.48 m 
94.75 

bc 
87.32 bc 98.64 a 

Kantalbaria 90.53 b 74.49 d 81.63 c 79.95 b 49.93 f 30.75 o 96.75 a 89.56 a 89.53 d 

Toltoliapara 93.53 a 79.73 b 69.63 h 83.73 a 59.96 c 25.75 p 
95.96 

ab 
88.43 ab 91.53 c 

Laxmipur 85.42 c 72.18 e 72.73 g 82.75 a 61.32 c 53.64 efg 90.74 d 74.54 f 85.38 f 

Bogra 

Bogra sadar 
Rajapur 52.48 m 51.93 l 69.95 h 45.64 l 45.96 h 32.64 n 74.97 j 64.19 h 76.42 k 

Shabgram 48.93 n 52.17 l 78.95 d 41.98 mn 40.75 j 54.75 ea 69.86 k 59.53 j 85.53 f 

Gabtoli 
Baliadighi 45.68 o 60.68 i 84.63 b 39.85 o 48.86 fg 72.86 a 85.64 f 78.73 e 89.53 d 

Kagoil 49.65 n 74.64 d 74.75 ef 35.97 p 71.74 a 67.76 b 88.75 e 86.37 cd 94.64 b 

Joypurhat 

Panchbibi 

Balighata 54.76 l 73.85 d 62.53 j 47.85 k 65.53 b 53.86 ef 73.96 j 79.64 e 78.36 ij 

Mohammadpu

r 
49.68 n 65.85 g 58.83 k 39.74 o 48.75 fg 49.75 h 68.86 k 72.16 g 69.53 l 

Kusumba 75.89 f 63.98 h 62.37 j 71.95 c 53.21 e 52.76 fg 78.95 h 
87.96 

abc 
85.39 f 

Dharangi 82.95 d 61.14 i 59.65 k 65.85 e 49.75 f 46.86 j 88.43 e 75.64 f 76.75 jk 

Akkelpur 

Gopinathpur 58.86 k 52.97 l 69.86 h 51.64 j 39.63 jk 57.12 d 69.84 k 64.63 h 87.65 e 

Roykali 65.74 i 48.63 m 75.53 ef 59.96 g 35.85 l 53.86 ef 74.85 j 59.32 j 89.74 d 

Tilakpur 69.74 h 49.73 m 73.95 fg 56.52 h 42.63 i 47.65 ij 85.42 f 64.89 h 79.96 hi 

LS=Leaf Spot of Aloevera, CRA= Collar Rot of Aloevera, RRB=Root rot of Basak. 

In a column same latters are not significantly different by DMRT at 5% lavel. 

Powdery mildew of Tulsi (Ocimum sanctum) caused by the fungus Erysiphe sp. was 

found only in winter season. The highest disease incidence was recorded 99.16% at 

Mohadipur village, Polashbari thana, Gaibandha district and the lowest disease 

incidence was recorded 53.53% at Kusumba village, Panchbibi thana, Jaypurhat 

district (Table 5). The powdery mildew fungi is a significant diseases on a range of 

crops, and different species of fungi are involved depending on the plant affected 

(Jahn et al., 2002, Lebeda et al., 2008 and Kristkova et al., 2009). They are important 

plant pathogens, which are obligate parasitic on the surface of leaves, stems, fruits, 
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and flowers of a wide range of angiosperms (Takamatsu et al., 2008). On vegetable 

crops, powdery mildew usually appears first as yellow spots on the upper leaf surface 

of older leaves; these spots develop the characteristic powdery growth and symptoms 

speared to the undersides of leaves and stems (Flint, 1998). Root rot of Tulsi caused 

by the fungus Fusarium oxysporium was found in summer, winter and in rainy 

season. The rainy season is more favorable for the disease. In rainy season, the 

highest disease incidence was recorded 79.96% at Kamarpara village, Sadullapur 

thana, Gaibandha district. The lowest disease incidence was recorded 55.75% at 

Dharangi village, Panchbibi thana, Joypurhat district (Table 5). Fusariuma is a soil 

inhabiting pathogen, attacks a large number of host plants including oilseeds, pulses, 

vegetables and ornamentals (Mani and Sethi, 1968, Bazalar and Delgadi, 1981, 

Kumar et al., 1983, Kore and Mane, 1992). Fusarium has been contributing 

significantly for low yield in plant which causes wilting of leaves, tips, loss of 

turgidity followed by yellowing and drooping of leaves and underground stem 

become dry, brown and peeling of epidermis. Roots become soft, watery and 

browning of vascular bundle (Gangopadhyay, 1984). 

Collar rot of Kalmegh (Andrographis paniculata) caused by the fungus Fusarium 

oxysporium was found in summer, winter and in rainy season. The rainy season is 

more favorable for this disease. In rainy season, the highest and lowest disease 

incidence was recorded 64.32 and 34.28% at Tilakpur villagae, Akkelpurthana, 

Joypurhat district and Kantalbaria village, Natore sadar thana, Natore district, 

respectively (Table 5). Leaf spot of Kalmegh caused by the fungus Colletotrichum 

gloeosporioides was also found in summer, winter and in rainy season. The rainy 

season is more favorable for this disease. In rainy season, the highest disease 

incidence was recorded 65.84% at Manoharpur village, Polashbari thana, Gaibandha 

district and the lowest disease incidence 39.37% was recorded at Roykali, village, 

Akkelpurthana, Joypurhat district (Table 5). 

Table 5. Disease incidence (%) in Tulsi and Kalmegh at survey area 

Location Disease incidence (%) 

District Thana Village 

Seasons 

Summer Winter Rainy 

PM

T 
RRT CRK LSK PMT RRT CRK LSK 

PM

T 
RRT CRK LSK 

Gaibandha 

Sadullapur 

Banagram - 56.87 de 51.74 b 35.74 i 99.64 a 48.16 b 10.13 k 25.75 h - 67.32 ef 60.28 bc 55.86 d 

Dhaperhat - 58.14 d 50.61 bc 32.85 j 95.14 b 42.76 c 12.29 i 22.53 i - 69.95 d 51.43 ef 46.73 h 

Idilpur - 51.65 hi 42.21 fg 30.76 k 89.28 c 39.62 d 16.72 e 25.21 h - 62.21 h 58.48 c 48.75 g 

Kamarpara - 68.95 ab 41.82 g 45.85 e 80.98 f 58.64 a 19.36 d 28.54 g - 79.96 a 52.54 de 54.85 de 

Polashbari 

Manoharpur - 49.53 jk 46.84 e 44.63 ef 86.29 d 44.32 c 14.73 fg 23.53 i - 59.85 i 48.68 gh 65.84 a 

Harinathpur - 53.78 g 43.72 f 42.86 f 82.91 e 38.43 de 11.92 ij 32.85 e - 64.63 g 48.94 gh 52.85 f 

Mohadipur - 48.69 k 41.13 gh 40.63 g 99.16 a 43.74 c 17.82 de 26.95 gh - 59.95 i 47.74 h 42.17 i 

Naore Natore sadar 

Kholabaria - 53.32 gh 42.64 fg 56.96 a 78.26 g 48.18 b 10.12 k 32.64 e - 55.61 jk 44.98 i 64.74 ab 

Barabaria - 63.67 c 30.58 k 55.84 a 69.18 i 24.31 k 16.26 ef 43.85 a - 74.43 c 38.16 j 59.95 c 

Kantalbaria - 55.85 ef 32.12 jk 48.95 d 63.12 l 36.19 f 10.58 jk 35.85 d - 68.95 de 34.28 k 53.21 ef 
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Location Disease incidence (%) 

District Thana Village 

Seasons 

Summer Winter Rainy 

PM

T 
RRT CRK LSK PMT RRT CRK LSK 

PM

T 
RRT CRK LSK 

Toltoliapara - 69.64 a 34.99 i 53.85 b 66.51 j 58.53 a 16.23 ef 40.73 b - 73.21 c 36.76 j 59.95 c 

Laxmipur - 67.53 b 20.28 l 51.32 c 60.23 m 49.79 b 13.42 ghi 43.74 a - 77.91 b 49.84 fg 54.73 de 

Bogra 

Bogra sadar 
Rajapur - 57.24 de 30.98 jk 38.85 h 79.18 g 42.86 c 14.33 gh 32.85 e - 65.84 fg 50.78 f 48.53 i 

Shabgram - 53.78 g 41.37 gh 49.75 cd 75.34 h 38.75 d 13.21 ghi 38.87 c  62.28 h 48.69 gh 53.63 ef 

Gabtoli 
Baliadighi - 51.19 ij 40.88 gh 53.64 b 65.54 jk 39.18 d 26.64 b 34.25 de - 67.95 e 53.32 d 59.53 c 

Kagoil - 50.38 ijk 34.74 i 55.86 a 75.88 h 33.85 g 27.84 b 30.86 f - 59.32 i 63.42 a 64.84 ab 

Joypurhat 

Panchbibi 

Balighata - 49.48 jk 32.63 j 43.86 f 59.53 n 31.64 h 19.53 d 34.87 d - 56.49 jk 59.53 c 53.32 ef 

Mohammadpur - 55.85 ef 39.75 h 49.64 cd 64.43 kl 27.85 j 12.63 hi 40.64 b - 64.34 g 63.76 a 54.94 de 

Kusumba - 53.21 gh 48.98 cd 55.63 a 53.53 n 43.32 c 19.53 d 38.85 c - 68.58 de 59.53 c 63.49 b 

Dharangi - 49.87 ijk 52.52 a 48.75 d 65.95 jk 32.21 gh 23.75 c 34.43 de - 55.75 jk 61.42 b 52.85 f 

Akkelpur 

Gopinathpur - 57.94 d 42.31 fg 44.64 ef 60.32 m 29.63 i 29.95 a 39.86 bc - 64.26 g 60.32 bc 49.29 g 

Roykali - 54.36 fg 48.75 d 32.86 j 78.95 g 36.85 ef 31.32 a 26.43 h - 59.55 i 59.64 bc 39.37 j 

Tilakpur - 51.28 ij 53.32 a 39.86 gh 84.83 d 26.53 j 16.31 ef 30.42 f - 57.42 j 64.32 a 43.53 i 

PMT=Powdery mildew of Tulsi, RRT=Root rot of Tulsi, CRK= Collar Rot of Kalmegh, LSK= Leaf 

spot of Kalmegh.. 

In a column same latters are not significantly different by DMRT at 5% lavel. 

Tuberous rot is a serious disease of Satamuli (Asparagus racemosus). Fusarium 

solani causes tuberous rot which were found in summer, winter and in rainy season 

and the highest disease incidence was recorded in rainy season. In rainy season, the 

highest disease incidence was recorded 91.24% at Kantalbaria village, Natore sadar 

thana, Natore district (Table 6). The lowest disease incidence was recorded 47.74% at 

Kusumba village, Panchbibi thana, Joypurhat district (Table 6). Stem rot of Satamuli 

caused by Fusarium oxysporium was also found in summer, winter and in rainy 

season and the highest disease incidence was recorded in rainy season. In rainy 

season, the highest disease incidence was 99.18% at Barabaria village, Natore sadar 

thana, Natore district and the lowest disease incidence was recorded 54.95% at 

Kusumba village, Panchbibi thana, Joypurhat district (Table 6). 

Table 6. Disease incidence (%) of Satamuli at survey areas 

Location Disease incidence (%) 

District Thana Village 

Seasons 

Summer Winter Rainy 

TRS SRS TRS SRS TRS SRS 

Gaibandha 
Sadullapur 

Banagram 76.26 c 39.54 jk 51.26 c 29.48 j 88.51 b 70.16 j 

Dhaperhat 67.18 f 36.24 l 31.28k l 26.58 k 76.21 e 68.45 j 

Idilpur 71.34 d 31.43 m 49.34 de 38.49 ef 80.16 d 62.51 l 

Kamarpara 69.22 e 28.18 n 38.42 i 36.73 g 78.93 d 66.18 k 

Polashbari Manoharpur 62.38 h 24.91 o 47.83 e 34.94 h 72.16 g 90.42 c 
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Location Disease incidence (%) 

District Thana Village 

Seasons 

Summer Winter Rainy 

TRS SRS TRS SRS TRS SRS 

Harinathpur 56.18 j 26.64 n 40.73 h 31.43 i 69.28h i 88.73 d 

Mohadipur 58.22 i 45.92 h 45.48 f 24.49 l 65.48 j 78.89 g 

Natore 
Natore sadar 

 

Kholabaria 59.19 i 40.74 j 42.93 g 21.78 m 67.87 i 72.48 i 

Barabaria 82.81 a 61.48 a 43.24 g 50.81 a 89.59 b 99.18 a 

Kantalbaria 79.38 b 59.71 b 55.22 ab 49.32 ab 91.24 a 96.24 b 

Toltoliapara 79.63 c 51.13 de 56.38 b 47.18 c 85.16 c 94.74 b 

Laxmipur 76.58 c 49.52 ef 53.81 b 41.29 d 88.16 b 91.12 c 

Bogra 

Bogra sadar 
Rajapur 65.43 g 53.64 c 43.32 g 37.45 fg 72.65 g 85.43 e 

Shabgram 46.87 m 49.86 e 39.43 hi 39.53 e 74.53 f 81.16 f 

Gabtoli 
Baliadighi 54.13 k 46.32 gh 32.17 k 32.79 i 69.75 h 75.42 h 

Kagoil 59.42 i 47.86 fg 42.87 g 28.38 j 64.43 jk 73.85 hi 

Joypurhat 

Panchbibi 

Balighata 47.18 lm 52.21 cd 29.75 l 47.94 bc 59.85 l 64.63 k 

Mohammadpur 65.32 g 58.96 b 34.64 j 38.64 ef 69.74 hi 69.27 j 

Kusumba 38.96 n 43.86 i 42.75 g 32.75 i 47.74 m 54.95 m 

Dharangi 48.64 l 49.43 ef 40.86 h 28.69 j 58.75 l 64.84 k 

Akkelpur 

Gopinathpur 59.86 i 38.53 k 53.75 b 17.53 n 63.63 k 75.42 h 

Roykali 65.38 g 35.12 l 55.14 ab 22.31 m 69.53 hi 79.64 fg 

Tilakpur 69.53 e 23.41 o 49.75 cd 12.76 o 73.64 fg 86.53 e 

TRS= tuberous rot of Satamuli, SRS= stem rot of Satamuli 

In a column same latters are not significantly different by DMRT at 5% lavel. 

Root rot of Basak (Adhatoda vasica) caused by Fusarium oxysporium were found in 
summer, winter and rainy season. In rainy season the highest disease incidence 
98.64(%) was recorded at Barabaria village, Natore sadar thana, Natore district and 
the lowest disease incidence 69.53 (%) was recorded at Mohammadpur village, 
Panchbibi thana, Joypurhat district (Table 4).   

From the above mentioned results, it was observed that most of the diseases were 
found in rainy season while in summer season less diseases occurred, it may happen 
because of favorable temperature and humid conditions. These affected plant parts 
may be less effective for the medicinal use and economic value. The result is also 
agreement with on previous study that conducted by Joshi and Kareppa (2010) they 
studied on disease severity of Chlorophytum borivillianum. They noticed that there is 
variation in Disease Severity Index (DSI) with respect to season and also mentioned 
that in rainy season disease severity index was more as compare to other seasons. 
Shivanna and Mallikarjunasamy (2009) also investigated that the fungal diseases and 
their effect on phytochemical constituents of medicinally important Terminalia sp. 
They observed high disease incidence in rainy season next to winter.  
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CONCLUSION 

In this study, eleven fungal diseases of six commercially cultivated medicinal plants 

were recorded in and around different places of Northern region of Bangladesh. The 

diseases were found more in rainy season while in summer season fewer diseases 

occurred. The spreading of these fungal diseases on medicinal plants may causes a 

setback to the industry associated with the formulation of its medicinal products. So, 

this work may encourage other researcher to study these diseases further and their 

proper management. It is necessary to maintain the medicinal plants in gardens or 

nurseries by using bio-pesticides which can make the medicinal plants free from 

infectious fungal diseases. 
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Figure 1: Disease symptoms of six commercially cultivated medicinal plant in northern region 

of Bangladesh. a & b: root rot and leaf blight of Ashwagandha; c & d: leaf spot and collar rot 

of Aloevera; e & f: tuberous rot and stem rot of Satamuli; g & h: leaf spot and collar rot of 

Kalmegh; i: root rot of Basak; j & k: Powdery mildew and root rot of Tulsi. 
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Figure 2: Colony and Conidia of identified fungus. a & b: F. solani; c & d: Alternaria 

alternata; e & f: Collettotrichum gloeosporioides; g & h: Curvular ialunata; i : Conidia of 

Erysiphe sp.; j & k: Fusarium oxysporium. 

 

a b c 

d e f 

g h 
i 

j k 



SAARC J. Agric., 17(2): 213-226 (2019) DOI: https://doi.org/10.3329/sja.v17i2.45307 

THE SMALL-SCALE DAIRY VALUE CHAIN ANALYSIS: 

CHALLENGES AND OPPORTUNITIES FOR DAIRY 

DEVELOPMENT IN MYMENSINGH DISTRICT OF 

BANGLADESH 

H. Rahman
1
, F.A. Happy

2*
, A.H. Efan

1
 and M.H.R. Hera

3
 

1
Department of Agribusiness and Marketing 

2
Department of Agricultural Economics, Bangladesh Agricultural University 

Mymensingh, Bangladesh 
3
Plant Pathology Division, Bangladesh Rice Research Institute, Gazipur 

ABSTRACT 

This study examined the prevailing dairy value chain based on primary 
data collected from 70 small-scale milk producers of Mymensingh district 
of Bangladesh. The total cost and net return per month per cow were Tk. 
4024.30 and Tk. 3165.70, respectively. The net value additions of Tk. 
2091.42, Tk. 495.00, Tk. 655.00, Tk. 503.25, Tk. 309.70 were estimated 
for milk producers, collectors, Faria, Bepari and retailers respectively. 
Different actors spent highest marketing cost ranged from Tk.49 to Tk.80 
for transportation compared to other marketing functions. Actors mostly 
dependent on the on-going market prices for setting price of milk in the 
value chain. A value chain map was developed showing the relationships 
and linkages among value chain actors of small-scale dairy. The study 
identified some critical factors for successful dairy marketing. The factors 
were understanding consumer behaviour, technology and transportation, 
improved business relationships, reduced transaction costs, and 
improved information flow, and organized market structure. Milk 
producer’s share in consumers’ price was highest for channel- I followed 
by channel- V. Expensive, inadequate, low quality feed, lack of grazing 
land, green grass, inadequate capital, knowledge about cost of 
production, weak extension services, high fees and unavailability of 
veterinary doctors, were some of the major problems of milk producers. 
Supply of adequate feed at subsidized price, ensuring easy access to 
institutional credit at a lower interest rate, adequate medicine and 
veterinary services, allocation of khas land for producing fodder/grass, 
were suggested to solve the problems.  
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INTRODUCTION 

In all developed countries, dairy sector is receiving special attention from the 

government. It is because the milk and dairy products help building up vitally strong 

nations by developing brain and bone of its people. Dairy enterprise is considered as 

Treasure for the economy of Bangladesh, particularly for rural areas (Kabir and 

Talukder, 1999). In Bangladesh, the contribution of livestock sector to agriculture 

share of Gross Domestic Product was 13% during 2014-15. Besides, according to 

FAO (2011), the per capita average yearly milk consumption in Bangladesh is only 

13 kg and it is the lowest in South Asia because of higher cost of production and 

lower yield compared to any other south Asian countries. FAO statistics further 

reveals that the per capita daily calorie intake through milk in Bangladesh is only 24 

Kcal, while in Sri Lanka it is 57, in Nepal it is 82, 104 in India, and 265 in Pakistan 

(FAO, 2011).  

Rearing dairy cow is one of the most important investments a farmer can make to 

improve their socio-economic condition because of the valuable nutritional milk 

produced and diversify farming activities. It is estimated that more than 750 million 

people are engaged in milk production worldwide. The production of one million 

liters of milk per year on smallholder dairy farms creates approximately 200 on-farm 

jobs (ILRI, 2010). In Bangladesh, the annual national production of milk is 5.23 

million tons and the annual demand is 17 million tons, out of which 97% is produced 

in rural areas. The quantity of national milk production can only meet about 30% of 

the actual demand for milk of the population (DLS, 2014).  

Dairying is a biological system that converts large quantity of feeds and roughage 

into milk. It is more efficient and intensive system in terms of nutrient and protein 

production for human consumption from a given quantity of resources than beef or 

sheep farming (Michael, 1991). A farmer having not more than 10 cows will be 

fallen under small-scale category (DLS, 2014). However, small-scale dairying is very 

important for income generating activity to the poorer section of this country and 

reduction of the poverty. Traditionally,  little  attention  has  been  paid  to  the  value  

chains  by  which  agricultural  products  reach  final consumers and to the intrinsic 

potential of such chains to generate value added and employment opportunities 

(UNIDO, 2009).A value chain is a high-level model used to describe the process by 

which businesses receive raw materials, add value to the raw materials through 

various processes to create a finished product, and then sell the end product to 

customers (Porter and Michael, 1985). The livestock value chain can be defined as 

the full range of activities required to bring product (e.g. live animals, meat, milk, 

eggs, leather, fiber, manure) to final consumers passing through different phases of 

production, processing and delivery. Value chain analysis is essential to an 

understanding of markets, their relationships, the participation of different actors, and 

the critical constraints. The development of the dairy sector in the country is hindered 

by a number of technical, institutional and socioeconomic constraints. Development 
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of small scale dairy sector through the assessment of dairy market is necessary to 

create employment opportunity for the people in rural areas. 

Modalities of such impact have been described in a good number of literatures. An 

attempt has been made in this section to review the previous studies related to the 

present study. Kabir and Talukder (1999) examined the financial performance of 

small scale dairy farms participating in the government subsidy programme. 

Significant increase in production and consumption of milk as well as in labor 

employment was observed.  Shamsuddoha (2000) carried out a study on problems 

and prospects of dairy industry in Bangladesh. He described the main problems 

concerning feeding, management, diseases and marketing for which dairy 

development is unsatisfactory. O’Lakes (2010) carried out a study on dairy value 

chains, end markets and food security for Ethiopia. A majority of the dairy 

households in Ethiopia directly consume most of their animals’ milk production 

(85%) and the informal market channel handles 90% of milk and milk products. 

Achchuthan and Kajananthan (2012) conducted a study on the value chain analysis in 

dairy sector in Kilinochchi District, Sri Lanka. Weindmailer (2003) investigated the 

milk value chain: concept, possibilities of optimization and areas of conflict. The 

importance of supply chain for the milk value chain and its effect on consumer 

response are discussed. Mandal (2006) carried out a study on supply chain analysis of 

wholesale milk market in selected areas of Dhaka district. The study also revealed 

that the value addition of sweet meat shop owners were higher than that of other 

intermediaries. Seifu and Doluschitz (2014) conducted a study to  characterize  the  

dairy  value  chain  and  to identify challenges and opportunities for development of  

the dairy industry in  Dire  Dawa,  Eastern  Ethiopia. 

More study was conducted on the value chain of commercial dairy farmers and other 

agricultural products. There was no study on value chain of small scale dairy farmers 

living in rural areas that provides lion’s share of milk to the consumers in the 

country. The milk yield, reproductive performance of cows, the transformation, 

marketing and final sale of the dairy products to consumers does not reach their full 

potential because of various challenges associated with each value chain actors that 

need to be identified. Therefore, the present study was aimed identify the key actors, 

map the value chain and emerging challenges in dairy production.  

MATERIALS AND METHODS 

The study was conducted in at three Upazilas namely Gafargaon, Bhaluka and 

Trishal under Mymensingh district where different market actors were available. A 

total of 30 milk producers and 40 traders were selected as sample. Among the traders, 

milk collector, Faria, Bepari and retailer were 10 individually in number. Market 

actors were interviewed using structured interview schedule for collection of data and 

information through face-to-face interview method. 
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Analytical Techniques 

Descriptive statistics were used to analyse key actors with functions and the value 

chain map of small scale dairy farmer. 

Measurement of value addition  

To achieve the third objective of the study, the following equation was used to assess 

the profitability of milk producers and value addition by traders. 

i) Net Return of milk producer 

    
 


n

i

n

i
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ii

1 1

..  

Where, 

 = Profit of producers per month per quintal of milk; 

iYP  = Per unit price of milk (Tk./litre); 

iY  = Quantity of milk (litre/day); 

iXP  = Per unit price of i-th input (Tk.); 

iX  = Quantity of i-th input per day per cow (kg); 

 TFC = Total fixed costs (Tk.); and 

i = 1, 2, 3 …, n (number of items). 

Value addition by an independent farmer= Selling price– Production cost 

Value addition by the traders=Selling price –Purchase price 

Net value addition by independent farmers or traders =Value addition – Marketing 

cost 

Actor’s share in consumers’ price  

Farmer’s share in consumer’s price = (Farmer’s selling price/Consumer’s purchasing 

price)*100 

Wholesaler’s share in consumer’s price = (Total market margin of 

wholesalers/Consumer’s purchasing price)*100 

Retailer’s share in consumer’s price =(Total market margin of retailers/Consumer’s 

purchasing price)*100 

Measurement of milk marketing efficiency 

There are several types of measures that have some values and limitations in measuring 

marketing efficiency, but no single one can tell the whole story. However, the following 

formula was used to measure the milk marketing efficiency (Acharya and Agarwal, 
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2004) of a particular marketing chain. The higher value of marketing efficiency 

denotes higher level of efficiency and vice versa. 

Marketing efficiency (ME) = 
  

     
 

Where, 

FP = Net price received by producer (Tk/ton) 

MC= Total marketing cost incurred by intermediaries (Tk/ton) 

MM = Total net marketing margin received by intermediaries (Tk/ton) 

SWOT Analysis 

ASWOT analysis was done in this study which identified the internal and external 

factors that are favorable and unfavorable to small-scale dairy sector. A SWOT 

analysis is usually in the form of a 2x2 matrix or a grid with four sections. The top 

two sections list the strengths and weaknesses and the lower two sections list the 

opportunities and threats. 

RESULTS AND DISCUSSION 

Marketing Functions of Small Scale Dairy Value Chain Actors 

Buying and selling 

Small scale dairy farmers sold 60% of their milk to collector and Faria and the 

remaining 40% sold to the consumers directly. About 30% of milk was sold to the 

Bepari by collectors and 70% to Faria. Faria sold 75% of milk to Bepari, 18% to 

consumer and 7% to retailer. Bepari sold 27% of milk to the local retailers at Upazila 

level and rest to the district level buyers. Finally, retailer sold their milk to the 

ultimate consumers (Field survey, 2017). 

Pricing practices, market information and financing 

Most of the farmers (80%) and collectors (60%) practiced on-going market price; 

Faria (70%) and retailer (60%) followed open bargaining and Bepari (80%) 

practiced prefixed prices for selling milk to different market actors (Table 1). 

Farmers (80%), collectors (70%), Faria (80%), Bepari (75%) and retailer (90%) got 

most of their market information from milk market and the rest was from other 

traders. The main financial source for farmers (70%), collectors (85%), Faria (75%), 

Bepari (40%) and retailers (70%) was own fund to run dairy business. They also 

borrowed little amount of money from bank, NGO, friends and relatives. Different 

mode of transportation like van, rickshaw, bus, bicycle, pickup, and train was used to 

transfer milk to market actors. Farmer did not use train, collector did not use van and 

rickshaw, and Faria did not use rickshaw. Bepari only use pickup and train. 

Consumers directly buy milk from producers, Faria or retailers (Table 1). 
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Table 1. Price fixing, market information, sources of finance and mode of 

transportation of dairy value chain actors  

Particulars Percent of responses 

A. Price fixing strategies Farmer Collector Faria Bepari Retailer 

Open bargaining 0 30 70 0 60 

Based on-going market price 80 60 30 20 40 

Prefixed price 20 10 -- 80 -- 

B. Market information 

sources 

     

Collect information from 

market  

80 70 80 75 90 

Other traders 20 30 20 25 10 

C. Financial sources      

Own fund 70 85 75 40 70 

Bank 15 -- 5 30 7 

NGO 10 5 15 20 8 

Friends and relatives 5 10 5 10 15 

D. Mode of transportation      

Van 20 -- 5 -- -- 

Rickshaw 2 -- -- -- -- 

Bus 10 30 10 -- -- 

Bicycle 8 40 20 -- -- 

Pickup 10 20 40 50 -- 

Train - 10 25 30 -- 

Others 50 -- -- 20 -- 

Source: Field survey, 2017 

Packaging 

Polythene or plastic bottle was used for packaging by farmer and retailer, large metal 

drums were used by Bepari for milk transportation. They used banana leaf to reduce 

perishability of milk. 

Dairy Value Chain Governance  

In the study area, most farmers feed low quality feed to cows and try to earn more 

profit by mixing water with milk. The marketing of milk was conducted following 

traditional rules and regulations. 
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Mapping of Small-scale Dairy Value Chain and Critical Success Factors of 

Value Chain 

Mapping value chain of small scale diary 

Value chain of dairy started from dairy producer then collector, Faria, Bepari and 

finally retailer who added value to the marketing channel of milk. 

Channel I: Farmer→ Local Consumer (home delivery) 

Channel II: Farmer→ Collector→ Bepari→ Retailer→ Consumer 

Channel III: Farmer→ Bepari→ Retailer→ Consumer 

Channel IV: Farmer→ Collector→ Faria→ Bepari→ Retailer→ Consumer 

Channel V: Farmer→ Collector→ Faria→ Consumer 

Channel VI: Farmer→ Collector→ Faria→ Retailer→ Consumer 

Small scale producer utilized milk by home consumption and selling. When milk is 

transferred to wholesalers (Collector, Faria, Bepari), they either sell it to retailers or 

traditional processors (who make sweet and curd) or to distant larger wholesale 

market (Mymensingh, Dhaka, and Gazipur) for urban consumers. In figure 5.1, the 

distribution channel, actors involved in milk business and their percentage of net 

value addition was shown. 

The Critical Success Factors of Dairy Value Chain 

Henry Ford reported that “coming together is a beginning. Keeping together is 

progress. Working together is success” (Brainy Quote, 2005). The key success 

factors are discussed below: 

Understanding Consumer Behavior Properly 

The actors fail to anticipate the market demand for milk due to less education and 

less awareness of changing consumer behaviour. 

Technology and Transportation 

The major technological constraint was the absent of processing plant. About 50% of 

the farmers and 75% of the traders opined that the transportation system of milk 

marketing was good. 

Improved Business Relationships 

Gooch observed that respect, not trust, is one of the fundamental pillars upon which 

many successful agro-food value chains are founded. According to the survey, 30% 

of the respondent actors complained adopting unethical activities like mixing water 

and powder milk with liquid milk that hampers the dairy business of others. 
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Note: Dotted line represents the local dairy value chain and Straight line represents overall 

small scale dairy value chain in the selected areas. % = Total value addition 

Source: Field survey, 2017 

Figure 1. Mapping the relationships and linkages between value chain actors of small 

scale dairy 
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Reduced Transaction Costs 

Hobbs (1996) categorized transaction costs into three types. These are information 

costs, negotiation costs, and monitoring costs. In small-scale dairy value chain while 

prices are often the main focus of commodity there was no attempt to reduce the 

transaction costs.  

Improved Information Flow 

About 30% of the dairy actors opined that they didn’t have enough access to 

accurate, timely and relevant information which increases transaction costs and 

results in inappropriate resource allocation. 

Organized Market Structure 

Small-scale dairy market is not well organized due to no fixed chain and price 

fluctuation hampers efficiency of value chain stated by 20% actors. 

Governance 

The was no market monitoring authorities opined by 65% actors to control the price 

variation; maintain quality feed, and healthy handle of bulk milk. 

Cost, Return and Value Addition Analysis  

Production cost and return of dairy  

For calculating total production cost, both variable and fixed costs were taken into 

consideration. The components of variable cost were the feed cost (paddy straw, 

green grass, oil cake, molasses, bran and salt), labour cost, doctor cost, medicine cost, 

interest on operating capital and miscellaneous cost. Fixed cost items for milk 

production were land use cost, cowshed and maintenance cost. It is evident that total 

variable cost and fixed cost of milk production was Tk. 3715.02 and Tk. 309.28 per 

month per cow which was 92% and 8% of total cost. Among variable components, 

feed incurred the highest cost (79.13% of total cost) followed by interest on operating 

capital (5.53%) and labour. Net margin per quintal of milk was Tk. 2638.08 (Table 

2). 

Table 2. Total cost and return for small-scale dairy farming 

Particulars Tk. /month/cow Percent of total 

Production cost 

1.Variable cost 3715.02 92.31 

A.Feed cost 3184.6 79.13 

Paddy straw 219.3 5.45 

Green grass 988.9 24.58 

Oil cake 287.5 7.14 

Molasses 264.3 6.56 
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Particulars Tk. /month/cow Percent of total 

Bran 1080.0 26.83 

Salt 216.6 5.38 

B. Labour cost 166.66 4.14 

C. Doctor cost 31.25 0.77 

D. Medicine cost 104.16 2.58 

E. Interest on operating capital 222.756 5.53 

F. Miscellaneous cost 5.60 0.13 

2.Fixed cost 309.28 7.68 

A. Land use cost 186.4 4.63 

B. Cowshed and maintenance 122.88 3.05 

Total cost (Tk./month/cow) (1+2) 4024.30 100 

Total cost (Tk./100 Litre) 3353.58 - 

Gross return of per month per dairy cow 

Particulars Unit Amount Price/unit Gross return 

(Tk/month) 

Percent 

of total 

Milk Litre 120 50 6000 83.46 

Cow dung Kg 180 2 360 5 

Calf - - - 830 11.54 

Total    7190 100 

Gross margin and net return per month per dairy cow 

Particulars              Amount per month 

a. Gross return 7190 

b. Variable cost 3715.02 

c. Total cost 4024.30 

d. Gross margin (a-b) 3474.98 

e. Net  margin (a-c) 3165.7 

Net margin per 100 litre of milk (Tk.) 2638.08 

Source: Field survey, 2017 

Marketing Cost and Value Addition  

Different items were associated with marketing cost of milk. The major marketing 

cost for milk producer was packing of milk with poly bag (48.40%). On the other 

hand, milk collector, Faria, and Bepari incurred the highest cost for transportation 

(47.62%, 55.17% and 50.40%) as a part of marketing cost. Milk retailer spent larger 
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portion of total cost for paying rent. Among different marketing actors, the highest 

cost was incurred by milk producers (Tk. 155/100 litre) followed by Faria (Tk.145) 

and milk collector. Total value addition and net value addition were highest for milk 

producer (Tk. 2246.42 and Tk. 2091.42 per 100 litre) compared to other marketing 

actors (Table 3). 

Table 3:  Marketing cost and value addition by different marketing actors of dairy 

value chain 

Particulars 

 

Tk. per 100 litre of milk 

Milk producer Milk collector Faria Bepari Retailer 

Marketing cost items      

Poly bags 75 - - - - 

Transportation  60 50 80 48.75 - 

Milk container 20 15 15 0.50 - 

Others (spoilage, gift, 

grant) 

- 20 20 5 5 

Personal expenses - 20 30 20 - 

Labour  - - - 17.50 - 

Market toll - - - 5 4 

Rent  - - - - 50 

Electricity  - - - - 11.30 

Plastic bottle - - - - 20 

Total marketing cost 155 105 145 96.75 90.3 

Value addition items 

a. Production 

cost/Purchasing price 

3353.58 5000 5600 6400 6600 

b. Marketing cost 155 105 145 96.75 90.3 

c. Selling price 5600 5600 6400 6600 6800 

d. Total value addition (c-a) 2246.42 600 800 600 400 

e. Net value addition (d-b) 2091.42 495 655 503.25 309.7 

f. Total value addition (%) 51.58 12.20 16.15 12.41 7.63 

Source: Field survey, 2017. 

Note: For direct selling producers got Tk.56/litre of milk 

Table 4 shows that milk producer’s share in consumers’ price was highest for 

channel- I and second highest for channel- V. Wholesaler’s share in consumers’ price 

was highest for channel- II, III, IV, and retailer’s share in consumers’ price was 
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highest for channel- VI. On the other hand, channel was ranked on the basis of 

marketing efficiency; the first and last ranked channel was channel I and channels VI.  

Table 4.  Actor’s share in consumers’ price and marketing efficiency of small scale 

dairy value chain 

Channel Milk producer’s 

share in 

consumers’ price 

Wholesaler’s 

share in 

consumers’ price 

Retailer’s share 

in consumers’ 

price 

Marketing 

efficiency 

(ME) 

Channel 

Ranking(On the 

basis of ME) 

Channel I 100 - - 5.02 1 

Channel II 82.35 14.71 2.94 4.13 5 

Channel  III 82.35 14.71 2.94 4.41 3 

Channel IV 82.35 14.71 2.94 3.79 2 

Channel V 87.50 12.50 - 4.24 4 

Channel VI 82.35 11.76 5.88 4.01 6 

Source: Field survey, 2017. 

Challenges and Opportunities for Dairy Production and Marketing  

The weaknesses and threats of the small-scale dairy sector were more or less to all 

the sample farmers under the present study. Strengths and opportunities of this sector 

were similar too to the compatibilities of the small-scale dairy sector of these areas 

(Table 5). 

Table 5. SWOT analysis of the small-scale dairy sector  

Strengths Weaknesses 

• Large cattle population reared by vast 

rural population. 

• Growing milk demand in urban areas 

for changing life style due to education 

and income. 

• Availability of Khas, Char and high 

lands for pasturing cows. 

• Lower price of forage compared to 

other feeds. 

• Well communication among marketing 

actors. 

• Limited supply, poor quality and 

higher price of feed. 

• Mostly reared local breed cows. 

• Absence of quality control and 

improved milk production technology. 

• Absence of farmer’s consciousness, 

animal husbandry and nutrition 

strategies. 

• Shortage of skilled and trained 

technical staff. 

• Insufficient artificial insemination 

facilities. 

• Lack of milk collection centers, dairy 

cooperatives and milk processing plant. 
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Strengths Weaknesses 

• Existing cultural indifferences milk is 

for children and the sick people.  

• Lack of reliable and up-to-date 

information. 

Opportunities Threats 

• Increased demand for milk in various 

forms. 

• Institutional market segments (such as 

hotels, hospitals, schools and 

universities) for dairy and dairy 

products are available.  

• Existence of political stability and 

conducive investment climate. 

• Undeveloped and low competition 

among producers. 

• Access to well-developed train and 

road transport systems. 

• Shortage of green grass during natural 

disaster. 

• Higher prices of improved breeds. 

• Weak financial base of the small scale 

dairy farmers. 

• Loss of milk due to perishable nature.  

• Unequal demand during rainy season 

and fasting period (month of 

Ramadan). 

Source: Field survey, 2017. 

CONCLUSIONS 

The significance of dairy value chain analysis at small-scale is high as dairy sector is 

the means of livelihood of a large number of small farmers and traders; and it 

provides lion’s share of the protein to the population of Bangladesh. It is found that 

dairy farming is profitable at small scale. The net value addition is positive and high 

at each level and profitable for traders. Farmers contributed to the highest value 

addition and Faria was the second highest contributor for their different services 

among all the actors of the value chain. Farmers and collectors practiced mostly on-

going market price; Faria and retailer followed open bargaining and Bepari 

dependent on prefixed price for selling milk. Milk producer’s share in consumers’ 

price was highest in different channel. The highest share of marketing cost for milk 

producer was packing of milk which needs to be reduced for lowering cost of milk. 

Again, milk collector, Faria, and Bepari incurred the highest cost for transportation. 

There are both challenges and opportunities exist in the dairy sector. 
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ABSTRACT 

The study examined the farming practices and livelihood status of farm 
households in seven districts of Southern Bangladesh. Majority of the 
farmers in non-saline and saline areas followed the cropping pattern of 
Fallow – Aman rice – Pulses and Fallow – Aman rice – Fallow, 
respectively. Cropping intensity was higher in non-saline areas (220.0%) 
compared to saline areas (101.7%). Profitability of major crops was 
much higher in non-saline areas compared to saline areas. Based on the 
poverty indicators, the proportion of deprived households was 41.7 and 
56.0% in non-saline and saline areas, respectively. The study 
recommended that in saline areas, rain water reservoirs should be 
developed in cooperative way and availability of electricity use should be 
facilitated to use light irrigation pumps in the crop field from the nearest 
fresh water reservoir. In addition, canal reform should be done and 
leasing arrangement of water canals should be stopped to get farmers’ 
access for irrigation purpose. Moreover, salt-tolerant and short duration 
pulse and wheat should be introduced in order to improve livelihood of 
saline farm households in Bangladesh. 

Keywords: Crop Intensification; Farming practices; Poverty Situation; 

Salinity  

INTRODUCTION 

The coastal zone of Southern Bangladesh has a significant place in the country’s 

economy (Ahsan, 2013). Nearly 40 million people of the coastal areas of Bangladesh 

depend on agriculture (BBS, 2015). In this region, agricultural activity centres on the 

annual cropping of monsoonal rice. Cropping in the dry rabi season is conditioned by 

land topography, drainage, soil salinity and irrigation availability (ACIAR, 2011). In 

the rainfed lands, dry-season cultivation is limited by the profitability of traditional 
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cultivation of pulses (DAE, 2015). Nonetheless where limited irrigation is possible, 

wheat is a profitable low risk option (Kabir and Rawson, 2011). Around one third of 

the farmers in the coastal areas are now cultivating only one crop in a calendar year, 

i.e., Aman rice during monsoon while most of the cultivable lands remain almost 

barren in dry season (Hossain, 2016). For socioeconomic constraints, the majority of 

the region can’t afford animal protein and as such, have to depend on plant protein, 

bulk of which comes from pulses. The excellent nutrition value of pulses is highly 

complementary to a cereal-based diet in developing countries (UNB, 2017). From the 

viewpoint of environment, monocropping along with imbalanced use of inorganic 

fertilizers, pesticides and intensive use of land without application of organic 

fertilizers have led to a deterioration of soil quality and fertility (Uddin et al., 2016). 

To combat monocropping, pulses and wheat can contribute to diversification of rice-

based systems productivity in Southern Bangladesh.  

Importance of the above stated modality has been portrayed in a number of literatures 

which are: Hasan et al. (2018) found that adoption of climate smart agriculture 

(CSA) practices was positively associated with household food security in Southern 

Bangladesh in terms of per capita annual food expenditure. Hossain and Majumder 

(2018) stated that most of the rural coastal people of Bangladesh were hard poor in 

which women were major in portion and contributed to ensure food security for the 

entire family. Shoaib (2013) revealed that mixed land use like transplanted Aman and 

fish or Boro-transplanted Aman or Boro-fish were the popular forms of land use in 

the coastal zone of Bangladesh. It is evident from the reviews that there is lack of 

study incorporating the farming practices, profitability of farm enterprises and overall 

poverty situation for both farmers of non-saline and saline areas. In  view of the 

above perspectives, the current research focused on farming practices, crop 

intensification, profitability in saline and non-saline areas Southern Bangladesh.  

MATERIALS AND METHODS 

Study areas and sample size 

The study was conducted at seven districts of Southern Bangladesh. Based on the 

level of soil salinity, five upazilas from these districts were selected as non-saline 

areas and seven upazilas were selected as saline areas. A total of 500 farmers (i.e., 

200 from non-saline areas and 300 from saline areas) were investigated following 

stratified random sampling technique. The area-wise sample distribution is 

represented in Table 1 as follows: 
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Table 1. Selection of study areas and sample size 

Districts Sub-districts Sample Districts Sub-districts Sample Total  sample 

Non-saline areas Saline areas 

500 

Barguna Betagi 30 Barguna 
Sadar 

Amtali 

30 

20 

Patuakhali Sadar 50 Patuakhali Kalapara 50 

Khulna Phultala 50 Khulna Batiaghata 50 

Barisal Babuganj 30 Satkhira 
Sadar 

Kaligonj 

50 

50 

Jhalokathi Nolcity 40 Bhola Charfashion 50 

Sub-total 200 Sub-total 300 

Data collection and analysis 

Primary data were collected through questionnaire survey, focus group discussions 

(FGD) and key informant interviews (KII) with local stakeholders. For analyzing the 

data, a combination of descriptive statistics, mathematical and statistical techniques 

were used to achieve the objectives and to get the meaningful result.  

Descriptive statistics 

Data on farming practices in non-saline and saline areas were presented mostly in the 

tabular (i.e., sum, average, percentages, etc.) and graphical (i.e., figures and graphs) 

forms. 

Crop intensification index 

To measure the cropping intensity, the following formula was used for calculation: 

Cropping intensity = (AreaGC ÷ AreaNC) × 100 

Where,  

AreaGC = Gross cropped area (ha); and AreaNC = Net cropped area (ha). 

Profitability of major crops 

Profitability of major crops production was measured in terms of gross return, gross 

margin, net return and benefit cost ratio (undiscounted). The formulas needed for the 

calculation of profitability were discussed as follows (Stigler, 1994; Dillon and 

Hardaker, 1993): 

 GR = P × Q; GM = GR – TVC ; NR = GR – (TFC + TVC) ; BCR = GR ÷ 

(TFC + TVC) 

 Where,  

 GR = Gross return; P = Sales price of the product (Tk.); Q = Yield per 

hectare  (unit); GM = Gross margin; TVC = Total variable cost; NR = Net return; 

TFC =    Total fixed cost (Tk.); and BCR = Benefit cost ratio. 
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Multidimensional poverty index 

Multidimensional poverty index (MPI) is an index designed to measure the intensity 

of poverty (Uddin and Dhar, 2017). It comprises three equally weighted poverty 

dimensions; health, education and living standards. The health dimension is 

measured by the two equally weighted indicators, nutrition and child mortality. 

Education is captured by the two equally weighted indicators, years of schooling and 

child enrolment. Living standards are measured by the six equally weighted 

indicators; cooking fuel, sanitation, water, electricity, floor and assets. The following 

formula was used to appraise the intensity of poverty: 

Intensity of poverty = Σ ck x 100 

 Where,  

           c = Households deprived of the indicators; and k = Weighted score of 

the indicators. 

RESULTS AND DISCUSSION 

Major agronomic and cropping practices 

Table 2 depicts the major agronomic and cropping practices followed by the farmers 

in the study areas. In the non-saline areas, majority of the farmers followed the 

cropping patterns of Fallow – Aman rice – Pulses, Fallow – Aman rice – Boro rice 

and Aus rice – Aman rice – Pulses whereas in saline areas, most of the farmers 

followed the cropping patterns of Fallow – Aman rice – Fallow, Fallow – Aman rice 

– Pulses and Fallow – Aman rice – Chili/Maize/Rabi crops. These cropping patterns 

reveal that there is a lack of dry season crops in the study areas. In this regard, 

Shahidullah et al. (2006) stated that only a single cropping pattern of single Fallow – 

Fallow – T. Aman rice occupied 35% of total cropped area in the South East coastal 

region of Bangladesh. Most of the farmers in non-saline areas cultivated crop through 

manual irrigation (55% farmers) whereas in saline areas, majority of the farmers 

(78% farmers) were depended on rainfed irrigation.  

Table 2. Major agronomic and cropping practices in the study areas 

Particulars 

Study areas 

Non-saline Saline 

No. of 

farmers 

% of 

farmers 

No. of 

farmers 

% of 

farmers 

Major 

cropping 

pattern 

Fallow – Aman rice – Pulses 159 79.5 - - 

Fallow – Aman rice – Boro 

rice 
130 65.0 - - 

Aus rice – Aman rice – 

Pulses 
29 14.5 - - 
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Particulars 

Study areas 

Non-saline Saline 

No. of 

farmers 

% of 

farmers 

No. of 

farmers 

% of 

farmers 

Fallow – Aman rice – 

Fallow 
- - 211 70.3 

Fallow – Aman rice – Pulses - - 122 40.7 

Fallow – Aman rice – 

Chili/Maize/Rabi crops 
- - 36 12.0 

Land 

topography 

Sandy loam soil 116 58.0 190 63.3 

Loam soil 84 42.0 110 36.7 

Temperature 

and rainfall 

High 43 21.5 104 34.8 

Medium 144 72.0 166 55.2 

Low 13 6.5 30 10.0 

Irrigation 

technique 

Irrigated 30 55.0 66 22.0 

Rainfed 170 45.0 234 78.0 

Source: Field survey, 2018. 

Analysis of crop intensification 

Cropping intensity is explained as the number of crops grown in a given cropland per 

year (Bhaskar, 2009). The whole process is named as crop intensification. 

Considering the gross and net cropped area, the study found that cropping intensity 

was higher for the farmers in non-saline areas (220%) than saline areas (101.7%) 

(Table 3). The results implied that farmers in non-saline areas grow crops for nearly 

2.2 times per year in a particular crop land but it was 1.1 times in case of farmers in 

saline areas. The result is quite similar with Uddin and Dhar (2018) where the author 

found higher cropping intensity in case of government input supported households 

(228.6%) compared to the non-supported households (172%). 

Table 3. Crop intensification index (CII) 

Particulars 
Study areas 

Non-saline Saline 

Gross cropped area (ha) 0.66 0.61 

Net cropped area (ha) 0.30 0.60 

Cropping intensity (%) 220.0 101.7 

Source: Authors’ estimation, 2018. 
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Profitability of major crops 

For calculating profitability of major crops, total production cost composed of 

variable and fixed costs was taken into consideration. The components of variable 

cost were: i) human labour; ii) power tiller; iii) seed/seedlings; iv) fertilizers; v) 

irrigation; vi) herbicides and insecticides and vii) fencing. Table 4 represents that 

total variable cost of farmers in non-saline areas was Tk. 97463, Tk. 37284, Tk. 

53144 and Tk. 16416 for Aus rice, Aman rice, Boro rice and pulses production, 

respectively. On the other hand, total variable cost of farmers in saline areas was Tk. 

37190, Tk. 22267, Tk. 168793 and Tk. 43291 for Aman rice, pulses, vegetables and 

spices production, respectively. Fixed cost items for crop production were: i) land 

use cost; ii) interest on operating capital; and iii) depreciation cost. It is seen from 

Table 4 that total fixed cost of farmers in non-saline was Tk. 14348, Tk. 6798, Tk. 

11978 and Tk. 5382 for Aus rice, Aman rice, Boro rice and pulses production, 

respectively whereas in saline areas, it was Tk. 6902, Tk. 5954, Tk. 16537 and Tk. 

11586 for Aman rice, pulses, vegetables and spices production, respectively. Total 

cost of Aus rice, Aman rice, Boro rice and pulses production in case of farmers in 

non-saline was Tk. 111991, Tk. 44082, Tk. 65122 and Tk. 21798, respectively. In 

saline areas, total cost of farmers for Aman rice, pulses, vegetables and spices 

production was estimated at Tk. 44092, Tk. 28221, Tk. 185330 and Tk. 54877, 

respectively. 

Table 4. Cost of major crop production in the study areas 

Particulars 

Study areas 

Non-saline Saline 

Aus 

rice 

Aman 

rice 

Boro 

rice 
Pulses 

Aman 

rice 
Pulses 

Rabi crops 

Vegetables Spices 

Variable costs (Tk./ha) 

Human labor 30562 18793 29192 10449 20461 14167 39275 19702 

Power tiller 4375 13315 11228 2463 12152 4002 6216 9585 

Seed/seedlings 4077 3243 3368 1563 2664 1770 2520 2950 

Fertilizers 

Urea 4567 1458 4678 1386 1430 1765 7410 5980 

TSP 2765 455 2564 472 463 345 5570 2985 

MoP 1655 - 1198 - - - 7582 1198 

DAP 670 - 795 - - - 4410 780 

Others 499 20 121 83 20 218 2750 111 

Total 10156 1933 9356 1941 1913 2328 27722 11054 

Irrigation 46985 - - - - - 29700 - 

Herbicides and insecticides 1488 - - - - - - - 

Fencing - - - - - - 50000 - 
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Particulars 

Study areas 

Non-saline Saline 

Aus 

rice 

Aman 

rice 

Boro 

rice 
Pulses 

Aman 

rice 
Pulses 

Rabi crops 

Vegetables Spices 

i. Total variable cost 97643 37284 53144 16416 37190 22267 168793 43291 

Fixed costs (Tk./ha) 

Land use cost 8732 4366 8617 4473 4179 4400 7552 8655 

Interest on operating 

capital 4557 1740 2595 659 1923 1005 
7815 

2097 

Depreciation cost 1059 692 766 250 800 549 1170 834 

ii. Total fixed cost (Tk./ha) 14348 6798 11978 5382 6902 5954 16537 11586 

iii. Total cost (Tk./ha) 111991 44082 65122 21798 44092 28221 185330 54877 

Source: Authors’ estimation, 2018. 

Gross return from crop production included the monetary value of physical output 

obtained from the production process. Gross return from Aus rice, Aman rice, Boro 

rice and pulses production was Tk. 137749, Tk. 55543, Tk. 74890 and Tk. 39454 for 

the farmers in non-saline areas; and from Aman rice, pulses, vegetables and spices 

production was Tk. 54233, Tk. 48540, Tk. 398460 and Tk. 108656 for the farmers in 

saline areas, respectively (Table 5). Gross margin of the farmers in non-saline areas 

was Tk. 40106, Tk. 18259, Tk. 21746 and Tk. 23038 from Aus rice, Aman rice, Boro 

rice and pulses production; and in saline areas it was Tk. 17043, Tk. 26273, Tk. 

229667 and Tk. 65365 from Aman rice, pulses, vegetables and spices production, 

respectively. From Table 5, it is seen that net return from Aus rice, Aman rice, Boro 

rice and pulses production in non-saline areas was Tk. 25758, Tk. 11461, Tk. 9768 

and Tk. 17656 while in saline areas, and it was Tk. 10141, Tk. 20319, Tk. 213130 

and Tk. 53779 from Aman rice, pulses, vegetables and spices production, 

respectively. 

BCR from Aus rice, Aman rice, Boro rice and pulses production in non-saline areas 

was 1.23, 1.26, 1.15 and 1.81, respectively (Table 5). On the contrary, BCR from 

Aman rice, pulses, vegetables and spices production in saline areas was 1.23, 1.72, 

2.15 and 1.98, respectively. The results imply that farmers in non-saline and saline 

areas received Tk. 123, Tk. 126, Tk. 115 and Tk. 181; and Tk. 123, Tk. 172, Tk. 215 

and Tk. 198 for Aus rice, Aman rice, Boro rice and pulses production; and Aman rice, 

pulses, vegetables and spices production in return from investing Tk. 100, 

respectively. Nahar and Hamid (2016) found the similar result where the authors 

evaluated the economic impact of soil salinity on paddy production in South-West 

region of Bangladesh. The study revealed that net return figures turned out to be Tk. 

10635 and 7762 per acre in low and high saline regions, respectively. 
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Table 5. Return from major crop production in the study areas 

Particulars 

Study areas 

Non-saline Saline 

Aus 

rice 

Aman 
rice 

Boro rice Pulses 
Aman 
rice 

Pulses 
Rabi crops 

Vegetables Spices 

Productivity (maund/ha) 157 53 96 39 50 37 996 102 

Price (Tk./maund) 838 772 700 1012 808 1312 400 887 

Return from main product 
(Tk./ha) 

131566 40916 67200 39454 40400 48540 398460 90474 

Return from by-product 
(Tk./ha) 

6183 14627 7690 - 13833 - - 18182 

iv. Gross return (Tk./ha) 137749 55543 74890 39454 54233 48540 398460 108656 

v. Gross margin (Tk./ha)  

(iv - i) 
40106 18259 21746 2303=8 17043 26273 229667 65365 

vi. Net return (Tk./ha)  

(iv - iii) 
25758 11461 9768 17656 10141 20319 213130 53779 

vii. Benefit cost ratio (BCR) 

(iv ÷ iii) 
1.23 1.26 1.15 1.81 1.23 1.72 2.15 1.98 

Source: Authors’ estimation, 2018. 

Households’ intensity of poverty 

Multidimensional poverty index (MPI) was used to demonstrate the farmers’ 

livelihood condition in the study areas in terms of appraising poverty circumstances. 

In this analysis, a basket of goods and services was considered as the minimum 

requirement to live a non-impoverished life. People who did not have an income 

sufficient to cover that basket were deemed as poor (HDR, 2015). The MPI 

combined two key pieces of information to measure acute poverty: the incidence of 

poverty or the proportion of people (within a given population) who experienced 

multiple deprivations, and the intensity of their deprivation - the average proportion 

of (weighted) deprivations they experienced.  

Table 6. Multidimensional poverty index (MPI) to measure poverty intensity 

Indicators 

Study areas 

Weights 

Non-saline 

(n = 200) 

Saline 

(n = 300) 

No. of households deprived (√) or 

privileged (×) based on the indicators 

√ × √ × 

Education 

No one has completed five years of schooling 120/200 80/200 255/300 45/300 1/6 
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Indicators 

Study areas 

Weights 

Non-saline 

(n = 200) 

Saline 

(n = 300) 

No. of households deprived (√) or 
privileged (×) based on the indicators 

√ × √ × 

At least one school-age child not enrolled in 

school 
113/200 87/200 197/300 103/300 1/6 

Health 

At least one member is malnourished 94/200 106/200 208/300 92/300 1/6 

One or more children have died 12/200 188/200 34/300 266/300 1/6 

Living standards 

No electricity 55/200 145/200 86/300 214/300 1/18 

No access to clean drinking water 49/200 151/200 100/300 200/300 1/18 

No access to adequate sanitation 33/200 167/200 72/300 228/300 1/18 

House having dirty floor 91/200 109/200 273/300 27/300 1/18 

Household uses dirty cooking fuel  

(i.e., cowdung, firewood or charcoal) 
200/200 0/200 300/300 0/300 1/18 

Household has no car and owns at best one 

bicycle, motorcycle, radio, refrigerator, mobile 
or television 

55/200 145/200 112/300 188/300 1/18 

Score of the households 0.417 0.583 0.560 0.440 - 

Intensity of poverty 
(%) 

Deprived households 41.7 56.0 - 

Privileged households 58.3 44.0 - 

Source: Authors’ estimation, 2018. 

Note: Score of deprived households in non-saline areas = (120/200 × 1/6) + (113/200 × 1/6) + (94/200 × 

1/6) + (12/200 × 1/6) + (55/200 × 1/18) + (49/200 × 1/18) + (33/200 × 1/18) + (91/200 × 1/18) + 

(200/200 × 1/18) + (55/200 × 1/18) = 0.417; score of households in non-saline areas = (80/200 × 1/6) + 

(87/200 × 1/6) + (106/200 × 1/6) + (188/200 × 1/6) + (145/200 × 1/18) + (151/200 × 1/18) + (167/200 × 

1/18) + (109/200 × 1/18) + (0/200 × 1/18) + (145/200 × 1/18) = 0.583; scores of deprived or privileged 

households in saline areas were calculated accordingly; percentage of deprived households in non-saline 

areas = 0.417 × 100 = 41.7; percentage of privileged households in non-saline areas = 0.583 × 100 = 

58.3; and percentage of deprived or privileged households in saline areas were calculated accordingly. 

It is evident from Table 6 that in non-saline and saline areas, the proportion of 

deprived households was 41.7% and 56.0%; and the proportion of privileged 

households was 58.3% and 44.0%, respectively. The households were deprived or 

privileged based on all the indicators of a single dimension or at a combination of the 

indicators across dimensions. The reason for a better livelihood condition of 

households in non-saline areas compared to households in saline areas was that the 

farmers in non-saline areas could grow crop round the year in their cropland 
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maintaining a variety of crop diversification, but the farmers in saline areas had 

limited scope for crop production due to high level of salinity in their cropland which 

ultimately reduced their income than the farmers in non-saline areas. 

CONCLUSION 

The present study has been undertaken to understand the context for practice change 

in dry season cropping in Southern Bangladesh. The study revealed that in the non-

saline areas, majority of the farmers followed the cropping patterns of Fallow – 

Aman rice – Pulses, Fallow – Aman rice – Boro rice and Aus rice – Aman rice – 

Pulses, whereas in saline areas, most of the farmers followed the cropping patterns of 

Fallow – Aman rice – Fallow, Fallow – Aman rice – Pulses and Fallow – Aman rice – 

Chili/Maize/Rabi crops. These cropping patterns indicated that there is a lack of dry 

season crops in the study areas for which it is needed incorporating pulse crops in 

coastal Southern regions; and wheat in Southwest regions of Bangladesh to enhance 

crop intensification. Crop intensification analysis revealed that farmers in non-saline 

areas grow crops for more than two times per year in a particular crop land but it was 

less than two times in case of farmers in saline areas. Profitability of major crops was 

much higher in non-saline areas compared to saline areas. The study also indicated 

that farmers’ poverty intensity in terms of deprivation of health, education and living 

standards in non-saline areas were reasonably lower with regard to farmers in saline 

areas.  
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ABSTRACT 

Climate change is one of the most challenging problems for the 
agricultural development. The purpose of this study is to analyze 
perception of climate change, its impacts and determinants among 
vegetable growers and to identify major adaptation strategies used by 
them. The study was based on survey of 75 vegetable growers; 34 from 
Benighat Rorang rural municipality and 41 from Siddhalek rural 
municipality of Dhading district of Nepal. Data were collected using face 
to face interview. The study provided empirical evidence of decreased in 
intensity, duration and frequency of rainfall and increase in annual 
temperature, drought duration and frost severity. Incidence of disease 
and pest, decline in soil fertility, scarcity of water and severe 
frost/hailstones were major problems. The 45.33% vegetable growers 
were compelled to change planting and 54.67% of them to change 
harvesting due to climate change effect. The adaptation practices such 
as mulching (24%), green/plastic house (29.3%), drip irrigation (8%), IPM 
(12.5%), change in crop variety (31.3%) and cropping pattern were found 
common practices adopted by farmers. The probability of adapting 
climate change mitigating factors was 70.26% higher for those who had 
received training in vegetable cultivation. Use of new climate smart 
agricultural technologies and providing training about vegetable 
cultivation were found suitable strategies to mitigate the negative impacts 
of climate change. 

Keywords: Climate smart agriculture, Cropping pattern, IPM, Soil fertility 

INTRODUCTION 

Climate change is change in state of the climate over time, whether due to natural 

variability or as a result of anthropogenic activities (IPCC, 2007). Climate change has 
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been taking place since the origin of the earth as a natural process but in recent years 

due to uncontrolled human anthropogenic activities, climate change is speeding at an 

alarming rate. Despite its own meager contribution to green house gas (0.027%), 

Nepal ranked 4
th
 vulnerable nation to climate change (Sapkota and Rijal, 2016). 

Location of Nepal at centre of Himalaya enlightened the fact that it is major target 

point of climate change impact. Rapid temperature rise (>0.06
0
C), retreating glaciers 

(>30m per year), erratic rainfall and increase in frequency of natural disaster like 

flood and landslide are major effect of climate change seen in recent years (Karki et 

al., 2009). 

Agriculture contributes to one third of national GDP, change in climatic parameters 

like rainfall, temperature, solar radiation imparted great threat to cropping system. 

Increase in temperature and dropping of rainfall amount accelerates evapo-

transpiration, increase demand of water by many folds. Climatic parameters like, 

high temperature, rainfall and humidity are favorable for reproduction of pathogen 

and insects which increase disease spread in crops (Malla, 2008). Erratic rainfall pose 

abrasive effect on top soil, flood and landslide takes off top soil making on site 

deficit in nutrients required for better crop growth. Increase in frost duration and 

severity force plant to face many physiological and bio-chemical disorder which 

ultimately reduce crop productivity. Scarcity of water, spread of disease pest, decline 

in soil fertility, frost injuries and drought are some of the major problems seen in 

Nepalese agriculture (Malla, 2008). 

Vegetables are important crops in Nepal as they are rich source of nutrients and give 

higher return to farmers of Kavre, Dhading, Chitwan, Makwanpur and Nuwakot 

(MoAD, 2017). Productivity of Vegetables is increasing but the rate of increment is 

far beyond the rate of demand (MoAD, 2017). At the same time, climate change is 

adding problems in vegetable farming as farmers are unaware about adaptation of 

climate change mitigating factors. Therefore, a study was undertaken to figure out 

perception, impacts and determinants of climate change adaptation among vegetable 

growers of Dhading district. 

METHODOLOGY 

The study was conducted in Dhading, part of province No. 3 of Federal Republic of 

Nepal. Dhading was purposively selected because it is major vegetable producing 

district of Nepal with identifiable number of vegetable growing farmers. The district 

spreads from 27'40" E to 28'17" E and 80'17"N to 84'35"N. Climate here ranges from 

tropical, subtropical, temperate, sub-alpine and alpine but subtropical is dominant. 75 

vegetable growers were randomly selected, 41 from Siddhaek and 34 from Benighat 

Rorang rural municipalities of Dhading. Face to face interview method was used to 

collect primary data using pretested semi-structured questionnaire in the month of 

January 2019. Data about perception, impact and adaptation strategies followed by 

farmers since past 10 years were taken during the study. Two Focus Group 
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Discussion (FGD) and key informant interview (KII) were conducted to validate 

information obtained from respondents. Data analysis and comparisons were made to 

obtain results. The data were entered in Microsoft Excel, SPSS and analysis was done 

by using SPSS and STATA. 

Probit model 

Probit model was used to determine the factors that influence farmers to follow 

climate change adaptation strategies in Dhading district. Probit model is statistical 

probability model with two categories in the dependent variable (Liao, 1994) cited by 

Dahal and Rijal (2019). Probit model is based on the cumulative normal probability 

distribution. The binary dependent variable, y< takes on the values of zero and one. 

In binary probit model, farmers following climate change mitigating factors is taken 

as 1, while those who do not follow is taken as zero. It is assumed that the i
th
 farmers 

obtains maximum utility, it has climate change adaptation preference over non 

adaptation. The probability Pi of choosing any alternative over not choosing can be 

shown by following equation, where φ represents the cumulative distribution of the 

standard normal random variable (Uzunoz and Akcay, 2012). 

Pi= prob [Yi=1 lxl =      
  

   
  

  
exp  

  

 
)dt = φ(xi

'
 ß) 

RESULTS  

Perception of vegetable growers towards climate change 

According to the study conducted in Siddhalek rural municipality and Benighat 

Rorang rural municipality of Dhading district, nearly a half (46.67%) of farmers had 

no idea about climate change but 53.33% farmers were cognizant about climate 

change. Source of information about climate change among conscious farmers was 

media/news and school. Very few conscious farmers (15) got knowledge of climate 

change through their self-experience. 
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Most of the respondents perceived decrease in all the three rainfall parameters, 

intensity, duration and frequency (fig. 1). 55 (73.3%), 64 (85.5%) and 61 (81.3%) of 

the respondents perceived decreased in rainfall intensity, duration and frequency 

respectively. 

 

Figure 2. Perception of farmers towards frost and temperature 

According to the survey, most of the respondents (73.3%) perceived increase in frost 

severity while frost duration was either decreasing (42.7%) or constant (41.3%). Very 
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pattern of frost duration (16.0%). The survey revealed that, 50 (66.7%) of farmers 

perceived increase in summer temperature, 15 (20.0%) thought there was no change 

in summer temperature and 10 (13.33%) perceived that summer temperature was 
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temperature was in increasing trend. In contrast to decreasing summer temperature, 

majority of farmers (81.33%) comprehended increasing trend of annual temperature. 

Very few respondents (6.67%) perceived that annual temperature is decreasing  

(Fig. 2) 
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Table 1. perception of farmers towards flood, drought and hailstones 

  

Farmer's category 

  

Flood frequency Overall Siddhalek Benighat Rorang 

Chi-square 

value P-value 

Increase  24 (32.0)  11 (26.8) 13 (38.2) 146.385*** 0.00 

Decrease  40 (53.3) 23 (56.1) 17 (50.00) 

  No change 11 (14.7) 7 (17.1) 4 (11.8) 

  Drought duration 

     Increase  67 (89.3) 39 (95.1) 28 (82.4) 3.853ns 0.146 

Decrease 2 (2.7) 0 (0.00) 2 (5.9) 

  No change  6 (8.0) 2 (4.9) 4 (11.8) 

  Hailstones frequency 

     Increase  45 (60.0) 31 (75.6) 14 (41.2) 9.823*** 0.007 

Decrease 21 (28.0) 8 (19.5) 13 (38.2) 

  No change 9 (12.0) 2 (4.9) 7 (20.6) 

  Note: *** indicate significant at 1% level of significance and ns indicate non-significant 

According to the field survey, 26.8% farmers of Siddhalek and 38.2% farmers of 

Benighat thought that frequency of flood had increased. 56.1% respondents of 

Siddhalek and 50.0% of respondents comprehended that flood frequency had 

decreased since last ten years. Very few farmers (14.7%) perceived that there was no 

change in flood frequency.  Most of the farmers (89.3%) perceived increase in 

drought duration. Majority of respondents thought that hailstones frequency was 

increasing, 75.6% respondents of Siddhalek and 41.2% respondents of Benighat 

perceived increasing trend of hailstones frequency (Table 1) 

Impact of climate change on vegetable crops 

Table 2. Impact of climate change in planting and harvesting 

Shift in planting Overall Siddhalek Benighat Rorang Chi-square value P-value 

Early 13 (17.3) 10 (24.4) 3 (8.8)  153.522*** 
0.00 

Delay 21 (28.0) 8 (19.5) 13 (38.2)   

 No shift 41 (54.6) 23 (56.1) 18 (52.9)   

 Shift in harvesting 

     Early 11 (14.7) 7 (17.1) 4 (11.8)  144.805*** 0.00 

Delay 30 (40.0) 16 (39.0) 14 (41.2) 

  No change  34 (45.3) 18 (53.9) 16 (47.1) 

  Note: *** indicate significant at 1% level of significance 
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According to the study, climate change had forced majority of farmers to shift 

planting and harvesting times. Among all farmers, 28.0% and 17.3% cultivate 

vegetables ( Table 2) early and late than usual practice respectively. Unusual weather 

pattern had forced farmers to alter harvesting time, 40% of farmers made delayed 

harvest whereas 14.7% harvested earlier than usual practice. 

Table 3. Impact of climate change in crop productivity and area 

Crop productivity Overall Siddhalek Benighat Rorang Chi-square value P value 

Increase  29 (38.6) 17 (41.5) 12 (35.3) 146.252*** 0.00 

Decrease 20 (26.7) 12 (29.3) 8 (23.5) 

  No change 26 (34.7) 12 (29.3) 14 (41.2) 

  Area 

     Increase  46 (61.3) 26 (63.4) 20 (58.8) 149.692*** 0.00 

Decrease  15 (20.00) 10 (24.4) 5 (14.7) 

  No change 14 (18.70) 5 (12.2) 9 (26.5) 

  Note: *** indicate significant at 1% level of probability. 

Based on field survey on impacts of climate change, 38.6% farmers thought that crop 

productivity was increasing but 34.7% farmers said that there was no change in crop 

productivity (Table 3). Among all farmers, 61.3% farmers expanded the area of 

vegetable farming, 20% of farmers reduced the area of vegetable farming. Despite 

rapid urbanization and fragmentation of land, the increase in area of vegetable 

farming is due to the increasing demand of vegetables. 

Climate change had negative effect on crop growth and development. This might be 
due to disturbance in bio-chemical and physiological processes of plants. 56% of 
respondents perceived that nursery stage is severely affected followed by fruit 
development (16%), vegetative growth (14.67%) and transplanting (10.67%) whereas 

ripening was least affected by climate change. All the farmers (100%) perceived that 
sources of water were declining at alarming rate, which was due to increase in 
deforestation, pollution and decrease in rainfall. 82.67% vegetable growers said that 
soil fertility was declining; this might be due to long term application of chemical 
fertilizers. The decline in soil fertility was due to increase in erosion caused by erratic 
rainfall, flood and landslide. 

According 78.67% of total farmers, disease spread was increasing in the area since 
last decade, in contrast to that very few farmers (21.33%) perceived that disease 
spread was same as before. Climate change parameters had direct impact on the 
development and distribution of pests and diseases. Various types of diseases were 

seen in the study area, the following was seen frequently. (Table 4) 
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Table 4: Disease/pest in the area 

Vegetable Crops Disease/Pests 
Pest 

category 
Scientific name 

Farmer's 

name 

Tomato Blight (Early and late) Fungi Alternaria solani 

Dadhuwa 

rog 

   

Phytophthora infestans 

 

 

Whitefly Insecta Bemisia spp Setojhinga 

 

Tomato leaf miner  Insecta Tuta absoluta Putali 

Potato Blight (Early and late) Fungi 

A. solani and P. 

infestans 

Dadhuwa 

rog 

 

Fungus attack Fungi Fusarium spp. Dhusi 

   

Pythium spp. 

 

 

Potato wilt Bacteria 

Pseudomonas 

solanacearum 

Pat galne 

rog 

 

Red ants Insecta Dorylus orientalis Ratokamila 

Cauliflower and 

cabbage 

Diamond Back 

Moth(DBM) Insecta Plutella xylostella 

Itta butte 

putali 

 

Alternaria leaf spots Fungi Alternaria brassicae Thople rog 

   

A. brassicicola 

 

 

Powdery mildew  Fungi Erysiphe cruciferarum Kharane rog 

Cucurbits Powdery mildew  Fungi Erysiphe spp Kharane rog 

   

Podosphaera xanthii 

 

 

Green Stink bug Insecta Chinaviahalaris Patero 

 

Fruit fly Insecta Bactrocera cucurbitae Jhinga 

 

Discoloratio after post 

harvest Physiological disorder 

 Leafy vegetables Aphids insecta Myzus persicae Lahi 

   

Aphis spp. 

 

 

Damping off Fungi Fusarium spp. Phedkuhine 

   

Pythium spp. 

 

   

Rhizoctonia spp. 

 

 

Powdery mildew Fungi Erysiphe polygoni 

Kharane 

Rog 

Okra Jassids Insecta 

Amrasca 

biguttulabiguttula 

 

 

Fruit and shoot borer Insecta Earias vittela 

 

   

E. insulana 

 Bitter gourd Fruit fly insecta Bactrocera dorsalis Jhinga 
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Adaptation strategies of climate change at farmers’ level 

Table 5. Adaptation strategies for water scarcity at farmers’ level 

Variables  

 

Siddhalek Benighat Rorang Chi-square value P-value 

Drip irrigation 6 (8.0) 3 (7.3) 3 (8.8) 144.11*** 0.00 

Store rain water 18 (24.0) 14 (34.1) 4 (11.8) 153.801*** 0.00 

Mulching 18 (24.0) 14 (34.1) 4 (11.8) 5.105** 0.024 

Note: ** and *** indicate significance at 5% and 10% levels of probability 

Drought was one of major problems among vegetable growers of Dhading. Very few 

respondents (8%) adopted drip irrigation to get rid from water scarcity. The 34.1% of 

respondents of Siddhalek and 11.8% respondent of Benighat stored rain water (Table 

5). They stored water by making artificial pond in which water infiltration was sealed 

off by thick plastic. 24% of the respondents adopted mulching for soil moisture 

conservation. Problems of higher temperature during summer were managed by 

applying adequate amount of water. 

Table 6. Adaptation strategies for frost at farmer’s level 

Variables Overall Siddhalek Benighat Rorang Chi-Square value P-value 

 Frost tolerant varieties   0 (0) 0 (0) 0 (0) 144.000 0.00 

Plastic/Green house 22 (29.3) 8 (19.5) 14 (41.2) 152.080*** 0.00 

Mulching 13 (17.3) 8 (19.5) 5 (14.7) 144.575*** 0.00 

Note: *** indicate significant at 1% level of probability 

None of the farmers of the study area used frost tolerant variety. 19.5% respondents 

of Siddhalek and 41.2% of respondents of Benighat Rorang cultivated vegetable 

under green/plastic house. 19.5% farmers of Siddhalek and 14.7% respondents of 

Benighat used mulching to prevent plants from frost (Table 6). 

Table 7. Adaptation to disease and pests at farmer’s level 

Variables Overall Siddhalek 
Benighat 

Rorang 

Chi-square 

value 

P-

value 

Collecting and burning 

crop residue 11 (14.6) 9 (22.0) 2 (5.9) 
151.362*** 

0.00 

Use of trap crop 21 (28.0) 10 (24.4) 11 (32.4) 145.122*** 0.00 

Use of different physical 

traps 48 (64.0) 23 (56.1) 25 (73.5) 
148.707*** 

0.00 

Biological management 3 (4.0) 0 (0) 3 (8.8) 151.235*** 0.00 
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Climate change has resulted in spread of diseases and pests (Table 7), in some cases 

new types of diseases were also seen. For management of disease and pests, about 

60% of farmers used chemicals, 24% of farmers used IPM method and 16% did not 

adapt any methods 22% and 5.9% farmers of Siddhalek and Benighat Rorang 

collected and burnt crop residue. The 24.4% farmers of Siddhalek and 32.4% farmers 

of Benighat Rorang used trap crop for management of insects. They had cultivated 

few rows of marigold to control nematode in vegetable. Among IPM practice, 

majority of farmers used physical traps for monitoring and controlling insects. They 

used pheromone trap, sticky traps for management of insects like fruit fly, thrips, 

aphids etc. Very few farmers of the study area followed biological management to 

control insects and pests. Most of the respondents had no idea about such system of 

management. 

Table 8/ Adaptation to declining soil fertility at farmer’s level 

Note: *** indicate significance at 1% level of probability 

Almost all the farmers applied chemical fertilizers but they had created serious threat 

to agro-ecology accelerating climate change. Climate change deteriorated soil 

fertility status, various techniques had been adopted by farmers to mitigate soil 

fertility decline. 97.3% of the vegetable growers applied animal manure to restore 

soil fertility. 12.2% farmers of Siddhalek and 20.6% farmers of Benighat Rorang 

applied compost manure. 41.5% respondents of Siddhalek and 61.8% respondents of 

Benighat Rorang practiced crop rotation with legumes. Leguminous crops were 

proven to be beneficial for improving soil properties. Most of the farmers (57.3%) of 

the study area retained crop residue back to soil. 32% of the vegetable growers of the 

study area cultivated in new land to acclimatize with climate change (Table 8) 

  

Variables Overall Siddhalek 

Benighat 

Rorang 

Chi-square 

value 

P-

value 

Animal manure 

application 73 (97.3)  39 (95.1) 34 (100.0) 147.272
*** 

0.00 

Compost making 12 (16.0) 5 (12.2) 7 (20.6) 145.870
*** 

0.00 

Crop rotation 38 (50.6) 17 (41.5) 21 (61.8) 149.880
*** 

0.00 

Retaining crop residue 

back to soil 43 (57.3) 20 (48.8) 23 (67.6) 149.193
*** 

0.00 

Cultivate in new land 24 (32.0) 16 (39.0) 8 (23.5) 147.938
*** 

0.00 
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Determinants of climate change adaptation 

Table 9. Determinants of climate change adaptation 

Variables Coefficients Standard Error     Z p>|Z| dy/dx 

Family type (@) -0.318517 0.3623098 -0.88 0.379 -0.0809646 

Gender of Household head (@) 0.4643503 0.3893749 1.19 0.233 0.1180342 

Age of household head ( years) -0.0044903 0.3893749 -0.16 0.871 -0.0011414 

Schooling of household head 

(years) 0.0979612 0.0539266 1.82 0.069 0.024901 

Occupation of household head 

(@) -0.1363144 0.3935561 -0.35 0.729 -0.0346501 

Training received (@) 0.7064034 0.3978305 1.78 0.076 0.1795623 

Access to extension (@) 0.2236322 0.4372344 0.51 0.609 0.0568456 

Farmers group (@) 0.1834821 0.4364304 0.42 0.674 0.0466397 

Constant -0.0591375 1.559597 -0.04 0.97 

 

Probit model was used to assess the factor influencing the adaptation of climate 

change. Good explanatory power of the model was revealed through likelihood ratio 

chi-square (LR chi
2
). LR chi

2
 was found to be statistically significant at 1% level of 

probability and the pseudo R
2 

was 0.0099. Among eight variables included in this 

model, schooling of household head and training received was found to be 

statistically significant at 10% level of probability. It had been found that farmers 

who had received training about vegetable cultivation and farmers with higher 

schooling were more likely to adapt climate change mitigating factors. Probability of 

adaptation of climate change strategies was 9.7% higher for farmers who had good 

education (Table 9). Similarly, the probability to adapt climate change strategies was 

70.6% higher for farmers who had received training in vegetable cultivation. Other 

variables like gender of household head, membership of farmers group, and access to 

extension had positive relation with adaptation of climate change strategies. 

Occupation of household head, gender of household age and family type had negative 

relation with adaptation of climate change strategies. 

DISCUSSION 

The findings of this study showed that nearly a half (46.67%) of the farmers had no 

idea about climate change. Most of the farmers perceived decreased in intensity, 

duration and frequency of rainfall and increase in annual temperature, drought 

duration and frost severity. Incidence of diseases and pests, decline in soil fertility, 

scarcity of water and severe frost/hailstones were major problems faced by vegetable 

growers. Pre-monsoon and monsoon rainfall were increasing but post monsoon 

rainfall was decreasing in central hills of Nepal. Overall wet days were decreasing 

and dry days were increasing across the country (Karki et al., 2017). Decreasing in 
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intensity, frequency and duration of rainfall are in consistent with rainfall of 

mountainous region of Makawanpur (Subedi, 2018). Devkota (2014) found that there 

was increasing trend of summer, winter and annual temperature. The decreasing 

flood frequency was observed in survey conducted by Subedi (2018) in Makawanpur 

but in contrast with flood pattern of Nepal (Gaire et al., 2015). Trend analysis of 

drought in central Nepal showed that drought intensity, severity and duration were 

strongly increasing (Dhakal et al., 2016). River water resources were increasing in 

Nepal due to melting of mountainous ice but drinking and irrigation water were 

declining (Basyal, 2017). River water is unfit for drinking and there is poor 

infrastructure to lift river water for irrigation in Nepal. Farmers were forced to 

change planting and harvesting time. The shift in planting and harvesting time had 

been found in mountainous agricultural farming system of central hills of Nepal 

(Subedi, 2018). The study showed that 38.6% farmers thought that crop productivity 

was increasing due to climate change. Despite climate change, productivity of 

vegetable was in increasing trend this might be due to adoption of new technology in 

vegetable farming like high yielding varieties, mulching,  disease and pest 

management, cultivation under green house and so on (Pandey et al., 2017). Similar 

increasing trend of crop productivity was observed by Subedi (2018) and MoAD 

(2017). It had been found that farmers who had received training about vegetable 

cultivation and farmers with higher schooling were more likely to adapt climate 

change mitigating factors. Mulching and drip irrigation are the measure to get rid 

from scarcity of water resources. Mulching was used in mountainous region of 

Makawanpur to conserve soil moisture (Subedi, 2018). Drip irrigation increase water 

use efficiency reducing unnecessary loss of water (Narayanamoorthy, 2004). Most of 

the Farmers of Dhading applied organic manure to acclimatize with declining soil 

fertility as it improves soil properties (Pyakurel et al., 2019). Crop residue retention 

improves soil fertility (Jangam  and Rupa, 2017). Increase in CO2 and temperature 

lead to increase in population of pest and severity of disease, provided that host plant 

is available (Malla, 2008). New type of diseases had been seen, they might be 

migrated from terai (Malla, 2008). Burning crop residue may reduce soil borne 

disease to some extent (Bailey and Lazarovits, 2003) but burning crop residue is 

detrimental to environment as they emits trace amount of gases like CO2, CH4, N2O, 

SO2  and large amount of particulates (Vats, 2015). Higher dose of agrochemicals 

pose serious threat to environment which further accelerates climate change 

(Bhandari, 2014). The gender of household head, membership of farmers group, and 

access to extension agents help farmers to adopt new technology of agriculture 

(Dahal and Rijal, 2019). 
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CONCLUSION 

This study analyzed perception and impact of climate change among vegetable 

growers in Dhading district of Nepal. Different farmers perceived their idea 

differently about climate change. This study showed that the incidence of disease and 

pest, decline in soil fertility, scarcity of water and severe frost/hailstones are major 

problems. Climate change forced farmers to change planting and harvesting time. 

The mulching, green/plastic house, drip irrigation, IPM, change in crop variety and 

cropping pattern are some adaptation practices to mitigate climate change effect. It 

would be better to suggest policy makers, other authentic bodies and farmers to 

introduce new climate smart agricultural technologies. Providing training about 

vegetable cultivation helps farmers to get rid from the negative impacts of climate 

change. 
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ABSTRACT 

Livestock, the dairy sector in particular, has traditionally contributed to 
the Nepalese economy and livelihoods even though vegetarian centered 
food habits predominate. Despite a long chain of observations, 
discussions, and interventions, this sector has not realized substantial 
improvement. An International Livestock Research Institute (ILRI) 
developed tool, Feed Assessment Tool (FEAST), has been deployed to 
precisely analyze the livestock feeding system in the Kapilvastu, Palpa 
and Arghakhachi districts of Nepal. A large proportion of the populations, 
especially the youth segment, have migrated, and as a result the area 
under agricultural production is ever decreasing. The typical crop 
production pattern does not reflect any dominance of fodder crops, which 
limits the availability of feed and posesa serious threat to the expansion 
of commercial dairy enterprises. Additional barriers to increased 
productivity include a limited supply of labor, competition for resources 
(i.e. labor, land) with rice production and the significant number of 
indigenous dairy animals in the national herd. Policy barriers that include 
unaffordable credit, limited access to inputs and inadequate government 
support further hinder potential growth of the dairy sector of this region. A 
dairy focused program to utilize the land and other resources to 
commercialize the dairy sector in order to tap the potential of this 
geography could be the only alternative to contribute toward meeting the 
national objective of making the country self-sufficient in milk and its 
products by 2020. 

Keywords: Feed Assessment Tool; Feeding System; Animal Production; 

Market 
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INTRODUCTION 

A review of the statistics related to agricultural production and their trends over the 

decades reflect that livestock, ruminants in particular, is the fundamental component 

of agriculture system of Nepal. Indeed, more than one-third economic share of 

agriculture is occupied by livestock, and agriculture nearly contributes the same 

proportion of the national economy (MoALMC, 2018). Common species like cattle, 

buffalo, sheep and goats have traditionally complemented the crop farming 

community by supplying milk, meat, wool and to a certain extent farm power 

(Paudel, 2009). Over the years, the livestock sector, especially dairy production, has 

undergone its own transformation and acquired the status of commercial enterprise or 

agribusiness, in part due to greater efforts towards improvements, especially in 

feeding (Paudel, 2009). Comparative studies of the potential productivity of these 

ruminants, however, indicate that significant further improvement could result from a 

number of interventions in feeding, breeding and health, and thereby improve the 

overall productivity of ruminants. The productivity of dairy animals, especially under 

the forage-based systems, is perceived as being highly responsive to feeding 

interventions. Understanding the forage-based system to produce quality milk and 

meat, a variety of quality alternatives are also available within the ecological niches 

of each production system (Paudel et al., 2017) and therefore hold immense potential 

to help in the mission of making country self-reliant in milk and meat (MoALMC, 

2018). However, selection of the right feeding interventions requires a 

comprehensive investigation of the existing livestock production systems along with 

their feeding pattern as well the potential of improvement. The established system of 

such assessment from those of African and Indian cases have been quite relevant and 

sensible considerations for this purpose (Amole and Ayantunde, 2016; Adegoke and 

Abioye, 2016; Wondatir and Damtew, 2015; Lukuyu et al., 2015; Wassena et al., 

2015).  

METHODOLOGY 

Feed Assessment Tool (FEAST), a system developed by Duncan et al., (2012) was 

used in a total of six (6) locations in three (3) districts in Nepal, to assess the 

livestock production system, feeding system in particular (Fig. 1). The process 

involved in the data collection was conduct of Focus Group Discussion (FGD) in 

each location.  The FGD accommodated between 8 and 12 farmers amongst the 

participants of the project implemented by Feed the Future Innovation Laboratory. 

The discussions focused on four major areas i) the farming system, ii) management 

of livestock species, iii) problems and their corresponding solutions and iv) the 

wealth/land distribution of community.  
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Figure 1. GIS map of study area 

The following table presents the information on the estimated number of households 

(HH) living in each study location along with their typical family size and the 

proportion of that population that had migrated inland or international for different 

reasons, and thus unavailable for contribution to the agricultural enterprise. Likewise, 

the table also indicates the number of participants disaggregated gender-wise in each 

discussion.  

Table 1. Demographic characters of the study locations and respective Focus Groups 

for the feed assessment tool FEAST discussions in Nepal. 

Location HHs in the 

area 

Family Size 

per HH 

% 

Migrated 

FGD Participants Total 

Male Female 

Kopuwa 300 6 33 9 6 15 

Dhankauli 400 8 19 14 4 18 

Dumre 1458 5 40 9 3 12 

Chinari 52 5 20 5 11 16 

Durgaphat 180 8 25 9 3 12 

Kimdanda 500 6 38 6 8 14 

Source: FGD Survey (2016) 

RESULTS AND DISCUSSION 

Household Information and farm size 

The diversity of number of HHs ranged between 52 HHs in Chinari of Palpa and 

1458 in Dumre of the same district with an average size of 5 to 8 people per HH. 
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Likewise, the average proportion of members migrating out of the family ranged 

from 19% in Dhankauli to 40% in Dumre. The highest number of HHs in the area 

with the highest percentage of the members migrating out of the town could perhaps 

be due to the awareness of the members about opportunities outside the village/town 

for jobs and education.  

Figure 1. Stack chart showing percentage of small, medium and large farm HHs 

Similar diversity existed in the size of the land holdings reportedly ranging from 0.67 

ropani (where 1 ha=20 ropanis) to266 ropanis. However, the proportion of HHs with 

large holdings is significantly less. This is indicative of expansion of existing dairy 

farms to large ones that operate on forage-based feeding. The proportion of farmers 

representing each group viz; small, medium and large are presented in a stack chart 

(Fig. 2) below which indicate that the on an average the proportion of small farmers 

in respective contexts dominate the distribution of land followed by the medium 

farmers and large farmers. 

Cropping season and water availability 

The crop calendar in Figure 3 depicts the classical annual cropping pattern that 

existed across the locations studied showing wheat dominating during winter with 

some records of potato, mustard and oat being grown, though in small areas. Wheat 

production is preferred in areas where farmers can provision for at least one irrigation 

during flowering which is the most critical stage for economically relevant harvest of 

the crop (Singh, et. al., 2018).  
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Annual Rainfall Pattern across study 
locations 

Kopuwa Dhankauli Dumre 

Chinari Durgaphat Kimdanda 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Kopuwa           Rice   

Potato           Potato 

  Sunflower             

Dhankauli           Rice   

Wheat                 Wheat 

                        

Dumre 

          Rice   

Wheat/Oat             Wheat/Oat 

      Maize/Teosenti       

Chinari 

    Maize       

Siltung (Legume) 

                Mustard 

Durgaphant 

          Rice   

Wheat               Wheat 

    Maize             

Kimdanda 

      Maize       

Wheat             Wheat 

               Mustard 

Figure 3. Cropping pattern of studied area 

 

 

 

        

 

 

 

 

 

 

Figure 4. Annual Rainfall pattern in study area 

 



258 Paudel et al. 

0 

20 

40 

60 

80 

100 

Kopuwa Dhankauli Dumre Chinari Durgaphant Kimdanda 

Cattle Indigenous Cattle Improved Buffalo Indigenous 
Buffalo Improved Draught Cattle Goat 
Pig Rural Poultry Commercial Poultry 

The farmers were asked to evaluate the intensity of rainfall across months on a 5-

point scale (Fig. 4) which demonstrates that the new monsoon is extended from June 

to September. In the meantime, the FGD participants across almost all locations 

indicated that March, April, November and December are the driest months in a 

calendar year. This information is indicative of further expansion of fodder during 

high water availability and preservation of these fodder/forage for the use during the 

driest months (Paudel, 2009) and at the same time indicating the need for water 

management strategies to cater the need for forage/fodder during drier months. The 

variation for availability of water existed across locations; Kopuwa being the most 

advantageous while the plight of Chinari and Kimdanda farmers offers considerably 

less opportunity to plan for fodder/forage production. The collected information was 

matched from the nearby agriculture center (plotted on the chart on secondary 

vertical axis). The comparison indicates that farmers' perception also matches with 

the actual precipitation recorded except for the fact that contrary to farmers' 

perception, the month of August received no precipitation at all in the area. 

Labor requirement 

The migration (internal and international) trend over the years especially triggered by 

the armed conflict during the 1990s and thereafter has created a vacuum in the labor 

force (KC, 1998) that would otherwise be abundantly available for agriculture-based 

operations. Despite a degree of mechanization and customization to agriculture 

practices, some periods observe higher labor requirements that have been addressed 

by either exchange of labor service, barter the service for some other goods or pay for 

such services. The respondents revealed during the FGDSs that June and July are 

earmarked for the maximum labor demands largely attributable to the cultivation 

(nursery management, land preparation, puddling, seed pulling and transplanting) of 

the staple crop. 

Figure 5. Percentile distribution of farmers rearing different livestock species 
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The percentage of farmers rearing goats is above 80% and the (fig. 5) strongly 
supports the common claim that goats constitute the integral component of the hill 
and rural farming system of Nepal (Paudel et al., 2012). Among dairy animals, the 
proportion of improved cattle exceeds local breeds; less than 10% of local breed 
cattle and buffaloes have been maintained which indicate that the performance of 
local breeds against their crossbred counterparts are inferior (Pokharel et al., 2012) 
and cannot address the local and national demand for milk (CLDP, 2011). This 
growing affinity of farmers towards improved breeds of dairy animals indicates the 
growing commercialization of dairy sector in the study locations.  

Sources of credit 

Owing to growing herd size, especially of dairy farms, the investment influx to 
support the ever-growing sector through simultaneously growing different financial 
institutions is needed. However, significant work is required to support the much 
needed commercialization of the livestock sector in general (IBN, 2017). Figure 
6illustrates the proportion of farmers receiving loans from two major categories

3
 of 

financial institutions viz; formal and informal. Except of Kimdanda, thereappears to 
be a general trend of accessible areas getting better access to formal sector credit. 
Areas remote from market centers are deprived of such formal credit access and are 
therefore dependent on the informal sector, resulting in being forced to pay 
unaffordable interest rates. However, the informal sector provides the flexibility and 
comfort of pursuing loans locally, and avoid the formality and paperwork 
requirements that are often cumbersome for the farmers in pursuit of small volume 
loans for agricultural purposes including dairy.  

 

 

 

 

 

 

 

 

 

Figure 6: Proportion of farmers taking loans from different sector 

                                                        

3 Nepal Rastra Bank (NRB), the central bank, has broadly categorized the financial institutions as formal and 

informal. Formal sources are those registered formally under the umbrella policy of the NRB to a clearly defined 

boundary of financial transactions. These are further classified as Class A, B, C and D on the basis of the amount of 
capital been managed by these institutions and  

the area of coverage. Informal sector are those institutions providing casual loans to the needy farmers usually for 

unforeseeable instances in the family. These institutions are usually groups registered in district level line agencies or 
individuals offering loans to farmers usually on higher interest rates than the formal sector. 
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Area under cultivation 

The overall impression of the study revealed that there could be more land available 

for cultivation if additional inputs are available for agricultural operations. In cases 

where farmers need to lease in or out land for cultivation, the cost of leasing (in and 

out) varies from Rs. 1,750 in Dhankauli to Rs. 4,000 per ropani per year in 

Durgaphant and Kimdanda. Because the status of irrigation for crop cultivation in 

Chinari is extremely daunting andwith no possibility of potential growth of 

agribusiness in the areas, there exists no possibilityof leasing in- or out. 

Figure 7 illustrates the dominance of area under cash cereal crops except in Dumre 

and Kimdanda wherein the dominance of fodder crops was evident attributable 

largely to the economic reliance on livestock farming, especially of dairy for 

livelihood and income generation.  

 

 

 

 

 

 

 

 

 

Figure 2. Land Use Pattern of Cultivated Land for Fodder, Cash and Subsistence Crops across 

Study Locations 

Figure 7 illustrates the dominance of area under cash cereal cropsexcept in Dumre 

and Kimdanda wherein the dominance of fodder crops was evident attributable 

largely to the economic reliance on livestock farming, especially of dairy for 

livelihood and income generation. 

a. Market 

Distance and/or cost involved in travelling to nearby market have been considered in 

defining the accessibility of market around each focus group. The range of distance 

differed from 3 kilometers (km) in both Kimdanda and Dumre to 13 km in 

Dhankauli. However, some interesting situationsexist in Dhankauli wherein farmers 

relied on a market beyond the border rather than on a nearby market.  In Durgaphant, 

farmers pursuedlocal Village Animal Health Worker (VAHW) service to cope with 

the distant markets in Palpa for inputs required for animal production. The average 

cost of travel to the nearby market for all locations ranged from Rs. 30 to 50, largely 

governed by distance and condition of the road. Agrovetsare the significantly 



DAIRY ANIMAL FEEDING SYSTEM OF WESTERN NEPAL 261 

50 

25 

90 

96 

30 

40 

50 

75 

10 

4 

70 

60 

0% 20% 40% 60% 80% 100% 

Kopuwa 

Dhankauli 

Dumre 

Chinari 

Durgaphant 

Kimdanda 

Male Female 

dominating source of input supply (implements, fertilizers, seed, drugs, semen for AI 

and vaccines) in almost all study locations, making many livestock enterprises less 

efficient in these situations. As a token to have complemented to public service, the 

government needs to offer more support services (both technical and financial) to 

thesegrassroot enterprises (IBN, 2017). 

Management of livestock 

b. Housing system 

The farmers in the study area tended to house animals based on broad categories of 

ruminantsvs non-ruminants owing largely to their feed requirements. The degree of 

commercialization further separated large from small ruminants. Within this system, 

the hills housing system was marked by stall fed system characterized by no allocated 

grazingareaand risks associated to topography for grazing their ruminants. These 

structures were mostly marked by the provision of a feeding trough that provides 

space for the hay/straw and green fodder with either removable metallic or cement 

watering trough. Seasonality in provisioning bedding material to the animals is 

evident wherein winter requires bedding for insulation from the chilling floorwith the 

exception of Kimdanda where farmers believed that the floor invariably remains dry 

throughout. The requirement for insulation during winter is provided by these 

leftover roughages without additional inputs (Paudel and Perrera, 2009). 

c. Feeding 

Farmers tend to manage their feeding with the objective to meet the nutritional 

demand of the animals by both season and the stage of production. The animals 

during winter got high energy feed that provided additional energy to keep their body 

warm. Lactating animals often got more feed and balanced diet as compared to other 

classes of animals to cope with the additional demands of milk productionduring 

lactation.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Distribution of feed processing roles between males and females 
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All farmers were involved in one or other form of feed processing like chaffing, 

boiling, mixing, soaking etc. Mostly these processing techniques were applied during 

winter in a bid to help the animals cope with the cold stress (Paudel and Perrera, 

2009), in addition to improving the digestibility of nutrients. Gender wise, these tasks 

did not exhibit any pattern across the locations. The involvement of females in feed 

processing in all sites except in Chinari and Dumre was above 50%. However, 

extreme examples were observed in Chinari and Dumre of Palpaw here in the 

involvement of females was well below that of males (less than10%).  

The proportion of farmers using concentrates for their animals was very high, 

indicating the instinct for commercial dairy production and an understanding that 

quality feeding was a major contributing factor for satisfactory milk production. 

d. Animal Health services 

Many farmers reported that they sought veterinarians or technicians for higher degree 

complications (usually mastitis and milk fever) while managing minor issues by 

themselves. However, the reach of public sector practitioners is limited. Only three 

out of six locations have received both private (usually operated by agrovets) and 

public animal health services. The cost of accessing such services by the farmers 

varied, with private sector provisioning services at a higher cost (Table 2).  

Table 2.  Distance and Price for procuring private and public animal health services 

across FGD locations 

Interestingly, the Livestock Service Center (LSC) in Chinarihas been offering free 

services which if pursued through private sector can costs as much as Rs. 2500 a 

visit. Some indigenous practices (e.g. a paste of rapeseed oil and turmeric powder, 

cannabis, egg and oil,and a wooden/bamboo frame around the fractured bone)have 

long been used and remain in use (Paudyal, 1998). 

e. Reproduction/Breeding 

Cattle across study locations were invariably artificially inseminated (AI) and were 

served both by public and private sector technicians, whereas buffaloes, with some 

Locations Distance (km) 

Average cost of each service(Rupees) 

Private Public 

Kopuwa - 100 N/A 

Dhankauli - 300 N/A 

Dumre - 400 400 

Chinari 7 2500 Free 

Durgaphant - 700 300 

Kimdanda 3 N/A 300 
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exception, were mostly bred using natural service. The limitation to adoption of AI 

technique in buffalo breeding was largely attributed to significantly lower conception 

rates in buffalo inseminated artificially (NLBC, 2014).The overall picture of the use 

of AI versus natural breeding shows the dominance of AI over natural breeding. This 

is largely because of the dominance of the cattle population over that of buffaloes.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Proportion of farmers using different breeding techniques 

The remoteness of Durgaphant in securing the AI service and the unavailability of AI 

technician in the area has surged the proportion of natural service over AI. Table 

3catalogs the availability of these services scored on a 5-point scale, the price of 

receiving such services and quality of service measured in terms of rate of repeat 

cases from different service providers. 

Table 3.  Accessibility, cost and quality of AI service provided by different service 

providers 

Locations Availability score (out of 5) Price Rate of 

repeat (%) 
Private Public Private Public 

Kopuwa 4 1 300 450 80 

Dhankauli 1 5 150 500 35 

Dumre 4 5 600 600 40 

Chinari 2 4 700 50 33 

Durgaphant N/A 4 N/A 500 30 

Kimdanda N/A 4 N/A 500 40 
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Buffaloes are mostly bred naturally, by either Murrah or its crosses, and maintained 

by a small group of farmers. The price of such service is between Rs. 700 and Rs. 

1000, with the availability score of 3 on a 5-point scale.  

Answers to prioritized problems with livestock production 

A brief assessment of major problems relating to dairy animal production along with 

their potential solutions from the perspective of participating farmers was made and 

ranked by survey participants themselves. The broader category of problems indicate 

that the growth of the sector is constrained by the factors like production related 

problems, pricing and marketing of milk, poor financial services and poor 

infrastructure to support the growth of dairy sectors aspired to in the region.  

A reliable source of water has been identified as the most prominent bottleneck to 

livestock production. The farmers aspired to get GoN support in installing deep-tube 

wells and gravity flow pumps to ensure adequate water supply to further expand the 

existing scale of dairy operations to overcome this limitation. Marketing related 

issues score second compounded by the irrational pricing of milk, lack of milk 

collection centers with spontaneous milk holidays exacerbating the plight. Farmers 

opined that the provision of milk collection with processing centers paired with 

government facilitated rational pricing policy can provide relief to this problem. In 

addition, the farmers have limited access to financial services to support their 

growing dairy enterprise. Major problems in accessing these financial services are 

either high interest rates of up to 18% per annum or the cumbersome procedure to 

secure loans from the formal sector. Possible government intervention to render loans 

in the agriculture sector at a maximum interest rate of 6% per annum dedicated 

financial institution could ameliorate the current crisis in expanding financial services 

towards the growth of the dairy sector in the region. The most prominent constraint 

related to production is the availability of fodder species that require less water yet 

have high nutritive value. Farmers are left with no option to continue feeding their 

dairy animals on fodder grown traditionally on marginal land, which are of poor 

nutritive value, or to rely on expensive concentrate-based system. In the meantime, 

the accessibility and support in fetching processing equipment like chaff cutters for 

both small and medium holder farmers can somewhat improve the palatability of 

roughages currently in use.  

The other importantly and frequently raised issue in milk production was the 

incidence of diseases that compromise milk yield substantially, primarily mastitis and 

milk fever. The complexity in managing animals and environment to reduce these 

ailments is critical due to the loss of production and in severe cases the animals 

become permanently unproductive. Farmers opine that these conditions could be 

avoided first by building the capacity of farmers themselves in aspects of feeding and 

housing management and simultaneously providing technicians to treat these 

conditions. Farmers' training and practical learning approaches like Farmer Field 

Schools (FFS) seemed to have become obsolete, but in fact FFS’s were instrumental 



DAIRY ANIMAL FEEDING SYSTEM OF WESTERN NEPAL 265 

in building the capacity of the farmers in a number of production aspects. So, efforts 

to multiply the number of such events focused on dairy farmers would add value to 

the entire dairy production industry of the region.  

CONCLUSION 

The locations studied varied in regard to the degree of commercialization of the dairy 

sector they harbor. Based on the results obtained in terms of the information collected 

and in also based on the subjective evaluation, Dumre stays at the top of 

commercialization ladder whereas Dhankauli apparently is at the bottom. The degree 

of commercialization, however, is apparently affected by the availability of land 

thereby affecting the herd size, capacity to supply nutrient rich feed resources, access 

to credit and affordability of inputs among others. Some supportive state mechanisms 

remain consistently unreliable except in the case of Chinari. Nevertheless, the 

aspiration of farmers is supported in some measure through technical and financial 

means by the government directly or indirectly and are yet to cease, but should be 

increased. Some prominent issues in livestock, especially dairy production are 

prevalence of mastitis and milk fever, which highlights the need for interventions of 

management of dairy animals against these two diseases. Likewise, the national 

objective to reduce the cost involved in milk production on aper liter basis can be 

enhanced by a strong fodder research and development program with emphasis on 

promotion of forages with high nutritive value and preferably perennial in nature 

along with sustainable strategy to improve the productivity of native grass species 

would be an imperative agenda.  
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ABSTRACT 

Low adoption of improved agricultural practices is one of the major 
challenges to improve food security. A case study was carried out to 
assist the farmer’s fertilizer application gap in rice cultivation in Nepal. To 
collect data a household survey was conducted in 2017 by selecting 90 
households randomly from rice growing pocket area of Banke district of 
Nepal. The rates of fertilizers use were assessed in relation to farm size, 
crop variety, irrigation etc. The applications of both organic and mineral 
fertilizers vary highly by farmer type. Small and medium farmers applied 
twice the amount of organic manure compared to large farmers. For 
inorganic fertilizer use, large farmers applied higher amounts of nitrogen 
(N) fertilizer compared to medium and small farmers. Across farmer 
types, a higher amount of N and P fertilizers was used for hybrid 
varieties than inbred varieties and in irrigated fields than in rainfed fields. 
The use of potassium (K) fertilizer was low and not affected by farmer 
type or variety. Overall, farmers used a lower amount of N and K and a 
higher amount of P than the recommendation. The imbalanced use of 
fertilizers was associated with poor access to agricultural extension 
services. Variations of fertilizer use among farmers and the role of 
extension in the adoption of improved practices are still under-
researched, and hence this study exposes the need to investigate in-
depth knowledge, determinants of fertilizer use and role of extension 
education. Results from this study could be important to develop an 
innovative extension program using multiple channels to increase 
farmers’ access to and awareness regarding balanced use of fertilizers 
to increase soil fertility and crop productivity. 
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INTRODUCTION 

Rice (Oryza sativa L.) is the staple food for more than half of the world’s population 

and ninety percent of it produced and consumed in Asia (FAO, 2013). In Nepal, 

agriculture contributes one third of gross domestic product (GDP) and provides 

employment to more than 60% of the population, while rice alone contributes 21% in 

agricultural GDP (MoF, 2016). However, despite the introduction of high yielding 

improved varieties, the average rice yield remained almost stable (<3.5 t ha
-1

) over 

the last decade (MOAD, 2017). Fertilizer alone could contribute more than 50% yield 

increase (Bindraban et al., 2018).  Although Agriculture Prospective Plan (APP) of 

Nepal, identified fertilizer as a key to increase food security and had envisaged an 

increase in its use from 31 kg ha
-1

 of the base year 1995 to 131 kg ha
-1

 by 2017 (APP, 

1995), the average fertilizer use rate was only 51 kg ha
-1

 during 2014 (AIMS-MOAD, 

2016), which is relatively lower compared to neighboring countries. 

 The Government of Nepal (GON) had recommended fertilizer dose for rice under 

rainfed condition 60:20:20 kg N P2O5K2O ha
-1

 and under irrigated condition 

100:30:30 kg N P2O5K2O ha
-1

 along with organic manure 6 t ha
-1

 for both conditions 

(AICC, 2016). On the one hand, these recommendations are very old and should be 

updated to address site, crop and variety-specific nutrient requirements. On the other 

hand, the majority of farmers have not adopted government recommendations (Raut 

and Sitauala, 2012). The fertilizer trade of Nepal shows imbalance uses; for example, 

in the year 2015, consumption of urea, Di-ammonium Phosphate (DAP) and Muriate 

of Potash were 64%, 34%, and 2%, respectively (MOAD, 2015). However, no 

comprehensive farmer survey was conducted about farmer’s adoption of fertilizer 

practices and their associated barriers for adoption. 

A detailed study is needed to understand the farmers’ fertilizer application practice 

which helps to develop appropriate extension strategies on effective and efficient use 

of organic inputs and inorganic fertilizers in a balanced way. Therefore, this study 

was conducted to identify the farmer’s fertilizer application gap in rice-based system 

in Nepal. The findings of this study have implications for appropriate policies 

formulation and implementations for increasing rice productivity by the fertilizer 

management. 

MATERIALS AND METHODS 

 Study site description  

The study was conducted in Banke district of mid-western development region of 

Nepal (27°N to 28°20'N longitude and 81°E to 82°08'E latitude). The study site has 

subtropical climate and is drought prone rain-fed rice growing area of Nepal. 

Dodhuwa Rural municipality, Rapti sonari Rural municipality, Belhari and Belbhar 

area of Nepalgunj Sub Metropolitan City were selected purposively within the rice 

growing pocket areas to address the research questions.  
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The site has diversified land sizes and social and economic groups of farmers. The 

annual temperature of the study area was ranged from 5.4ºC to 46ºC, and rainfall 

ranged from 937 mm to 2149 mm, with a long-term average (1950 to 2016) annual 

rainfall of 1317 mm. Over 80% of rainfall occurs during monsoon season which last 

from June to September. 

Sampling techniques and data recording 

A household survey was conducted with a semi-structured questionnaire during 

October to November 2017. A total of 90 households were selected purposively. The 

interview questionnaires were both close- ended and open- ended types to explore the 

farmers’ perception about the fertilizer application and soil fertility management 

practices. Household survey was supplemented by key informants’ interview (10 

persons each site) and focal group discussions (10 persons each site). In addition to 

primary information, secondary information were collected regarding recommended 

fertilizer application and soil management practices, agro-climate data etc. from 

published reports. Farmers were categorized as small, medium and large based on the 

land holding size of <0.5 ha, ≥0.5 to <2.0 ha and ≥2.0 ha, respectively. Among the 

interviewed farmers 35%, 33%, and 22% were small, medium and large categories, 

respectively. The categorization was carried to link between farmer’s socio-economic 

status and technology adoption linkage. 

Data analysis 

The data were analyzed by descriptive as well as inferential statistical tools, using 

SPSS 20. The descriptive statistics tools comprised of simple proportions, 

percentages, and frequencies of all studied variables. Differences in organic manures 

use within farm type, and inorganic fertilizer application within farm types, verities 

(hybrids and inbred), and irrigation type (irrigated and rainfed) were determined 

through independent T-test. Prior to the analysis, the data were tested for model 

assumption i.e., homogeneity of variance and normal distributions. The least 

significance difference of means was analyzed at 0.05 and 0.01 significance level.  

RESULTS 

 Farm characteristics 

The dominant (67%) cropping patterns in the study site were rice-wheat and rice-

rapeseed + lentil-maize. The average farm size (i.e, land holding) of interviewed 

farmers ranged from 0.22 ha to 3.28 ha. In this study, land was categorized into two 

groups irrigated and rainfed based on irrigation facility. Medium landholding farmers 

had more cattle and buffaloes as compared to large farmers. 

Besides fertilizer management practices, farmers were asked about crop productivity. 

The average rice productivity was 4.12 t ha
-1

, which is varied with farm type. 

Medium size farmers recorded higher yield (4.98 t ha
-1

) compared to the large (3.75 t 

ha
-1

) and small farmers (3.63 t ha
-1

) (Fig. 1).  
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Figure 1. Rice yields at survey site of Banke district. The upper and lower limits of each box represent 

the 25th and 75th percentiles of the crops yield. The horizontal line in the center of the box indicates the 

median. The solid circle indicates mean values. Different lowercase letters indicate significant difference 

among farmers type (p< 0.05). 

Use of organic inputs 

Application of organic inputs (FYM and compost) varied with crops and farmer type. 

Eighty six (86%) percent of the surveyed farmers used organic manures in rice. On 

average, farmers used 10 t ha
-1 

manure, but the magnitudes of use varied with farm-

type. Small and medium farmers used higher amount (12.50 t ha
-1

) compared to the 

large farmers (6.10 t ha
-1

) (Fig. 2). During field application, farmers delivered manure 

to field several weeks and left open in the field prior to incorporation into the soils. 

About 65% of surveyed farmers left organic manure open in the field for more than 

two weeks to a month. This suggests that the large amount of nutrient, particularly N 

could be lost through leaching (depending on rainfall) and volatilization due to sun 

drying.  

 
Figure 2. Manure used by farmers in rice production at survey sites. The upper and lower limits of each 

box represent the 25th and 75th percentiles. The horizontal line in the center of the box indicates the 

median. The solid circle indicates mean values. Different lowercase letters indicate significant difference 

among farmers type (p< 0.05) 
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Use of inorganic fertilizers 

Farmer’s fertilizer application practices varied considerably across farm types, 

varieties, and irrigation facilities. On average, farmers used 55:39:15 kg N: 

P2O5:K2O ha
-1 

(Fig. 3). These nutrients were supplied from urea, DAP, and MOP. In 

general, farmers’ fertilizer uses were found imbalanced. The amount of N fertilizer 

use ranged from 0 kg ha
-1

 to 138 kg ha
-1

.  Large farmers applied in the higher rate (73 

kg ha
-1

) compared to medium (57 kg ha
-1

) and small farmers (41 kg ha
-1

). Moreover, 

the magnitude of N fertilizer use varied by rice varieties. Farmers used a higher 

amount of fertilizers in hybrid (78 kg ha
-1

) than in inbred (54 kg ha
-1

). For hybrid, 

farmers applied 22% less, while 30-59% less for inbred (30%, 44% and 59% for 

small, medium and large farm, respectively) than the recommended rate. Similarly, N 

fertilizer application rate was affected by the availability of irrigation facilities. 

Among the interviewed farmers, only 62% had irrigation facility for rice and they 

were found to be applied a higher amount of N fertilizer (65 kg ha
-1

) than rainfed 

farmers (39 kg N ha
-1

). Regardless of varieties and irrigation facility, the average N 

fertilizer application was substantially lower than the recommended rates. Only 21% 

of the farmers used higher than the recommended rate (100-138 kg ha
-1

), and 46% of 

the farmers used less than 50 kg N ha
-1

. 

 
Figure 3. Nitrogen fertilizer application rate in rice field by farmers based on A) farmer types, B) crop 

varieties and C) irrigation facilities. The upper and lower limits of each box represent the 25th and 75th 

percentiles. The horizontal line in the center of the box indicates the median. The solid circle indicates 

mean values. Different lowercase letters indicate significant difference among farmers type (p< 0.05). 

In contrast with N fertilizer, the average use of P fertilizer was slightly higher (38 kg 

P2O5 ha
-1

) than the recommended rate (30 kg P2O5 ha
-1

).  The amount of use varied 

with variety which ranged from 0 kg ha
-1

 to 103 kg ha
-1

 (Fig. 4).The average use for 

hybrid and inbred varieties was 50 kg and 36 kg ha
-1

, respectively. Among the total 

farmers, 67% and 19% of them applied higher than the recommended rate for hybrid 

and inbred, respectively. Use of P varied with irrigation and a higher use (46 kg P2O5 

ha
-1

) was reported under irrigated condition than rainfed condition (27 kg P2O5 ha
-1

). 
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Figure 4. Phosphorus fertilizer application rate in rice field by farmers based on A) farmer 

types, B) crop varieties and C) irrigation facilities in the study site. The upper and lower limits 

of each box represent the 25
th

 and 75
th

 percentiles. The horizontal line in the center of the box 

indicates the median. The solid circle indicates mean values. Different lowercase letters 

indicate significant difference among farmers type (p< 0.05). 

Unlike N and P fertilizer, only about 43% of the respondents used K fertilizer, yet the 

average amount of use was 50% (15 kg K2O ha
-1

) of the recommended rate (30 kg 

K2O ha
-1

) (Fig. 5). While farm type and irrigation had no effects, the use of K was 

found varied with rice variety. On average, farmers applied 40% (18 kg K2O ha
-1

) 

and 57% (13 kg K2O ha
-1

) less K fertilizer compared to the recommended rate (30 kg 

K2O ha
-1

) for hybrid and inbred rice, respectively. In general, farmers were not using 

micro nutrients except Zinc (Zn), which was supplied as zinc sulfate (4.5 kg Zn ha
-1

). 

Use of Zn was not affected by either farm size or rice variety.  

 

Figure 5. Application of potassium fertilizer in rice field by farmers based on A) farmer types, 

B) crop varieties and C) irrigation facilities. The upper and lower limits of each box represent 

the 25
th

 and 75
th

 percentiles. The horizontal line in the center of the box indicates the median. 

The solid circle indicates mean values. Different lowercase letters indicate significant 

difference among farmers type (p< 0.05). 
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Effects of extension activities on use of fertilizers 

Besides fertilizer use, farmers were inquired about sources of extension support they 

received, and their effects on the adoption of agricultural technology in general and 

fertilizer use in particular. The majority of the farmers (40%) were found to receive 

technical information from fellow farmers followed by government extension 

workers (23%), agrovet (16%), research station (8%) and mass media (3%). About 

10% of the farmers had no access to any of the above information sources and used 

to cultivate crops based on their own experience.  

Only 11% of the interviewed farmers attended the training on rice production, among 

which all of them were large and medium farmers but no one small farmer received 

training on rice production. Trained farmers used consistently higher amount of N 

(59%) and P (35%) fertilizers compared to farmers without training (Fig. 6)  

 

Figure 6. Bar diagram showing application of Nitrogen, Phosphorus and potassium fertilizer 

in rice field by trained and not trained farmers. The vertical lines indicate the standard error 

Changes in fertilizer application behaviors 

Besides current fertilizer use practices, farmers were asked about their fertilizer 

application practices in the past to see the trend of fertilizer use. Among the 

respondent farmers, 51% of the farmers reported decreasing use of organic manure, 

while only 25% reported increasing use. Contrary to organic manure, 54% of the 

farmers reported increasing use of chemical fertilizers and only 17% reported 

decreasing use. In addition, farmers reported that the main production constraints in 

this region was irrigation (32% farmers) followed by the availability of improved 

variety (27% farmers) and fertilizers (27% farmers). Concerning the extension 

service, lack of technical information regarding improved methods of fertilizer use 

was one of the main reasons for low adoption.  
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DISCUSSION 

Our survey results indicated that farmers’ fertilizer use is imbalanced, they are using 

lower amount of N and K fertilizers and the higher amount of P fertilizers under both 

irrigated and rainfed conditions compared to the government recommended rates 

(Table 1). The imbalance use of fertilizer indicated that farmers’ awareness about 

importance of balanced fertilization  is poor, although they use higher amount of N 

and P fertilizers in hybrid compared to inbred varieties and in irrigated rice compared 

to rainfed rice (Fig. 3 and 4).  

Table 1. Recommended rates and application methods organic inputs and inorganic 

fertilizers for rice cultivation in Nepal 

Source: AICC (2016) 

In general, Nepalese farming is of subsistence type and plant nutrients are mostly 

supplied from organic inputs such as farm yard manure (FYM), compost, crop 

residues etc. with  very low use of inorganic fertilizers (Sherchan and Karki, 2006). 

The decreasing use of organic inputs over past five years was associated with reduced 

in number of cattle (labor shortage), lower availability  of forage or organic biomass 

for animal bedding, decreasing grazing lands, closure of community forest for fodder 

collection and increasing crop intensity (Poudel and Thapa, 2001).The higher amount 

Fertilizers  Application rate 

(kg ha-1) 

Application method Application time 

Irrigated rice    

Organic manures  6,000 Soil incorporation 2-4 weeks before planting 

Nitrogen (N)  100 Broadcast Three splits—50% basal and 

25% each at maximum 

tillering and panicle 
initiation stages 

Phosphorus (P2O5) 30 Soil incorporation Final land preparation 

Potassium (K2O) 30 Soil incorporation Final land preparation 

Zinc (ZnSO4) 25 Soil incorporation Final land preparation 

Rainfed rice    

Organic manures  6,000 Soil incorporation 2-4 weeks before planting 

Nitrogen (N)  60 Broadcast Three splits—50% basal and 

25% each at maximum 

tillering and panicle 

initiation stages 

Phosphorus (P2O5) 20 Soil incorporation Final land preparation 

Potassium (K2O) 20 Soil incorporation Final land preparation 

Zinc (ZnSO4) 25 Soil incorporation Final land preparation 
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of organic manures used by small and medium farmers (~12 t ha
-1

) compared to the 

large farmers (~6 t ha
-1

) could be associated with higher availability of organic 

manure per unit land and farm near to house (data not shown). The large farmers had 

lower availability of organic manure per unit land and their farms were far distant 

from the house or animal shed. Furthermore, resulting declined to apply thus, small 

amount of organic manures for their large cultivated area. Survey results showed that 

most farmers (86%) used organic manure in rice. This study confirmed that farmers 

used sufficient amount of organic inputs to maintain soil organic matter as 

recommended. However, farmer’s knowledge about the quality of organic manures 

(preparation and storage) and their field application method should be improved 

through different extension interventions. During field application, farmers deliver 

the manure several days prior to incorporation in the soils. These manure 

management techniques results in loss of nutrients, particularly N in groundwater and 

atmosphere due to high rainfall and temperature. 

Although farmers reported use of inorganic fertilizer is increasing over the past five 

years, the overall use is lower than the government recommended rates. Large 

farmers tended to use higher N fertilizer compared to medium and small farmers, 

probably due to higher financial resource (Takeshima et al., 2016) and lower 

availability of organic inputs. Zingore et al. (2007) also observed similar results in 

western Kenya. Farmers also used relatively higher amount of N fertilizer for hybrid 

compared to inbred varieties and for irrigated rice compared to rainfed. However, 

their knowledge on crop nutrient requirement, the amounts of nutrients supplied by 

organic manures and nutrient that should be supplemented by inorganic fertilizers 

was inadequate. It was evident from the lower use of N and K fertilizers compared to 

the recommendation. A higher amount of P fertilizer than the recommended rate was 

due to using of both urea and DAP as N sources. Farmers opined that K fertilizer use 

was only for improving soil structure. Therefore, they used a very low amount of K 

fertilizers. Farmers were not able to recognize the importance of micronutrients in 

crop production. Only a few farmers used Zinc (Zn), which was also lower than the 

recommended rate. These results confirm that farmers’ fertilizer use is imbalanced 

due to inadequate access to extension services. They used fertilizers based on their 

own experience or following neighbor techniques rather than following soil test 

reports. This type of practice gap was also reported in other countries such as in 

Kenya (Barrious et al., 2012). Training had positive impacts on adoption of new 

practices as trained farmers (11%), used higher amount of fertilizers than untrained 

farmers.  

 Farmers had insufficient knowledge of amounts and timing of fertilizer use. In this 

study, 67% of interviewed farmers top dressed urea even when the field did not have 

sufficient moisture. They applied urea based on counting fixed days after 

transplanting rather than observing soil moisture status due to poor awareness in the 

importance of moisture for top dressing. This suggests that improvement in Nitrogen 

use efficiency (NUE) under rainfed rice cultivation is very challenging and needs 
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sufficient research on it. Changing the application method from broadcast (multiple 

splits) to deep placement, which is a one-time application after rice transplanting, 

increase NUE and crop productivity under irrigated conditions (Gaihre et al., 2015). 

More research is needed to evaluate the performance of these forms of fertilizers 

across different agro-ecological zone in Nepal under both irrigated and rainfed 

conditions. 

Although, the large farmers applied higher amounts of mineral N fertilizer compared 

to medium and small farmers, rice yields were higher in medium farmers, probably 

the application of a higher rate of organic manure along with inorganic fertilizers 

supplied sufficient plant nutrients (Fig. 2). Use of organic manure improves the soil 

bio-physical properties like soil respiration, water and nutrient retention and many 

others (Das et al., 2017). Resource poor farmers who cannot afford groundwater 

irrigation schemes, the addition of higher organic matter at least can support the 

yields.  However, the importance of organic manure for water and nutrient retention 

in addition to nutrient per se need to be informed to farmers in to increase rice 

productivity, particularly in the rainfed conditions.  

CONCLUSIONS 

Most farmers used a sufficient amount of organic manures to maintain soil organic 

matter, but the quality of manure was poor, and the application method was 

inefficient. The use of inorganic fertilizers, particularly N and P, varied with farmer 

type, variety and irrigation facility. The large farmers used higher amounts of N 

fertilizer than the medium and small farmers. Similarly, farmers used more N, P and 

K fertilizers in hybrid compared to inbred varieties. Farmers used more N, and P 

fertilizer in irrigated condition compared to rainfed. Overall, the rates of N and K 

were below the government recommended and the rate of P fertilizers was slightly 

higher than government recommended dose. This imbalanced use of fertilizers was 

associated with inadequate access to extension services. The study showed that 

effective mobilization of extension approaches, such as field demonstrations of 

balanced fertilizer management practice, and strengthening extension services and 

private sector agri-inputs supplier (agro-vets, fertilizer retailers and dealers) may lead 

to improve farmers’ fertilizer application practice. Improved fertilizer application 

practice, ultimately will improve food and nutrition security as envisioned by the 

Agriculture Development Strategies (ADS) of Nepal. 
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