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ABSTRACT 

Biopesticides are an important component of Integrated Pest 
Management (IPM) programs for insect pest control since they are more 
natural, environmentally friendly, safer than chemical pesticides and 
have relatively no or little effect on non-target organisms. They aid in 
improving crop health and yields while lowering production costs and 
eliminating the usage of toxic chemicals. They are effective tools for 
creating new sustainable agricultural products. Several botanicals and 
microbial biopesticides have been identified, isolated, processed, and 
used to eliminate hazards caused by Coleopteran, Hemipteran, Dipteran, 
Lepidopteran, Hymenopteran, and Thysanopteran insects. Several 
species of botanicals such as Neem (Azadirachta indica A.), Chili pepper 
(Capsicum annuum), Garlic (Allium sativum), Moringa (Moringa oleifera), 
Clove basil (Ocimum gratissimum), China berry (Melia azedarach), bitter 
leaf (Vernonia amygdalina) etc. and microbes such as Bacillus 
thuringiensis, Beauveria bassiana, Metarhizium anisopliae, Baculovirus 
(Nucleopolyhedrovirus (NPV) and Granulovirus (GV), Steinernema 
carpocapsae, Nosema, etc. have been used as biopesticides. Because 
biopesticides are successful in managing insect pests and diseases 
while also being safe to humans and the environment, they must be 
manufactured in the country and made available to farmers. 

Keywords: Agriculture, Biopesticides, Botanicals, Crop productivity, 

Insect pests 

INTRODUCTION 

Biopesticides are non-toxic, ecologically friendly pesticides made from naturally 

occurring animals, plants, microbes, or minerals comprising living organisms (natural 
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enemies), their products (phytochemicals, microbial products), or byproducts 

(semiochemicals) originating from animals (e.g., nematodes), plants 

(Chrysanthemum, Azadirachta), and microorganisms (e.g., Bacillus thuringiensis, 

Trichoderma, nucleopolyhedrosis virus) (Mazid et al., 2011). Biopesticides provide 

greater resistance control potential with minor application limits (Kumar, 2012; 

Nathan and Kalaivani, 2006) as compared to synthetic pesticide performance and 

environmental and ecological safety (Kumar, 2012; Nathan and Kalaivani, 2006). 

Biopesticides are a viable alternative to chemical pesticides in sustainable pest 

management strategies. Baculoviruses such as nucleopolyhedrovirus (NPV) and 

granulovirus (GV) have been utilized as biological pesticides in agriculture. Many 

studies have revealed that farmers utilize biopesticides to make organic food crops 

simpler to cultivate, and that the advent of “biologically based products” for pest 

management has helped farmers grow organic food crops more easily (Menn and 

Hall, 1999; Copping and Menn, 2000; Sengottayan, 2013). Pests that are resistant to 

both synthetic chemicals and biopesticide toxins can be reduced by biopesticide 

programs (Copping and Menn, 2000; Nathan and Kalaivani, 2006). 

Microbial pesticides, entomopathogenic fungi, viruses, and protozoa are examples of 

biopesticides (Carlton, 1993). Entomopathogenic fungi are among the first organisms 

to be used for the biological control of pests. Entomopathogenic fungi are a group of 

fungi living in the soil that infect insects by penetrating their cuticle to penetrate their 

bodies to eventually kill insects feeding on them (Dara, 2017). More than 700 species 

of these fungi from around 90 genera are pathogenic to insects (Sandhu et al., 2012). 

Several strains of Metarhizium anisopliae and Beauveria bassiana have been tested 

and developed as biopesticides. Bacillus thuringiensis subspecies kurstaki and 

aizawai have the best action against Lepidopteran larvae, B. thuringiensis tenebrioni 

has the best action against Coleopteran adults and larvae, particularly the Colorado 

potato beetle (Leptinotarsa decemlineata), and B. thuringiensis japonensiss strain 

Buibui has the best action against soil-inhabit. The entomopathogenic fungus 

Metarhizium anisopliae var. anisopliae has long been recognized as a safe and 

environmentally friendly alternative to synthetic chemical pesticides (Domsch et al., 

1980; Zimmermann, 1993). The entomopathogenic fungus B. bassiana was found 

effective for successful management of two-spotted spider mite, Tetranychus urticae 

(Ullah and Lim, 2015; Basak et al., 2021). The use of B. bassiana is effective against 

spider mites because it propagates their spores very easily between insect bodies 

(Wang and Xu 2012). Baculoviruses are double-stranded DNA viruses found in 

arthropods, particularly insects, and have been utilized as biocontrol agents against a 

variety of insect pests in their natural state (Moscardi, 1999). Baculovirus 

applications are still limited in agricultural businesses with low insect damage 

thresholds. The larval stage of Lepidoptera is the only one that is affected (Cory, 

2000). Two nematode taxa, Steinernema and Heterorhabditis (Nematoda: 

Rhabditida), have been generally considered as insect pest biocontrol agents, 

according to Copping and Menn (2000). Some protozoa species have had some 



BIOPESTICIDES IN SUSTAINABLE PEST MANAGEMENT 3 

effectiveness as biopesticides (Solter and Becnel, 2000), notably Nosema locustae 

(the only species registered and commercially maintained) against grasshoppers 

(Henry and Oma, 1981). There are a few drawbacks to using biopesticides. 

Biopesticides take longer to work than conventional chemicals. As a result, 

biopesticides will fall short if a pest infestation is severe and needs to be handled fast. 

In nature, these decay quickly and are less stable. Their actions are influenced by 

unfavorable environmental conditions. The objective of this review is to gather 

information on the current status of knowledge on biopesticides and their role in 

sustainable agriculture. This information collected will be useful for researchers, 

farmers, extension agents, industries and others who are related to bio-pesticidal 

works. 

MATERIALS AND METHODS 

The study is primarily based on the number of literature reviews with plethora of 

materials regarding pesticide use status on global and Nepalese context. The sources 

of information include journal articles, conference proceedings, book sections, 

websites, report etc. 

RESULT AND DISCUSSION 

Status of bio-pesticides’ application in Nepal 

According to the pesticide registration and management organization, there are only 

14 varieties of biological pesticides registered in Nepal, with 113 different trade 

names (Sharma 2019). Some of these pesticides are Azadirachtin, Bacillus subtillis 

2% AS, B. thuringiensis, Beauveria bassiana, Metarhizium anisopliae, Nuclear 

Polyhedrosis Virus of Helicoverpa armigera 0.43% AS, Nuclear Polyhedrosis Virus 

of Spodoptera litura, Paecilomyces lilacinus 2×10
9
/g SP, Pseudomonas fluorescens, 

Trichoderma harzianum, T. viride and Verticillium lecanii (Adhikari et al., 2019). 

Nepal Agricultural Research Council (NARC) made collaboration with the 

International Institute for Crop Research for the Semi-Arid Tropics (ICRISAT) and 

Biopesticide Development in Western Nepal (for e.g., Dang, Banke, Bardia, Kailali 

and Kanchanpur) using Helicoverpa Nuclear Polyhedrose Virus (NPV) in chickpeas 

and pigeon peas, which developed in the successful reduction of chemical pesticide 

use and production costs (Ansari and Ghimire, 2008). There is a lack of standardized 

extraction and application methods, as well as enterprises involved in the 

development and marketing of biopesticides (Ansari et al., 2013). 
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Table 1: List of Biopesticides and their active ingredients in Nepal 

Product Name Active ingredient 

Guard Pseudomonas fluorescens 1x10
9
 CFU/g 

BIOJEB Biojeb is a botanical based fungicide. It contains a complex of 

physiologically active alkaloids isolated from selective 

Himalayan herbs 

Maha-shakti Bacillus Thuingiensis sub species Kurstaki 1x10
9
 CFU/g 

Pecilo Paecilomyces fumosoroseus1x10
9
 CFU/g 

Teer Ampelomyces quisqualis1x10
9
 CFU/g 

AGRI GUARD Pongamia glabra, Lantana, Acorus calamus, Azadirachta 

AGRI-SAKTI Beauveria bassiana1x10
9 
CFU/g 

BIOCIDE MANIC Metarhizum anisopliae 

Biocide trivi Trichoderma viride 

DHANUS Fusarium proliferatum1x10
9
 CFU/g 

In the realm of bio-pesticide, there is a significant effort and research is going on. 

Government and non-government sectors in Nepal are producing bio-pesticides. 

Table 2:  Sectors in Nepal Government’s involving in bio-pesticide production 

A. Entomology Division, Nepal Agricultural Research Council (NARC) 

1 Trichogramma chilonis 

2 Trichogramma japonicum 

3 Chrysoperla carnea 

4 Cotesia plutellae 

5 Curinus coeruleus 

6 Coccinella sempempuntata 

7 Nuclear polyhedrosis virus of Helicoverpa 

8  Nuclear polyhedrosis virus of Plusia 

9 Granulovirus of potato tuber moth 

10 Metarhizium anisopliae 

11 Beauvaria bassiana 

B. Regional plant protection laboratory, Hariharbhawan, Lalitpur, Nepal 

12 Metharhizium anisopliae 

13 Steinernema sp. 
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14 Heterorhabditi spp. 

C. Regional plant protection laboratory, Khajura, Banke, Nepal 

15 HNPV 

D. Regional plant protection laboratory, Sundarpur, Kanchanpur, Nepal 

16 Trichoderma viride 

E. Regional plant protection laboratory, Pokhara, Kaski, Nepal 

17 Trichogramma chilonis 

18 Trichogramma japonicum 

F. Regional plant protection laboratory, Biratnagar, Morang, Nepal 

19 Acorus calamus 

Table 3: Community Resource Centers involved in bio-pesticide production in Nepal 

A. Community Resource Centre, Kushadevi, Kavrepalanchowk 

1   Trichoderm aviride 

2  Steinernema sp. 

3  Heterorhabditi spp. 

B. Community Resource Center, Kailali 

4 Trichoderma viride 

C. Community Resource Center, Banke 

5 Trichoderma viride 

Home-made botanical pesticides 

Garlic (Allium sativum) 

Garlic contains Diallyl disulphide and Diallyl trysulphide which are a powerful 

insecticide. Garlic extracts have been found effective against Alternaria spp., 

powdery mildew, black spot, Phytopthera, Fusarium spp., and bacterial infections 

such as Pseudomonas (Chakravarthy, 2007). Garlic has long been a popular 

ingredient in Nepalese cookery, with hundreds of tons of garlic imported each year 

from India. Garlic extract has been shown in lab studies to have acaricidal properties 

(Dabrowski and Seredynska, 2007). The extract possesses insecticidal properties 

against Dipteran, Coleopteran, Lepidopteran, and Hemipteran pests (Abdalla et al., 

2017), implying that it could be a valuable botanical pesticide for a wide range of 

insect pests. Garlic aqueous extract was also used to suppress Lepidopteran pests, 

according to Baidoo and Mochiah (2016). 

 



6 Parajuli et al. 

Neem (Azadirachta indica) 

Neem contains Azadirachtin (Aza) which is a promisor biopesticide. In Nepalese 

vegetations, neem is a commonly used medicinal plant having the ability to act as a 

botanical insecticide. The Blattodean pest has been effectively inhibited using 

handcrafted aqueous preparations of neem plant materials (leaves, seeds, seed cake, 

and unformulated oil) (Ibrahim and Demisse, 2013). The leaves, bark, root, and seeds 

of the neem plant can be employed as botanical insecticides for a range of pests. 

Commercial neem-based treatments exhibit insecticidal and acaricidal properties, 

according to Morgan (2004). In the field, the same extracts have been used to control 

Hemipteran pests (Aziz et al., 2013), Lepidopteran pests (Abate, 2011), and 

Thysanopteran pests (Abate, 2011).  

Chili peppers (Capsicum spp.) 

Capsicum is a common and necessary component of almost every Nepalese farmer's 

field, and its bio-pesticidal activity can be employed to control a wide range of insect 

pests. Because it's insecticidal and repellent, it's used to manage Hemipteran pests, 

for example (Bergmann and Raupp, 2014; Dayan et al., 2009). Antonious et al. 

(2006) mentioned its insecticidal properties against Hemipteran pests, and Fening et 

al. (2014) mentioned its Thysanopteran pesticidal properties. According to Belmain 

et al. (1999), chili pepper was an effective deterrent and bio-pesticide for reducing 

the number of weevil species attacking stored grains. 

Moringa (Moringa oleifera) 

Moringa seeds contain lectins that have larvicidal activity against the flour moth 

Anagasta kuehniella (Agra-Neto et al., 2014), which can be a major issue in Nepalese 

flour storage, causing significant economic loss. Moringa seed oil offers antifeedant 

and insecticidal properties against the fall armyworm Spodoptera frugiperda, 

according to laboratory testing (Kamel, 2010). Ground Moringa leaves can be used to 

combat Coleopteran storage pests of food crops (Longe, 2016). 

Chinaberry (Melia azedarach) 

Insecticidal and antifeedant properties of limonoids found in chinaberry have been 

established in laboratory testing against Dipteran, Coleopteran, and Lepidopteran 

pests (Banchio et al., 2003). Aqueous extracts of chinaberry fruits and leaves help 

eliminate Lepidopteran pests in the field, according to Mckenna et al. (2013). The 

fruits and leaves can be used to fight mites in the field (Attia et al., 2011). Chinaberry 

aqueous extract can also be used to keep cabbage aphids at bay (Kibrom et al., 2012). 

Coleopteran storage pests were found to be reduced by using chinaberry ground plant 

material (Hafez et al., 2014). 

Clove basil (Ocimum gratissimum) 

The produced aqueous extract of clove basil has been used in field applications to 

control Hemipteran (Amoabeng et al., 2013; Oparaeke, 2006) and Lepidopteran pests 
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(Amoabeng et al., 2013). In lab tests, clove basil essential oil and some of its 

constituents were found to have insecticidal and repellent properties against 

Coleopteran pests, as well as repellant properties against houseflies (Singh and Singh, 

1991). Ogendo et al. (2008) discovered that it has insecticidal and repellant 

biochemical activities against Coleopteran pests and houseflies, respectively, in 

laboratory testing. The production of such botanicals in a lab would expand the range 

of biopesticides for pest control. 

Bitter leaf (Vernonia amygdalina) 

The separation and utilization of sesquiterpene lactones from bitter leaf have been 

shown to be extremely successful in reducing Coleopteran pests due to their 

insecticidal and repellent activities against coleopteran pests and Lepidopteran pests 

(Green et al., 2017). Bitter leaf aqueous extracts have been utilized to suppress 

Coleopteran pests in field applications (Mkenda et al., 2015; Tembo et al., 2018), 

Hemipteran pests (Degri et al., 2012; Mkenda et al., 2015), and Lepidopteran pests 

(Degri et al., 2012; Mkenda et al., 2015).  

Biopesticides and economic viability 

Several studies and economic analyses on the use of biopesticides have found that 

their use should be encouraged. According to Gupta (2005) and Gupta and Pathak 

(2009), biopesticides are more cost-effective than synthetic pesticides, hence 

botanicals are preferable to synthetic pesticides. The use of Neem (Azadirachta 

indica) leaves, seed kernels, seed cake, or oil against the rice green leafhopper, 

Nephotettix virescens, resulted in a lucrative benefit-cost ratio, according to the 

research (Rajappan et al., 2000). A similar product containing Neem parts was found 

to have a high benefit-to-cost ratio for controlling aphid (Sitobion aveanae) in wheat 

(Aziz et al., 2013); whitefly (Bemisia tabaci) and pod borer (Maruca testulalis) in 

black gram (Gupta and Pathak, 2009); and pod bug (Clavigralla gibbosa) in pigeon 

pea (Gupta and Pathak, 2009; Narasimhamurthy and Ram, 2013). Amoabeng et al. 

(2014) discovered that controlling the Diamondback moth (Plutella xylostella) in 

cabbage with Siam weed or tobacco was cost-effective. Mkenda et al. (2015) found 

similar findings with aqueous extracts from Tephrosia, tree marigold, and bitter leaf 

in bean aphid (Aphis fabae), bean flower beetles (Epicauta bovittata) and (E. 

limbatipennis), and bean foliage beetles (Ootheca mutabilis) and (O. bennigseni). 

Chili pepper was discovered to have a lucrative benefit-cost ratio for controlling 

Sesamia calamistis stem borers in sorghum (Okrikata et al., 2016). In a country such 

as Nepal, where biopesticide manufacturing and use is common, they can be boosted 

for resource-poor and marginal farmers who use biopesticides seldom and are 

looking for more effective pest management approaches and procedures. 

Biopesticides as health and environmental safety 

Pesticide use that is haphazard, irrational, or unplanned hurts the environment by 

eroding soil surfaces, reducing agricultural productivity, and reducing micro and 
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macro flora and fauna (Pimental, 2005). Loss of ecosystem resilience, biodiversity, 

insect rebound and resistance, bio-accumulation, and bio-magnification are some of 

the ecological consequences of injudicious and extended usage of synthetic 

pesticides. Comprehensive and systematic environmental safety studies have not 

been done because the majority of biopesticides are not heavily regulated. El-Wakeil 

et al. (2013) discovered that while Neem's toxicity is lower than synthetic pesticides, 

some non-target species may become sensitive. In a review on the ecological 

management of the cabbage diamondback moth, Parajuli and Paudel (2019) stressed 

the value of biopesticides in pest control. Amoabeng et al. (2013) discovered that 

aqueous extracts of Siam weed and tobacco have a lower impact on non-target 

ladybirds, hoverflies, and spiders than emamectin benzoate. On a trial, Mkenda et al. 

(2015) discovered that Tephrosia and tree marigold had no effect on ladybirds and 

had a limited or no effect on spiders. 

Biopesticides in sustainable agriculture 

Biopesticides could take the place of synthetic pesticides. Biopesticides are 

biodegradable, have multiple modes of action, are less costly, and have little toxicity 

to humans and non-target animals (Lengai and Muthomi, 2018). Because the pre-

harvest intervals on fresh fruits and vegetables are so short, biopesticides are safe to 

employ (Khater, 2012). They're also target-specific, which means they don't harm 

beneficial creatures such as natural enemies (Shiberu and Getu, 2016). They work in 

very small dosages, and their use aids in long-term pest management and, as a result, 

agriculture (Nawaz et al., 2016). Natural pesticides do not build resistance to pests 

(Tadele and Emana, 2017). Their raw ingredients are inexpensive to obtain because 

they are found in the natural environment and some of them are used for other 

purposes such as food and feed (Srijita, 2015). Biopesticides are non-toxic, which 

means they are safe to use and eat (Damalas and Koutroubas, 2015). As a result, 

biopesticides can be easily integrated into integrated pest management (IPM), 

reducing the demand for chemical pesticides in crop pest control (Sesan et al., 2015). 

Natural items disintegrate quickly, which is good for the environment (Kawalekar, 

2013). Short re-entry intervals are common with pesticides generated from natural 

sources, assuring the applicant's safety (Stoneman, 2010). Agricultural soil is also 

treated with biopesticides by introducing a high number of microbial species (Javaid 

et al., 2016). 

CONCLUSION 

Biopesticides are gaining popularity as they are potential alternatives to chemical 

pesticides in sustainable pest management programs. They are significant in IPM 

because they reduce the usage of harmful synthetic chemical pesticides that are 

hazardous to human and environmental health. In agriculture, baculoviruses such as 

nucleopolyhedrovirus and granulovirus have been used as effective biological 

insecticides. A group of botanicals either their parts or the whole as extract having 
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pungent smell such as Neem (Azadirachta indica A.), Chili pepper (Capsicum 

annuum), Garlic (Allium sativum), Moringa (Moringa oleifera), Clove basil (Ocimum 

gratissimum), China berry (Melia azedarach), Biter leaf (Vernonia amygdalina) etc.  

can be used for pest control. A number of members of Hemipteran, Lepidopteran, 

Thysanopteran, Coleopteran and Dipteran insects have been successfully controlled 

by using bio-pesticides. Thus, the use of biopesticides enriched farming practices to 

promote food security and agricultural sustainability. 
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ABSTRACT 

A noticeable variation is present among the guava (Psidium guajava L.) 
genotypes available in Bangladesh. Thirty-three (25 indigenous, 5 
released, and 3 exotic) genotypes of guava were used in ex-situ 
conditions from different locations of Chattagram, Brahmanbaria, Pirojpur, 
and Gazipur districts and assessed based on 10 traits to know their 
genetic diversity. The measured traits were number of flowers, fruits, 
harvested fruits per plant, single fruit weight (g), number of seeds/fruits, 
thousand seed weight (g), vitamin C, total sugar content, and fruit 
yield/plant (kg). Twenty-one genotypes showed 100-400 g of single fruit 
weight, and 12 showed 20-100 g. The genotype G14 (BARI Peyara-1) 
produced the highest fruit yield/plant (131.04 kg) followed by G24 (PG 
Muk-005) and G23 (PG Muk-005) yielded 65.49 kg and 64.62 kg, 
respectively. Twenty-one genotypes showed above 250 mg/100g vitamin 
C content. Above 42% (14 genotypes) contained total sugar content of 
over 5%. The first two axes accounted 58.8% of the total variation 
among 10 traits. Based on the heatmap analysis, cluster-IV represents a 
high value containing the number of flowers, fruits, and harvested fruits 
per plant. The genotypes G14, G17 (BARI Peyara-4), G21 (PG Sit-003), 
G23, G24, and G29 (Thai Peyara-3) might be considered the best based 
on the morpho-biochemical characteristics. Many traits are of significant 
economic importance and could be used as breeding targets to increase 
yield and quality. Therefore, variation among guava genotypes will be an 
excellent source for future crop improvements. 

Keywords: Psidium guajava, Genetic variability, Quality traits, 

Germplasm, Bi-plot analysis, Heatmap 
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INTRODUCTION 

Guava (Psidium guajava L.) is one of the most economically important tropical and 

subtropical fruit trees, which is commercially grown in over 60 countries. It belongs 

to Myrtaceae family that includes from 130 to 150 genera, with more than 5000 

species and among them few are edible. India, Pakistan, Mexico, Brazil, Egypt, 

Thailand, Columbia, and Indonesia are the top producers of guava (Pommer and 

Murakami, 2009). The common guava is found in the moist tropics, primarily in 

South America, Australia, and tropical Asia, although it can also be found in Africa 

and even South Europe (Grattapaglia et al., 2012). Bangladesh is one of the world's 

most important guava producers. In Bangladesh it is a major fruit crop with an 

estimated area of 2,68,220 ha and production of 36,67,890 MT (BBS, 2021). 

Generally, guava is grown in homestead areas and is commercially grown in Barisal, 

Sylhet and Chattogram areas. In recent year, commercial cultivation has been 

extended throughout the north- western region of Bangladesh. One of the important 

reasons of this increasing trend is the development of some high-yielding, high-

quality cultivars, particularly BARI Peyara-1 (Kazi Peyara). Bangladesh Agricultural 

Research Institute (BARI) has been released four varieties these are BARI Peyara-1, 

BARI Peyara-2, BARI Peyara-3 and BARI Peyara-4. In the farmer's field, two BARI 

variety (BARI Peyara-1 and BARI Peyara-2) and Bangabandu Sheikh Mujibur 

Rahman Agricultural University has been released one variety (IPSA Peyara-1) are 

being grown extensively. A mature guava tree produces 54 to 100 kg of fruits per 

year, with two seasons of production - one in which there is a major crop and another 

with a minor second crop (Nyambo et al., 2005). Most research efforts are focused on 

important fruit crops such as mango, citrus etc. Minor fruit crops are often 

overlooked probably due to lack of information about their potential and maximum 

utilization of natural resources. Therefore, to maintain health and nutrition, it is also 

important to carry out investigation on such minor crop such as guava. Guava fruit is 

mostly consumed fresh and has been reported to be rich in several important 

nutrients. Recent studies have reported appreciable amount of vitamin C and other 

antioxidants, calcium, potassium and phosphorus, as well as dietary fibres (Youssef 

and Ibrahim, 2016; Singh, 2005). It is a fruit of great nutritional value, in which its 

high content of vitamin C. stands (Gil, 2010). 

In guava, self-pollination is possible; however, insect cross-pollination results in 

larger yields (Crane and Balerdi, 2005). Guava is a highly heterozygous allogamous 

fruit crop. In Bangladesh guava has a wide range of variability (Chandra and Mishra, 

2007). Study on the field performance is necessary to select superior genotypes based 

on different characters but such study on guava has remained neglected in this region. 

There is a large range of diversity among cultivated guava types, which can be used 

in crop improvement programme. A breeder's goal is to develop high-yielding 

varieties by selecting superior genotypes that already exist. As a result, the genetic 

information on yield and its contributing features must be thoroughly evaluated in 

order to improve production. Genetic and environmental variables influence the 
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expression of numerous plant characteristics. The proportion of heritable and 

environmental differences is often difficult to determine. The size, type, and 

interaction of genotypic and environmental changes in plant traits influence breeding 

progress. Therefore, genetic parameter research is required which will provide useful 

information on the inheritance of various features and will aid in the selection of 

plants with acceptable characteristics for the development of new guava varieties. 

The present investigation aims to generate information on genetic diversity for 

morphological, yield and quality parameters of guava genotypes available in 

Bangladesh.  

MATERIALS AND METHODS 

Materials and Experimental Design 

In this study a total of 33 guava genotypes including 25 local genotypes, four 

released varieties from Bangladesh Agricultural Research Institute (BARI), one from 

Bangabandhu Sheikh Mujibur Rahman Agricultural University and three exotic 

genotypes were used as experimental materials (Table 1). All 33 genotypes of guava 

were evaluated ex-situ condition at farmer’s field and/or in the fruit garden of the 

respective institutes during the year of 2019. The genotypes were arranged in an 

augmented randomized complete block design (augmented RCBD) with five check 

varieties.  

Table 1: Thirty three genotypes of guava with their source of collection 

Sl. No. Code Genotype/variety Source/origin 

1 G 1 PG Hat 004 Kanchannagor, Chandonaish, Chattagram. 

2 G 2 PG Hat 009 

3 G 3 PG Hat 010 

4 G 4 PG Hat 011 

5 G 5 PG Hat 012 

6 G 6 PG Hat 013 

7 G 7 PG Hat 014 

8 G 8 PG Hat 015 

9 G 9 PG Hat 016 

10 G 10 PG Hat 017 

11 G 11 PG Hat 018 

12 G 12 PG Hat 019 

13 G 13 PG Hat 020 

14 G 14 BARI Peyara -1 BARI, Gazipur. 

15 G 15 BARI Peyara -2 Agricultural Research Station, BARI
1
, 
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Sl. No. Code Genotype/variety Source/origin 

16 G 16 BARI Peyara -3 Khulshi, Pahartoli, Chattgram. 

17 G 17 BARI Peyara -4 

18 G 18 IPSA Peyara-1 BSMRAU, Salna, Gazipur. 

19 G 19 PG Sit-001 Chowdhuripara, Sitakundo pouroshova, 

Sitakundo, Chattagram. 20 G 20 PG Sit-002 

21 G 21 PG Sit-003 

22 G 22 PG Sit-004 

23 G 23 PG Muk-004 Vil: Shejamora, Po: Mukundopur 

Bijounagor, Brahmabaria. 24 G 24 PG Muk-005 

25 G 25 Lata Vil: Adabari, Po: Kuriana, Th: Nesarabad, 

Pirojpur. 26 G 26 Poltola 

27 G 27 Purnamandali 

28 G 28 Swarupkathi-1 Horticulture Research Centre, BARI
1
, 

Gazipur. 29 G 29 Thai Peyara-3 

30 G 30 Thai Peyara -5 

31 G 31 Thai Special 

32 G 32 Swarupkathi-3 

33 G 33 Poly-Peyara 

Data collection 

Data on different morpho-biochemical traits were recorded from the guava plants of 

each location during the course of experiment. Data were recorded on number of 

flowers per plant (FPP), number of fruits per plant (NFP), number of harvested fruits 

per plant (HFP), single fruit weight (SFW), number of seeds per fruit (NSF), 

thousand seed weight (TSW), vitamin C (VTC), total sugar (TSU), reducing sugar 

(RSU), fruit yield per plant (FYP). 

Statistical analysis 

The R-statistics platform (version 4.0.2) was used to conduct the statistical studies 

(Pinheiro et al., 2007). The R software was used to perform analyses of variance 

(ANOVA) for each trait (Aravind et al., 2020). The method was used to determine 

phenotypic and genetic variance (PV and GV), as well as genotypic and phenotypic 

coefficients of variation (GCV and PCV) described by Falconer and Mackay (1983). 

Burton's (1952) formula for calculating heritability (h
2
b) and genetic advance (GA)  
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RESULTS AND DISCUSSION 

Analysis of variance 

Table 2 furnish the analysis of variance studied for 10 traits. All of the traits showed 

significant variance among genotypes, demonstrating a wide range of variability 

among genotypes for the morpho-biochemical component traits studied in this study, 

indicating the possibility of effective selection (Hossain et al., 2020).  

Table 2. Analysis of variance for thirty-three genotypes of guava 

Note: FPP = Number of flowers per plant, NFP = Number of fruits per plant, HFP = Number of 

harvested fruits per plant, SFW = Single fruit weight (g), NSF = Number of seeds per fruit, TSW = 

Thousand seed weight (g), VTC = Vitamin C (mg/100g), TSU = Total sugar (%), RSU = Reducing 

sugar (%), FYP = Fruit yield per plant (kg). ** = Significant at the 1% level, d.f = Degrees of freedom. 

Descriptive statistic of the traits 

The descriptive statistics on morpho-biochemical traits i.e., number of flowers per 

plant, number of fruits per plant, number of harvested fruits per plant, single fruit 

weight, number of seeds per fruit, thousand seed weight, vitamin C, total sugar, 

reducing sugar and fruit yield per plant of the genotypes presented in the Table 3. 

Number of flowers per plant varied from 142.53 to 1874.66. The genotype G21(PG 

Sit-003) produced the maximum flower while the minimum was produced by the 

genotype G33 (Poly-Peyara). The average number of flowers per plant were 876.18 

(Table 3).  

Number of fruits per plant ranged from 80 to 1483. Average number of fruits were 

calculated as 620.57. The maximum number of fruits was found in G21 (PG Sit-003) 

genotype while the minimum was in G33 (Poly-Peyara) genotype. Rahman et al., 

(2006) observed the highest number of fruits per plant was 1484.00 and lowest was 

135.33. Most of the genotypes (21 genotypes) showed 100 to 400 g of single fruit 

weight, and the remaining (12 genotypes) showed 20 to 100 g. Single fruit weight 

was ranged from 21 to 392 g. The heaviest fruits were observed in genotype G29 

(Thai Peyara-3) while the lightest were observed in genotype G21 (PG Sit-003). 

Rahman et al. (2006) found the highest single fruit weight (303.67 g) while the other 

genotypes ranged from 31.00 g to 202.00 g. Number of seeds per fruit and thousand 

seed weight were ranged from 0 to 517 and 0 to 13.1 g, respectively. Maximum 

number of seeds per fruit and thousand seed weight were found in G7 (PG Hat 014) 

and G15 (BARI Peyara -2) genotype respectively while minimum was found in the 

Sources of 

variation 

d.f FPP NFP HFP SFW NSF TSW VTC TSU RSU FYP 

Replication 2 43.832 84.012 86.783 284.108 2.616 0.001 5.86 0.029 0.016 33.379 

Genotype 32 544305.17

** 

363487.39

** 

179320.59

** 

25270.22

** 

54225.31

** 

18.28** 3479.86

** 

8.26** 4.33** 2078.33

** 

Error 64 5.07 5.98 13.48 80.15 113.43 0.01 3.37 0.03 0.01 16.09 

CV (%)  0.26 0.39 1.06 5.97 4.52 0.55 0.72 3.97 0.96 9.98 
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genotype of G17 (BARI Peyara -4). The genotype G14 (BARI Peyara -1) (131.04 kg) 

followed by G24 (PG Muk-005)  and G23 (PG Muk-004)  yielded 65.49 kg and 

64.62 kg, respectively while the lowest (4.58 kg) were produced by the genotype G33 

(Poly-Peyara). Rahman et al. (2006) reported 2.01 kg to 92.02 kg yield per plant in 

guava.   Most of the genotypes (21 genotypes) showed above 250 mg/100g vitamin C 

content. The highest vitamin C were found in G23 (PG Muk-004) and the lowest in 

G19 (PG Sit-001) genotype (Table 3). Recent studies have reported appreciable 

amount of vitamin C (Youssef and Ibrahim, 2016). More than 42% of the genotypes 

performed total sugar content of over 5% (14 genotypes). 

Table 3. Descriptive statistics of yield contributing traits of different guava genotypes  

Traits Average Range Standard 
deviation 

Maximum Minimum 

FPP (no.) 876.18 1874.66 142.53 433.19 

NFP (no.) 620.57 1483 79.56 354.15 

HFP (no.) 347.42 1009.33 47.21 249.08 

SFW (g) 150.03 392 21 93.84 

NSF (no.) 235.75 517 0 136.33 

TSW(g) 8.62 13.1 0 2.59 

VTC (mg/100g) 253.19 299.61 185 34.24 

TSU (%) 4.65 10.31 1.58 1.75 

RSU (%) 3.5 8.02 1.18 1.28 

FYP (kg) 40.21 131.04 4.58 27.63 

Note: FPP = Number of flower per plant, NFP = Number of fruits per plant, HFP = Number of harvested 

fruits per plant, SFW = Single fruit weight (g), NSF = Number of seeds per fruit, TSW = Thousand seed 

weight (g), VTC = Vitamin C (mg/100g), TSU = Total sugar (%), RSU = Reducing sugar (%), FYP = 

Fruit yield per plant (kg). 

Genetic variability parameters 

Table 4 summarizes the results for all 10 traits in terms of genetic parameters such as 

phenotypic coefficient of variation, genotypic coefficient of variation, heritability and 

genetic advance as the percent of the mean at 5% selection intensity. Harvested fruits 

per plant had the highest phenotypic variability (70.38%) and genotypic variability 

(70.37%) followed by fruit yield per plant, single fruit weight, number of seeds per 

fruit and number of flowers per plant. High phenotypic variability and high genotypic 

variability indicates that these traits are influenced by genetic control. The traits total 

sugar, reducing sugar and thousand seed weight were noted for moderate magnitudes 

of both phenotypic variability and genotypic variability, respectively. The traits low 

magnitudes of both phenotypic variability and genotypic variability were recorded 

for vitamin C content, respectively. 
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The high percentage of mean recorded for harvested fruits per plant, fruit yield per 

plant, single fruit weight, number of seeds per fruit, number of fruits per plant, and 

number of flowers per plant indicates that the high heritability observed is due to 

additive gene effects, and selection may be effective for these traits (Table 4). High 

genotypic variability and heritability estimates, along with higher genetic gains are 

indicative of additive gene effects governing the inheritance of the trait (Patel et al., 

2015); thus, these characters reflect higher selective values and provide plenty of 

scope for selection. Patel et al. (2015), Raghava and Tiwari (2008), and Bihari and 

Suryanarayan (2011) reported high heritability along with genetic advance for 

different traits in guava. High heritability and moderate genetic advance as a 

percentage of the mean were observed for reducing sugar, total sugar, thousand seed 

weight, and Vitamin C in guava indicating the role of both additive and non-additive 

gene effects in controlling the traits, implying that selection is difficult or ineffective. 

Low to moderate heritability and genetic advanced values will prevent trait 

improvement due to the strong influence of the environment on genetic control. 

Effective selection can only be achieved by selecting higher values of genotypic 

variability, phenotypic variability, heritability and genetic advance at a selection 

intensity of 5% implying that additive gene influence is more stable than 

environmental influence (Uddin et al., 2021). From this study, harvested fruits per 

plant, fruit yield per plant, single fruit weight, number of seeds per fruit, number of 

fruits per plant and number of flowers per plant, high phenotypic variability and 

genotypic variability were observed, along with high heritability and high genetic 

advance as a percentage of the mean, indicating the preponderance of additive gene 

action and as a result, there is potential for selection to strengthen the trait. 

Table 4.  Estimation of statistical and genetic parameters of yield and its 

contributing traits of different guava genotypes 

Traits Mean GCV PCV h2b GA GAM 

FPP 876.18 48.62 48.62 99.99 877.45 100.15 

NFP 620.57 56.09 56.09 99.99 717.03 115.54 

HFP 347.42 70.37 70.38 99.97 503.57 144.95 

SFW 150.03 61.08 61.37 99.06 187.87 125.23 

NSF 235.75 56.97 57.15 99.38 275.80 116.99 

TSW 8.62 28.64 28.64 99.96 5.08 58.98 

VTC 253.19 13.45 13.47 99.71 70.02 27.66 

TSU 4.65 35.58 35.80 98.77 3.39 72.84 

RSU 3.50 34.33 34.34 99.92 2.47 70.69 

FYP 40.21 65.20 65.96 97.71 53.39 132.76 

Note: GCV = Genotypic coefficients of variation, PCV = Phenotypic coefficients of variation, h2b = Heritability, GA 

= Genetic advance at 5% selection intensity, GAM = Genetic advance as the percentage of the mean at 5% selection 

intensity. FPP = Number of flower per plant, NFP = Number of fruits per plant, HFP = Number of harvested fruits 

per plant, SFW = Single fruit weight (g), NSF = Number of seeds per fruit, TSW = Thousand seed weight (g), VTC = 
Vitamin C (mg/100g), TSU = Total sugar (%), RSU = Reducing sugar (%), FYP = Fruit yield per plant (kg). 
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Analysis of correlation matrix 

The correlation matrix was developed to visualize a linear relationship between 

various traits using phenotypic correlation analysis (Figure 1). Fruit yield per plant 

had a significant positive correlation with Vitamin C, single fruit weight, number of 

flowers per plant and number of fruits per plant, in this study, however total sugar 

and reducing sugar had a negative correlation. The number of fruits per plant and 

harvested fruits per plant were highly and positively correlated with the number of 

flowers per plant and the number of flowers per plant, number of fruits per plant and 

harvested fruits per plant had a strong negative correlation with single fruit weight. 

Total sugar showed a strong positive significant correlation with reducing sugar 

(Figure 1). The correlation matrix is an excellent tool for determining the association 

between two or more variables. The correlation matrix considered as a scaling metric 

for higher genotype selection methods (Uddin et al., 2021; Konyak et al., 2020). A 

moderate to positive significant relationship can be proposed, and selection based on 

these traits could help increase crop yield. The findings were more or less congruent 

with the study of (Uddin et al., 2021; Banerjee et al., 2018). 

 

Figure 1.  Correlation matrix, scatter plot and phenotypic frequency distribution of traits; *p 

<= 0.05; **p <= 0.01; ***p > 0.001; FPP = Number of flower per plant, NFP = 

Number of fruits per plant, HFP = Number of harvested fruits per plant, SFW = 

Single fruit weight (g), NSF = Number of seeds per fruit, TSW= Thousand seed 

weight (g), VTC= Vitamin C (mg/100g), TSU= Total sugar (%), RSU= Reducing 

sugar (%), FYP= Fruit yield per plant (kg). 
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Multivariate analysis 

Multivariate analysis is a tool for simultaneously identifying patterns and correlations 

between multiple variables. Principal component, biplot, and heatmap analysis were 

used to evaluate the link between guava genotypes and various morpho-biochemical 

parameters, revealing diverse clusters of genotypes that performed better in different 

aspects. The genotype by trait biplot was created using the relative value of the trait 

and a two-way matrix of 10 morpho-biochemical traits and 33 guava genotypes. 

Principal component analysis 

Eigen values of 10 principal component axis and percentage of total variation 

accounting for them obtained from the principal component analysis are presented in 

Table 5. The result revealed that the first axis largely accounted for the variation 

among the traits (35.4%) followed by second axis (23.4%). The first two axis 

accounted 58.8% of the total variation among 10 traits describing 33 genotypes. 

Henane et al. (2013) reported that the first three axis explained 89.86% of the 

observed phenotypic diversity and the first principal component explained 54.5% of 

the total variance. 

Table 5.  Eigen values and percentage of variation for corresponding 10 traits in 

guava genotypes 

Principal component axis Eigen values % of Variance Cumulative % 

PC1 3.54 35.4 35.4 

PC2 2.34 23.4 58.8 

PC3 1.39 13.9 72.7 

PC4 1.00 9.97 82.7 

PC5 0.71 7.12 89.8 

PC6 0.52 5.23 95.0 

PC7 0.37 3.74 98.8 

PC8 0.10 0.96 99.7 

PC9 0.02 0.24 100 

PC10 0 0.02 100 

In this PCA-biplot the closeness of trait vector explains the degree of correlation 

between them. When the angle between trait vector within 90
0
, it gives strong 

positive correlation, when it is above 90
0
 it means negative correlation and when it 

0
0
, it said to be linear or perfect correlation. There was a strong correlation between 

the number of flowers per plant, number of fruits per plant, and harvested fruits per 

plant in this study. Fruit yield per plant was positively correlated with vitamin C and 

total sugar was positively correlated with reducing sugar in the PCA-biplot figure, 
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but it was negatively correlated with other traits. This biplot showed that superior 

genotypes have higher levels of expression of positive trait combinations. The overall 

results suggested that the number of flowers per plant, number of fruits per plant, 

harvested fruits per plant, single fruit weight, fruit yield per plant, vitamin C, total 

sugar and reducing sugar could help in the selection of superior traits among the traits 

(Figure 2). 

 

Figure 2.  Genotypes by traits (G×T) biplot based on 33 genotypes and 10 traits of guava. FPP 

= number of flower per plant, NFP = number of fruits per plant, HFP = Number of 

harvested fruits per plant, SFW = Single fruit weight (g), NSF = Number of seeds 

per fruit, TSW = Thousand seed weight (g), VTC = Vitamin C (mg/100g), TSU = 

Total sugar (%), RSU = Reducing sugar (%), FYP = Fruit yield per plant (kg). 

Biplot analysis is commonly used to evaluate the component effects that result in 

genotypic variations. The higher values suggest that the traits have the greatest 

impact on overall variation. In the multi-environmental trial, biplot analysis assesses 

varietal stability (Uddin et al., 2021). It explains the relationship between different 

genotype traits. The biplot analysis revealed a relationship between morpho-

biochemical traits among the 33 genotypes (Khan et al., 2021). The biplot analysis 

revealed trait profiles of the genotype, particularly those genotypes furthest (Figure 

2) from the origin and the results revealed a correlation between traits with genotypes 

(Uddin et al., 2021).                       
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Heatmap analysis 

A chromatic evaluation of the genotypes was demonstrated using a heatmap analysis 

of features. The heatmap depicted the overall performance of 10 observable traits 

among the 33 guava genotypes (Figure 3). A heatmap is a two-dimensional data 

visualization approach that employs color to depict the magnitude of a phenomenon. 

The reader can see how the occurrence is grouped or varies over time by looking at 

color variation by hue or intensity. It shows the relative patterns of highly abundant 

features against a predominantly low-abundance background (Figure 3). 

 

Figure 3.  The grouping pattern of 33 guava genotypes with 10 morpho-biochemical traits is 

depicted in this heatmap. The red diagonal shows a perfect relationship of each 

accession with itself. Clusters of closely related genotypes can be seen in the white 

of warmer colors on the diagonal. FPP = number of flower per plant, NFP = 

number of fruits per plant, HFP = Number of harvested fruits per plant, SFW = 

Single fruit weight (g), NSF = Number of seeds per fruit, TSW = Thousand seed 

weight (g), VTC = Vitamin C (mg/100g), TSU = Total sugar (%), RSU = 

Reducing sugar (%), FYP = Fruit yield per plant (kg). 
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The heatmap analysis produced two dendrograms: one depicting the genotypes 
(vertical direction) and the other reflecting the traits (horizontal direction) that 
triggered the diffusion. Each accession's complete link to itself is depicted by the red 
diagonal. The symmetric off-diagonal elements indicate the relationship measures for 
pairs of genotypes. Through hierarchical clustering, four groupings emerged based on 
the morpho-biochemical features of the genotypes investigated (Figure 3). Group (a) 
included 6 genotypes from cluster-IV while group (b) included the remaining 27 
genotypes from other three clusters. Out of a total of 33 genotypes cluster-I received 
10, cluster-II received 12, cluster-III received 5, and cluster-IV received 6 (Figure 3). 
Dendrogram two also revealed two significant groups: group (a) is linked to eight 
traits, including harvested fruits per plant, single fruit weight, number of seeds per 
fruit, thousand seed weight, vitamin C, total sugar, reducing sugar, and fruit yield per 
plant, and group (b) is linked to two traits, number of flowers per plant and number 
of fruits per plant. The heatmap compares all of the traits and displays the high and 
lowest values of each genotype in distinct colors. The degree of high or low of the 
qualities is indicated by the color intensity. Four clusters emerged from hierarchical 
clustering of the researched germplasm's morpho-biochemical traits. Cluster-IV 
represents high value of the traits containing number of flowers per plant, number of 
fruits per plant and harvested fruits per plant (Fig. 3). It could be concluded that the 
genotype of the cluster-IV gave higher number of fruits per plant. Virga et al. (2020) 
used the heatmap analysis to show the degree of connection among the morpho-
biochemical traits examined in guava genotypes 

CONCLUSION 

Wide range of variation was observed for harvested fruits per plant followed by fruit 
yield per plant, single fruit weight, number of seeds per fruit and number of flowers 
per plant. The results reflected from the magnitude of the genetic parameters such as 
GCV, PCV, h

2
b, and GAM of guava fruit yield and related traits. The first two axis 

accounted 58.8% of the total variation among 10 traits describing 33 genotypes. It 
can also be observed the data and additional analyses of heatmap, correlation matrix, 
PCA analysis. Therefore, the traits flowers per plant, fruits per plant and single fruit 
per plant can be used as selection criteria for the improvement of guava. On the other 
hand, the genotypes G14 (BARI Peyara-1), G17 (BARI Peyara-4), G21 (PG Sit-003), 
G23 (PG Muk-004), G24 (PG Muk-005) and G29 (Thai Peyara-3) might be 
considered as the best genotypes based on the performance of morpho-biochemical 
characteristics.  
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ABSTRACT 

Pea (Pisum sativum L.) is the most important grain legume crop grown 
worldwide and used as food and fodder. An experiment was undertaken 
to elucidate the genetic variability in five inbred parents and their 17 F4’s 
derivatives in pea evaluating ten characters during the winter season of 
2017-2018 at the research farm, BSMRAU, Gazipur, Bangladesh. 
Analysis of variance explored significant differences among the 
genotypes for all the characters. Phenotypic coefficients of variation were 
close to genotypic coefficients of variation for all the characters indicating 
less influence on the environment and potentiality of selection. High 
heritability associated with high genetic advance was observed for plant 
height, pod per plant, hundred seed weight, and seed yield per plot. 
Days to 50% flowering and days to first flowering showed a highly 
significant positive correlation at both genotypic and phenotypic levels. 
Plant height showed a highly significant positive correlation with pods per 
plant, seeds per pod, and seed yield per plant. Pod length showed a 
highly significant positive correlation with pod width and hundred seeds 
weight. Pods per plant, pod width, and seeds per pod showed a highly 
positive correlation with seed yield per plant and 100-seed weight. Only 
days to first flowering showed a highly negative correlation with pod 
length and hundred seed weight. Path coefficient analysis revealed that 
plant height, pod per plant, and seeds per pod had a highly positive 
effect on yield per plant. Therefore, the yield improvement of pea is 
plausibly possible by associating and selecting those plant traits. 
Furthermore, two crosses such as Zhikargacha×IPSA Motorshuti 1 and 
Zhikargacha×IPSA Motorshuti 2 may be chosen for further breeding 
programs. 
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INTRODUCTION 

Legumes are chief crops worldwide and they have major influences on agriculture, 

animal, the environment, and human nutrition (Graham and Vance, 2003). Among 

legumes, Pea (Pisum sativum L.) the oldest common pea is an herbaceous annual 

plant that belongs to the family Leguminosae. It is self-pollinated (2n=2x=14) and it 

is one of the earliest food crops (Praca-Fontes et al., 2014). It has originated in the 

Mediterranean region, primarily in the Middle East (Ellis et al., 2011). Pea is 

cultivated for green pods and dry seeds used as vegetables and dhal. It enriches the 

soil with the nodule bacteria which live in its roots and it fixes nitrogen which 

becomes available to other plants (Gupta et al., 2018).  

It is widely used as a supplement feed, green manure, vegetables, and grains due to 

its amusing source of nutritional value and healing properties (Sun et al., 2014). It is 

a starchy vegetable with high nutritional value, high in fibers, proteins, vitamins (A, 

B6, C, K), iron, zinc, phosphorus, magnesium, copper, and lutein (Hassan et al., 

2009). Bangladesh is a major field pea producing country compared to other legumes 

(FAOSTAT, 2019) and has a high demand for quality field pea seeds. In Bangladesh, 

the estimated production of pea was 17538 metric tons from 7439 acres of land in 

2018-2019 (BBS, 2020).  

Morphological and yield characteristics are based on the explanation of separate traits 

of plants and are the most traditional and instinctive way to distinguish genetic 

variation. These features are vital in starting gene pool collections and effectual use 

of crop germplasm properties (Santos et al., 2012). Those characteristics are 

depending on the environment and genetics, including structural genes and 

regulatory, variants that expose their genetic foundations; a variation in phenotypic 

features is a sign of hereditary expression (Dean et al., 1999). To improve the higher 

yield through the selection of the good genetic traits verities for better results (Ranjan 

et al., 2005). Genetic variability has been considered an important factor that is also 

an essential prerequisite for crop improvement programs for obtaining high-yielding 

progenies (Tiwari and Lavanya, 2012). Genetic variability is important to know the 

source of genes for a particular trait within the available germplasm (Chakraborty 

and Haque, 2000). The most important tasks for pea breeding are the development of 

high yielding varieties with stable productivity with a high output of seeds from the 

total biological yield, different maturing types with a high rate of organic matter 

accumulation during the initial phases of growth, sufficiently high intensity of 

photosynthesis, increases in protein content, essential amino acids and favorable 

rations among them (Tiwari and Lavanya, 2012). For all of these, genetic variability 

is very important to select suitable types among the segregating populations. It is 

necessary to partition the observed variability into its heritable and non-heritable 

components with the help of suitable genetic parameters such as genotypic 

coefficient of variation (GCV), heritability estimates genetic advance, etc. It is also 

beneficial to make a comparative study of a few characters to select the desirable 
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ones in different strains as well as the study of the association of characters is to 

identify the role of each character towards yield (Naeem et al., 2020). This study 

aimed to find out the nature and magnitude of genetic variability in segregating the 

population of the pea for grain yield and other yield-related traits and also to evaluate 

selection criteria in pea breeding programs. 

MATERIALS AND METHODS 

Study period, site, and design 

The experiment was conducted at the experimental field of Genetics and Plant 

Breeding Department, Bangabandhu Sheikh Mujibur Rahman Agricultural 

University (BSMRAU), Gazipur during the winter season (November to February) of 

2017-2018. Each plot consisted of a single row of 1.5 m long. The rows were spaced 

at 25 cm in which seeds were sown continuously. The experiment was laid out in 

RCBD with three replications. 

Materials 

Five inbred parents viz. IPSA Motorshuti 1, IPSA Motorshuti 2, IPSA Motorshuti 3, 

Natore, Zhikargacha along with seventeen F4’s viz IPSA Motorshuti 1×IPSA 

Motorshuti 2, IPSA Motorshuti 1×IPSA Motorshuti 3, IPSA Motorshuti 3×IPSA 

Motorshuti 1, IPSA Motorshuti 1×Natore, IPSA Motorshuti 1×Zhikargacha, 

Zhikargacha×IPSA Motorshuti 1, IPSA Motorshuti 2×IPSA Motorshuti 3, IPSA 

Motor shuti 3×IPSA Motorshuti 2,   IPSA Motorshuti 2×Natore, IPSA Motorshuti 

2×Zhikargacha, Zhikargacha×IPSA Motorshuti 2, IPSA Motorshuti 3×Natore, 

Natore×IPSA Motorshuti 3, IPSA Motorshuti 3×Zhikargacha, Zhikargacha×IPSA 

Motorshuti 3, Natore×Zhikargacha, Zhikargacha×Natore produced from crossing of 

the inbred parents were included in the experiment. The F4’s was synthesized in the 

previous year of the experiment.  

Data collection  

Five randomly selected competitive plants from parents and 20 plants of F4’s was 

used for recording observations on the following parameters. The parameters were 

days to first flowering (DFF), days to fifty percent flowering (DFPF), days to 

maturity (DM), and plant height (PH). 

During the harvesting period, data were collected from ten plants that were taken other than 

the harvesting area randomly from each plot without the border plants. The yield attributes 

parameters were pods per plant (PPP), pod length (PL), pod width (PW), seeds per pod 

(SPP), 100- seed weight (HSW), and seed yield per plant (SYPP). 

Statistical analysis 

The collected data were analyzed by the analysis of variance (ANOVA) technique 

using the computer package program MSTAT and mean differences were adjudged 

by the least significant difference (LSD) test at a 5% level of significance. 
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RESULTS AND DISCUSSION 

Performance of parents and F4 populations of pea 

Days to first flowering  

The lowest number of days was required for first flowering in IPSA Motorshuti 1 (27 

days) and the highest was observed in Natore (46 days). In cross combinations, IPSA 

Motorshuti 1×IPSA Motorshuti 3 and IPSA Motorshuti 3×IPSA Motorshuti 1 

showed early flowering (27 days) and followed by Zhikargacha×Natore and Natore 

×Zhikargacha (Table 1). 

Seed yield per plant 

The highest seed yield per plant was observed in the genotype Zhikargacha×IPSA 

Motorshuti 2 (15.97 g) and the lowest (1.43 g) in genotype IPSA Motorshuti 1×IPSA 

Motorshuti 2 (Table 1). Cross combinations IPSA Motorshuti 1×Zhikargacha, IPSA 

Motorshuti 2×IPSA Motorshuti 3 exhibited 30 days, and IPSA Motorshuti 3×IPSA 

Motorshuti 1, IPSA Motorshuti 1×IPSA Motorshuti 3 revealed 27 days for first 

flowering. Similar findings were observed by Manoj et al. (2003) who conducted 

path coefficient analysis for yield and yield components in pea using 40 F1 hybrids 

and 14 parents. 

Days to 50% flowering 

The minimum and the maximum number of days required for 50% flowering were 

observed in the parents IPSA Motorshuti 1 (30 days) and Zhikargacha (46 days). 

Three cross combinations IPSA Motorshuti 1×IPSA Motorshuti 2, IPSA Motorshuti 

1×IPSA Motorshuti 3, IPSA Motorshuti 3×IPSA Motorshuti 1 revealed early 50% 

flowering (36 days) whereas Zhikargacha×Natore exhibited 55 days for 50% 

flowering (Table 1). Similar results were found by Gupta et al. (2020) in India and 

the results of the days 50% flowering was 28.19%.  

Days to maturity 

Among the parents, minimum days required for maturity in IPSA Motorshuti 1 (65 

days) and maximum days were required for IPSA Motorshuti 3 (86 days) followed by 

Zhikargacha (85 days). In cross combinations, minimum days to maturity were 

required for IPSA Motorshuti 1×IPSA Motorshuti 2 (72 days). Contrariwise, 

Zhikargacha×Natore exhibited 48 days for first flowering but matured in 95 days 

(Table 1). 

Plant height 

The genotype IPSA Motorshuti 1 produced the shortest plant height (29.52 cm) 

whereas Natore exhibited the highest plant height (123.53 cm). In cross 

combinations, IPSA Motorshuti 1×IPSA Motorshuti 2 produced the shortest height 

(30.12 cm) and Zhikargacha×IPSA Motorshuti 2 manifested the tallest plant height 

(152.42 cm) (Table 1). 
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Table 1. Performance of parents and their F4 populations of pea 

Genotype DFF DFPF 
DM 

(day) 
PH (cm) 

PPP 

(no.) 

PL 

(cm) 

PW 

(cm) 

SPP 

(no.) 

HSW 

(g) 

SYPP 

(g) 

IPSA 1 27g 30h 65i 29.52q 6.00m 5.66fgh 1.41c 3.52h 21.45c 4.55t 

IPSA 2 29fg 34g 75g 51.55p 6.05m 7.26b 1.57a 5.05fg 25.61a 7.79m 

IPSA 3 37cd 44de 86ef 112.37k 9.55k 5.73fg 1.21g 4.85g 17.24e 8.35j 

Natore 46a 52b 93cd 123.53g 8.43l 5.74f 1.20g 5.81b 11.04p 5.48r 

Zhikargacha 41b 46cd 85f 110.48l 12.54h 5.4ijk 1.21g 5.28cde 11.96m 7.91l 

IPSA 1×IPSA 2 34de 36g 72h 30.12q 5.12n 5.28kl 1.14j 3i 9.59r 1.43u 

IPSA 1×IPSA 3 27fg 36g 87e 116.4j 12.23h 6.82c 1.39d 5.46c 16.95f 11.56f 

IPSA 3×IPSA 1 27fg 36g 85f 100.2o 8.58l 6.90c 1.29f 5fg 16.72g 7.11o 

IPSA 1×Natore 32ef 40f 94bc 128.53f 8.21l 6.26e 1.15ij 5.21def 12.16k 5.13s 

IPSA 1×Zhikargacha 30fg 40f 94bc 
107.65

m 
15.18e 6.26e 1.16i 5.47c 11.05p 9.47i 

Zhikargacha×IPSA 1 34de 44de 93cd 130.36e 20.07b 5.51hij 1.16i 5.21def 14.52h 15.27b 

IPSA 2×IPSA 3 30fg 44de 93cd 132.27d 12.55h 7.63a 1.49b 6.59a 18.13d 14.98c 

IPSA 3×IPSA 2 34de 44de 92d 144.03b 14.36f 6.55d 1.41c 4.85g 21.85b 14.93d 

IPSA 2×Natore 30de 39f 96a 131.68d 10.37j 6.54d 1.38de 5.10ef 14.08i 7.12o 

IPSA 2×Zhikargacha 38bc 43e 92d 131.92d 11.42i 6.44d 1.36e 5.75b 14.08i 9.53h 

Zhikargacha×IPSA 2 34de 45cde 93cd 152.42a 21.35a 6.55d 1.20g 5.69b 14.51h 15.97a 

IPSA 3×Natore 39bc 45cde 93cd 134.8c 18.08c 5.75f 1.16ij 5.40cd 12.02l 11.61e 

Natore×IPSA 3 39bc 45cde 93cd 120.27h 15.17e 5.55ghi 1.21g 5.28cde 12.77j 10.12g 

IPSA 3×Zhikargacha 39bc 47c 87e 123.42g 11.53i 6.15e 1.16hi 5.28cde 11.84n 7.04f 

Zhikargacha×IPSA 3 39bc 45cde 87e 118.38i 13.08g 5.09m 1.16hi 5.02fg 11.69o 7.60n 

Natore×Zhikargacha 47a 53ab 96a 111.57k 12.13h 5.15lm 1.18h 4.85g 10.94q 6.84q 

Zhikargacha×Natore 48a 55a 95ab 103.33n 16.29d 5.35jk 1.21g 5.29cde 9.44s 8.06k 

Note: DFF=Days to First Flowering, DFPF=Days to 50% flowering, PH=Plant Height (cm), PPP=Pods 

per Plant (no.), PL=Pod Length (cm), PW=Pod Width (cm), SPP=Seeds per Pod (no.), DM=Days to 

Maturity, HSW=HundredSeed Weight (g), SYPP=Seed Yield per Plant (g) 

Pods per plant 

The highest and lowest number of pods per plant were produced by 

Zhikargacha×IPSA Motorshuti 2 (21.35 cm) with plant height (152.42 cm) besides 

Zhikargacha×IPSA Motorshuti 1 produced 20.07 number of pods per plant with plant 

height 130.36  cm and IPSA Motorshuti 1×IPSA Motorshuti 2 (5.12 cm) exhibited 

lowest pods per plant whose plant height was also lowest (30.12 cm) (Table 1). 

Pod length 

The highest and lowest pod length observed was (7.63 and 5.09 cm) in IPSA 

Motorshuti 2×IPSA Motorshuti 3 and Zhikargacha×IPSA Motorshuti 3 (Table 1). 



34 Tasnim et al. 

Similar results also found by Khan et al., 2019 in the pulse bean crop, and the pod 

length was ranged from (8.12-17.33 cm) bean in Sylhet.  

Pod width 

The maximum and minimum pod width was observed in parents Natore (1.2 cm) and 

IPSA Motorshuti 3 (1.21 cm) (Table 1). IPSA Motorshuti 1×IPSA Motorshuti 2 

exhibited minimum pod width (1.14 cm), and IPSA Motorshuti 2×IPSA Motorshuti 3 

revealed maximum pod width (1.49 cm). Similar results were found by Luthra et al. 

(2029) in Idia and the pod width was varied from (1.24-1.84 cm) pea.  

Seeds per pod 

The highest and lowest number of seeds per pod (6.59 and 3.0) was found in IPSA 

Motorshuti 2×IPSA Motorshuti 3 and IPSA Motorshuti 1×IPSA Motorshuti 2 (Table 

1). Pujari et al., 2021 found a similar result in field pea and the results were the high 

heritability coupled with low genetic advance as percent of mean it is indicated non-

additive gene action in these traits viz. number of seed per pod (78.83%, 19.61%) and 

harvest index (74.4%, 18.31%), respectively.  

100-Seed weight 

The maximum and minimum 100-seed weights were found in IPSA Motorshuti 1 

(21.45 g) and Natore (11.04 g) respectively. Zhikargacha×Natore exhibited 9.44 g 

and IPSA Motorshuti 3×IPSA Motorshuti 2 (21.85 g). Pujari et al. (2021) found a 

similar result in field pea and 100 seed weight (3.99, 5.38 g). 

Seed yield per plant 

The highest and lowest yield per plant (15.97 and 1.43 g) was observed in the 

genotype Zhikargacha×IPSA Motorshuti 2 and IPSA Motorshuti 1×IPSA Motorshuti 

2, respectively (Table 1). IPSA Motorshuti 3×IPSA Motorshuti 1 and IPSA 

Motorshuti 2×Natore showed 27 and 30 days to first flowering. Similarly observed 

by Syed et al. (2021) in field pea in India, and the seed yield per plant ranged from 

(6.14-9.6 g).  

Genetic component of variation for yield and yield related characters in pea 

Days to first flowering 

The mean of all the genotypes for this character was 35.86 days (Table 2). The 

phenotypic variance (39.258) was considerably higher than the genotypic variance 

(35.128).  The genotypic (16.526) and phenotypic (17.47) coefficient of variation 

were close to each other indicating that, the negligible influence of the environment 

on this trait. Devendra et al. (2001) evaluated yield and yield components of pea and 

found highly significant and positive correlations in both field and vegetable peas for 

days to first flowering.  
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Days to 50% flowering 

The mean of all the genotypes for this character was 42.864 days (Table 2). The 

phenotypic variance (39.125) was considerably higher than the genotypic variance 

(37.623). The genotypic (14.31) and phenotypic (14.593) coefficients of variation 

were close to each other indicating that the influence of environment on this trait was 

negligible (Table 2). Mart et al., 2021 also reported that the flowering days were 

ranged between (38-57) days in the trait in local pea in the Mediterranean.  

Days to maturity 

The mean for this character was 88.455 days. The phenotypic variance (67.242) was 

considerably higher than the genotypic variance (66.768). The genotypic (9.238) and 

phenotypic (9.27) coefficient of variation were moderate with a little difference 

indicating that the environment has a little effect on the expression of this character 

(Table 2). Chakraborty and Haque (2000) found high heritability and low genetic 

advance in lentils for this trait. 

Plant height 

The average height of the plant was 111.128 cm. The phenotypic variance (1083.843) 

was closely related to the genotypic variance (1083.573). The phenotypic coefficient 

of variation (29.625) and genotypic coefficient of variation (29.621) were close to 

each other indicating the negligible influence of the environment (Table 2). The high 

heritability and genetic advance in percent of the mean for plant height were found 

by Ramesh et al. (2002), and Tyagi et al. (2000). 

Pods per plant 

The mean of this character was 12.195 cm. The phenotypic variance (19.192) and 

genotypic variance (19.09) were close to each other. The genotypic (35.828) and 

phenotypic coefficient of variation (35.923) were close to each other indicating the 

negligible influence of the environment on this trait (Table 2). Yadav and Dahiya 

(2000) found high heritability of r this character in black gram, and it indicated that 

the pods per plant were an important character for selection with restriction and 

improvement of seed yield. 

Pod length 

The average value for pod length was 6.07 cm. The phenotypic variance (0.512) and 

the genotypic variance (0.501) were low for this trait. The genotypic (11.652) and 

phenotypic (11.78) coefficients of variation were close to each other indicating the 

negligible influence of the environment on this trait (Table 2). Ramesh et al. (2002) 

found moderate to high heritability coupled with high genetic advance as the 

percentage of the mean for pod length in cowpea.  

Pod width 

The mean value of this character was 1.26 cm. The phenotypic variance (0.016) and 

genotypic variance (0.016) were very low for this trait (Table 2). The genotypic 
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(9.981) and phenotypic (10.012) coefficients of variation were moderate with very 

little difference.  

Table 2.  Genetic component of variation for yield and yield related characters in pea 

Traits DFF DFPF DM PH PPP PL PW SPP HSW YPP 

Vp 39.258 39.125 67.242 1083.843 19.192 0.512 0.016 0.499 18.093 14.286 

Vg 35.128 37.623 66.768 1083.573 19.09 0.501 0.016 0.482 18.092 14.286 

PCV 17.47 14.593 9.270 29.625 35.923 11.78 10.012 13.795 29.274 42.011 

GCV 16.526 14.310 9.238 29.621 35.828 11.652 9.981 13.558 29.273 42.010 

h2b 89.480 96.161 99.295 99.975 99.469 97.85 99.378 96.591 99.994 99.999 

GA 8.858 9.503 12.865 52.003 6.885 1.106 0.199 1.078 6.72 5.972 

GAPM 24.699 22.171 14.544 46.795 56.457 18.212 15.721 21.053 46.251 66.376 

Mean 35.864 42.864 88.455 111.128 12.195 6.072 1.266 5.119 14.53 8.997 

Note: DFF=Days to First Flowering, DFPF=Days to 50% flowering, PH=Plant Height (cm), PPP=Pods 

per Plant (no.), PL=Pod Length (cm), PW=Pod Width (cm), SPP=Seeds per Pod (no.), DM=Days to 

Maturity, HSW=Hundred Seed Weight (g), YPP=Yield per Plant (g) 

Seeds per pod 

The mean of all the genotypes for this character was 5.119. The phenotypic variance 

(0.499) and genotypic variance (0.482) were low for this trait (Table 2). The 

genotypic (13.558) and phenotypic (13.795) coefficients of variation were moderate 

with little difference. High heritability (96.591) and moderate genetic advance in 

percent of the mean (21.053%) were also observed for this trait. Islam et al. (1999) 

assessed high heritability in black gram and lentil for seeds per pod.  

100-Seed weight 

The mean value of this character was 14.53 g. The genotypic (18.092) and 

phenotypic (18.093) variance was close to each other which revealed that there was 

little influence on the environment (Table 2). Gupta et al. (2020) in pea, observed 

high heritability coupled with genetic advance as a percentage of the mean was for 

100 seed weight in chickpea.  

Seed yield per plant 

The average value of this character was 8.997 g. The phenotypic variance (14.286) 

was the same as the genotypic variance (14.286) for this trait. The genotypic (42.010) 

and phenotypic (42.011) coefficient of variation and high heritability (99.999) along 

with the high genetic advance in percent mean (66.376) were estimated for this 

character (Table 2). Tyagi et al. (2000) in cowpea genotypes observed high 

heritability coupled with genetic advance as a percentage of the mean for seed yield 

per plant. 
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CONCLUSION 

Based on the findings of the present investigation, it can be concluded that the 

highest yield per plant was observed in the genotype Zhikargacha×IPSA Motorshuti 

2. High heritability associated with high genetic advance per mean was observed for 

plant height, pod per plant, 100-Seed weight, and seed yield per plot. Hence, yield 

improvement in pea could be achieved through the association and selection of these 

characters. Furthermore, IPSA Motorshuti 2×IPSA Motorshuti 3 and IPSA 

Motorshuti 3×IPSA Motorshuti 2, Zhikargacha×IPSA Motorshuti 1, and 

Zhikargacha×IPSA Motorshuti 2 exhibited the best performance in relation to yield 

and yield related parameters in this study. 
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ABSTRACT 

Rice (Oryza sativa L.) is one of the main cereal crops in the world and the 
main staple food of Bangladesh. Amylose content of rice endosperm is the 
main chemical properties that contributes the eating and cooking quality. On 
the other hand, rice protein is the important source of nutrition of almost 50 
per cent of the world’s population living on rice. A total of 12 rice genotypes 
including ten advanced mutant lines, one landrace namely Laxmidigha 
along with BRRI dhan49 was collected from Plant Breeding Division of 
Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh and 
Bangladesh Rice Research Institute (BRRI), Gazipur. The genotypes were 
analyzed to assess the amylose and protein content as well as their genetic 
diversity relationship. Among all the tested genotypes amylose content were 
ranged from 23.9-20.3% where highest amylose percentage was found for 
Magic-86 (25.6%). Protein content of the genotypes were ranged from 8.50-
5.04%, where highest 8.86% protein was recorded for SSB-3. The highest 
gene diversity (0.81) was observed in RM519 marker and the lowest (0.28) 
was in RM111 marker. The PIC values ranged from 0.24-0.78 with a mean 
of 0.51. The highest Nei’s genetic distance value 0.87 was found in RM-
16(N)-10 vs RM-40(C)-4-2-8 and the lowest value 0.18 was found in LD-
200-1-3-3-8 vs LD-200-1-3-2-4. A dendogram was constructed using 
UPGMA system based on Nei’s similarity coefficient and six major clusters 
were obtained at 0.7 cut off. The genotypes showing diverse ranges of 
amylose and protein content tended to cluster together in the dendogram 
with some exceptions.  

Keywords: Amylose, Genetic diversity, Protein, Rice, SSR marker 
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INTRODUCTION 

Rice is a major cereal crop grown as a staple food exclusively for over half of the 

world’s population. It is a semi-aquatic grass plant belongs to the genus Oryza in the 

Gramineae (Poaceae) family. South Asia has been described as the “food basket” and 

“food bowl” of Asia because of being one of the major centers for rice domestication. 

Overall milled rice production in South Asia has reached 16.9 crore tons (USDA, 

2021). Bangladesh has become the third rice growing countries with the production 

of 3.6 crore tons after China and India that produce 14.6 crore tons and 11.8 crore 

tons, respectively (USDA, 2021). Being the major crop, rice engages more than 70% 

of the rural population and the national economic system of Bangladesh 

(Anonymous, 2002). But the population is growing approximately 1.20% per year 

(BBS, 2018). If this rate of increasing population continues, the total population will 

be approximately 238 million by 2050 (Shelly et al., 2016). Hence rice production 

needs to increase to meet the demand of food for the growing population. 

Rice grain quality is an important attribute for the rice scientists, producers, and 

consumers as stated by Riza et al. (2018). The quality of rice is significantly affected 

by the two attributes i.e., amylose and protein contents (Champagne et al., 1998). The 

amylose content is related to the stickiness or of the cooked rice. Low amylose 

containing rice becomes tender and glossy after cooking while high amylose restricts 

rice to absorb water making the cooked rice dry, fluffy and detached (Juliano, 1971). 

The protein content determines the texture of the cooked rice by hindering absorption 

of the water while cooking (Xie et al., 2008). Rice breeders are consistently anxious 

regarding having new rice lines with suitable amylose and protein contents. Protein is 

an essential component required for growth, antibodies production and immunity in 

human beings. Rice is a vital source of protein, delivering additional 50% of the 

entire protein consumed in the most of the countries. Market value of many varieties 

depends on the quality of the rice in many countries (Fitzgerald et al., 2008; 

Champagne et al., 1999).  

Generally, rice genotypes are recognized and identified based on morpho-

biochemical traits. Molecular characterization along with morphological traits would 

be the best solution. By characterization at the molecular level, similarity or distance 

from parent or check material containing particular traits can be more precisely 

defined. Molecular markers can reveal abundant difference among genotypes at the 

DNA level. They provide a more direct, reliable, and efficient tool for germplasm 

characterization, screening and evaluation. In rice, micro-satellites are abundant and 

well distributed throughout the genome (Wuand Tanksley, 1993; Akag et al., 1996; 

McCouch et al., 1997). They are valuable as genetic markers because they are co-

dominant in nature, detect high levels of allelic diversity and are assayed efficiently 

by the PCR technique (McCouch et al., 2002). Therefore, the current study aims to 

estimate protein and amylose content of the mutant lines along with their 

characterization of the genetic diversity using SSR markers. 
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MATERIALS AND METHODS 

Materials  

A total of 12 rice genotypes (ten mutant genotypes, one landrace and one check 

variety BRRI dhan49) were studied in the experiment. RM-16 (N)-10, RM- Kas-

80(C)-1, LD-200-1-3-3-5, LD-200-1-3-3-8, LD-200-1-3-2-4, RM-40(C)-4-2-8, SSB-

3, Magic-10, Magic-72, Magic-86 and Laxmidigha were collected from Bangladesh 

Institute of Nuclear Agriculture (BINA) and BRRI dhan49, which was collected from 

Bangladesh Rice Research Institute (BRRI). 

Estimation of amylose and protein content  

At first, 100 g seeds of each milled rice genotype were ground well by a grinder. 

After that the rice powder of each genotype was sieved separately by 120 mesh 

sieves. Finally, the powder of each genotype was taken in separate zipper bags and 

stored in a desiccator for amylose and protein content estimation. Amylose content 

was estimated by iodine colorimetry at a wavelength of 620 nm and using a potato 

starch standard (Juliano et al., 1981; Ambardekar et al., 2011). Protein content was 

estimated by Kjeldahl method (AOAC, 1995). 

Preparation of standard amylose curve  

At first 1N acetic acid, iodine solution was poured in 5 separate 100 ml volumetric 

flasks as well as a blank for calibration (Table 1). Then the six volumetric flasks were 

filled up to 100 ml. The mixtures were measured at 620 nm in a spectrophotometer 

and a standard amylose curve was prepared by using the absorbance reading with 

different amylose equivalence. Each sample solution was measured at 620 nm to get 

absorbance reading. Finally, amylose content of each sample was determined by 

calculating with the standard amylose curve. 

Table 1. Reaction mixtures for standard amylose curve 

Sl. 

No. 

1N Acetic acid 

(ml) 

Iodine soln
 

(ml) 

Standard stock soln  

(ml) 

Amylose Equivalence (%) 

1 - 2 - 0 

2 0.4 2 1 8 

3 0.8 2 2 16 

4 1.2 2 3 24 

5 1.6 2 4 32 

6 2.0 2 5 40 

Analysis of protein content by conventional Kjeldahl method 

Total N% and Protein% in each sample were found from the reading of UKD 159 

Automatic Distillation and Titration System. N:P conversion factor 5.95 for rice was 

used in this system (Greenfield and Southgate, 1992). 
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Molecular characterization 

Selection of SSR markers 

Total 16 SSR markers (Table 2) were used for genetic diversity analysis in this study.  

Table 2. Genetic details of 16 SSR markers  

Markers 

Name 

Product 

Size(bp) 

Chromos

ome No. 

Sequences Annealing 

temp. (°C) 

RM 217 133 6 
Forward: ATCGCAGCAATGCCTCGT 

Reverse: GGGTGTGAACAAAGACAC 
55 

RM 42 166 8 
Forward: ATCCTACCGCTGACCATGAG 

Reverse: TTTGGTCTACGTGGCGTACA 
55 

RM 237 130 1 
Forward: CAAATCCCGACTGCTGTCC 

Reverse: TGGGAAGAGAGCACTACAGC 
55 

RM 431 251 1 
Forward: TCCTGCGAACTGAAGAGTTG 

Reverse: AGAGCAAAACCCTGGTTCAC 
55 

RM 307 174 4 
Forward: GTACTACCGACCTACCGTTCAC 

Reverse: CTGCTATGCATGAACTGCTC 
55 

RM 105 134 9 
Forward: GTCGTCGACCCATCGGAGCCAC 

Reverse: TGGTCGAGGTGGGGATCGGGTC 
55 

RM 171 328 10 
Forward: AACGCGAGGACACGTACTTAC 

Reverse: ACGAGATACGTACGCCTTTG 
55 

RM 228 154 10 
Forward: CTGGCCATTAGTCCTTGG 

Reverse: GCTTGCGGCTCTGCTTAC 
55 

RM 206 147 11 
Forward: CCCATGCGTTTAACTATTCT 

Reverse: CGTTCCATCGATCCGTATGG 
55 

RM 536 243 11 
Forward: TCTCTCCTCTTGTTTGGCTC 

Reverse: ACACACCAACACGACCACAC 
55 

RM 519 122 12 
Forward: AGAGAGCCCCTAAATTTCCG 

Reverse: AGGTACGCTCACCTGTGGAC 
55 

RM 286 110 12 
Forward: GGCTTCATCTTTGGCGAC 

Reverse: CCGGATTCACGAGATAAACTC 
55 

RM 111 124 6 
Forward: CACAACCTTTGAGCACCGGGTC 

Reverse: ACGCCTGCAGCTTGATCACCGG 
55 

RM 475 235 2 
Forward: CCTCACGATTTTCCTCCAAC 

Reverse: ACGGTGGGATTAGACTGTGC 
55 

RM 168 116 3 
Forward: TGCTGCTTGCCTGCTTCCTTT 

Reverse: GAAACGAATCAATCCACGGC 
55 

RM 11 140 7 
Forward: TCTCCTCTTCCCCCGATC 

Reverse: ATAGCGGGCGAGGCTTAG 
55 
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Genomic DNA extraction 

Healthy portion of the young, vigorous leaves from 21 days old seedling was cut 

apart with sterilized scissors and washed in 70% ethanol and distilled water. The 

samples were stored at -20°C freezer. Cetyl Trimethyl Ammonium Bromide (CTAB) 

method was used to extract DNA from the leaves of each genotype (Doyle and Doyle 

1987). PCR amplification, confirmation and documentation of genomic DNA were 

proceeded for the diversity analysis of the genotypes (Hoque et al., 2021). 

DNA amplification by Polymerase Chain Reaction (PCR) 

The PCR cocktail was placed in the PCR tubes and operated in the DNA thermal 

cycler, with a total volume of 10 µl/reaction mixture containing 1 µl of DNA based 

on the IRRI rice protocol of SSR analysis. A 1.5 ml PCR tube was filled with 3 µl of 

sterilized ddH2O and 5 µl of Go Taq Green master mix. Then 0.5 µl of forward 

primer and 0.5 µl of reverse primer were added together. After vortexed, 1 µl of 

diluted DNA sample was pipetted into the PCR tube wells and the tube was 

centrifuged for 30-40 seconds to ensure proper mixing. Thus, a total of 10 µl of PCR 

sample was prepared. The system was then run according to the instruction of 

Thermal cycler by the following PCR profile: an initial denaturation at 94°C for 5 

min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 1 

min, primer elongation at 72°C for 1 min and then a final extension at 72°C for 5 

min. Amplified products were incubated at 4°C until electrophoresis. 

Confirmation of DNA using gel electrophoresis 

The genomic DNA was confirmed by polyacrylamide gel electrophoresis. A flask 

was loaded with 50 ml premix, 650 µl 10% APS and 72 µl TEMED (N,N,N',N'-

tetramethylethane-1,2-diamine) and mixed well by magnetic stirrer. The gel was then 

carefully poured into the gel mold and combs were laid out on the gel. After 

solidifying in the gel tank, the gel was immersed in 0.5X TBE buffer. The gel was 

then ready for loading the DNA samples. Then using a micropipette, loading dye (4 

µl) and extracted DNA sample (2 µl) were thoroughly mixed and placed into the gel's 

slot. The first lane of the gel was loaded with a recognized DNA marker (DNA 

ladder). The electrophoresis apparatus was connected to the power supply unit and 

the gel tank was submerged in 1X TBE. Electrophoresis was conducted for 60 

minutes at 70 volts. 

Documentation of the DNA samples 

After electrophoresis, the gel was carefully removed from the gel chamber and 

stained with a previously prepared ethidium bromide solution (0.25%). After 30 

minutes, the gel was carefully removed from the staining tray and placed on the gel 

doc's high-performance ultraviolet light box (UV trans-illuminator) to check the 

DNA bands. Using Alpha Ease 4.0 software, the DNA was identified as a band and 

the records were saved. 
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Data analysis 

The experiments were conducted through CRD design. The recorded data for 

amylose and protein content were analyzed using MSTAT-C package program 

(Gomez and Gomez, 1984). Power marker version 3.23 (Liu and Muse, 2005), a 

genetic analysis software was used to calculate statistical results such as the number 

of alleles per locus, major allele frequency, gene diversity, and polymorphism 

information Content (PIC) values. The Alpha Ease 4.0 software was used to calculate 

the molecular weights of microsatellite products in base pairs. The alleles of the 

relevant microsatellite loci were assigned to the individual fragments. The genetic 

distance or phylogeny reconstruction based on neighbor-joining method (Saitou and 

Nei, 1983) as implemented in the software with the tree viewed using tree view was 

also determined using allele molecular weight data. 

RESULTS AND DISCUSSION 

Estimation of amylose and protein content  

The amylose content of selected 12 rice genotypes/variety was determined with 

reference to the standard amylose curve (Fig. 1). Standard amylose curve was 

obtained from amylose equivalence and the absorbance of the standard mixtures at 

620 nm in a spectrophotometer. 

 

              Figure 1. Standard amylose curve 

The amylose content of the genotypes varied from 20.3-25.6%. The highest amylose 

content (25.6%) was found in Magic-86; followed by RM-40(C)-4-2-8 (25.1%) and 

Magic-10 (24.4%). There were 10 groups (Table 3) in which the means were 

significantly different from one another at 5% level of significance. Critical Value for 

Comparison was 0.168. These values were similar as reported by Paul (2020) where 

amylose percentage for rice was analyzed. 
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Significant variation in the protein content of the genotypes were observed. The 

highest protein content (8.86%) was found in SSB-3; followed by Magic-86 (8.78%) 

and Laxmidigha (8.73%). There were nine groups (Table 3) in which the means were 

significantly different from one another at 5% level of significance. These protein 

contents were similar to those reported by Magomya et al. (2014) 

Table 3. Amylose and protein contents of 12 rice genotypes  

Sl. No. Name of the genotypes Amylose (%) Protein % 

1 RM-16 (N)-10 20.3j 6.12g 

2 RM- Kas-80(C)-1 22.1g 5.79h 

3 LD-200-1-3-3-5 21.5h 8.32e 

4 LD-200-1-3-3-8 23.3e 8.41d 

5 LD-200-1-3-2-4 22.1g 8.28e 

6 RM-40(C)-4-2-8 25.1b 5.04i 

7 SSB-3 22.7f 8.86a 

8 Magic-10 24.4c 7.47f 

9 Magic-72 23.9d 8.50c 

10 Magic-86 25.6a 8.78ab 

11 BRRI dhan49 23.9d 7.49f 

12 Laxmidigha 20.9i 8.73b 

 CV (%) 0.44 0.59 

 LSD (0.05) 0.168 0.07 

Molecular characterization of the rice genotypes using SSR markers 

The analysis of genetic variation is a very important factor for the development of 

rice lines, which can be achieved through DNA profiling techniques that displays 

high amount of loci for large variability. The sample of rice cultivars collected from 

various origins were analyzed using SSR markers which is basically a PCR based 

technique. In this SSR marker-based DNA fingerprinting technique, the rice 

genotypes were analyzed using 16 loci.  Amplified microsatellite loci were analyzed 

to find out diversity. All 16 microsatellite loci had 6alleles (mean). The bands 

obtained were compared to the band of BRRI dhan49 and Laxmidigha (Fig. 2,        

Fig. 3). 
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  Figure 2.  Microsatellite profiles of 12 

rice genotypes at locus 

RM519 

Figure 3.  Microsatellite profiles of 12 rice 

genotypes at locus RM11 

Legend:1= RM-16 (N)-10, 2= RM- Kas-80(C)-1, 3= LD-200-1-3-3-5, 4= LD-200-1-3-3-8, 

5= LD-200-1-3-2-4, 6= RM-40(C)-4-2-8, 7= SSB-3, 8= Magic-10, 9= Magic-72, 10= Magic-

86, 11= BRRI dhan49, 12= Laxmidigha, L=25 bp ladder. 

Gene diversity 

The allele with the highest frequency (more than 10 percent) is termed as major allele 

or most common allele at each locus. The size of various major alleles at different 

loci ranges from 115bp (RM286) to 322bp (RM171). Among all the genotypes, on an 

average, 54% of them shared a common major allele ranging from 25% (RM105 and 

RM519) to 83% (RM307 and RM111) at each locus (Table 4). The result was more 

or less similar to the result reported by Siddique et al. (2016). The highest gene 

diversity (0.81) was observed in RM519 and the lowest (0.28) was in RM111, having 

an average diversity of 0.55. It was found that marker detecting the higher number of 

alleles showed higher gene diversity, on the other hand lower number of alleles 

expressed lower gene diversity (Table 4). Heenan et al. (2000) also found similar 

result of gene diversity. 

The PIC value reflects allele diversity and frequency among the genotypes. PIC value 

of each marker can be determined based on its allele. PIC varied significantly for all 

the studied SSR loci. In this study, the level of polymorphism among rice genotypes 

was evaluated by calculating PIC values for each of the 16 SSR loci. The PIC values 

ranged from 0.24 to 0.78, having an average of 0.51 per locus. According to Jiang et 

al. (2010), a PIC value of greater than 0.5 is reflective of a good marker.  The highest 

PIC value was 0.78 for RM519 and the lowest was 0.24 for RM111 in this study 

(Table 4). 
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Table 4.  Major allele, gene diversity and PIC value found among selected rice 

genotypes for 16 SSR markers 

Marker 

Major Allele 

Allele No. Gene Diversity PIC 
Size (bp) 

Frequency 

(%) 

RM 42 163 41 5 0.65 0.58 

RM 237 130 67 8 0.51 0.48 

RM 431 238 67 8 0.49 0.42 

RM 307 170 83 10 0.29 0.27 

RM 105 137 25 3 0.78 0.74 

RM 171 322 33 4 0.72 0.67 

RM 228 142 58 7 0.58 0.53 

RM 206 152 33 4 0.74 0.69 

RM 536 246 41 5 0.65 0.58 

RM 519 125 25 3 0.81 0.78 

RM 286 115 75 9 0.40 0.36 

RM 111 124 83 10 0.28 0.24 

RM 475 235 75 9 0.40 0.36 

RM 168 118 58 7 0.58 0.53 

RM 11 143 58 7 0.49 0.37 

Mean  54 6 0.55 0.51 

Nei’s (1973) genetic distance 

The pair wise comparison values of Nei’s (1973) genetic distance among 12 rice 

genotypes were calculated from combined data sets for 16 loci. The value ranged 

from 0.18 to 0.87 (Table 5). The highest Nei’s genetic distance value 0.87 was found 

in RM-16(N)-10 vs RM-40(C)-4-2-8. The lowest genetic distance value 0.18 was 

found in LD-200-1-3-3-8 vs LD-200-1-3-2-4. The lowest value of pair wise 

difference among rice genotypes was likely due to their genetic relatedness. On the 

other hand, higher value of pair-wise difference was observed among those rice lines 

developed from genetically distal parental. Similar result was found by Lakhanpaul et 

al. (2000) where a total of 267 amplification products were formed at an average of 

12.71 per primer with an overall polymorphism of 64%. The extent of polymorphism 

was moderate to low. 
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Table 5.  Summary of genetic distance values among selected rice genotypes using 16 

SSR markers 

Gen.* P1 P10 P11 P12 P2 P3 P4 P5 P6 P7 P8 P9 

P1 0.00            

P10 0.75 0.00           

P11 0.56 0.56 0.00          

P12 0.81 0.62 0.56 0.00         

P2 0.81 0.81 0.68 0.56 0.00        

P3 0.50 0.68 0.31 0.50 0.50 0.00       

P4 0.75 0.62 0.43 0.50 0.43 0.43 0.00      

P5 0.62 0.68 0.43 0.56 0.43 0.31 0.18 0.00     

P6 0.87 0.75 0.56 0.62 0.37 0.68 0.37 0.43 0.00    

P7 0.75 0.68 0.50 0.62 0.68 0.62 0.43 0.43 0.62 0.00   

P8 0.75 0.62 0.62 0.56 0.62 0.68 0.50 0.62 0.50 0.50 0.00  

P9 0.68 0.50 0.43 0.62 0.62 0.62 0.50 0.62 0.50 0.43 0.37 0.00 

Here, P1= RM-16 (N)-10, P2= RM- Kas-80(C)-1, P3= LD-200-1-3-3-5, P4= LD-200-1-3-3-8, P5= LD-

200-1-3-2-4, P6= RM-40(C)-4-2-8, P7= SSB-3, P8= Magic-10, P9= Magic-72, P10= Magic-86, P11= 

BRRI dhan49, P12= Laxmidigha. 

Gen.*= Genotypes used in this study. 

Genetic similarity analysis using UPGMA 

Dendogram based on Nei’s (1973) genetic distance using Unweighted Pair Group 

Method of Arithmetic Means (UPGMA) indicated differentiation of the 12 rice 

genotypes by 16 markers. All the 12 rice genotypes could be easily distinguished. 

The UPGMA cluster analysis led to the grouping of 12 rice genotypes in six major 

clusters at 70% cut off (Fig. 4).  

Cluster-1, Cluster-2 and Cluster-4 each considered only one genotype and they were 

RM-16 (N)-10, Magic-86 and Laxmidigha respectively, which differed from other 

genotypes in amylose and protein content. Cluster-3 consists of 3 genotypes having 

two sub clusters (3A and 3B). In 3A, SSB-3 and in 3B, Magic-10 and Magic-72 were 

clustered. These genotypes found to contain moderate amylose and protein content. 

In cluster-5, 2 genotypes namely RM- Kas-80(C)-1 and RM-40(C)-4-2-8 clustered 

together, and they all were grouped in relatively low protein rice. Cluster-6 

considered two sub clusters (6A and 6B). Sub cluster 6A comprised of 2 genotypes, 

LD-200-1-3-3-8 and LD-200-1-3-2-4, those were found as moderate amylose and 

high protein content. Sub cluster 6B contains BRRI dhan49 and LD-200-1-3-3-5 

those were identified as moderate amylose containing rice. The genotypes showing 

diverse ranges of amylose and protein content tend to cluster together in the 
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dendogram with some exceptions. Siddique et al. (2016) also observed six clusters 

among 20 rice genotypes of Bangladesh using 30 SSR markers. 

 

Figure 4.  UPGMA Dendogram based on Nei’s Genetic Distance according to SSR 

analysis 

Legend:1= RM-16 (N)-10, 2= RM- Kas-80(C)-1, 3= LD-200-1-3-3-5, 4= LD-200-1-3-3-8, 5= LD-200-

1-3-2-4, 6= RM-40(C)-4-2-8, 7= SSB-3, 8= Magic-10, 9= Magic-72, 10= Magic-86, 11= BRRI dhan49, 

12= Laxmidigha.  

CONCLUSION 

Among 12 rice genotypes, the amylose content varied from 20.3- 25.6%. The highest 

amylose content (25.6%) was found in Magic-86 and the highest protein content 

(8.86%) was found in SSB-3. In this study, genetic diversity, and relationship among 

12 rice genotypes at molecular level was addressed using 16 SSR markers. Genetic 

distance among 12 rice genotypes were calculated from combined data sets for 16 

loci. Genetically similar genotypes with the checks can be utilized developing trait 

specific characters for further breeding programs. Based on the results it can be 

concluded that, Magic-86, SSB-3 and LD-200-1-3-3-8 can be used to develop better 

quality rice varieties. Field trial of the suggested genotypes may help breeders to 

develop potential rice varieties in future. 
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ABSTRACT 

Seed treatment with pesticides is one of the components of IPM. 
Pesticides, the chemical ingredients are generally used to assassinate 
biological entities that cause damage to cultivated crops. To maintain the 
quantity and quality of the plant produce, a large number of chemicals in 
the form of pesticides and/or fungicides are sprayed on them.  Although 
these compounds affect the growth of seedlings and also negatively 
influence the growth of symbiotic bacteria and their interaction with crop 
plants resulting in a reduction in nitrogen fixation by plants and ultimately 
yield. A study on the consequences of chemical pesticides on seed 
germination and seedling growth of Cicer arietinum was carried out at 
Chhatrapati Shahu Ji Maharaj University, Kanpur, Uttar Pradesh, India in 
2016. The present study was done to assess the effect of pesticides 
on root length, shoot length, leaf area, fresh weight, and dry 
weight of seedlings. The experiment was conducted by using different 
concentrations viz., 0% (control), 0.5%, 1%, 1.5%, 2%, 2.5%, 5%, 7.5%, 
and 10% of organophosphorus monocrotophos and pyrethroid pesticide 
deltamethrin. Observations were done on the 7

th
, 14

th,
 and 21

st
 days of 

radicle emergence. The study showed that both types of pesticides such 
as pyrethroid deltamethrin and organophosphorus monocrotophos were 
found to be toxic to plants in high concentrations and can be preferred in 
low concentrations such as 0.5%, which is less harmful to crop plants. 

Keywords: Cicer arietinum, Growth parameters, IPM, Organo-
phosphorus, Pyrethroid and Radicle. 

INTRODUCTION 

Cicer arietinum, chickpea, or black gram is a major cultivated pulse crop 

worldwide, especially in India. The crop is commercially grown for its nutritious 
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seeds, which are a rich source of protein, carbohydrates, fiber, vitamins, and 

minerals. Chickpea along with pigeon pea play a substantial role in the food and 

nutrition security of the underprivileged in developing countries of Asia (Rao et al., 

2010), though significant yield losses have been estimated in chickpea caused 

by insect pests.  Pre-sowing treatment of seeds with pesticides can be the most 

efficient and economical way of getting disease-free crops and higher yields.  

The use of chemical pesticides on plants can no doubt solve the problem of pests to 

great extent. However, the practice of using pesticides may advance many 

complications in the germination of seeds, growth, and developmental 

processes of crop plants. Seeds are considered suitable hosts to maintain the seed-

borne fungi/microbes even in the absence of the host. In such cases, seeds before 

sowing are treated with some pesticides to protect them against the attack of fungi, 

nematodes, or insect pests (Busse et al., 2001). Tiyagi et al. (2004) watched the 

impact of different pesticides such as aldicarb, carbofuran, phorate fensulfothion, and 

fenamiphos on chickpea plants. They utilized distinctive concentrations, viz. 5, 10, 

and 25 ppm of pesticides, and watched the impact on plant development and 

advancement parameters, root nodulations, and chlorophyll substance. Essential 

enhancement in plant development was found in lower concentrations such as 5 and 

10 ppm of distinctive pesticides but the 5-ppm concentration was outlined to be 

altogether compelling in terms of plant development and non-phytotoxic and the 

phytotoxic impact was eminent in those plants treated with 25 ppm concentration of 

all the pesticides (Tiyagi et al., 2004). 

Dhanamajuri et al. (2013) studied the behavior of the seeds chickpea (Cicer 

arietinum) and maize (Zea mays) with various concentrations of fungicides. The 

effect of 1 ppm, 10 ppm, 50 ppm, and 1000 ppm concentrations of concerned 

fungicide Captain, Bavistain and Domarc was analyzed on germination of seed, 

growth, and biomass production of Cicer arietinum and Zea mays. Best seed 

germination and plant growth were seen at l ppm to l0 ppm beyond that the 

parameters declined (Dhanamajuri et al., 2013). Pre-sowing treatments of seeds 

with appropriate fungicide and or/ pesticide have augmented amazingly over the past 

few years. Thube et al. (2018) investigated to examine the appropriateness of some 

insecticides such as imidacloprid (600 FS), fipronil (5FS), and chlorpyriphos (20 EC) 

for pre-sowing treatments in seeds of Cicer arietinum and to uphold the compatibility 

of identified doses of insecticides along with biofertilizers (Mesorhizobium ciceri @ 

25 g/kg seed), and bio fungicide (Trichoderma harziamum @ 4 g/kg seed). They 

advocated suitable seed pretreatments viz., (1) Imidacloprid 5 ml/kg + 

Mesorhizobium (dose please), (2) Imidacloprid 5 ml/kg + Mesorhizobium @ 25 g/kg 

seed + Trichoderma harziamum @ 4 g/kg seed, (3) Fipronil @ 5 ml/kg + 

Mesorhizobium @ 25 g/kg seed, (4) Fipronil @ 5 ml/kg + Mesorhizobium @ 25 g/kg 

seed + Trichoderma harziamum @ 4 g/kg seed. 
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Anderson et al. (2003) examined the effect of sulfonylurea residues in some legume 

crops and meadows and found that it can inhibit the growth of legume crops and 

meadows by inhibiting the symbiotic nitrogen fixation by legume crops and 

meadows. Reductions in nitrogen fixation might result from the herbicidal effect on 

rhizobial growth and/or indirect growth of the plant. The soil contaminated with 

chlorsulfuron may reduce the modulation, which can affect the nitrogen fixation of 

chickpea plants. 

MATERIALS AND METHODS 

Deltamethrin is a chemical pesticide of class pyrethroids compounds. Unlike other 

pyrethroids, deltamethrin consists of one pure compound. Monocrotophos is an 

organophosphate insecticide and a relatively cheap pesticide. Monocrotophos, 

commonly known as Azodrin or Nuvacron is an organophosphate insecticide that 

despite its ban is preferred due to its high efficacy against insect pests. Being readily 

soluble in water, it is grouped under class 1: highly toxic compounds. Microbes such 

as Bacillus, Pseudomonas, Aspergillus, Anabaena, and Nostoc at 25-37
0
C and pH 

5.5-8.5 can utilize monocrotophos as a nutrient source and can tolerate up to 500-

1200 mg L
-1 

of monocrotophos (Kaur et al., 2019). Monocrotophos and deltamethrin 

were prepared in different concentration with distilled water, viz., 0.5%, 1%, 1.5%, 

2%, 2.5%, 5%, 7.5% and 10%. The control concentration was distilled water alone. 

These different pesticides were prepared in different concentrations along with 

control. Distilled water sprayed on seeds in the Petri dishes on alternative days. 

The study was carried out at Chhatrapati Shahu Ji Maharaj University, Kanpur, Uttar 

Pradesh, India in 2016. Healthy seeds of Cicer arietinum were selected and surface 

sterilized by using mercuric chloride (HgCl2) and then washed with distilled water. 

The sterilized Petri dishes were taken and spread with wet filter paper and the seeds 

were transferred in these Petri dishes. 10 seeds were taken in each Petri dish. The 

Petri dishes with control seeds were sprayed with distilled water alone and other Petri 

dishes having seeds were treated with increasing concentrations of pesticides i.e., 

0.5%, 1%, 1.5%, 2%, 2.5%, 5%, 7.5%, and 10%. The seeds were germinated and the 

emergence of radicle and plumule was taken as confirmation of seed germination. 

Readings were taken on the 7
th
, 14

th,
 and 21

st
 day of radicle emergence including, 

root, shoot length, fresh and dry weight of samples by getting plants dry in the oven 

for two days at 100°C. 

RESULTS AND DISCUSSION 

Effect of different concentrations of organophosphorus monocrotophos on seedling 

growth of Cicer arietinum are shown in figure 1 (A, B and C). It has been observed 

that increasing the concentration of monocrotophos (0.5%, 1%, 1.5%, 2%, 2.5%, 5%, 

7.5%, and 10%) results in a decrease in the growth of seedlings at all sampling days 

(7
th
, 14

th,
 and 21

st
).  At 10% pesticide concentration no growth was observed. The 
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results show shoot lengths (Fig. 1A) for sampling days (7
th
, 14

th
 and 21

st
) to be 5.22, 

7.41, 9.21 cm, and 5.41, 7.54, 9.56 cm, and 3.56, 5.32, 6.62 cm, and 3.35, 4.71, 5.23 

cm, and 2.61, 3.59, 4.19 cm, and 2.48, 3.19, 3.75 cm, and 2.09, 2.84, 3.12 cm, and 

1.2, 1.91, 2.32 cm, respectively for 0%, 0.5%, 1%, 1.5%, 2%, 2.5%, 5%, 7.5% 

concentrations. The root length (Fig. 1A) for sampling days 7
th
, 14

th
 and 21

st
 are 2.75, 

3.4, 5.33 cm, and 2.13, 2.82, 4.72 cm, and, 2.12, 2.47, 4.11 cm, and 1.64, 2.13, 3.65 

cm, and 1.56, 2.13, 3.12 cm, and 1.22, 1.72, 2.92 cm, and 0.75, 1.51, 2.12 cm, and 

0.41 cm, 1.21 cm, 1.41 cm respectively for control, 0.5, 1, 1.5, 2, 2.5, 5, 7.5% of 

pesticide concentrations.  

The leaf area in cm
2
 (Fig. 1B) for the sampling days 7

th
, 14

th
 and 21

st
 at 

monocrotophos concentrations 0.5%, 1%, 1.5%, 2%, 2.5%, 5%, 7.5% were recorded 

as 4.83, 5.41, 5.68 cm
2
, and 3.12, 3.31, 4.12 cm

2
, and 2.16, 2.95, 3.35 cm

2
, and 1.97, 

2.25, 2.82 cm
2
, and 1.34, 1.95, 2.15 cm

2
, and 0.96, 1.26, 1.54 cm

2
, and 0.54, 0.99, 

1.13 cm
2
, respectively. No results were obtained for 10% concentration. The leaf 

areas of control plants are 4.12, 5.14, and 5.31 cm
2
 at respective sampling days. 

 

 

Figure 1A. Effect of various concentrations of monocrotophos on seedling length of 

Cicer arietinum 
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Figure 1B.  Effect of various concentrations of monocrotophos on seedling leaf area 

of Cicer arietinum 

 

 

Figure 1C.  Effect of various concentrations of monocrotophos on fresh weight and 

dry weight of Cicer arietinum 
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The data of fresh weight (Fig. 1C) for the above values are 284, 299, 384 mg, and 

162, 198, 243 mg, and 146, 168, 223 mg, and 132, 150, 195 mg, and 115, 132,158 

mg, and 92, 112, 120 mg, and 50, 68, 111 mg, respectively. No results were obtained 

for 10% concentration. The data for control values of fresh weight were 210, 274 and 

322 mg. The data for the dry weight (Fig. 1C) of plants for above parameter are 43.9, 

52.9, 68.2 mg for control plant, 40.4, 47.6, 55.4 mg, and 32.2, 40.2, 45.3 mg, and 

26.4, 35.6, 42.6 mg, and 21.3, 27.5, 31.4 mg, and 19.25, 24.2, 27.8 mg, and 14.23, 

19.3, 22.5 mg, and 8.23, 14.4, 19.2 mg respectively. No results were obtained for 

10% concentration. 

The results for Cicer arietinum treated with the pyrethroid pesticide deltamethrin are 

depicted in figure 2 (A, B and C), and here also the same trends of the responses of 

various concentrations of the pesticide deltamethrin are shown by seedling growth 

parameters. The shoot length (Fig. 2A) at sampling days 7
th
, 14

th
 and 21

st
 and 

pesticide concentrations 0.5%, 1%, 1.5%, 2%, 2.5%, 5%, 7.5% and 10% show 

following trends. As compared to control plant shoot length, i.e., 4.9, 7.35, 9.57 cm at 

respective days, the length of shoot to different increasing concentrations were 4.35, 

6.19, 7.29 cm, and 3.45, 3.91, 6.95 cm, and 3.25, 4.69, 5.4 cm, and 3.1, 3.49, 4.2 cm, 

and 2.49, 2.95, 3.1 cm, and 2.12, 2.85, 3.22 cm, and 1.21, 1.96, 2.3 cm respectively. 

At 10% concentration, no results were observed. The results of root growth 

parameters (Fig. 2A) show parallelism with shoot parameters. As compared to 

control plants, i.e., 2.69, 3.39, 5.3 cm at respective sampling days, the values for 

increasing concentrations of pesticide were 2.13, 2.83, 4.65 cm, and 2.14, 2.46, 4.91 

cm, and 1.63, 2.1, 3.69 cm, and 1.57, 2.13, 3.14 cm, and 1.21, 1.7, 2.91 cm, and 0.74, 

2.53, 2.14 cm, and 0.42, 1.23, 1.43 cm respectively with increasing concentrations. 

At 10% concentration, no results were observed. 
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Fig. 2A. Effect of various concentrations of deltamethrin on seedling length of 

Cicer arietinum 

 

 

Figure 2B. Effect of various concentrations of deltamethrin on seedling leaf area of 

Cicer arietinum 
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Figure 2C.  Effect of various concentrations of deltamethrin on fresh weight and dry 

weight of Cicer arietinum 
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pathway of enzymes (Ganga et al., 1992). The cytological effects of deltamethrin, a 

synthetic pyrethroid used as an insecticide, have been studied using root meristems of 

Allium cepa. Deltamethrin treatment resulted in a dose-related reduction in a mitotic 

index. Both chromosomal and mitotic abnormalities were encountered at all 

concentrations ranging from 0.05 to 2 ppm. Most of the chromosomal and mitotic 

abnormalities were apparently due to disturbance in the mitotic spindle. Induction of 

chromosome and chromatid breaks with higher concentrations (0.5 to 2 ppm) 

suggested the clastogenic action of this compound (Chauhan et al., 1986). 

Duran et al. (2015) observed the effect of deltamethrin pesticide on the biological 

properties of maize (Zea mays L. saccharata Sturt) by exposing the seeds to 

environmentally relevant dosages (0.01, 0.05, 0.1, and 0.5 ppm) of deltamethrin. On 

the 7th day of germination, morphological, anatomical, and physiological responses 

were determined. All seedling growth characters were decreased with increasing 

deltamethrin levels. The most negative effect on the radicle length of maize was 

observed by the highest deltamethrin concentration with a 61% decrease (P<0.05). 

Both stomatal density and stomatal dimension reduction were caused by increasing 

concentrations of deltamethrin (Duran et al., 2015). 

Various pre-sowing treatments were given to observe the impact on seed 

germination, seedling establishment, dry weight, and vigour in chickpea. The 

different pre-sowing seed treatments showed different responses against different 

parameters, and the control exhibited the lowliest performance for all seven seed 

quality attributes (Shahid et al., 2011). 

The consequences of mancozeb and chlorpyrifos pesticides on Allium cepa were 

worked out by observing effects on germination %, survival %, root length, shoot 

length, and their ratio, seedling vigor index, tolerance index, and percentage of 

phytotoxicity. The work was supported by investigating the enzymatic activity of 

antioxidative enzymes along with morphological parameters and it was 

concluded that the growth of seedlings was badly affected by the two pesticides 

(Fatima et al., 2018).  

Effect of different concentrations of deltamethrin and monocrotophos on 

different attributes of seedlings such as root length, shoot length, leaf area, fresh 

weight and dry weight exhibit the same pattern. The values of all the attributes 

were observed highest at 0.5% concentrations for both the pesticides. 

CONCLUSION 

The result of the present studies indicates that seedling growth showed a similar 

pattern of growth when treated with either of the two pesticides. It is observed that a 

general decrease in seedling growth was observed at a higher concentration (7.5%) of 

both the pesticides. Although the best result was obtained at the concentration of 

0.5% for both the pesticides. Seedling growth is not observed in 10% concentration, 

even seed is not germinated at such a high concentration of pesticides. The use of 



64 Dixit et al. 

seed treatments in Integrated Pest Management (IPM) of major field crops has 

considerably over the past few years. There are views in support of pesticides and 

against the use of pesticides. While pesticides increased the yield of crops and 

livestocks, pesticides are also involved in damaging environmental health and cause a 

decrease in plant growth and germinating capability of seeds. Although pesticides are 

hazardous to the environment and health, they are used as a weapon to protect crop 

loss and provide more yield. Indeed, a safer use is needed.  Hence, it is concluded 

that pesticides such as organophosphorus monocrotophos and pyrethroid 

deltamethrin are toxic to plants in higher concentrations and can be applied for 

agriculture crop protection in low concentrations only (0.5%). 
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ABSTRACT 

The purpose of this study was to observe the germination rate and fungal 
pathogens association in selected Tossa jute varieties. The experiment 
was conducted following Completely Randomized Design (CRD) with 
four replications. Truthfully labelled seeds (TLS) collected from four 
districts in Bangladesh, was used in the present study. The Highest 
germination rate (93.5%) and the lowest infection (31.25 pathogens/100 
seed) were observed in BJRI Tossa Pat 5 (O-795) variety. BJRI Tossa 
Pat 4 (O-72) was observed as the most vulnerable against pathogen 
infection (121.25 pathogens/100 seed) and the showed lowest 
germination (83.25%). Regressions co-efficient (β) -0.82 was observed 
between germination (%) and total number of pathogens on seeds. 
Regression co-efficient (β) was -0.71 between moisture (%) and 
germination (%) of Tossa seeds. Regression co-efficient (β) was 0.65 
between moisture (%) and total number of pathogens at Tossa jute 
seeds. For conducting the experiment, there was no limitation. From the 
study, it may be concluded that, seed-borne pathogenic fungi negatively 
affect the germination (%) of Tossa jute seed. 

Keywords: Germination percentage, Moisture percentage, Pathogens, 

Tossa Jute 

INTRODUCTION 

Tossa jute (Corchorus olitorius) is an annual herbaceous plant under the Malvaceae 
family. It is grown as a source of  fibre and vegetables of its mucilaginous edible 
leaves (Anonymous, 2018).  Jute is mainly a fibre producing crop that is considered 
as the main cash crop of Bangladesh (Sarker et al., 2017). In the world market, 70% 
of jute fibre and jute product is supplied by Bangladesh (Hossain and Abdulla, 2015). 
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But in Bangladesh, there is a serious scarcity of healthy jute seeds (Islam et al., 
2015). Bangladesh earns a lot of foreign currencies by exporting jute and jute 
products. Among Jute exporting states, Bangladesh owns 2

nd
 position as a solitary 

exporter and producer. The disease/pathogen is soil, air and seed borne in nature that 
constantly harms the crop preliminary from germination to maturity in both fiber 
seed crops (De, 2013). Seed is a vital source of primary inoculum, then infect through 
soil. Of the seed borne fungal diseases of jute, black band and stem rot caused by 
Botryodiplodia theobromae and Macrophomina phaseolina, respectively are 
commonly transmitted through seeds. In field condition, seed borne pathogens often 
make diseases on the plants. Subsequently, the pods or capsules are frequently 
affected which results unhealthy or infected seed production (Lecomte et al., 2016; 
Ali et al., 2015). Jute is affected by ten seed borne diseases. Black band, Stem rot, 
wilt and foot rot are responsible for spreading of the diseases to standing crops, 
seedling infections, damping off and seed rot which make degradation in the 
excellence of fiber (Rathod and Pawar, 2012) and cause extensive yield loss (Sarker 
and Sultana, 2017). Sharp decline of germination percentage is occurred with the 
increase of seed moisture content (Haque et al., 2016). Improvement of quality and 
increasing of yield is possible through appropriate practices of disease management 
(Sardrood and Goltapeh, 2018). The association of pathogens in seeds and moisture 
percentage of seeds might be affect the germination percentage. The primary 
objective of this study is to find out the co-relation between germination (%) and 
total number of pathogens association on Tossa jute seeds. Co-relation between 
germination (%) and moisture percentage of seeds will also be found out. 

MATERIALS AND METHODS 

The experiment was carried out in the Plant Pathology Lab, Bangladesh Jute 
Research Institute (BJRI).  

Collection of jute seed samples 

A total of 32 Tossa seed samples (Corchorus olitorious) were collected from four (4) 
selected district of Bangladesh (Kishoregonj, Rangpur, Cumilla, Manikgonj). 
Approximately 250 g seeds were collected for each and every sample. Seeds samples 
were kept in poly bags and stored at 5-7°C. 

Varieties used in the study 

(i) V1= O-4 

(ii) V2= O-9897 

(iii) V3= BJRI Tossa Pat 3 (OM-1) 

(iv) V4= BJRI Tossa Pat 4 (O-72)  

(v) V5= BJRI Tossa Pat 5 (O-795) 

(vi) V6= BJRI Tossa Pat 6 (O-3820) 

(vii) V7= JRO-524 

(viii) V8= BJRI Tossa Pat 8 (Robi -1) 
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Germination test 

For each variety, 400 Tossa jute seeds were selected randomly from the properly 
mixed seed sample (ISTA, 2017). The working seed samples (each having 400 seeds) 
were allocated into four (4) replications and consequently one replication contained 
100 seeds. Again, 100 jute seeds were divided into four sub-replications and each 
sub-replication contained 25 jute seeds. It was ensured that each and every seed had 
enough space in Petri dish so that germination might not be hampered. Soaked in 
water, the filter papers were positioned at the bottom of plastic petridishes (having 9 
cm diameter), afterward 25 seeds were positioned on the surface of the top filter 
paper. The seeds were germinated on the surface of top layer filter paper. Three 
layers of Whatman No-1 had been used at each Petri dish. 16 replicate petridishes 
were made by using 400 seeds (16 x 25=400). By compactly fining the covers of the 
petri-dishes, evaporation losses of water were lessened. Inside into the incubator, the 
petridishes were sited maintaining 30°C temperature for 5 days (Islam et al., 2015). 
After incubation Seeds having radical and plumule that were calculated as 
germinated jute seeds. The results were articulated as percentage (%). 

Seed moisture content  

Seed moisture content was measured using high constant temp. oven dry method by 

following ISTA rules (2003). About 7-8 g of jute seeds were placed in aluminium 

dish and dried in oven at 130°C for 2 hours (until constant weight attained). Then the 

seed sample was cooled in a desecrator and weighed. After that, the moisture content 

was calculated using the following formula: 

Moisture content (%) =
    

     
 x 100 

Here,  

W1 = Weight ozf seed plus aluminum dish with lid (before drying) 

W = Weight of blank aluminum dish with lid 

W2 = Weight of seed plus aluminum dish with lid (after drying) 

Identification of seed-borne fungi associated with jute seeds 

After 7 days of incubation of Tossa jute seeds on wet blot based on earlier reports 

(Mathur and Kongsdal, 2003; Ellis, 1993). All the Tossa jute seed samples were 

tested for the incidence of fungal pathogens imitates by the Blotter Paper Method 

following the International Rules for Seed Testing Association ISTA (2017). 

Analysis of data 

The experiment was carried out ensuing the Completely Randomized Design (CRD). 

Analysis of variance was evaluated and the mean differences were arbitrated by 

Duncan’s Multiple Range Test (DMRT) following statistical procedure for 

agricultural research (Gomez and Gomez, 1984). Relationships between 

germinations of seeds and seed borne fungal pathogens were calculated by regression 

lines and equations.   
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RESULTS AND DISCUSSION 

In this experiment, the association of seed borne pathogenic fungi in the Tossa jute seeds 

was analyzed and studied. The relationship between germination (%) of Tossa seeds and 

total number of pathogens on seeds, relationship between moisture (%) and germination 

(%) of Tossa seeds, and relationship between moisture (%) and total number of 

pathogens at Tossa jute seeds were determined. It was observed that the Tossa jute seeds 

are recurrently infected/affected by seed borne fungi. Botryodiplodia theobromae and 

Macrophomina phaseolina are transmitted from seed to plant to seed (Fakir et al., 1993). 

High humidity and rainfall at flowering stage is suitable for the seed-borne fungal 

infection in jute (Ghosh, 1999). The weather of Bangladesh is highly favorable for the 

outburst of fungi (Al‐Mamun et al., 2016).   Seed borne fungi is one of the major factors 

for lessening yield of jute crop. So, the inhibition of seed borne fungi bears extensive 

importance. From the study, it was observed the lowest pathogen infection (31.25 

pathogens/100 seed) in BJRI Tossa Pat 5; leading to higher percentage of germination. 

BJRI Tossa Pat 4 (O-72) was found to be suitable for containing pathogens over its seed 

coat (121.25 pathogens/100 seed). BJRI Tossa Pat 5 (O-795) and BJRI Tossa Pat 6 (O-

3820) provided almost similar type of germination percentage: 93.5 and 93.25%, 

respectively. O-4 variety showed minimum percentage of germination (83.25%).  

 

Macrophomina phaseolina 

 

Botryodiplodia theobromae 

 

Colletotricum corchori 

 

Aspergillus spp 
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Penicillium spp. 

 

Fusarium spp 

Plate 1.  Growth of different types of seed borne fungal pathogens on jute seed under 

stereo- microscope (X 250) 

Table 1.  Germination percentages (%), pathogen association, moisture (%) in seed of 

tested Tossa jute varieties 

Variety Germination (%) Total no. of pathogens Moisture (%) in seed 

V1 84 cd 104 ab 10.44c 

V2 92.5 a-c 41.5 d 10.36c 

V3 84.75 b-d 91.5 a-c 12.48a 

V4 83.25 d 121.25 a 12.29ab 

V5 93.5 a 31.25 d 10.34c 

V6 93.25 ab 65.75 b-d 10.19c 

V7 85 a-d 64 b-d 11.23a-c 

V8 87.25 a-d 57 cd 10.8bc 

SE 4.2 21.44 0.8038 

CV (%) 6.76 42.1 10.32 

Relationship between germination (%) of Tossa seeds and total number of 

pathogens detected 

Less than 80% germination of jute seed was occurred due to seed borne fungi 

associated with seeds, adverse situation in storage, inappropriate processing and 

careless handling of seeds (Meena et al., 2014; Lecomte et al., 2016). Fungal 

infection severely affected the germination of jute seed (Perello et al., 2013; Li et al., 

2017; Chellappandian et al., 2018;). Aspergillus spp. were identified and frequently 

recorded in rotted/germinated jute seeds in wet blotter paper (Sheheli and Roy, 
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2014). Seed borne pathogen of jute e.g. Fusarium oxysporum causes germination 

failure/seed rot and seedling blight (Hossen et al., 2017). This is very similar to the 

result of present study. In figure 1, the relationship between total number of seed 

borne fungal pathogens and germination (%) of tested Tossa Jute varieties has been 

showed. Negative linear regression line has been observed between total number of 

seed borne fungal pathogens association and germination (%). Negative correlation 

was identified between total number of seed-borne fungal pathogens and germination 

(%) among tested Tossa varieties. Regressions co-efficient (β) was -0.82, which 

indicates that for every 1% increase of total fungal pathogens in Tossa jute varieties, 

there was corresponding decrease of 0.82% Tossa seed germination.   

Figure 1.  Relationship between total seed borne fungal pathogens association and 

germination (%) in Tossa Jute varieties 

Relationship between moisture (%) and germination (%) of Tossa seeds 

High humidity/rainfall at flowering stage is favorable for the seed-borne fungal 

infection (e.g. Macrophomina phaseolina) these made difficulties in jute seed 

production (Ghosh, 1999). In case of jute seed production, pod is affected by 

Macrophomina phasolina fungi which invade the inner part of the pod later and seed 

infection is caused (Sarkar et al., 2013). Moisture content (9.5%) is recommended for 

good quality of jute seeds (Haque et al., 2016). Macrophomina phaseolina can infect 

at any stage of growth of jute from germination to harvesting (Roy et al., 2008) and 

10% yield loss was observed on an average. In case of severe infection 

Macmphomina phaseolina, 5-40% yield may be lessened in humid and hot weather 

(Mandal, 1990). In figure 2, relationship between moisture (%) and germination (%) 

of Tossa jute seeds has been presented. Between moisture (%) and germination (%), 

y = -0.1162x + 96.308 
R² = 0.6666 
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negative correlations was found. Regression co-efficient (β) was (-)0.71 in regression 

equations between moisture (%) and germination (%) of Tossa seeds. This means for 

every 1% increase of moisture (%), there were corresponding decreases of 0.71% 

germination in Tossa jute seeds respectively. 

 

 

Figure 2. Relationship between moisture (%) and germination (%) of Tossa jute seeds  

Relationship between moisture (%) and total number of pathogens at Tossa jute 

seeds 

Macrophomina phaseolina, Botryodiplodia theobromae, Fusarium oxysporum and 

Colletotricum corchori have been found in the seed samples of Tossa jute and all 

these fungi at different stages of their maturation and development were reported to 

be seed borne in Tossa jute (Agarwal and Singh, 1974; Akanda and Fakir, 1985; 

Fakir et al., 1991;). To find out the amount of damage in jute fibre crop by every of 

these fungi independently, advanced research on field trial of this Tossa jute seeds is 

required.  In figure 3, Relationship between moisture (%) and total number of 

pathogens at Tossa jute seeds has been presented. Between moisture (%) and total 

number of pathogens, positive correlations was found. Regression co-efficient (β) 

was 0.65 in regression equations between moisture (%) and total number of 

pathogens at Tossa seeds. This means for every 1% increase of moisture (%), there 

were corresponding increases of 0.65% total number of pathogens in Tossa jute 

seeds. 

y = -3.4701x + 126.17 
R² = 0.5074 
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Figure 3. Relationship between moisture (%) and total number of pathogens at Tossa 

jute varieties  

CONCLUSION 

Germination (%) and total number of pathogens association on Tossa jute seeds was 

negatively co-related. The jute variety namely. BJRI Tossa pat 4 (O-72) was evident 

with the lowest germination rate and maximum fungal presence on seed. BJRI Tossa 

pat 5 (O-795) was evident with the highest germination rate and the lowest fungal 

association.  
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ABSTRACT 

Fall armyworm (FAW) (Spodoptera frugiperda J.E. Smith) is a 
polyphagous pest, native to North and South America and is invasive in 
Eurasia and Africa. Life cycle and morphometric studies with the invasive 
population of FAW in Nepal were conducted under laboratory conditions 
in Chitwan, Nepal. Gravid females laid an average of 156.25 eggs per 
egg batch, with an average of 979.43 eggs during their whole lifetime. 
The average pre-oviposition period was 3.75 days, oviposition period 
was 3 days, the larval developmental period was 16.31 days, the pupal 
period was 9.69 days, and the whole life cycle (egg to egg) averaged 33 
days. The average length of each instar larva from I to VI instars was 
1.5, 3.6, 7.1, 11.6, 18.5, and 34.4 mm, respectively. Head capsule widths 
for each instar were 0.35, 0.47, 0.8, 1.37, 2.11, and 2.7 mm, respectively 
for instars first through sixth. Pupal and adult emergence rates were 98.9 
and 97.2%, respectively, with a male to female ratio of 1:1.3. Larval 
mortalities of the I, II, and III instars were 70, 66, and 12%, with no 
mortality in the IV, V and VI instars. Adult longevity was 20.73 days for 
males and 22.78 days for females. These findings are useful to design 
an integrated management protocol of the fall armyworm.  

Keywords: Biology, Invasive, Maize, Morphometrics, Spodoptera 
frugiperda  
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INTRODUCTION 

Fall armyworm (FAW), Spodoptera frugiperda (JE Smith), (Lepidoptera: Noctuidae) is 

native to tropical and subtropical parts of the America (Capinera, 2017). In the 

United States, this species is a late season pest, hence the name is called fall 

armyworm (Prasanna et al., 2018). An invasive population of this species was 

reported in West and Central Africa and in the islands of Sao Tome and Principe in 

2016 (Goergen et al., 2016; Devi, 2018). In India, it was first detected in Karnataka 

State in 2018 (Sharanabasappa et al., 2018) and then spread throughout India 

(Kalleshwaraswamy et al., 2018). In Nepal, it was first reported in 2019 (Bajracharya 

et al., 2019) and now is widespread, causing high (43%) losses in maize fields (GC et 

al., 2019). 

While fall armyworm is polyphagous (Casmuz et al., 2010), the population in Africa 

and Asia prefers maize; however, it is known to feed on more than 353 crops 

(Tendeng et al., 2019) or wild plant species (Montezano et al., 2018;), including 

maize, sorghum, rice, potato, cotton, vegetable crops, peanut, Bermuda grass (CABI, 

2017, Padhee et al., 2019, Sparks, 1979). Maize and sorghum are the preferred hosts 

in some parts of the world (Chimweta et al., 2020, Srikanth et al., 2018).  It is a 

sporadic pest, in part, due to its migratory behavior (Hardke et al., 2015), give that it 

can fly 100-150 km per night (Johnson, 1987). Diagnostic features useful to farmers 

for identification of this pest include a white inverted ‘Y’ band on the larva’s head, 

distinct black spots on the body, and four ‘dots’ that form a rectangle on the eighth 

abdominal segment (Capinera, 2002, Davis and William, 1992, Kalleshwaraswamy et 

al., 2018). Crop losses from FAW in maize crops vary from 22 to 67% in different 

parts of the world (Day et al., 2017; De Groote et al., 2020). Maize farmers in Nepal 

had been experienced high levels of FAW damage since this pest’s invasion (GC et 

al., 2019). To develop strategies for FAW management, information on its biology, 

ecology, and migratory patterns is needed (Harrison, 2019). This study was carried 

out in Nepal, under laboratory conditions. The detailed laboratory life cycle and 

morphometrics study were first conducted in Nepal as well as in other South Asian 

countries. This study will provide a first-hand data on FAW life cycle and 

morphological information of FAW to the entomologist as well as to the IPM 

practitioners and specialists working in these regions.  

MATERIALS AND METHODS 

FAW colony management  

FAW laboratory colony was maintained in rectangular screen cages (71 cm height, 
46 cm width) at the Department of Entomology of Agriculture and Forestry 
University. The colony was started by collecting eggs found on maize leaves (cv. 
Rampur Composite) from a pesticide-free maize field of National Maize Research 
Program (NMRP), at Rampur, Nepal from October to November 2020. After the 
field-collected eggs hatched, pieces of pesticide-free fresh maize leaves (cv. Rampur 
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Composite) were provided as food for the larvae, and leaves were replaced daily. 
Individual larvae were reared in Petri-dishes (5 cm diameter) until adult emergence. 
Newly emerged adults (four pairs) from these field-collected eggs were used to create 
the rearing colonies, by releasing these adults (P1 generation) into the same 
rectangular screen cages (90 cm height x 30 cm length x 45 cm breadth). Each 
rectangular screen cage was contained two 45 cm tall maize plants (cv. Rampur 
Composite) each in plastic pots (26 cm diameter x 20 cm height) filled with potting 
mix (normal compost, loamy soil, and sand mixture, at 1:1:1 ratio). Six such 
rectangular screen cages were maintained for the colony management, continuation, 
and the source of the FAW eggs used in our experiments. Both insect rearing and the 
experiments were carried out at 26

0
C, 75% RH, and 16L: 8D (Light and Dark) 

photoperiod.  

Life history parameters for Nepalese FAW population  

The goal of these observations was to determine values for various life history 
parameters for the Nepalese population of FAW for comparison to FAW in other 
regions. Specifically, we measured (1) the number of eggs/mass, (2) hatching period, 
(3) the larval and pupal developmental times, (4) larval mortality, (5) the adult pre-
oviposition period, (6) adult longevity, (7) duration of the whole life cycle (egg to 
egg), (8) the adult emergence rate and (9) the adult sex ratio, as follows:  

(1)  The number of eggs/mass was determined by removing the moth scales 
covering the eggs with the help of camel hair brush (11 cm) and counted the 
eggs with a hand lens (10 x 18 mm).  

(2)  The duration of the egg stage was determined by selecting freshly laid egg 
masses, along with the maize leaf. These egg masses were transferred into Petri 
dishes (9 cm diameter) with slightly moistened filter paper on the bottom and 
the eggs observed daily to determine the day of hatch.  

(3)  The larval and pupal developmental times were determined by transferring 100 
newly hatched larvae from the above step individually onto maize leaf pieces 
(4 cm length x 3 cm width) that were then placed individually into covered 
Petri-dishes (5 cm diameter) with slightly moistened filter paper at the bottom. 
The moistened filter paper and maize leaf pieces in the Petri dishes were 
replaced at two-day intervals for the young larvae (I and II instars) but was 
done daily for the older larvae. Larvae that died were replaced immediately 
with extra larvae from a cohort of similarly handled larvae maintained in the 
insect rearing colony. Individual VI

th
 instar larvae were transferred into small 

glass jars (7.5 cm high and 6 cm diameter), one-third of which was filled with 
slightly moist sandy soil, and the mouth of the jar was covered by a fine mesh 
net. A piece of maize leaf (20 cm x 18 cm) was placed in the jar over the sand 
with the larva. The leaf was changed daily until the larva pupated. From these 
data the average larval developmental period (all instars combined) was 
calculated. Similarly, the average pupal duration was calculated from the time 
of pupation until adult emergence.  
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(4)  For the larval mortality study, fresh neonates (n =100) were reared in a tray. 

Number of dead larvae were counted until I instar larvae molted to the II instar. 

Again, a fresh lot of II instar larvae (n =100) of same cohorts were taken from 

the FAW larval colony, and mortality information was taken until II instar 

molted to the III instar. The same process was repeated for III, IV, V, and VI 

instar larvae. III to VI larval instars were individually studied by keeping them 

in each Petri-dish to avoid FAW cannibalism.   

(5)  The adult pre-oviposition period was observed from the freshly emerged paired 

(male and female) adults released into the rectangular screen cage along with 

maize plant and observed the days required for the first laid egg mass from the 

date of adults released.  

(6)  The adult longevity was recorded by feeding 10% honey solution to the newly 

emerged adults.  

(7)  Duration of the whole life cycle (egg to egg),  

(8)  The adult emergence rate,  

(9)  The adult sex ratio was also recorded during the life cycle study.  

Morphometric information and measurements  

Morphological features of FAW life stages were carefully observed. For the 

morphometric measurement, freshly collected egg masses along with the maize 

leaves were kept on a rectangular tray (length-32.4 cm, breadth-26.8 cm, and height-

6.2 cm) over a slightly moistened filter paper. When eggs hatched, single I instar 

larva was kept individually in 100 Petri dishes. Fifty samples (n = 50) were taken for 

the morphometric information for each instar larva, pupa, and adult. The length of the 

I and II instar larvae and the head capsule widths for 50 larvae of each instar were 

measured using a binocular microscope (GE-48, Unilab microscope, 100-265 V, 50 

Hz, 3 W lamp) with using ocular and stage micrometers. Other larval stages (III to VI 

instars), pupa and adult measurements were taken using a straight plastic ruler (30 cm 

L x 3 cm W and 0.2 cm thickness). Live larval length was measured by slightly 

relaxing their body on the next day of molting with the help of plastic ruler (15 cm 

scale). Length and width of wing span were measured by a plastic ruler (see above). 

Digital weighing balance (SF-400 c, electronic compact scale) was used to measure 

the weight of VI stage larvae, pupa, and adults. Digital hygrometer (HTC-1) was 

used to measure the temperature (
0
C) and relative humidity (RH%) of the laboratory 

during study time.  

RESULTS AND DISCUSSION  

Life history parameters for Nepalese FAW population 

Values for all life history parameters measured for the Nepalese FAW population are 

presented in Table 1. The average duration of the egg stage was 3 days. Similar 
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results were also reported by Motezano et al. (2019). The total larval period was 

16.31 days with durations of I, II, III, IV, V and VI instars at 2.98, 2.90, 1.98, 2.19, 

2.63, and 3.63 days, respectively. Similar larval duration is reported by the study 

conducted by Ahir et al. (2020). However, this larval duration is influenced by host 

type of FAW and prevailing rearing conditions in a laboratory (Dahi et al., 2020).   

Larval mortality was 70%, 66% and 12% for the I, II and III instars, respectively but 

zero mortality was recorded in IV, V and VI larval instars. Higher mortality in early 

three stages and zero mortality in later stages indicates that laboratory reared larvae 

need more careful handling in colony management. But in open field conditions, it is 

suggested to manage in early stages, this could be more effective and economic while 

pest management (Debora et al., 2017).  Pupal duration of the FAW was 8 to 13 days. 

Similar range of pupal duration (8-13 days) was also reported by Sharanabasappa et 

al. (2018). Pupation rate was 98.8%. The average adult pre-oviposition period was 

3.75 days. Adult longevity was 20.73 days for males and 22.87 days for females on 

10% honey solution diet. But the adult male lived an average of 5.24 days and adult 

female up to 6.9 days in absence of food material. The duration of the whole life 

cycle (egg to egg) was 33.75 days. The adult emergence rate was 97.2%. The adult 

male to female sex ratio was 1:1.30. Ahir et al. (2019) also reported 1:1.30 sex ratio 

of the FAW.  

The adult emergence rate was 97.22% (Table 1).  However, biology and ecology of 

FAW is influenced by growing temperature, relative humidity, host, artificial diet 

(Lekha et al., 2020). 

Table 1.  Life history parameters of fall armyworm, Spodoptera frugiperda in maize crop 

Stages Mean (days) ± SE 

Pre-oviposition period (n= 20) 3.75 ± 0.099 

Larval stage duration (n= 100) 16.31 ± 0.205 

I instar  2.98 ± 0.037 

II instar 2.90 ± 0.039 

III instar 1.98 ± 0.020 

IV instar 2.19 ± 0.044 

V instar 2.63 ± 0.076 

VI instar 3.63 ± 0.048 

Pupa (n= 100) 9.69 ± 0.145 

Total life cycle (egg to egg) (n= 100) 33.75 ± 0.441 

Adult longevity (fed on 10% honey soln) (n= 30)  

Male 20.73 ± 0.51 

Female 22.87 ± 0.26 

Other biological parameters  

Fecundity (n = 30): 979.43 ± 24.086 (range 713-1166) 

Male: Female sex ratio (n = 180):  1: 1.3  
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Morphometric information and measurements  

Egg 

The freshly laid eggs by gravid female were globular, pale green in color for a day, 

turned into a golden yellow, and later changed to a black color before hatching. Egg 

masses were covered with grey scaly hairs. Similar morphological features of FAW 

eggs were also reported in earlier studies (Deshmukh et al., 2021).  

Larva 

There were six larval instars. The first instar larvae were greenish in color with a 

black head, II instar larvae were greenish brown, III instar larvae were brownish with 

three dorsal and lateral white lines, IV to VI instar larvae were brownish black with a 

white inverted “Y” shape marking on its head. The last abdominal segment has four 

dots arranged in a square.  

The average length of each instar (I to VI) was 1.51 mm (1.41-1.7 mm), 3.56 mm 

(3.18-3.66 mm), 7.12 mm (6.4-7.8 mm), 11.6 mm (9.4 -13.5 mm), 18.51 mm (15.8-

22.5 mm), and 34.39 mm (28.3-38.8 mm), respectively (Table 2). The width of head 

capsule of each instar was 0.35, 0.47, 0.8, 1.37, 2.11, and 2.7 mm, respectively 

(Table 2). Montezano et al. (2019) suggested width of head capsule of FAW varies 

according to the instars and this study findings also suggested same results saying 

head capsules are smaller in early instars which is increased with the increasing 

instars. 

Table 2.  Morphometric measurements (larval instars length and head capsule width 

of each instar) of FAW, Spodoptera frugiperda in maize crop  

Larval instars (n= 50) Length (mm) ± SE Width of head capsule (mm) ± SE 

I Instar 01.51 ± 0.013 0.35 ± 0.001 

II Instar  03.56 ± 0.017 0.47 ± 0.003 

III Instar 07.12 ± 0.052 0.80 ± 0.004 

IV Instar  11.60 ± 0.181 1.37 ± 0.006 

V Instar 18.51 ± 0.212 2.11 ± 0.013 

VI Instar 34.39 ± 0.351 2.70 ± 0.013 

Pupa 15.27 ± 0.122 - 

Pupa 

Pupa was reddish brown and oval. The pupa possessed a cremaster with two spines 

on its last segment. The average weight of single pupa was 18.9 mg (15-24 mg), with 

an average length and width of 15.25 mm (14-16.4 mm) and 4.41 mm (4-5 mm), 

respectively.  
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Adult 

The forewing of the male is shaded with gray and brown with a triangular white 

patch at the apical region and a circular spot at the center of the wing, while the 

forewing of the female is uniform grayish brown to a fine mottling of gray and 

brown. The hind wing is silver, white with a narrow dark border in both male and 

female. These characters are similar as reported earlier (Sharanabasappa et al., 2018). 

Table 3.  Morphometric measurements (spread of wingspan, and weight of larva, 

pupa and adults) of FAW, Spodoptera frugiperda in maize crop  

Adults (spread wingspan, mm) (n= 50) ± SE 

Male  14.16 ± 0.119 (length); 33.62 ± 0.085 (width) 

Female 16.8 ± 0.099 (length); 34.32 ± 0.101 (width) 

VI Larval instar pupal stage, and adult weight (mg) (n = 50) ± SE 

VI instar  38.16 ± 0.49 

Pupa 

 

18.90 ± 0.29 

 
Male  2.84 ± 0.053 

Female 3.32 ± 0.108 

The length and width (wings spread) were measured as 14.16 mm and 33.62 mm 

(male), and 16.8 mm and 34.32 mm (female), respectively (Table 3). The average 

weight (mg) of individual of VI instar, pupa, adult male, and adult female was 38.16, 

18.90, 2.84 and 3.32, respectively.  The wingspan of male and female was measured 

as 3.5 and 3.2 cm, respectively.  

CONCLUSION 

Life cycle and morphometric parameters of FAW were studied to understand the 

behavior of the pest, which will ultimately help to design an effective management 

strategy. The average incubation period was 3 days with an average fecundity of 

979.43 eggs, larval (I to VI stage) and pupal development period was 14-25 days and 

8-13 days, respectively. Adult longevity was 5.24 days (for male) and 6.9 days (for 

female) in absence of food and water, but longevity was increased by four-fold when 

10% honey solution was fed (20.73 days for male and 22.78 days for female). High 

mortality was found in early instar larvae at 77% (I instar), 67% (II instar), 12% (III 

instar), and no-mortality in IV, V and VI instars. Pupation and adult emergence rate 

were 98.8 and 97.22%, respectively, with male to female ratio 1:1.3. The result of 

this study is useful to design a FAW management strategy.  
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ABSTRACT 

The experiment was conducted under sub-tropical condition during two 
successive seasons (November-March) of 2017-18 and 2018-19 to 
investigate the effect of defoliations on morpho- physiological attributes 
and yield of tomato. The experiment comprised of five levels of 
defoliation viz., 0 (control), 3, 6, 9 and 12 leaves defoliation from the 
base out of 17 leaves at the beginning of flowering stage and two widely 
cultivated varieties viz., TM-110 and TM-135. The plant characters such 
as leaf area, plant height, number of leaves plant

-1
, straw weight plant

-1
, 

absolute growth rate, number of fruits plant
-1

, individual fruit weight and 
fruit yield were not affected up to 6 leaves defoliation irrespective of 
seasons and genotypes. Interestingly, photosynthesis, nitrate reductase 
and reproductive efficiency increased with increasing defoliation levels. 
Morpho-physiological parameters and yield attributes were better in 3 
and 6 leaves defoliated plants over the control with being the highest in 6 
leaves defoliated plant, which resulting the highest fruit yield. Heavy 
defoliation not only reduced source sizes but also decreased total sink 
(fruits) causing lower fruit yields. The lowest morpho-physiological 
attributes and fruit yield was recorded in 12 leaves defoliated plants. 
These results indicate that tomato plants can tolerate one-third leaf loss 
during reproductive stage and the knowledge of which might be essential 
for maintaining better quality tomato production.  

Keywords: Defoliation; Dry matter production; Reproductive characters; 

Fruit yield; Tomato 

INTRODUCTION 

Traditional varieties of tomato (Lycopersicon esculentum Mill.) possess greater 

sources than sink because they are leafy. Greater source capacity leads to poor crop 

performance as fertilization and other cultural practices result in greater foliage and 

poor productivity (Mondal et al., 2011a). It means instead of large physical 
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dimensions of the sources, optimum and more stable functional efficiency at 

moderate source size are more advantageous to realize the potential sink size under 

field conditions. Even increased LAI is not associated with increased fruit production 

but reaches a plateau (Heuvelink et al., 2005). Heuvelink (2005) further opined that 

lower leaves of tomato in most cases are utilizing resources more than assimilated 

production which inturn act as burden leaves on the others (leaves in the upper 

canopy).  Defoliation up to certain limit may, therefore, be useful to overcome this 

problem of excessive vegetative growth. Greater light penetration in the canopy due 

to defoliation may reduce the abortion of flowers and increase fruit yield (Heuvelink 

et al., 2005; Verheul, 2012).  

The effect of manipulation of source (leaf) size in field crops has been studied and 

reported both advantageous and disadvantageous effect of defoliation in many crops 

(Leonard et al., 2004; Mondal et al., 2011a,b; Liu et al., 2019). For example, one-

third leaf removal from basal portion of the canopy in tomato increased fruit yield 

over control and severe defoliation decreased fruit yield (Heuvelink et al., 2005; 

Silva et al., 2011). Similarly, mild defoliations (16.6-33%) during reproductive phase 

do not adversely affect the seed yield in mungbean (Mondal et al., 2011a) and in 

soybean (Ali et al., 2013). On the other hand, reverse results due to defoliation was 

also reported in maize (Liu et al., 2019) and in soybean (Borras et al., 2004). It is 

reported that partial defoliation appeared to stimulate an increase (10-18%) of net 

photosynthesis rate, stomatal conductance and nitrate reductase activity of the 

remaining leaves of crop plant (Chanishviti et al., 2005; Iqbal et al., 2012).  No detail 

information is available about source-sink relationships under discriminated levels in 

tomato during early reproductive growth stage. These aspects need investigation in 

tomato genotypes to develop the high yielding variety and to assist in the 

development of practices under Sub-tropical condition. 

In our earlier study, we observed that defoliation of lower leaves at flowering stage 

did not affect the rest of the leaves by A. solani (BINA, 2012). Anyway, removal of 

full-grown leaves from below is common practice in tomato cultivation. The main 

reasons for leaf removal are prevention of diseases, obtaining faster fruit ripening and 

easier harvest as trusses are no longer hidden by leaves. Old leaves are also believed 

not to contribute to the crop photosynthesis anymore (Hauvelink et al., 2005). This 

favours dry matter partitioning towards the fruits (Leonard et al., 2004). 

The purpose of this study was to investigate the extent to which and what portion of 

leaf removal during the beginning of reproductive phase affects morpho-

physiological and biochemical parameters thereby fruit yield of tomato plant under 

field condition.  

MATERIALS AND METHODS 

Two experiments were carried out at the farm of Bangladesh Institute of Nuclear 

Agriculture, Mymensingh (24
0
75´N and 90

0
50´E), Bangladesh, during two 
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successive seasons (November-March) of 2017-18 and 2018-19. The experimental 

field was under subtropical climates characterized by heavy rainfall from April to 

September and scanty rainfall from October to March. The soil of the experimental 

site was sandy loam having a total nitrogen 0.065%, organic matter 1.07%, available 

phosphorus 18.5 ppm, exchangeable potassium 0.30 meq 100 g
-1

, sulphur 20 ppm and 

pH 6.8. 

The experiment comprised of two factors: five defoliation levels of 0 (control), 3, 6, 9 

and 12 leaves were removed from base of the plant out of 16 or 17 leaves at the 

beginning of flowering. Two recently released tomato cultivars (TM-110 and TM-

135) were used as planting material. The experimental design was split-plot with 

three replicates by maintaining varieties as main plot and the defoliation levels as 

sub-plot. The sub-plot consisted of 6 rows including two borderlines on either side. 

The unit plot size was 3 m × 4 m.  

For the first experiment (2017-2018), seeds were sown in seedbed on 29 October 
2017 and 27-day old seedlings were transplanted in the experimental field with 
spacing of 50 cm × 50 cm. In the second experiment (2018-2019), seeds were sown 
in seedbed on 26 October 2018 and 25-day old seedlings were transplanted in the 
experimental field with same spacing. The plants were grown by maintaining proper 
fertilization, irrigation, and other intercultural operations. 

To study of growth characteristics, a total of two harvests were made in 2017-18. The 
second rows from the border of each plot were used for sampling. The first and 
second crop sampling was done at 40 and 60 DAT. Five plants were randomly 
selected from each plot during each sampling date and uprooted for collecting 
necessary parameters. The plants were separated into roots, stems, leaves and fruits, 
and the corresponding dry weight were recorded after oven drying at 80 ± 2

0
C for 72 

hours. The leaf area was measured using an automatic leaf area meter (Model: 
LICOR 3000, USA) at 80 DAT, just before harvesting the fruits. Absolute growth 
rate (AGR) was determined following the formula of Hunt (1978). All biochemical 
parameters and photosynthesis were recorded at 50-60 DAT (fruiting stage) from the 
second experiment of the year 2018-19. Nitrate reductase (NR) activity was 
determined by following the method of Stewart and Orebamjo (1979). Total sugar 
and chlorophyll were determined at 55 DAT following the method of Yoshida et al. 
(1976). Photosynthesis was measured at flowering and fruit development stage using 
a portable photosynthesis meter (LI- 6400XT, USA). 

At harvest, ten plants from each plot were selected randomly for data recording on 
morpho-physiological, reproductive, yield and yield related traits. Fruit yield was 
collected from each plot excluding border line and converted into tonnes per hectare. 
Harvesting was done at different dates depending on fruit ripening.  

The collected data were analyzed statistically following the analysis of variance 
(ANOVA) technique and the mean differences were adjudged by Duncan’s Multiple 
Range Test (DMRT) using the statistical computer package program, MSTAT-C 
(Russell, 1986).  
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RESULTS AND DISCUSSION 

Morphological parameters  

Variety and defoliation significantly influenced on plant height and number of leaves 

plant
-1

 (Table 1). Defoliation up to six leaves out of 17 showed similar plant height 

and leaves plant
-1 

with that of control. This means that 36% leaf removal from bottom 

of the canopy does not affect plant height and number of leaves plant
-1

. In contrast, 

defoliation beyond 36% caused significant reduction in plant height and leaves plant
-1

 

with being the lowest in 12 leaves removal. Anyway, removal up to six leaves (36% 

of control) compensated the loss fully at harvest, even some times greater than 

control, whereas leaf loss of 9 and 12 leaves plant
-1

 compensated up to 90 and 82%, 

respectively, due to regrowth of leaves. This result indicates that tomato plant has 

high compensatory capacity of leaf loss during flowering start phase. The result is 

consistent with the findings of Iqbal et al. (2012), who opined that at early growth 

stages, generally leaf loss by pest appeared to stimulate regrowth of shoot and leaves 

nearby node of damaged leaf to compensate photoassimilate production for normal 

growth and development. Between the two varieties, plant height, leaf number plant
-1

 

and percent leaf compensation were greater in TM-135 than in TM-110. 

Interaction of variety and defoliation revealed that the reduction trend in plant height 

and leaves plant
-1

due to defoliation was not similar in both the varieties (Table 1). 

The reduction in plant height and number of leaves was greater in TM-110 than in 

TM-135. Similarly, percent compensation of leaves loss due to defoliation was also 

higher in TM-135 than in TM-110. 

Morpho-physiological and biochemical parameters 

The effect of defoliation on physiological and biochemical characters was significant 

except chlorophyll content in leaves (Table 2). Results indicated that defoliation up to 

six leaves did not significantly affect straw weight and leaf area (LA) plant
-1 

as 

compared to control. This means 36% leaf removal from bottom of the canopy does 

not affect leaf area as well as straw weight. In contrast, defoliation beyond 36% 

caused significant reduction in straw weight and LA plant
-1

 with being the lowest by 

12 leaves removal. Absolute growth rate (AGR) increased with increasing degree of 

defoliation till 6 leaves removal followed by a decline. The highest AGR was 

recorded in 6 leaves removal plants (1.49 g plant
-1

 day
-1

) and the lowest was recorded 

in 12 leaves removal plants (0.81 g plant
-1

 day
-1

).  Photosynthesis (Pn) rate, nitrate 

reductase (NR) activity and total sugar (TS) content in leaves were greater in 

defoliated plants than in control plants. Results showed that Pn rate and NR activity 

increased with increasing degree of defoliation. It is possible because of leaf 

photosynthesis or whole canopy gas exchange per unit leaf area was positively 

related to crop load. In the experiment, fruit number did not decrease proportional to 

the leaf loss. In heavy defoliated plant, fruit bearing lost only 14% against 71% leaf 

reduction. It means to fulfill the assimilate demand by the sink, the remaining leaves  
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Table 1. Effect of different levels of defoliation, variety and interaction of variety 

and defoliation on morphological characters in tomato 

Treatment Plant height (cm) Leaves plant-1 at 

first fruit harvest 
(no.) 

Leaves plant-1 just 

after treatment 
imposed (no.) 

%compensation of 

leaf loss at harvest 
over control 

2017 2018 2017 2018 2017 2018 2017 2018 

No. of removed leaves        

 Control  89 a 78.8 ab 56.93 a 36.4 a 16.5 a 16.8 a --- --- 

 3  89 a 79.5 a 56.75 a 37.6 a 13.5 b 

(18.2) 

13.8 b 

(17.9) 

100 a 100 a 

 6  85.2 ab 80 a 53.42 ab 38.3 a 10.5 c 

(36.4) 

10.8 c 

(35.7) 

94.06 b 100 a 

 9  79.6 cd 73.9 c 47.25 c 32.5 b 7.5 d 

(54.5) 

7.75 d 

(53.6) 

81.87 c 89.8 b 

 12  76.3 d 67.7 d 43.05 d 30 c 4.5 e 

(72.7) 

4.75 e 

(71.4) 

74.96 d 82.4 c 

Level of significance ** ** ** ** ** ** ** ** 

Variety          

  TM-110  80.2 b 66.3 b 43.33 b 33.3 b 10 b 10 b 67.71 b 73.9 

  TM-135  87.5 a 85.7 a 59.63 a 36.7 a 11 a 11.5 a 72.65 a 75 

Level of significance ** ** ** * ** ** ** NS 

 Interaction of variety and defoliation      

Variety No. of  removed leaves      

  TM-110   Control 86.0 b 69 e 49.6 cd 34.8 cd 16 b 16 --- --- 

   3 85.5 b 69.2 e 48.8 cd 35.2 bc 13 d 13 100 a 100 

   6 83.8 bc 71.8 d 47.5 d 37 ab 10 f 10 95.8 ab 100 

   9 73.8 d 65.5 f 36.2 e 31 de 7 h 7 73 e 89.1 

   12 72 d 55.7 g 34.6 e 28 e 4 j 4 69.8 e 80.5 

  TM-135   Control 92 a 88.5 a 64.2 a 38 ab 17 a 17.5 --- --- 

   3 92.5 a 89.7 a 64.8 a 40 a 14 c 14.5 100 a 100 

   6 86.7 b 88.3 a 59.3 b 39.7 ab 11 e 11.5 92.3 bc 100 

   9 85.5 b 82.3 b 58.3 b 34 cd 8 g 8.5 90.7 c 89.5 

   12 80.7 c 79.8 c 51.5 c 32 de 5 i 5.5 80.2 d 84.2 

Level of significance * ** ** * ** NS ** NS 

CV %)  3.68 2.42 4.9 6.4 4.55 5.29 4.92 5.64 

In a column, within treatment, figures bearing same letter (s) do not differ significantly at P ≤ 0.05 by 

DMRT;  * and ** indicate significance at 5% and 1% level of probability, respectively; NS, not 

significant; The figures in parenthesis indicate percent leaf loss over control 



92 M.M.A. Mondal 

increase Pn rate and NR activity. These results suggest that under normal condition, 

assimilate accumulation is operating below its maximum potential. When source-sink 

ratios of whole plants were lowered experimentally, net photosynthetic and net 

assimilation rates of the remaining leaves increased 10-20% in soybean (Raza et al., 

2019) and 18% in maize (Liu et al., 2014). Other authors have found that partial 

defoliation of plants stimulated the photosynthetic rates of the remaining leaves 

(Silva et al., 2011; Verhuel, 2012). Further, moderate defoliation may improve light 

penetration and distribution within the canopy, thereby improving whole plant CO2 

assimilation. This indicates involvement of an effective compensatory mechanism, 

which helps in production of more assimilate in the remaining leaves. This could be 

the reason that fruit yield did not reduce proportionally to the degree of defoliation. 

Between the two varieties, the physiological and biochemical parameters were higher 

in TM-135 than in TM-110. The interaction between variety and defoliation on 

physiological and biochemical parameters was significant except chlorophyll content 

and NR activity in leaves (Table 2). Results revealed that the reduction trend in straw 

weight, AGR and LA due to defoliation were not similar in both varieties (Table 2). 

Leaf area decreased with increasing defoliation in TM-110 whereas in TM-135, the 

leaf area increased compared to control up to 6 leaves defoliation followed by a 

decline. The reduction in straw weight and LA was greater in TM-110 than in TM-

135. Similarly, percent compensation of leaf loss due to defoliation was also higher 

in TM-135 than in TM-110 and vice-versa for Pn rate. 

Table 2.  Effect of different levels of defoliation, variety and interaction of variety 

and defoliation on morpho-physiological and biochemical parameters in 

tomato  

Treatment Straw weight 

plant-1 at harvest 

(g) 

Absolute 

growth 

rate 

(g p-1 d-1) 

at 45-60 

DAT 

Leaf area 

plant-1 

(cm2) at 

80 DAT 

Chloro-

phyll 

(mg g-1 

fw) 

Photo-

synthesis 

(µ mol 

CO2 s
-1 

dm-2) 

Nitrate 

reduc-tase 

(µmol 

NO2
- g-1 

fw) 

Total 

sugar 

(mg g-1 

fw) 

2017 2018 2018 2018 2018 2018 2018 2018 

No. of removed leaves       

  Control  41.3 a 31.5 a 1.31 c 4894 b 2.14 23.20 c 5.67 b 72.8 b 

  3  40.0 a 32.6 a 1.37 b 5406 a 2.19 23.60 c 5.82 ab 73.0 ab 

  6  41.4 a 31.9 a 1.49 a 4809 b 2.19 24.63 bc 5.83 ab 74.7 a 

  9  34.0 b 28.3 b 1.16 d 4258 c 2.17 26.41 ab 6.11 a 75.6 a 

  12  27.6 c 25.4 c 0.81 e 2903 d 2.18 27.12 a 6.13 a 73.5 ab 

Level of significance ** ** ** ** NS ** * * 

Variety          

 TM-110  33.3 b 24.8 b 1.11 b 3584 b 2.13 b 24.08 b 5.62 b 73.2 
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Treatment Straw weight 

plant-1 at harvest 

(g) 

Absolute 

growth 

rate 

(g p-1 d-1) 

at 45-60 

DAT 

Leaf area 

plant-1 

(cm2) at 

80 DAT 

Chloro-

phyll 

(mg g-1 

fw) 

Photo-

synthesis 

(µ mol 

CO2 s
-1 

dm-2) 

Nitrate 

reduc-tase 

(µmol 

NO2
- g-1 

fw) 

Total 

sugar 

(mg g-1 

fw) 

2017 2018 2018 2018 2018 2018 2018 2018 

 TM-135  40.4 a 35.1 a 1.34 a 5324 a 2.21 a 25.90 a 6.2 a 74.3 

Level of significance ** ** ** ** * ** ** NS 

 Interaction of variety and defoliation     

Variety No. of  removed leaves      

 TM-110  Control 37.3 b 27.1 c 1.14 de 4205 e 2.09 22.3 e 5.41 72.3 bc 

  3 36.3 b 29.0 c 1.21 de 3932 f 2.13 22.50 e 5.34 72.7 bc 

  6 36.6 b 27.5 c 1.37 bc 3925 f 2.18 24.25 bc 5.68 73.8 ab 

  9 29.8 c 21.8 d 1.08 e 3626 g 2.14 25.11 b 5.8 74.4 ab 

  12 26.3 d 18.3 e 0.76 f 2234 h 2.13 26.23 ab 5.88 73 ab 

 TM-135  Control 45.3 a 35.8 a 1.47 ab 5583 b 2.19 24.1 de 5.93 73.2 ab 

  3 43.7 a 36.2 a 1.52 a 6880 a 2.24 24.7 cd 6.3 71.9 c 

  6 46.2 a 36.2 a 1.61 a 5693 b 2.19 25 cd 5.98 75.6 a 

  9 38.2 b 34.9ab 1.24 cd 4891 c 2.2 27.7 ab 6.42 76.7 a 

  12 28.9cd 32.5 b 0.85 f 3571 d 2.22 28 a 6.38 73.9 ab 

Level of significance * ** * ** NS * NS * 

CV( %)  5.94 5.51 7.89 4.15 3.18 6.45 7 6.65 

In a column, within treatment, figures bearing same letter (s) do not differ significantly at P ≤ 0.05 by 

DMRT;  * and ** indicate significance at 5% and 1% level of probability, respectively; NS, not 

significant; DAT, days after transplanting 

Yield attributes and yield 

The effect of defoliation on yield and yield attributes was significant (Table 3). 

Results revealed that number of fruits plant
-1

, single fruit weight and fruit yield both 

per plant and per unit area were greater in 3 and 6 leaves defoliated plant than the 

control. Defoliation beyond 6 leaves decreased yield contributing characters, thereby 

fruit yield. The highest number of fruits plant
-1

, single fruit weight and fruit yield 

were recorded in 6 leaves defoliated plants followed by 3 leaves defoliated plant and 

had no significant different between 3 and 6 leaves defoliated plant. The lowest 

number of fruits plant
-1

, single fruit weight and fruit yield were recorded in 12 leaves 

defoliated plants. However, fruit yield was not proportional to the degree of  
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Table 3. Effect of different levels of defoliation, variety and interaction of variety 

and defoliation on yield contributing characters and yield in tomato  

 

Treatment 

Fruits plant-1 

(no) 

Weight  fruit-1 

(g) 

Fruit yield 

plant-1 (kg) 

Fruit yield 

(ton ha-1) 

2017 2018 2017 2018 2017 2018 2017 2018 

No. of removed leaves       

 Control  33.3 c 45.3 b 40.5 a 37.6 a 1.34 c 1.63 a 47.0 bc 57.1 b 

 3  34.1 bc 47.6 a 41.2 a 37.9 a 1.39 b 1.71 a 49.1 ab 60.5 a 

 6  35.8 a 45.4 ab 42.1 a 38.2 a 1.49 a 1.70 a 52.7 a 60.7 a 

 9  35.0 ab 41.2 c 37.6 b 33.7 b 1.31 c 1.43 b 45.7 c 50.4 c 

 12  31.1 d 35.2 d 34.5 c 30.9 c 1.05 d 1.19 c 37.0 d 41.5 d 

Level of significance ** ** ** ** ** ** ** ** 

Variety          

 TM-110  29.8 b 39.8 b 42.1 a 38.3 a 1.25 b 1.62 44.0 b 57.4 a 

 TM-135  37.9 a 46.2 a 36.3 b 33.0 b 1.38 a 1.43 48.6 a 50.7 b 

Level of significance ** ** ** ** * NS ** ** 

 Interaction of variety and defoliation      

Variety No. of  removed leaves      

 TM-110  Control 29.0 41.6 43.7 41.6 a 1.27 1.71 a 44.5 59.9 

  3 30.2 44.0 44.2a 41.2 a 1.33 1.80 a 46.6 63.0 

  6 30.8 43.8 45.6 39.7 ab 1.40 1.76 a 49.7 63.4 

  9 32.0 37.2 40.1 35.8 bc 1.28 1.59 a 44.8 55.7 

  12 27.0 32.2 36.9 33.3 cd 0.97 1.28 bc 34.4 44.8 

 TM-135  Control 37.6 49.0 37.4 33.6 c 1.41 1.55 ab 49.4 54.3 

  3 38.0 51.2 38.2 34.6 c 1.45 1.61 a 51.5 57.9 

  6 40.8 47.0 38.5 36.7 b 1.57 1.63 a 55.7 57.9 

  9 38.0 45.2 35.1 31.6 cd 1.33 1.27 bc 46.6 45.1 

  12 35.2 38.2 32.1 28.5 d 1.13 1.09 c 39.6 38.2 

Level of significance NS NS NS * NS * NS NS 

CV( %)  7.21 7.68 6.80 6.94 7.44 9.19 8.76 8.32 

In a column, within treatment, figures bearing same letter (s) do not differ significantly at P ≤ 0.05 by 

DMRT;  * and ** indicate significance at 5% and 1% level of probability, respectively; NS, not 

significant 
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defoliation. For example, 71% leaf reduction (removed 12 leaves out of 17) caused 
only a 27.3% less yield over control in 2017. Fruit yield plant

-1
 increased under 3 and 

6 leaves defoliated plants was due to greater number of fruits plant
-1

 and larger fruit 
size compared to control. This result is consistent with the findings of Verheul (2012) 
in tomato who observed that fruit yields were not affect under mild or partial 
defoliation in tomato. Again, lower fruit yield per plant under heavy defoliated 
condition was due to fewer numbers of fruit and smaller size fruits. Reduction in the 
number of fruits plant

-1
 under  high  defoliated condition  might  be  due  to lesser 

leaf area plant
-1

 which consequence production of lower amount of assimilate that is 
not sufficient for bearing maximum fruits. Similar result was also reported by many 
workers in tomato and soybean (Valdes et al., 2010; Silva et al., 2012; Raza et al., 
2019)). They observed that fruits plant

-1
 decreased under heavy defoliated condition 

in tomato. Again, the fruit size was lower in higher defoliated plants. It might be due 
to lower amount of assimilate translocation from leaf to fruits which consequence 
smaller size fruits. Under heavy defoliated condition, less number of leaves 
unavailable to supply sufficient assimilates to the fruits, thereby produced small size 
fruits. The number of fruits plant

-1
 was greater in TM-135 than in TM-110 and vice-

versa for fruit size (single fruit weight). However, fruit yield was higher in TM-135 
than TM110 in 2017 and vice-versa in 2018. 

Interaction effect of genotype and defoliation on yield attributes and fruit yield was 
non-significant in both years except single fruit weight and fruit weight plant

-1
 in 

2017. It means trend of increase/decrease in yield attributes and fruit yield was 
almost similar in both the varieties. The reduction in fruit yield due to high degree of 
defoliation was greater in TM-135 than in TM-110. Reverse trend was observed in 
case of fruit size. The reduction in fruit size due to high defoliation was greater in 
TM-110 than in TM-135. 

CONCLUSION 

Severe defoliation in tomato not only decreased source size but also sink production 

resulting in lesser fruits and yield. However, the fruit yield of tomato increased over 

the control until 6 leaves (36% leaf loss) defoliated plant due to superiority in yield 

contributing traits. Further experimentation is needed for confirmation of the result.   
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ABSTRACT 

Experiment was conducted at the Agricultural Farm of Patuakhali 
Science and Technology University to know the morphological 
characteristics of different mutants of mungbean and to find out 
tolerant/least susceptible mutant(s) against flea beetle, aphid and pod 
borer based on the reaction of insect pests to promising mutants of 
mungbean during the period from April to June, 2015. The mutant MBM-
07(S)-2 was found to be the tallest (32.57 cm) with highest number of 
branches/plant (5.03), highest number of leaves/plant (11.06) among all 
mutants and check variety while MBM-07-Y-2 (23.4 cm) was the shortest 
plant height, MBM-656-51-2 had the lowest number of branches/plant 
(3.73), MBM-347-13 (7.03) had the lowest number of leaves/plant. The 
mutant MBM-427-87-3 had the highest number of pods (5) compared to 
other mutants but MBM-656-51-2 had the lowest number of pods/plant 
(3.09). Mutant MBM-347-13 had the lowest population of flea beetle (18) 
and pod borer (2) compared to all other mutants while the lowest number 
of aphid/plant was observed in mutant MBM-07-Y-1 (1). In case of 
infestation, the mutant MBM-347-13 had the lowest percentage of 
infestation (20.69%) by flea beetle, (3.18%) by pod borer but the lowest 
infestation by aphid (3.33%) was recorded in the mutant MBM-390-94-Y 
while the mutant MBM-427-87-3 had the highest percentage of plant 
infestation (37.8%) by flea beetle, pod damage (9.69%) by pod borer and 
variety BARI moog-6 had the highest percentage (34.45%) of plant 
infestation by aphid. Mutant MBM-347-13 was least susceptible to flea 
beetle and pod borer while mutant MBM-427-87-3 was highly susceptible 
to flea beetle and pod borer. However, mutant MBM-390-94-Yand MBM-
07-Y-2 were less susceptible to aphid while BARI moog-6 and mutant 
MBM-427-87-3 were highly susceptible to aphid.     
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INTRODUCTION 

Mungbean (Vigna radiata L. Wilczek) belonging to the family Leguminosae is an 

important pulse crop having a rich source of protein (22-24%) according to Nazir 

(1994). It is a native to Indian subcontinent and mainly grown in China, India, 

Philippines, Burma, Bangladesh, and Pakistan. It is a short duration crop and is 

widely cultivated in the southern part of Bangladesh immediately after harvesting 

rabi crops. It is cultivated for seed, edible purpose and fits well in any cropping 

system. As mungbean is an important legume crops, fix the atmospheric nitrogen, 

which becomes the source of fertilizer in the soil (Hafeez et al., 1988). After 

chickpea, mungbean is called as poor people diet due to its protein content and is 

meeting the major protein demand of the people (Shafique et al., 2009). Biomass of 

mungbean is a good source of fodder for animals and also used as green manuring to 

produce good quality organic matter in soil. It is grown on all types of soils in both 

rain fed and irrigated conditions of the country twice a year i.e., both in rabi and 

kharif seasons.  

Mungbean crop is vulnerable to different species of insect pests which occurs at any 

stage from seedling to harvest. There are 64 species of insects attacking on mungbean 

crop (Lal, 1985). A total of 16 species have been reported to attack on mungbean in 

Bangladesh (Hossain et al., 2004). Several insect pests have been reported to infest 

mungbean damaging the crops during seedlings, leaves, stems, flowers, buds and 

pods causing considerable losses (Sehgal and Ujagir, 1988; Rahman and Miah, 

1988). Among them aphid, whitefly, hairy caterpillar (Rahman et al., 1981), pod 

borer, thrips (Rahman et al., 1981; Hossain et al., 2004), jassid (Hossain et al., 2009) 

stem fly (Lal, 1985) are considered major ones. Both nymphs and adults of Aphis 

craccivora suck sap from young leaves and stems at the seeding stage, vegetative 

stage and continue to flowering stage while spotted pod borer, Maruca vitrata 

damage flower buds, flowers and pods of mungbean (Rahman, 1991).  The flea 

beetle, Phyllotreta nigripes feeds on the cotyledons and leaves of young plants 

making innumerable round holes (Prodhan et al., 2008; Hossain et al., 2012). The 

population of flea beetle remained lower throughout the vegetative stage (Echezona 

et al., 2010). The incident and development of flea beetle is much dependent upon the 

prevailing weather conditions (Khan et al., 2018).  

Different control strategies are in practice in the field for the control of insect pests of 

mungbean. Among the insect control strategies, host plant resistance using resistant 

varieties is an effective and safe strategy in pest management with no additional cost 

to the growers by the plantation of resistant cultivars. Chhabara and Kooner (1994) 

have evaluated mungbean cultivars against their resistance to insect pests. Naqvi et 

al. (1995) has tested 10 genotypes of mungbean against insects and found only two 

cultivars, M-8-20 and M-1030 resistant against insects compared to others. Khattak et 

al. (2004) has screened five mungbean varieties viz., NM 92, NM- 98, NM-121-125, 

M-1 and NCM-2009 against sucking pests, whiteflies, jassid and thrips and found 
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that whitefly, jassid and thrips population was comparatively lower on NM-92 and 

NM-98 which enables to get higher yield compared to other tested varieties. Now 

many promising lines or mutants of mungbean are available in Bangladesh which is 

not evaluated to screen against insect pests. All varieties or mutants are not equally 

infested by insects. Therefore, it is urgent need to find out suitable tolerant mutants to 

withstand the attack of insect pests. BARI and BINA have developed some varieties 

of summer mungbean, which are high yielding, insect pest resistant, but farmers are 

reluctant to mungbean cultivars for asynchronous pod maturity. Recently, BINA has 

developed some summer mungbean mutants, which are high yielding. These mutants 

need to be assessed for their resistance to insect pest among the existing summer 

mungbean varieties. The use of resistant varieties in the pest management is 

economical and safer as compared to the chemical control method. In view of this 

requirement, the present research programme was undertaken to observe the 

morphological characteristics of different mutants of mungbean, to know the reaction 

of insect pests to promising mutants of mungbean and to find out tolerant/least 

susceptible mutant(s) against major insect pests attacking mungbean. 

MATERIALS AND METHODS 

The experiment was conducted at the Agricultural Farm of Patuakhali Science and 
Technology University, Dumki, Patuakhali during the period from April to June, 
2015. Geographically the experiment field was located at N latitude and E longitude 
at a height of 3.5 m above the mean sea level. Nine mutants viz., MBM-07-Y-1, 
MBM-07-Y-2, MBM-656-51-2, MBM-527-114, MBM-07-(S)-2, MBM-347-13, 
MBM-390-94-Y, MBM-427-87-3, MBM-80 (Local) and a check variety BARI 
moog-6 were used as study materials. The seeds were collected from Plant Breeding 
Division, Bangladesh Institute of Nuclear Agriculture, Mymensingh. The seeds were 
sown on the 02

nd
April, 2015 at the rate of 11 kg/ha under natural field conditions. 

Experiment was planned in Randomized Complete Block Design with three 
replications. Unit plot size was 3 m ×2 m. The distance between two-unit plots was 
0.75 m and between block to block was 1 m. Standard agronomic practices including 
weeding, irrigations and fertilizers were carried out according to the crop 
requirements. Weeding was done twice. First weeding was done at 22 days after 
sowing (DAS) and second weeding was done at 35 DAS. Irrigation was done once at 
30 days after sowing. The fertilizers were applied as per fertilizers recommendation 
guide (BARI, 2011). Urea, TSP and MP were applied @ 50, 85 and 35 kg ha

-1
, 

respectively during final land preparation. No plant protection measures were 
adopted throughout the crop growing period. All plants from each unit plot were 
observed individually and the number of flea beetle, aphid and pod borer per plant 
were recorded at different days after sowing (DAS) in case of flea beetle at 14, 21 
and 30 DAS, aphid at 37 and 47 DAS and for pod borer at 50, 57 and 65 DAS from 
podding to harvesting stages. The total number of infested and healthy plants was 
recorded from 15 randomly selected plants of each plot to determine the level of 
infestation by flea beetle and aphid.  
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Data on the percentage of pod borer infested pods; the number of damaged and total 

pods from 10 randomly selected plants from each plot was counted. The data were 

collected three times (50, 57 and 65) from pod development to harvest.  

                   
                                      

                              
       

Statistical analysis 

Data were analyzed in the computer by using MSTAT program following RCBD. 

Means of different significant parameters were separated by using Duncan’s Multiple 

Range Test (DMRT). 

RESULTS AND DISCUSSION 

Morphological characteristics of mutants 

The results of important plant parameters are presented in Table 1. It was observed 

from the results that all the six characters had significant differences among the 

mutants and a check variety BARI moog-6. Plant height of MBM-07(S)-2 was found 

to be the tallest (32.57 cm) among all mutants and check variety which was 

statistically like that of MBM-427-87-3 (32.27 cm) followed by BARI moog-6 (30.90 

cm), MBM-527-114 and MBM-390-94-Y. However, MBM-07-Y-2 (23.40 cm) was 

the shortest plant height among all mutants including check that was statistically 

similar to that of MBM-656-51-2 followed by MBM-80 (LOCAL), MBM-347-13 

and MBM-07-Y-1. In case of number of branches/plant, the mutant MBM-07(S)-2 

had also the highest number of branches compared to other mutants and it was 

statistically similar to all other mutants except the mutant MBM-656-51-2 which had 

the lowest number of branches/plant. Significant difference was observed in the 

number of leaves/plant. MBM-07(S)-2 had the highest number of leaves/plant 

(11.06) which was statistically similar to MBM-07-Y-1 (10.99) followed by MBM-

390-94-Y (10.03). The lowest number of leaves/plant was in mutant MBM-347-13 

(7.03) which was statistically similar with MBM-527-114 (7.4) and BARI moog-6 

(7.67) but BARI moog-6 was statistically identical to MBM-80 (LOCAL) (7.67) 

followed by MBM-427-87-3 (7.99) and MBM-07-Y-2 (8.26). In case of pods/plant, 

the mutant MBM-427-87-3 had the highest number of pods (5) compared to other 

mutants followed by BARI moog-6 (4.69), MBM-07-Y-1 (4.5), MBM-07(S)-2 (4.4) 

followed by MBM-347-13 (4.29) and MBM-07-Y-2 (4.2). On the other hand, the 

mutant MBM-656-51-2 had the lowest number of pods/plant (3.09) followed by 

MBM-390-94-Y (3.23), MBM-80 (LOCAL) (3.76) and MBM-527-114 (3.83).  
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Significantly the highest pod length was recorded in the mutant MBM-07-Y-1 (6.37 

cm) followed by MBM-07-Y-2 (6.23 cm), MBM-427-87-3 (6.13 cm), MBM-527-114 

(5.96 cm), MBM-390-94-Y (5.96), MBM-07(S)-2 (5.63 cm) and BARI moog-6 (5.59 

cm). Conversely, the lowest pod length (5.19 cm) was found in the mutant MBM-80 

(LOCAL) followed by MBM-656-51-2 (5.23 cm) and MBM-347-13 (5.29 cm) 

(Table 1). 

Similarly, the highest number of seeds/pod was recorded in the mutant MBM-07-Y-1 

(8.5) followed by MBM-527-114 (7.65), MBM-427-87-3 (7.53), MBM-07(S)-2 

(7.32) and MBM-07-Y-2 (7). However, the lowest number of seeds/pod was found in 

the mutant MBM-390-94-Y (5.34) which was statistically similar to MBM-656-51-2 

(5.62) followed by MBM-80 (LOCAL) (5.74) and BARI moog-6 (5.93) (Table 1).   

Table 1. Morphological characteristics of different promising mutants of mungbean 

Mutants Name Plant 

height 

(cm) 

No. of 

branch/plant 

No. of 

leaves/plant 

No. of 

pod/plant 

Pod length 

(cm) 

No. of 

seed/pod 

MBM-07-Y-1 28.40cd 4.87ab 10.99a 4.5ab 6.37a 8.5a 

MBM-07-Y-2 23.40f 3.96ab 8.26bc 4.2abc 6.23ab 7abc 

MBM-656-51-2 23.61ef 3.73b 9.16abc 3.09d 5.29bc 5.62d 

MBM-527-114 30.4b 4.26ab 7.4c 3.83bcd 5.96abc 7.65ab 

MBM-07(S)-2 32.57a 5.03a 11.06a 4.4ab 5.63abc 7.32abc 

MBM-347-13 27.14d 3.87ab 7.03c 4.29abc 5.23bc 5.78bc 

MBM-390-94-Y 28.53c 4.26ab 10.03ab 3.23cd 5.96abc 5.34d 

MBM-80 (LOCAL) 24.83e 4.12ab 7.67c 3.76bcd 5.19c 5.74cd 

MBM-427-87-3 32.27a 4.69ab 7.99bc 5a 6.13abc 7.53abc 

BARI moog-6 30.90b 4.46ab 7.67c 4.69ab 5.59abc 5.93bcd 

LSD (5%) 1.293 1.297 2.143 1.098 1.024 1.872 

CV (%) 4.21 4.15 5.23 2.81 2.19 3.12 

Within columns means followed by same letter (s) are not significantly different at 5% level by DMRT. 
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Mean number of flea beetle, aphid and pod borer per plant on different mutants  

Figure 1 revealed that the highest number of flea beetle per plant was observed in the 

mutant MBM-427-87-3 (2.19) followed by MBM-80 (LOCAL) (2.12), MBM-527-

114 (2.09) and MBM-07(S)-2 (1.85) while the lowest number of flea beetle per plant 

was in MBM-347-13 (1.2) followed by MBM-07-Y-2 (1.23) and MBM-390-94-Y 

(1.53). From this finding it is evident that the mutant MBM-427-87-3 was highly 

susceptible to flea beetle and the mutant MBM-347-13 was least susceptible to flea 

beetle. 

In case of aphid, the highest number of aphid per plant was observed in BARI moog-

6 (14.16) followed by the mutant MBM-427-87-3 (10.5), MBM-656-51-2 (5) while 

the lowest number of aphid per plant was in the mutant MBM-390-94-Y (1.5) 

followed by MBM-07-Y-2 (2) and MBM-527-114 (3). From this finding it is evident 

that BARI moog-6 and the mutant MBM-427-87-3 were highly susceptible to aphid 

and the mutant MBM-390-94-Yand MBM-07-Y-2 were less susceptible to aphid 

(Fig. 1). 

Figure 1 also revealed that the mutant MBM-427-87-3 had the highest number of pod 

borer/plant (0.59) followed by MBM-07(S)-2 (0.5) and BARI moog-6 (0.4) while the 

mutant MBM-347-13 had the lowest number of pod borer/plant (0.2) followed by 

MBM-07-Y-2 (0.25), MBM-656-51-2 (0.26) and MBM-390-94-Y (0.26). From this 

finding it is evident that the mutant MBM-427-87-3 was highly susceptible to pod 

borer and the mutant MBM-347-13 was least susceptible to pod borer. 

 

Figure 1.  Mean number of flea beetle, aphid and pod borer per plant in different 

mutants of mungbean 
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Reaction of promising mutants of mungbean to insect pests 

Significant differences were observed among the mutants of mungbean in respect to 

percent plant infested by flea beetle, aphid and to percent pod damage by pod borer 

(Table 2). In case of flea beetle, the lowest percentage of infestation (20.69%) was 

recorded in the mutant MBM-347-13 which was statistically similar to MBM-07-Y-2 

(21.19%) followed by MBM-656-51-2 (25.16%), MBM-390-94-Y (26.42%) and 

MBM-07-Y-1(26.56%) while the mutant MBM-427-87-3 had the highest percentage 

of plant infestation (37.80%) which is statistically similar to MBM-80 (LOCAL) 

(36.52%) and MBM-527-114 (36.14%) followed by  MBM-07(S)-2 (31.93%) and 

BARI moog-6 (31.66%). 

In case of aphid, the lowest percentage of infested plant/plot was recorded in the 

mutant MBM-390-94-Y (3.33%) which is followed by MBM-07-Y-2 (5%), MBM-

527-114 (8.33%) and MBM-07-Y-1 (9.45%) while the highest percentage of plant 

infestation was recorded in the variety BARI moog-6 (34.45%) which is significantly 

different from all other mutants. The second highest percentage of plant infestation 

was recorded in the mutant MBM-427-87-3 (26.11%) followed by MBM-656-51-2 

(12.22%) which was statistically identical to MBM-347-13 (12.22%) and similar to 

MBM-07(S)-2 (11.12%) and MBM-80 (LOCAL) (10.25%) (Table 2). 

In case of pod borer, the lowest percentage of pod damage/plot was recorded in the 

mutant MBM-347-13 (3.18%) which was statistically similar to MBM-390-94-Y 

(3.21%),  MBM-656-51-2 (3.22%), MBM-07-Y-2 (3.34%) followed by MBM-80 

(LOCAL) (4.36%), MBM-527-114 (5.07%) and MBM-07-Y-1 (5.39%) while the 

mutant MBM-427-87-3 had the highest percentage (9.69%) of pod damage/plot 

which was significantly different from all other mutants followed by  MBM-07(S)-2 

(8.56%) and BARI moog-6 (7.45%) (Table 2). 

The findings of the present study agree with the results of Islam et al. (2021) where 

they stated that varieties did not show complete resistance against major insect pests 

of mungbean. Our results are also in comparison to work of the previous researchers 

(Sahoo and Hota, 1991; Naqvi et al. 1995; Yadav and Dahiya, 2000; Singh and 

Singh, 2014) who reported that the findings regarding screening of mungbean 

cultivars against sucking pets are in the line of the results that we have attained in our 

study. Our present findings are in accordance to the results reported by Khattak et al. 

(2004) who have screened five mungbean varieties viz., NM-92, NM-98, NM-121-

125, M-1 and NCM-2009 against sucking pests viz., whiteflies, jassids and thrips. 

They observed that whitefly, jassid and thrips population was comparatively lower on 

Nm-92 and NM-98 which enables to get higher yield compared to other tested 

varieties. Several insect pests viz., chrysomelids, pod borer and aphids have been 

reported to infest mungbean damaging the seedlings stage and leaves, stems, flowers, 

buds and pods causing considerable losses (Sehgal and Ujagir, 1988). Rani et al. 

(2014) screened ten green gram cultivars against Maruca and reported LGG-450 was 

highly susceptible while LGG 497 was highly tolerant. They also reported that the 
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differences in pod length among different cultivars were also found to influence pod 

damage by M. vitrata. The correlation between pod length and incidence was positive 

and significant. Swarnalatha (2007) evaluated 25 green gram genotypes and reported 

that LGG 505, ML267, LGG 502, LGG 407, LGG 460 and LGG 485 were resistant 

to M. testulalis than other genotypes. Rani et al. (2008) evaluated 12 OVT green 

gram entries against Maruca in Rabi season and reported that the entries MGG 358, 

MGG 359, MGG 360, MGG 364, MGG 366, MGG 367 were tolerant, but in the 

present study these genotypes showed contrary results as they were moderately 

susceptible due to Maruca. It indicated that seasonal variation might play role in the 

green gram genotypes against Maruca. Nadeem et al. (2014) tested 8 advance 

mungbean genotypes in comparison with two check varieties against sucking insect 

pests under natural field conditions and found that none of the tested genotypes have 

complete resistance against sucking pests i.e., whiteflies, thrips and jassids. Among 

all the tested genotypes, MH 3153 was found least affected by sucking insects and 

gave the higher yield compared to check varieties. 

Table 2.  Reaction of promising mutants of mungbean to flea beetle, aphid and pod 

borer 

Mutants/variety Plant infested (%) 

by flea beetle/plot 

Plant infested (%) by 

aphid/plot 

Pod infested (%) 

by pod borer/plot 

MBM-07-Y-1 26.56c 9.45cd 5.39c 

MBM-07-Y-2 21.19d 5e 3.34d 

MBM-656-51-2 25.16c 12.22c 3.22d 

MBM-527-114 36.14a 8.33d 5.07c 

MBM-07(S)-2 31.93b 11.12c 8.56ab 

MBM-347-13 20.69d 12.22c 3.18d 

MBM-390-94-Y 26.42c 3.33f 3.21d 

MBM-80 (LOCAL) 36.52a 10.25c 4.36cd 

MBM-427-87-3 37.80a 26.11b 9.69a 

BARI moog-6 31.66b 34.45a 7.45b 

LSD (5%) 2.97 1.65 1.71 

CV (%) 8.56 4.36 3.74 

Within columns means followed by same letter (s) are not significantly different at 5% level by DMRT 

CONCLUSION 

Mutants did not show complete resistance against flea beetle, aphid and pod borer. 

Among all the tested mutants, MBM-347-13 was found less susceptible to flea beetle 

and pod borer and  mutant MBM-390-94-Y to aphid.  
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ABSTRACT 

Drought is one of the major stress factors affecting the growth and 
development of plants, and is responsible for considerable crop yield 
losses worldwide. An experiment was conducted to compare three rice 
(Oryza sativa L.) varieties (BRRI dhan49, BRRI dhan71 and BRRI 
dhan75) for drought tolerance based on some growth parameters and 
physiological status in germination stage. Drought stress was imposed 
by five levels of polyethylene glycol (PEG) (0%, 10%, 15%, 20% and 
25%). Rice varieties showed good germination with PEG concentration 
up to 15%. At 20% PEG concentration, a sharp reduction in germination 
percentage was observed and the highest germination percentage 
(55.53%) was found in the variety BRRI dhan71. Seeds of all the 
varieties treated with 25% PEG did not germinate. Seedling growth in 
terms of plumule and radicle length, fresh weight and dry weight 
decreased with increasing drought stress in all the varieties. Among the 
varieties, BRRI dhan71 was found to be the best at 20% PEG for 
seedling growth. Drought stress treatments decreased seedling length 
and weight vigor index in rice, whereas the highest seedling length and 
weight vigor index were obtained from BRRI dhan71. Accumulation of 
proline increased along with the increase of PEG concentration. The 

highest proline accumulation (3.08 mol g
-1

 leaf) was obtained from the 
BRRI dhan71 at the higher treatment (20% PEG). This result suggests 
that BRRI dhan71 showed best performance under drought stress 
because of its own nature of tolerance.   
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INTRODUCTION 

Plant growth and productivity is adversely affected by nature's wrath in the form of 

various biotic and abiotic stress factors. Drought is one of the important abiotic 

factors that impair the plant growth and development, especially in warm and dry 

areas (Fathi et al., 2016). Rice (Oryza sativa L.), is the staple food for half of the 

world’s population, especially people in developing countries (Seck et al., 2012) and 

supplies the main energy resource for almost 50% of the world’s population (Zhu et 

al., 2018). Worldwide, drought affects approximately 23 million hectares land of rain 

fed rice (Serraj et al., 2011). In Bangladesh, rice is an important economic crop and 

every year about 0.34 million ha of land are affected by severe drought in north-

western region (Habiba et al., 2015). 

Drought stress is primarily manifested as osmotic stress resulting in the disruption of 

homeostasis and ion distribution in the cell (Wang et al., 2003). It causes plant 

dehydration, stomatal closure, and limited gas exchanges, followed by inhibition of 

metabolism and photosynthetic rate (Jaleel et al., 2008), decreases chlorophyll 

content and inhibits enzymes of chlorophyll biosynthesis (Jain et al., 2013) and 

increases the activity of antioxidative enzymes (Pourtaghi et al., 2011). However, 

ability of plants to survive under stressed condition depends on plant species, growth 

stage, duration, and intensity of water deficit (Jaleel et al., 2008). 

Seed germination and early seedling growth are the most critical stages of drought 

stress in many species including rice (Islam et al., 2018; Yousefi et al., 2020). Water 

availability and movement into the seeds are very important to promote germination, 

initial root growth, shoot elongation and therefore at the establishment of a uniform 

stand. The highly negative osmotic potential may affect the seeds water uptake, 

making germination not possible (Meneses et al., 2011). 

Proline accumulation in leaves of plants during drought stress is well documented 

(Hare and Cress, 1997). Proline accords in stabilizing sub-cellular structure including 

membranes and proteins (Singh et al., 2015), scavenging free radicals, and buffering 

cellular redox potential under stress conditions (Ashraf and Foolad, 2007), thereby   

maintain turgor and stimulates the continued growth under stress (Mullet and 

Whitstitt, 1996). Furthermore, it also acts as a signaling molecule to regulate 

metabolite pools and the redox balance, to control gene expression, and ultimately to 

control drought tolerance (Szabados and Savourde, 2010). 

Polyethylene glycol (PEG) can be used to modify the osmotic potential of nutrient 

solution culture and thus induce plant water deficit in relatively controlled manner 

(Money, 1989; Zhu et al., 1997). PEG molecules are inert, non-ionic, and virtually 

impermeable to cell membranes and can induce uniform water stress without causing 

direct physiological damage (Lu and Neumann, 1998; Kulkarni and Deshpande, 

2007). This approach has been used to selection of tolerant genotypes in different 

crops (Badiane et al., 2004) and it was reported to be an effective strategy for 

selection at the early growth stages of rice (Jing and Chang, 2003). The objective of 
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this study was to know the impacts of PEG mediated drought stress on the 

germination, growth and accumulation of proline in rice. 

MATERIALS AND METHODS 

A laboratory experiment was carried out at the School of Agriculture and Rural 

Development, Bangladesh Open University (9038N, 2395E), Gazipur, 

Bangladesh during November, 2018 to February, 2019. Three rice varieties, BRRI 

dhan49, BRRI dhan71 and BRRI dhan75 were chosen for this study. Seeds were 

obtained from Bangladesh Rice Research Institute (BRRI), Gazipur. The form of 

experiment was factorial, using a completely randomized design (CRD) with three 

replications. Seeds of three cultivars were subjected to five stress level of PEG6000 

(0%, 10%, 15%, 20% and 25%). Distilled water was used as control. Ten grams (g) 

of PEG was dissolved in 100 ml of water to prepare 10% solution of PEG. Similarly, 

15 g, 20 g, 25 g PEG was dissolved in 100 ml of water to make 15%, 20%, 25% 

solution of PEG, respectively. Rice seeds were disinfected with 1% sodium 

hypochlorite solution for 30 seconds. After the treatment the seeds were washed two 

times with distilled water. Twenty-five seeds of each variety were germinated on two 

layers of filter paper in 12 cm Petri dishes with respective treatment from PEG. The 

Petri dishes were covered to prevent the loss of moisture by evaporation under 

laboratory condition (25 ±1°C), a 12-h-light and 12-h-dark (100 mol m
-2 

s
-1

) and a 

relative humidity of 60% in an incubator for 8 days. Every 24 h, 2ml of each solution 

was added to Petri dish. Germination percentage (%) was counted after 7 days 

following seeds placement in Petri dishes for germination, using radicle extrusion as 

germination indicator. Plumule and radicle length (cm) were measured on the eighth 

day after germination (end of experiment). The dry weight of plumule and radicle 

were examined after drying at room temperature. Length of plumule and radicle were 

measured by millimeter ruler and for measuring fresh weight of plumule and radicle 

an electric balance (Shimadzu Corporation, Japan) was used by accuracy of 0.1 mg. 

Germination percentage (%) was calculated using the following formula (Scott et al., 

1984):  

 

Germination (%) = 

 

Vigor index was calculated using following formula (Abdul-Baki and Anderson, 

1973): Seedling length vigor index = Germination (%) × total seedling length (cm), 

and seedling weight vigor index = Germination (%) × seedling dry weight (g). 

Proline accumulation of leaves was determined according to Bates et al. (1973). The 

collected data were analyzed using statistical program cropstat7.2 software (Gomez 

and Gomez, 1984). 

  

Total numbers of germinated seeds  

Total seed placed for germination 
×100 
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RESULTS AND DISCUSSION 

Effect of PEG mediated drought stress on seed germination  

The effect of PEG mediated drought stress on the germination percentage of BRRI 

dhan49, BRRI dhan71 and BRRI dhan75 varieties is presented in Figure 1. The 

highest germination percentage was recorded at control (absence of stress) while the 

lowest at 20% PEG. There was no remarkable difference in germination percentage 

between control and drought stress up to 15% PEG concentration. At 20% PEG 

concentration, a sharp reduction in germination percentage was observed and the 

highest germination percentage (55.53%) was found in the variety BRRI dhan71, 

whereas the values for BRRI dhan49 and BRRI dhan75 in the same treatment were 

31.06% and 26.66%, respectively. These results suggest that BRRI dhan71 is the 

most drought tolerant among the varieties. These results are consistent with those of 

other studies that have reported that high concentration of PEG reduce the final 

germination percentages of rice (Islam et al., 2018; Purbajanti et al., 2019). Seeds of 

all the varieties treated with 25% PEG did not germinate, which indicated that 25% 

PEG was the lowest osmotic potential for rice seed germination (Fig.1 and 2). Dodd 

and Donavon (1999) stated that PEG induced reduction in germination percentage 

was because of reduction in the water potential gradient between seeds and their 

surroundings. This could be also explained by metabolic disorders such as slower 

hydrolysis of storage compounds in endosperm or cotyledons and/or slower 

transportation of hydrolyzed material to developing embryo axis, under drought 

conditions (Ayaz et al., 2000).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of PEG mediated drought stress on germination percentage (%) of 

rice varieties.  
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Figure 2. Performance of BRRI dhan49, BRRI dhan71 and BRRI dhan75 in petri 

plate technique on test solution subjected to control (0% PEG), 10% PEG, 

15% PEG, 20% PEG and 25% PEG. 

Effect of PEG mediated drought stress on plumule length  

The plumule length decreased with the increase in PEG concentration and the 

difference was remarkable at high concentration of PEG (20%) when compared with 

control, 10% and 15% PEG concentration (Fig. 3A). Rice variety BRRI dhan71 

performed better with the longest plumule length (1.74 cm) than BRRI dhan49 (1.22 

cm) and BRRI dhan75 (1.29 cm) at high concentration of PEG (20%). No plumule 

length was recorded for all varieties at 25% PEG since there was no seed 

germination. The radicle length of rice varieties studied is presented in figure 3B. The 

longest radicle length was observed in BRRI dhan71 at control (3.1 cm) and all other 

concentration of PEG (2.22 cm for 10%, 1.7 cm for 15% and 1.43 cm for 20%) than 

BRRI dhan49 (1.8 cm for control, 1.55 cm for 10%, 1.24 cm for 15% and 1.15 cm for 

20%) and BRRI dhan75 (1.42 cm for control, 1.2 cm for 10%, 0.99 cm for 15% and 

0.866 cm for 20%). This result suggested that BRRI dhan71 developed the longest 

radicle compared to the other varieties, indicating its higher tolerance to drought 

stress during early seedling growth stage. Decrease in growth rate with increasing 

osmatic stress was reported in many studies (Kulkarni and Deshpande, 2007; 

Hamayun et al., 2010). Under drought stress, it has been shown that the inhibition of 
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radicle emergence is mainly because of decrease in water potential gradient between 

the external environment and the seed and consequently impairs seedling height 

(Sokoto and Muhammad, 2014). Reduced root and shoot lengths under PEG 

environment might be due to decreased cell division and elongation rates under water 

stress condition (Choi et al., 2000).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Effect of PEG mediated drought stress on plumule length (A) and 

radicle1ength (B) of rice varieties.  

Effect of PEG mediated drought stress on fresh weight of plumule and radicle 

Fresh weight of plumule and radicle are shown in Figure 4A and Figure 4B. 

Increasing PEG concentration caused a remarkable reduction in fresh weight of 

plumule (Fig.4A). The highest plumule fresh weight was recorded at control and the 

lowest was recorded at 20% PEG concentration in all the tested varieties. At 20% 

PEG, reduction of plumule fresh weight over control was higher in BRRI dhan49 

(81.51%) and BRRI dhan75 (84.77%), whereas reduction was less in BRRI dhan71 

(79.45%). Among the varieties, lower percentage reduction of radicle fresh weight 

was observed in BRRI dhan71 (80.40%) and higher in BRRI dhan49 (71.83%) and 

BRRI dhan75 (66.62%) (Fig.4B). Lower percent reduction of shoot and root growth 

in tolerant cultivar over control were recorded in soybean as reported by Ange et al. 

(2016). Demir and Kazim (2008) reported that the higher the osmotic stress 

concentration the lower was the seedling fresh weight of pepper. Similarly, Hellal et 

al. (2018) reported that root and shoot fresh weights of barley cultivars declined 

when osmotic potential was decreased.  

  

A B 
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Figure 4.  Effect of PEG mediated drought stress on plumule fresh weight (A) and 

radicle fresh weight (B) of rice varieties.  

Effect of PEG mediated drought stress on dry weight of plumule and radicle 

Dry weight of plumule and radicle are shown in Figure 5A and Figure 5B. Both 

parameters showed a significant decrease with increasing PEG concentration. The 

highest plumule and radicle dry weight were recorded at control and the lowest was 

recorded at 15% PEG concentration in all the tested varieties. At 15% PEG, reduction 

of plumule dry weight was more in BRRI dhan49 (65.74%) and BRRI dhan75 

(63.39%) than BRRI dhan71 (57.48%). The inhibitory degree on radicle dry weight 

by 15% PEG was the highest on BRRI dhan49 (58.82%) followed by BRRI dhan75 

(53.57%) and the lowest was on BRRI dhan71 (61.53%). Despite fresh weight was 

recorded in all varieties at 20% PEG, they weigh was zero gram i.e., no detectable by 

the weighing balance (no dry weight). The result indicated that BRRI dhan71 had 

better growth under drought than BRRI dhan49 and BRRI dhan75 and as the drought 

level increased, seedling dry weight decreased. Qayyum et al. (2021) also noted that 

seedlings root and shoot dry weight of wheat cultivars was decreased by increasing 

PEG. These results are consistent with many reports which presented that drought 

tolerant genotypes could maintain higher growth than sensitive ones (Kumar et al., 

2014; Mejri et al., 2016). 
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Figure 5.  Effect of PEG mediated drought stress on plumule dry weight, DW (A) 

and radicle dry weight, DW (B) of rice varieties.  

Effect of PEG mediated drought stress on vigor index 

Tolerant rice cultivar recorded higher vigor index than sensitive cultivar under stress 

as indicated by Sadasivam et al. (2000). The seedling vigor index has been used as a 

tolerance index to evaluate the effect of drought stress on seedling growth (Liu et al., 

2015). The length vigor index decreased with the increase in PEG concentration in all 

the varieties (Fig. 6A). These results evidenced the negative effect of drought on the 

elongation of the seedlings, as reported by the lower length of the plumule (Fig. 3A) 

and radicle (Fig. 3B). Among the varieties, higher seedling length vigor index was 

observed in BRRI dhan71 (889.3), while lower in BRRI dhan49 (694.4) and BRRI 

dhan75 (647.7) in control treatment. The highest seedling vigor index at 20% PEG 

were recorded in BRRI dhan71 (183.19) followed by BRRI dhan49 (74.01). The 

lowest was observed in BRRI dhan75 (57.74). The weight vigor index decreased with 

the increase in PEG concentration in all the tested varieties (Fig. 6B). Among the 

varieties, higher seedling weight vigor index was observed in BRRI dhan71 (1.3 for 

control, 0.673 for 10% PEG and 0.415 for 15% PEG), while lowest in BRRI dhan49 

(0.703 for control, 0.424 for 10% PEG and 0.232 for 15% PEG) and BRRI dhan75 

(0.643 for control, 0.352 for 10% PEG and 0.23 for 15% PEG). The lower seedling 

weight vigor index was obtained with decreasing osmotic potential level due to that 

of drought stress reduced germination rate of seeds and inhibited the dry weight of 

seedlings. The reduction in vigor index of seedlings under water restriction 

conditions was reported by other research (Zahedifar and Zohrabi, 2016). Copeland 

and McDonald (1995) reported that vigor of seedlings relates with their ability upon 

germination to grow rapidly and well.  
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Figure 6.  Effect of PEG mediated drought stress on seedling length vigor index (A) 

and seedling weight vigor index (B) of rice varieties.  

Effect of PEG mediated drought stress on the accumulation of proline in the leaf 

The accumulation of proline in PEG treated rice was investigated. The PEG 

concentration affected the accumulation of proline in rice varieties (Fig. 7). BRRI 

dhan71 showed higher accumulation of proline than BRRI dhan49 and BRRI dhan75 

at 0% (control), 15% and 20% PEG concentration.  

 

 

 

 

 

 

Figure 7.  Effect of PEG mediated drought stress on the accumulation of proline in 

the leaf of rice varieties. 

The highest proline accumulation was observed at the higher concentration of PEG 

(20%) in BRRI dhan71. The results indicated that higher accumulation of proline 

during drought stress might be a potential indicator of drought tolerance in BRRI 

dhan71. In parallel to the above results, other researchers have also approved the 

A B 
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impact of PEG in the accumulation of proline in rice leaves (Lum et al., 2014; 

Kadhimi et al., 2016). These results were in accordance with the findings of 

Mohammadkhani and Heidari (2008), and Tatar and Gevrek (2008) who reported that 

proline content increased under drought stress conditions. Proline acts as an osmotic 

subsists water particulars, stores carbon and nitrogen after water stress recovery, and 

stabilizes macromolecule, proteins and cell membranes in plant tissues (Farooq et al., 

2009) and is the main strategy of the plant to avoid the detrimental effects of drought. 

CONCLUSION 

The germination percentage, as well as seedling growth was considerably lowered, 

except for accumulation of proline, which increased with the increasing levels of 

stress using PEG. Promising rice variety BRRI dhan71 had the largest value of 

germination percentage; plumule and radicle length, fresh weight, seedling length 

vigor index, and proline accumulation in concentration of 20% PEG compared with 

the BRRI dhan49 and BRRI dhan75. It could be suggested that BRRI dhan71 might 

possess drought tolerance characteristics on the basis of their germination, growth 

and proline accumulation. Nevertheless, further research is required to investigate the 

impact of different drought mediating agents in more species in germinating stage. 
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ABSTRACT 

The relationship between heavy metal concentrations of soil and plant 
(Senna auriculata) in the hills and roadsides was studied. Atomic 
absorption spectroscopy was used for determination of metals such as 
lead (Pb), chromium (Cr), cadmium (Cd), zinc (Zn), copper (Cu), and iron 
(Fe) in the soil and plant (leaves and flowers) samples. The results 
showed that heavy metal concentrations in roadside soil and plant 
samples were much greater than that in hills. It is evident that 
concentration of a heavy metal in soil samples are considerably higher 
(p<0.05) than that in plant samples. Pearson correlation analysis shows 
that Pb in leaves and flowers correlated well with that in soil, r>0.93. 
Strong positive relationship exists between soil and plant for Cr content, 
(r≥0.97). Cadmium and Zn contents in leaves and flowers correlated 
significantly with Cd, and Zn in soil, all r>0.97. The Cu concentration of 
leaves and flowers shows a positive correlation with Cu content in soil, 
all r≥0.93. The Fe concentration of both plant leaves and flowers is found 
significantly and positively correlated with soil Fe, r=0.99. Overall results 
reveal that all the heavy metals are significantly and positively associated 
with soil and plant, implying that increasing concentration of heavy 
metals in soil is likely to increase their concentrations in S. auriculata 
plant. 

Keywords: Heavy metals, Hills, Roadsides, Senna auriculata, Soil 

INTRODUCTION 

Heavy metals are the elements that have metallic characteristics and comparatively 

high density. Heavy metals in soils or plants cannot be destroyed or degraded. 

Further, with the growth of industrialization, heavy metals’ presence has rapidly 

increased. Heavy metals are of  two types – the one group consists of micronutrients 
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that plants essentially take a small amount for normal growth of plants, the elements 

are iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), molybdenum (Mo), and 

nickel (Ni), while the other metals such as cadmium (Cd), chromium (Cr), lead (Pb), 

arsenic (As) and cobalt (Co) are toxic heavy metals (Emamverdian et al., 2015). 

Plants absorb heavy metals that are present in soil solution. Because of the variability 

in soil qualities and plant growth characteristics, there is frequently no direct 

connection between total metal concentrations in soils and plants (Obrador et al., 

2007). One of the reasons for the lack of a good correlation between metal 

concentrations in soils and plants is that it might, be influenced by soil contamination 

sources.  

Heavy metal phytoavailability in soil may be measured by establishing a relationship 

between metal concentration in soil and accumulation in plant tissues (Chen et al., 

2014). Heavy metal concentrations in various ecosystems are currently increasing in 

comparison to natural background levels due to rapid growth in industrial, 

agricultural, and urban activities. Roadside soils, plants, and organisms are absorbing 

significant quantities of toxic metals, primarily from automobile emissions and toxic 

substances transported. The principal metallic contaminants of roadside soil include 

lead, cadmium, copper, zinc, nickel, iron, and chromium, among other heavy metals 

(Silva et al., 2005). Lead and cadmium are toxic even in low quantities. As a result, 

the focus of this research is on Pb, Cd, Cr, Zn, Fe and Cu. Heavy-metal (e.g. Pb) 

emissions from automobiles are caused by fuel combustion, lubricating oil 

consumption, tyre wear, brake wear, road abrasion, and other factors (Weckwerth, 

2001). The Cd emissions are mostly caused by lubricant oil use as well as tyre wear.  

Zinc emission arises due to tyre wear and galvanized components such as gasoline 

tanks. The most significant source of Cu emission is brake wear. Heavy metals can 

be transferred from roadside soils to plant uptake by atmospheric deposit or vehicle 

runoff (Viard et al., 2004; Nabulo et al., 2006).   

Senna auriculata (L.) Roxb., a member of the Fabaceae family and often known as 

aavaram, was chosen as an important medicinal plant for this research. The leaves of 

these plants are therapeutic; they are eaten, boiled individually or with tea, or used in 

wound healing. Senna auriculata is an excellent choice for roadside landscaping. As 

a result, monitoring metal concentrations in these plant leaves are important, 

especially in industrially polluted and road side areas. Metal mobility between soil 

and plants is a critical topic in determining the environmental impact of metals 

(Anoliefo et al., 2006). Therefore, in the current study, a correlation analysis was 

performed to investigate the relationship of the concentrations of six heavy metals, 

namely Pb, Cr, Cd, Zn, Cu, and Fe in the leaves and flowers of S. auriculata with 

their concentrations in soils in the hills and roadsides. 
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MATERIALS AND METHODS 

Collection and identification  

Soil and plant samples were collected from hills (sites 1 and 2) and roadside near 
industrial regions (sites 3 and 4) in July 2021. Site 1 is Pachaimalai Hills, Site 2 is 
Kolli Hills, Site 3 is Avur Road, and Site 4 is Samayapuram Road. Botanical Survey 
of India (BSI/SRC/5/23/2021/Tech-166), Southern Regional Centre, Coimbatore 
recognized and authenticated the collected plant species. 

Analytical procedure 

Each soil sample was homogenized and oven-dried at 105°C. After sieving, the 
material was poured into a 300 ml beaker and heated at 230°C with15ml of nitric acid 
(HNO3, 69%) and 25 ml of perchloric acid (HClO4, 58%). After being turned to ash, 
the digested solution was filtered using Whatman No. 42 filter paper, and the volume 
was increased to 50ml in a volumetric flask. The metal concentration is determined 
using an atomic absorption spectrophotometer (Mehmet, 2008). The plant samples 
were air-dried at room temperature for 5-7 days before being ground into a fine 
powder. According to Uddin et al. (2016), the wet digestion process was the most 
efficient for plant materials. A sample weighing 2 g was taken into a conical flask. 
After that, a 9 ml mixture of nitric-hydrochloric acids HNO3 (65%) and HCl (37%), 
in a 1:3 ratio, was added to the conical flask. The mixture was then gently heated at 
95°C water bath for 4–5 hours, or for a period until the sample was dissolved. The 
digest was allowed to cool before being filtered through a Whatman No. 42 filter 
paper and diluted with deionized water to a final volume of 50 ml. The Stock 1000 
ppm standard solutions for all of the heavy metals under test were made in deionized 
water (Urmila, 2016). Atomic Absorption Spectroscopy (THERMO SCIENTIFIC- 
ice 3000) was used to detect the heavy metal concentrations in soil and plant samples 
at National College Instrumentation Facility, National College Tiruchirappalli. All 
samples and standard solutions were measured in triplicate. 

Calculation 

The metal concentration which we get from AAS is in mg/L of the solution. This can 

be converted into mg per kg of the dry weight of soil and plant by the following 

formula:  

 
Concentration of the metal in sample = Measured concentration in AAS (mg) x Volume (L) 

Weight of the sample (kg) 

Statistical analysis 

The mean and standard deviation of the heavy metal values from three replicates 
were calculated using Microsoft Excel. ANOVA was used to determine whether 
there was a significant difference between the mean concentrations of heavy metals 
in plant and soil samples collected from hills and roadsides. To assess the magnitude 
of the relationship between heavy metal concentrations in soil and plant samples, 
Pearson's correlation test was performed. The significance level was fixed at p<0.05. 
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RESULTS AND DISCUSSION 

Heavy metal concentrations in soil samples  

Table 1 shows the mean concentrations of heavy metals in soil samples of four study 

sites. The findings demonstrate that heavy metal concentrations in roadside samples 

are greater than in hill sources. The majority of the heavy metal levels in the soil 

samples studied were below the WHO limit values (2007). However, several soil 

samples had Cd and Zn levels that were higher than the recommended limits of 0.8 

mg/kg and 100 mg/kg, respectively. Cd levels above the standard in roadside soil 

samples such as site-3 (9.65 mg/kg) and site-4 (6.74 mg/kg). The Zn content in the 

site-3 soil sample (115.84 mg/kg) exceeded the standard limits. The elevated Cd and 

Zn values of the roadside samples are due to fuel combustion from automobiles plus 

discharge of the paint, chemical, and electronic industries, as well as certain cement 

companies located within 300 m of the sample collection site. The disposal of 

industrial wastes or the release of pollutants into the atmosphere enhances the overall 

content of Cd in soils (Weggler et al., 2004). Anthropogenic Cd accumulations in the 

environment are a source of concern in industrialized nations, and it is classified as a 

potentially dangerous element in terms of soil biological activity, plant metabolism, 

and human and ecosystem health (Kabata-Pendias and Pendias, 2001). Zinc exists 

naturally in soil (approximately 70 mg kg
-1

 in crustal rocks), but Zn concentrations 

are rising unnaturally due to anthropogenic influences. The majority of Zn is released 

to the environment via industrial operations such as mining, coal and waste 

incineration, and steel manufacture. Large quantities of heavy metals are "absorbed" 

by roadside soils from several sources, including automobile emissions, coal-burning 

waste, and other activities (Jose et al., 2009, Saeedi et al., 2009). Heavy metals are 

found in fuels, fuel tank walls, engines and other vehicle components, catalytic 

converters, tyres, and brake pads, and road surface materials (Zehetner et al., 2009). 

Table 1. Mean concentration of heavy metals in soil samples 

Metals Concentrations (Mean ± SD) (mg/kg) 

Site - 1 Site - 2 Site - 3 Site- 4 

Pb 

Cr 

Cd 

Zn 

Cu 

Fe 

3.09±0.28 

0.97±0.02 

0.28±0.37 

10.6±0.01 

8.02±0.62 

10.23±0.03 

0.07±0.21 

2.73±0.04 

0.04±0.02 

9.02±2.37 

9.76±0.01 

17.8±0.21 

27.44±0.02 

15.82±0.07 

9.65±3.21 

115.84±0.25 

25.89±0.03 

54.03±0.74 

23.95±0.30 

27.69±0.15 

6.74±0.02 

89.35±0.29 

13.32±0.03 

98.46±0.42 

Site 1: Pachaimalai hill, Site 2: Kolli hill, Site 3: Avur road, Site 4: Samayapuram road. 

  



HEAVY METAL CONCENTRATION IN SOIL AND S. auriculata 125 

Heavy metal concentrations of Senna auriculata plants  

The mean concentrations of heavy metals in leaves and flowers of Senna auriculata 

are presented in Table 2. Lead values in leaf and flower samples from the study sites 

ranged from 0.01 to 13.46 mg/kg and 1.02 to 12.78 mg/kg, respectively, compared to 

the WHO-recommended permissible limit of 10 mg/kg for plants. This criterion was 

satisfied by the determined The Pb levels in plant samples from hills are within the 

limit. However, the Pb concentration in the sample of site-3 (roadsides) was much 

greater than the permissible limits. The Cr concentration of leaves ranged from 0.63 

to 3.84 mg/kg and in flowers the concentration   varied from 0.42 to 3.06 mg/kg. The 

maximum Cr concentration of leaves and flowers (3.84 mg/kg and 3.06 mg/kg) was 

detected in site 4 sample (3.84 mg/kg and 3.06 mg/kg), which was much above the 

permissible limit (2 mg/kg). The Cd level in leaves was 0.05 to 0.32 mg/kg. The Cr 

values in flowers varied from 0.03 to 0.27 mg/kg. According to the WHO, the 

maximum permissible concentration of Cd in plants is 0.3 mg/kg. Thus, all the leaf 

and flower samples from hills and roadsides were found to have Cd concentrations 

below the acceptable limit, except for the flower sample from a roadside (site 3), 

which had a Cd content slightly higher than the permissible limit of 0.32 mg/kg.  

Table 2. Mean concentration of heavy metals in Senna auriculata 

ND – not detected, *P<0.05 

The Zn concentrations in leaves and flowers ranged from 1.56 to 59.05 mg/kg and 

0.87 to 56.12 mg/kg, respectively. The greatest Zn level of leaves and flowers was 

observed in the site 3 sample, which was above the permissible limit (50 mg/kg). The 

Cu concentrations in S. auriculata leaves and flowers ranged from 1.98 to 9.52 

Metals Plant parts Concentrations (Mean ± SD) (mg/kg) 

Site 1 Site 2 Site 3 Site 4 

Pb 

 

Leaves 

Flowers 

1.86±0.03 

1.02±0.01 

0.01±0.01 

ND 

13.46±0.02 

12.78±0.03 

7.43±0.26 

7.38±0.37 

Cr 

 

Leaves 

Flowers 

0.63±0.01 

0.42±0.01 

1.07±0.03 

0.91±0.26 

1.89±0.01 

1.65±0.04 

3.84±0.01 

3.06±0.02 

Cd 

 

Leaves 

Flowers 

0.05±0.03 

0.03±0.01 

ND 

ND 

0.32±0.01 

0.27±0.03 

0.21±0.02 

0.19±0.02 

Zn 

 

Leaves 

Flowers 

2.63±0.02 

0.87±0.02 

1.56±0.01 

1.38±0.04 

59.05±0.12 

56.12±0.65 

39.24±0.01 

38.96±0.03 

Cu 

 

Leaves 

Flowers 

1.98±0.01 

1.46±0.02 

3.48±0.02 

3.35±0.01 

9.52±0.03 

9.46 ±0.02 

6.02±0.01 

5.73±0.01 

Fe Leaves 

Flowers 

4.87±0.27 

3.84±0.43 

5.48±0.03 

5.07±0.02 

11.92±0.01 

10.72±0.01 

19.28±0.22 

18.02±0.24 
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mg/kg and 1.46 to 9.46 mg/kg, respectively, both of which were lower than the WHO 

permissible limit of 10 mg/kg. The Fe values in leaves varied from 4.87 to 19.28 

mg/kg and that in flowers was from 3.84 to 18.02 mg/kg. According to the WHO, the 

maximum allowable level of Fe in plants is 15 mg/kg. The sample from site 4 

contains higher concentrations of Fe than the other sites. 

Except for cadmium, analytical results demonstrate that samples from site 1and2 

(hills) showed heavy metal concentrations below the permissible limits. Cadmium 

was not detectable in the site 2 sample. Except for Cd and Cu, the heavy metal 

concentration of the roadside samples was greater than the acceptable limit. The Pb 

and Zn levels in the site 3 sample as well as Fe and Cr levels in the site 4 sample, of 

both leaves and flower extract are above the permissible limit. Therefore, the results 

indicate that the plant samples from the roadside had higher heavy metal contents 

than the ones from the hills. This is also true for heavy metal concentrations in soil 

samples from sites 3 and 4 (both roadsides) than in the hills sources (Table 2).  

Table 3. Pearson correlation coefficient(r) between heavy metal concentrations in 

soil and S. auriculata leaves 

  

Pb   
soil 

Cr   
soil 

Cd     
soil 

Zn     
soil 

Cu      
soil  

Fe     
soil 

Pb 
leaves 

Cr 
leaves 

Cd 
leaves 

Zn 
leaves 

Cu 
leaves 

Fe 
leaves 

Pb soil 1 

           Cr soil 0.818 1 

          Cd soil 0.983 0.700 1 

         Zn soil 0.992 0.741 0.998 1 

        Cu soil  0.753 0.237 0.859 0.828 1 

       Fe soil 0.765 0.996 0.635 0.680 0.152 1 

      Pb leaves 0.940* 0.574 0.986* 0.975* 0.931* 0.500 1 

     Cr leaves 0.643 0.966* 0.493 0.544 -0.019 0.985* 0.344 1 

    Cd leaves 0.974* 0.667 0.998* 0.994* 0.882 0.599 0.992 0.453 1 

   Zn leaves 0.973* 0.666 0.998* 0.994* 0.882 0.599 0.993 0.452 0.981 1 

  Cu leaves 0.878 0.444 0.950* 0.930* 0.975* 0.364 0.988 0.199 0.963 0.964 1 

 Fe leaves 0.777 0.997* 0.651 0.694 0.172 0.999* 0.518 0.981 0.615 0.615 0.383 1 

* P<0.05  
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Table 4. Pearson correlation coefficient(r) between heavy metal concentrations in 

soil and S. auriculata flowers 

  

Pb  

soil 

Cr 

 soil 

Cd  

soil 

Zn  

soil 

Cu 

 soil  

Fe  

soil 

Pb 

flower 

Cr 

flower 

Cd 

flower 

Zn 

flower 

Cu 

flower 

Fe 

flower 

Pb soil 1 

           Cr soil 0.818 1 

          Cd soil 0.983 0.700 1 

         Zn soil 0.992 0.741 0.998 1 

        Cu soil  0.753 0.237 0.859 0.828 1 

       Fe soil 0.765 0.996 0.635 0.680 0.152 1 

      Pb flower 0.950* 0.598 0.991* 0.981* 0.920* 0.526 1 

     Cr flower 0.682 0.978* 0.539 0.588 0.033 0.992* 0.421 1 

    Cd flower 0.984* 0.705 0.999* 0.998* 0.856 0.641 0.989 0.545 1 

   Zn flower 0.981* 0.691 0.999* 0.997* 0.865 0.626 0.992 0.529 0.999 1 

  Cu flower 0.861 0.412 0.939* 0.917* 0.982* 0.331 0.976 0.216 0.936 0.943 1 

 Fe flower 0.755 0.994* 0.624 0.669 0.137 0.999* 0.513 0.994 0.629 0.614 0.317 1 

* P<0.05  

Correlation between soil and S. auriculata for heavy metal concentrations 

Correlation analysis was done to see the relationship of the concentrations of Pb, Cr, 

Cd, Zn, Cu and Fe in the leaves and flowers of S. auriculata with their concentrations 

in soils which shows a significant positive correlation (Tables 3 and 4). 

The heavy metal levels in plant leaves correlated significantly (p<0.05) with its level 

in soils showing r = 0.94 for Pb, r = 0.99 for Cd, r = 0.97 for Cr, r = 0.97 for Zn, r = 

0.93 for Cu and r = 0.98 for Fe, and in flowers the ‘r’ values for Pb, Cr, Cd, Zn, Cu 

and Fe are 0.95, 0.98, 0.99, 0.98, 0.92 and 0.99, respectively. 

The correlation analysis reveals that increasing concentrations of heavy metals in the 

soil causes their increasing concentrations in S. auriculata (Fig. 1).  Essien and 

Douglass (2012) found that Pb, Zn, Cu, Ni, Mn, and V in soils all had a significant 

influence on increasing selected metals (Pb, Zn, Cd) in plants at various coefficients. 

According to Gregor (2004), metal uptake by both roots and leaves increases as the 

available metal concentration in the external medium increases. Thus, in the present 

study, the plants grown in the roadside had a greater concentration of metals than the 

plants grown in the hills. This is consistent with the findings of Velikovic et al. 

(2016), who found that the concentration of heavy metals in the soil influences the 

concentration of heavy metals in vegetable crops produced on contaminated soil. 

Onder et al. (2007) also reported significant positive relationship between soil and 

plant heavy metal content. Furthermore, the presence of a positive interaction in the 

majority of the correlations implies that the absorption of one heavy metal in a plant 
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impacts the co-absorption of other heavy metals in the same plant which shows a 

synergistic relationship among them. 

 

 

Figure 1. The relationship between soil and plant (S. auriculata) for heavy metal 

concentration 

CONCLUSION 

Heavy metals (Pb, Cr, Cd, Zn, Cu and Fe) are significantly and positively correlated 

with soil and plants implying those rising concentrations of heavy metals in soil 

increased concentrations of S. auriculata. Heavy metal concentrations in roadside 

soils and plants are relatively higher than that in hills.     
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ABSTRACT 

A study was conducted at Chanchra, Sadar Upazila, Jashore, 
Bangladesh during Rabi seasons of 2019-20 and 2020-21 to evaluate 
pre-harvest treatments of inorganic nutrient sources on yield and shelf 
life of broccoli following Randomized Complete Block Design (RCBD) 
with three replications and six treatments which were; T1 = soil test based 
50% NPK with blanket dose, T2 = soil test based 75% NPK with blanket 
dose, T3 = soil test based 100% NPK with blanket dose, T4 = soil test 
based 125% NPK with blanket dose, T5 = local farmers practice (N138 P75 
K94 S27 Zn5 kg ha

-1
),T6 = control.Completely Randomized Design (CRD) 

was designed to determine the shelf life of broccoli with three replications 
considering three factors; (i) pre-harvest treatments of inorganic sources 
of nutrient; (ii) storage materials at room temperature and (iii) storage 
materials at cold storage condition.Findings revealed that the effects of 
different inorganic sources of nutrients significantly influenced on yield 
and shelf life of broccoli. The treatment T3 (soil test based 100% NPK 
with blanket dose) resulted in better marketable curd yield with maximum 
gross returns, net returns and Benefit Cost Ratio (BCR) as compared to 
other treatments.The treatment T1  (soil test based 50% dose of NPK with 
blanket dose) recorded the maximum shelf life  of 6.57 daysand 6.83 
days at room temperature (14-24

0
C with RH 60-65%) and 23.65 days 

and 24.25 days at cold storage (4
0
C with RH 90-95%) condition using 

High -Density Polyethylene (HDP;15 micron) vacuum pack  during the 
years of 2019-20 and 2020-21 respectively. 

Keywords: Broccoli, Growth, Yield, Pre-harvest, Shelf life, Yield 

INTRODUCTION 

Broccoli is one of the most important high value and nutrient rich vegetables under 

Cole crops belongs to the family Brassicaceae. Broccoli has a reputation as a supper 
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food and it is known to be a healthy and delectable vegetable which is wealthy in 

many supplements. Broccoli is a nutritional powerhouse full of vitamins, minerals, 

fibers and antioxidants that support many dimensions of human health (Cartea et al., 

2008; Faller and Fialho, 2009; Yvette, 2012). Broccoli is also considered a low Glycemic 

Index (GI=10) wonder food for diabetics (Nagraj et al., 2020). Global production of 

broccoli was 27 million tons in 2019. Out of these, 73% broccoli production accounted by 

China and India. The rest of production was supplemented by USA, Mexico, Spain, Italy, 

Turkey, Bangladesh, Poland and France (FAOSTAT, 2020). Farmers of Bangladesh are 

very much interested to produce and extent broccoli for its high value.  

Nutrient management plays a key role in influencing the productivity and quality of 

any crop. Broccoli is highly responsive to nitrogen, phosphorus and potassium in its 

growth and yield. Nitrogen is inextricably linked with the vegetative growth of broccoli 

which plays an important role in maximizing the yield of broccoli up to a certain limit. But 

if more nitrogen is used than the optimum rate, the desired yield of broccoli will be 

reduced and it may have a negative effect on the quality and preservation of broccoli 

(Abu, 2021). Similarly, phosphorus is another important macronutrient that also affects 

the growth and productivity of cauliflower and broccoli (Sonia et al., 2020). In the same 

way, potassium also plays a vital role in physiological activity; growth and yield balance 

of broccoli (Zaki et al., 2015). Adequate potassium supply ensures optimum shelf life and 

more marketable crops with less moisture loss during storage. Considering the above-

mentioned review, it is essential to recommend a dose of inorganic sources of nutrients for 

increasing yield, quality and shelf life of broccoli. 

Preservation capability of broccoli is comparatively poor than other Cole crops such 

as cauliflower. Yellowing is the main problem in post-harvest life of broccoli which 

leads to unmarketability due to consumer dislike (Chingtham and Banik, 2019). 

Farmers are not aware about the shelf life of broccoli. They apply huge amount of 

chemical fertilizers and pesticides often overdoses, more frequencies and even 

mixing of two or more chemicals as cocktail formulation to achieve better yield 

during production (Shamsunnahar, 2016). Consequently, the storage longevity of 

broccoli is reduced spontaneously. In this circumstance, it is essential to improve 

post-harvest quality and extensionof the shelf life of the said crop. Packaging 

materials help not only to keep this vegetable from drying out but also to preserve 

nutritive value, flavour, texture and color (Raseetha et al., 2018). Polyethylene bag 

delayed color change due to synchronized effect of increased humidity and fluctuated 

atmosphere composition (Rao and Shivashankara, 2015). Vacuum pack with low 

temperature (storage at 4
0
C with 95% RH) is the effective technique to maintain the 

shelf life of broccoli (Jadhav et al., 2018). The investigator opined that pre-harvest 

application of judicious inorganic sources of nutrients in broccoli production and also 

https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/India
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using low cost technology such as, Low- Density Polyethylene (LDP; 35 micron) bag, 

High -Density Polyethylene (HDP;15 micron) vacuum pack, 2% egg shell powder and 2% 

ascorbic acid solution at post-harvest stage to to maintain the shelf life of broccoli. Very 

few investigators studied partially but not in- depth on the above context. Considering 

above all, the investigator would like to take an in- depth study on pre-harvest application 

of inorganic sources of nutrient on yield and shelf life of broccoli. 

MATERIALS AND METHODS 

The field experiment was conducted in the Rabi seasons at Chanchra under 

SadarUpazila, Jashore, Bangladesh during the years 2019-20 and 2020-21. 

Randomized Complete Block Design (RCBD) had been followed including six 

treatments and three replications which were; T1 = soil test based 50% NPK with 

blanket dose, T2 = soil test based 75% NPK with blanket dose, T3 = soil test based 

100% NPK with blanket dose, T4 = soil test based 125% NPK with blanket dose, T5 = 

local farmers practice (N138P75K94S27Zn5 kgha
-1

), T6 = control. The soil test based 

chemical fertilizers was N115P30K75S20Zn3B1 kgha
-1

. The hybrid variety of broccoli 

“Green Crown” was used for conducting the field experiment as planting material. 

Before sowing on the nursery bed, seeds treated by Thiram @ 2.5 g per kg of seeds. 

Healthy and appropriate age of seedlings (21 days) had been transplanted to the 

experimental plots of size 3 m  2 m at spacing of 50 cm  40 cm as per layout on 

the 20
th  

November 2019 during the first year and 16
th
 November 2020 during the 

second year. According to treatment, a TSP, Gypsum, Zinc sulphate (mono) and 

Boric acid had been used asbasal dose in the respective plots. Urea and MoP 

fertilizers were used as equal three splits at 15, 30 and 45 days after transplanting and 

mixed well with soil. Improved intercultural operations were done in all the 

experimental plots. The crop was irrigated and managed pests using biological 

methods meticulously. Broccoli curds were harvested before the buds opened on 29 

January to 3 February 2020 during the first year and 24 to 29 January 2021 during the 

second year respectively. The observation associated with yield and its contributing 

characteristics (curd length and diameter, marketable curd weight (g), marketable 

yield ton per hectare were recorded taking five plants randomly from each 

experimental plot in each replication. 

Design and methodology for shelf-life assessment of broccoli 

To ascertain the shelf life for broccoli the following experimental design and 

methodology was followed as per the figure 1. The experiment was conducted in 

Completely Randomized Design (CRD) design, and it was carried out in triplicate.  
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Figure 1. Flow chart of the details of the experimental design for shelf life 

assessment of broccoli. 

In the case of shelf life assessment of broccoli, treatment wise matured broccoli curd 

from each replication had been collected and placed in the selective storage materials 

(Low -Density Polyethylene (LDP; 35 micron) bag, High -Density Polyethylene 

(HDP;15 micron) vacuum pack, treated with 2% egg shell powder solution for five 

minutes, treated with 2% ascorbic acid solution for five minutes and control both at 

room temperature and cold storage condition. The change of curd color (just started 

to yellowing) was observed by eye estimation and to ascertain the shelf life of 

broccoli using each selective storage materials both at room temperature and cold 

storage condition. 

The recorded data of various characteristics were analyzed with the help of Statistical 

Tool for Agricultural Research (STAR) Program and the mean values of all the 

treatments had been adjudged by Tukeye's test at 5% level of probability for 

interpretation. Benefit Cost Ratio (BCR) for each treatment under investigation had 

been calculated based on the present market prices of inputs and outputs in order to 

find out the maximum profitable treatment. 

RESULTS AND DISCUSSION 

Yield attributing characteristics and yield 

The perusal of data in Table 1 revealed that significantly (P≤0.05)  maximum curd 

length 17.25 and 17.09 cm, curd diameter 18.46 and 18.35 cm, marketable curd 

Factor: -1 
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five treatments) 

Factor: -2  

Storage materials at room 

temperature; 

 

Storage materials: 

i.Low -Density Polyethylene 

(LDP; 35 micron) bag 

ii.High -Density Polyethylene 

(HDP,15 micron) vacuum 

pack, iii.2% egg shell powder 

solution,  

iv. 2% ascorbic acid solution 

v. control  

Factor: -3 

Storage materials at cold storage 

condition; 

Storage materials:  

i.Low -Density Polyethylene 

(LDP; 35 micron) bag  

ii.High -Density Polyethylene 

(HDP,15 micron) vacuum pack, 

 iii.2% egg shell powder 

solution,  

iv. 2% ascorbic acid solution 

v. control 

iv. 2% ascorbic acid solution 

v. control 
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weight per plant 525.35 and 520.37 g and marketable curd yield 26.27 and 26.02 t ha
-

1
 were recorded in treatment T3 (soil test based 100% NPK with blanket dose) as 

compared to other treatments in the year of 2019-20 and 2020-21 respectively. 

Whereas, minimum curd length 8.14 and 8.05 cm, curd diameter 9.18 and 9.15 cm, 

marketable curd weight per plant 165.03 and 156.64 g and marketable curd yield 8.25 

and 7.83 t ha
-1

,
 
respectively were noted in T6 (control) in the year of 2019-20 and 

2020-21, respectively. It was observed from the results that, marketable curd yield 

increased in treatment T3 (soil test based 100% NPK with blanket dose) by 218.42%, 

232.31% than controland 29.92%, 24.56% than local farmers practice (N138 P75 K94 

S27 Zn5 kg ha
-1

) in the year of 2019-20 and 2020-21, respectively.This yield increased 

might have been the better performance on potential vegetative growth which 

influenced in the deposition of more amount of carbohydrates accumulation in curd 

and thereby increased the yield. The results of present investigation in concordance 

with the findings of Singh et al. (2015) in broccoli. 

Table 1. Effects of pre-harvest application of inorganic sources of nutrients on yield 

attributes and yield of broccoli 

Treatment Curd length (cm) Curd diameter (cm) Marketable curd 

weight (g) 

Marketable yield (t ha-1) 

2019-20 2020-21 2019-20 2020-21 2019-20 2020-21 2019-20 2020-21 

T1 10.55bc 10.43bc 11.65bc 11.57bc 311.26bc 295.27bc 15.56bc 14.76bc 

T2 15.33ab 15.17ab 16.25ab 16.13ab 445.33ab 430.75ab 22.27ab 21.54ab 

T3 17.25a 17.09a 18.46a 18.35a 525.35a 520.37a 26.27a 26.02a 

T4 12.46abc 12.35abc 13.57bc 13.48abc 375.17b 365.53b 18.76b 18.28b 

T5 13.17abc 13.33abc 14.49ab 14.63ab 404.45ab 417.85ab 20.22ab 20.89ab 

T6 8.14c 8.05c 9.18c 9.15c 165.03c 156.64c 8.25c 7.83c 

SEm  
1.48 1.68 1.46 1.42 42.25 42.31 2.11 2.12 

LSD 

(P=0.05) 

 

 

   1.4  3.7   1.8    2.9  2.3   3.1  2.3    3.1 

Means with the same letter are not significantly different, Here, T1 = soil test based 50% NPK with 

blanket dose, T2 = soil test based 75% NPK with blanket dose, T3 = soil test based 100% NPK with 

blanket dose, T4 = soil test based 125% NPK with blanket dose, T5 = local farmers practice 

(N138P75K94S27Zn5 kgha-1), T6 = control 

Shelf life of broccoli using low -density polyethylene (LDP; 35 micron) bag 

The perusal of data in Table 2 and 3 revealed that treatment T1 (soil test based 50% 
dose of NPK with blanket dose) recorded maximum shelf life 5.35 and 5.75 days at 
room temperature (14-24

0
C with RH 60-65%) and 19.47 and 20.33 days at cold 
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storage (4
0
C with RH 90-95%) condition  and minimum shelf life 2.35 and 2.33 days 

at room temperature (14-24
0
C with RH 60-65%) and 12.34 and 12.73 days at cold 

storage (4
0
 C with RH 90-95%) condition recorded in treatment T4 (soil test based 

125% NPK with blanket dose)  using Low -Density Polyethylene (LDP; 35 micron) 
bag during the years of 2019-20 and 2020-21, respectively. 

Shelf life of broccoli using high -density polyethylene (HDP; 15 micron) vacuum 
pack 

The perusal of data in Table 2 and 3 revealed that treatment T1 (soil test based 50% 
dose of NPK with blanket dose) recorded maximum shelf life 6.57 and, 6.83 days at 
room temperature (14-24

0
C with RH 60-65%) and 23.65 days, 24.25 days at cold 

storage (4
0
C with RH 90-95%) condition and minimum shelf life 3.38 days and 3.25 

days at room temperature (14-24
0
C with RH 60-65%) and 15.25 and 14.25 days at 

cold storage (4
0
C with RH 90-95%) condition recorded in treatment T4 (soil test 

based 125% NPK with blanket dose) using High -Density Polyethylene (HDP; 15 
micron) vacuum pack during the years of 2019-20 and 2020-21, respectively. 

Shelf life of broccoli when treated with 2% egg shell power solution 

The perusal of data in Table 2 and 3 revealed that treatment T1 (soil test based 50% 
dose of NPK with blanket dose) recorded maximum shelf life 3.53 and 3.67 days at 
room temperature (14-24

0
C with RH 60-65%) and 15.75 and 15.33 days at cold 

storage (4
0
C with RH 90-95%) condition  and minimum shelf life 2.35 and 2.33 days 

at room temperature (14-24
0
C with RH 60-65%) and 12.34 and 12.73 days at cold 

storage (4
0
C with RH 90-95%) condition were recorded in treatment T4 (soil test 

based 125% NPK with blanket dose) when  broccoli was treated with 2% egg shell 
power solution during the years of 2019-20 and 2020-21, respectively. 

Shelf life of broccoli when treated with 2% ascorbic acid solution 

The perusal of data in Table 2 and 3 revealed that treatment T1 (Soil test based 50% 
dose of NPK with blanket dose) recorded maximum shelf life 3.77 and 3.25 days at 
room temperature (14-24

0
C with RH 60-65%) and 14.25 and 15.50 days at cold 

storage (4
0
C with RH 90-95%) condition  and minimum shelf life 1.85 and 1.75 days 

at room temperature (14-24
0
C with RH 60-65%) and 10.45 and 11.23 days at cold 

storage (4
0
C with RH 90-95%) condition were recorded in treatment T4 (Soil test 

based 125% NPK with blanket dose) when  broccoli was treated with 2% ascorbic 
acid solution during the years of 2019-20 and 2020-21, respectively. 

Shelf life of broccoli in control  

The perusal of data in Table 2 and 3 revealed that treatment T1 (Soil test based 50% 
dose of NPK with blanket dose) recorded maximum shelf life 2.50 and 2.75 days at 
room temperature (14-24

0
C with RH 60-65%) and 13.37 and 13.53 days at cold 

storage (4
0
 C with RH 90-95%) condition  and minimum shelf life 1.57 and 1.55 days 

at room temperature (14-24
0
C with RH 60-65%) and 10.38 and 10.25 days at cold 

storage (4
0
C with RH 90-95%) condition at open place were recorded in treatment T4 

(Soil test based 125% NPK with blanket dose) during the years of 2019-20 and 2020-
21, respectively. 
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Maximum shelf life in both the storage conditions usingHigh- Density Polyethylene 

(HDP; 15 micron) vacuum pack might be due to its sophisticated techniques which 

delayed and protected the physiological deterioration of broccoli curd.Within High- 

Density Polyethylene (HDP; 15 micron) vacuum pack having more control over the 

gas exchange with the surrounding air, the levels of CO2 and O2 around the produce 

might have further slowed down the conversion of starch to sugars. Curds stored in 

the cold conditions had maintained a greener color and at the same time no chilling 

injury symptoms, no decay incidence and no rot were observed there. In addition, 

storage at low temperature reduces the rate of respiration, and delayed senescence 

during storage of curds. Pre-harvest application of judicious inorganic sources of 

nutrients in broccoli production and better storage conditions along with appropriate 

use of scientific storage materials such as High- Density Polyethylene (HDP; 15 

micron) vacuum pack might have protected the chlorophyll degradation and ethylene 

production. In addition, the said treatment also might have protected available 

moisture and minimize the rate of respiration along with strengthening the cell wall 

in the vegetative parts of broccoli which restricted the yellowing color and reduces 

weight loss. This might have maintained the shelf life and quality of broccoli. The 

findings of present investigation in respect of shelf life corroborate the findings of 

Jadhav et al. (2018) in broccoli. 

Table 2. Shelf life (days) comparison of treatment at each level ofstorage materials 

under different storage condition (2019-20) 
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T1 5.35a 6.57a 3.53a 3.25a 2.50a 19.47a 23.65a 15.75a 15.50a 13.37a                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

T2 4.19b 4.77b 2.71b 2.61b 2.21b 15.65b 18.41b 13.24b 13.16b 10.98b 

T3 3.27c 3.90c 2.55b 2.53b 2.11bc 13.49c 16.33c 12.53c 12.33c 10.66bc 

T4 2.35d 3.38d 1.85c 1.75c 1.57c 12.34d 15.25d 11.37d 11.23d 10.38c 

T5 2.39d 3.51c 2.53b 2.33b 1.75bc 12.37d 15.29d 11.55d 11.38d 10.75bc 

Different letters within the same column in each treatment indicate a significant different (P≤ 0.01). 

Here, T1 = Soil test based 50% NPK with blanket dose, T2 = Soil test based 75% NPK with blanket 

dose, T3 = Soil test based 100% NPK with blanket dose, T4 = Soil test based 125% NPK with blanket 

dose, T5 = Local Farmers Practice (N138P75K94S27Zn5 kgha-1) 
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Table 3. Shelf life (days) comparison of storage materials at each level of treatment 

under different storage condition (2020-21) 
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T1 5.75a 6.83a 3.67a 3.77a 2.75a 20.33a 24.25a 15.33a 14.25a 13.53a 

T2 3.83b 4.33b 2.75b 2.65b 2.25ab 15.75b 18.47b 13.57b 12.67b 11.49b 

T3 3.25bc 4.05b 2.63bc 2.57bc 2.13ab 14.33c 15.65c 12.33c 11.83c 10.53c 

T4 2.33d 3.25c 1.75c 1.85c 1.55b 12.73d 14.25d 11.25d 10.45d 10.25c 

T5 2.75cd 3.77bc 2.46bc 2.25bc 1.87b 12.85d 15.33c 11.73cd 11.15cd 10.33c 

Different letters within the same column in each treatment indicate a significant different (P≤ 0.01). 

Here, T1 = Soil test based 50% NPK with blanket dose, T2 = Soil test based 75% NPK with blanket 

dose, T3 = Soil test based 100% NPK with blanket dose, T4 = Soil test based 125% NPK with blanket 

dose, T5 = Local Farmers Practice (N138P75K94S27Zn5 kgha-1) 

Economic consideration 

The perusal of data in Table 4 and 5 revealed that maximum gross return of BDT 

394050 and 390300 ha
-1

, maximum net return of BDT 286680 and 282382 ha
-1

 and 

Benefit Cost Ratio (BCR) with 3.67 and 3.62 were recorded in the treatment T3 (soil 

test based 100% dose of NPK with blanket dose) in the year of 2019-20 and 2020-21, 

respectively.  

Table 4. Economic analysis of broccoli production as influenced by different 

inorganic sources of nutrients (2019-2020) 

Treatment  Marketable 

Yield (t ha-1) 

Total cost of 

production  

(BDT ha-1) 

Gross return 

(BDT ha-1) 

 

Net return 

(BDT ha-1) 

Benefit Cost 

ratio (BCR) 

T1 15.56 102130 233400 131270 2.29 

T2 22.27 104750 334050 229300 3.19 

T3 26.27 107370 394050 286680 3.67 

T4 18.76 109990 281400 171410 2.56 

T5 20.22 116243 303300 187057 2.61 

T6 8.25 88407 123750 35343 1.40 
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Table 5. Economic analysis of broccoli production as influenced bydifferent 

inorganic sources of nutrients (2020-2021) 

Treatment  Marketable 

Yield t ha-1 

Total cost of 

production  

(BDT ha-1) 

Gross returns  

(BDT ha-1) 

Net returns  

(BDT ha-1) 

Benefit Cost 

ratio 

(BCR) 

T1 14.76 102678 221400 118722 2.16 

T2 21.54 105300 323100 217800 3.07 

T3 26.02 107918 390300 282382 3.62 

T4 18.28 110552 274200 163648 2.48 

T5 20.89 115147 313350 198203 2.72 

T6 7.83 87858 117450 29592 1.34 

Sale rate of broccoli @BDT 15Tk/kg 

T1 = soil test based 50% NPK with blanket dose, T2 = soil test based 75% NPK with blanket dose, T3 = 

soil test based 100% NPK with blanket dose, T4 = soil test based 125% NPK with blanket dose, T5 = 

local farmers practice (N138P75K94S27Zn5 kgha-1) 

Whereas, minimum gross return of BDT 123750 and 117450 ha
-1

, minimum net 

return of BDT 35343 and 29592 ha
-1

 and Benefit Cost Ratio (BCR) with 1.40 and 

1.34 were noted in T6 (control) in the year of 2019-20 and 2020-21, respectively. The 

present findings indicate that treatment T3 (soil test based 100% dose of NPK with 

blanket dose) was the maximum profitable treatment for broccoli production which 

could generate maximum net income with maximum Benefit Cost Ratio (BCR) as 

compared to other treatments. The results of present investigation corroborate the 

finding of Sharma et al. (2018) in broccoli. 

CONCLUSION 

Growers or entrepreneurs might have applied soil test based 100% dose of NPK with 

blanket dose for commercial purpose and 50% dose of NPK for consumption and 

getting anticipated quality attributes of broccoli. In addition, combined use of soil test 

based 50% dose of NPK along with High- Density Polyethylene (HDP; 15 micron) 

vacuum pack has been considered as an effective technology for maintaining the 

shelf life of broccoli both at room temperature (14-24
0
C with RH 60-65%) and at 

cold storage (4
0
C with RH 90-95%) condition. 
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ABSTRACT 

A field experiment was conducted in Lalmai-Hill area of Cumilla with five 
high yielding varieties (HYV) of rice during Boro season (2018-2019) to 
evaluate their yield performance under different transplanting dates. Rice 

seedlings were transplanted on three different dates viz., January 15 

(T1), January 30 (T2) and February 14 (T3). Five rice varieties viz., BRRI 

dhan67 (V1) BRRI dhan68 (V2), BRRI dhan74 (V3), BRRI dhan81 (V4) and 

BRRI dhan86 (V5) were transplanted. Results revealed that delaying of 
transplanting date decreased yield and return of Boro rice varieties. 
Transplanting of seedlings on February 14 decreased effective tiller hill–1, 

filled grain panicle
–1, grain yield and biological yield by 13, 14, 24 and 

9%, respectively, compared to seedlings transplanted on January 15. 

Significantly highest grain yield (5.95 t ha
–1

) and biological yield (14.33 t 

ha
–1

) were obtained from BRRI dhan74 compared with other varieties 

because of higher potential of its yield attributes. The highest grain yield 

(6.67 t ha
–1

) and return (Tk. 158,765 ha
–1

) were recorded from BRRI 
dhan74 when transplanted on January 15 as compared to other 
combinations. Transplanting of all other varieties on January 15 
confirmed higher yield and yield return compared with delayed 
transplanted seedlings.  

Key words: Biological yield, Boro rice, Grain yield, High yielding 
varieties, Yield return 

INTRODUCTION 

Rice is one of the most important food crops as it is the very good source of calories 

for nearly 50% of the world’s population. The demand of rice as a food is increasing 

day by day because of its popularity in ever-growing population throughout the world 
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(Asante, 2017). In Bangladesh, rice is a staple food and occupies 80% of total land 

area (Kabir et al., 2016). The demand of rice in Bangladesh will be 44.6 million ton 

by 2050 because of overpopulation (Nath et al., 2016). In addition, ‘rice security’ is 

the synonymous to ‘food security’ and important parameter for social stability in 

Bangladesh as in many other rice growing countries (Brolley, 2015; Nath, 2016).  

Different environmental stresses, industrialization, urbanization and other factors 

gradually reduced rice and other crop production which will be great challenge to 

feed the rice loving people (Kabir, 2015). So, it is important task for plant scientist to 

increase production of rice and other food crops, to feed the ever-growing people and 

ensuring food security. Although the agricultural land of Bangladesh is declining 

@1% per annum (BBS, 2011), but it showed consistency by surplus production. The 

production of rice in Bangladesh is 34.4 million ton of clean rice in 2014-15 which is 

2 million ton higher than desired production (Kabir et al., 2015). The increment of 

rice production in Bangladesh from 3.74 to 4.5 t ha
–1

 by 4 years through adapting 

advanced rice production technologies such as development of high yielding varieties 

(HYV) (BRRI, 2017). So, introduction of HYV and expand them in new area under 

proper agronomic management might be an important strategy as HYV are highly 

responsive to management practices. Along with different agronomic practices, HYV 

are also responsive to climatic conditions. High yielding varieties required particular 

climatic conditions for their different physiological process which are highly 

manipulated by transplanting date (Roy et al., 2019). Shifting of sowing and/ or 

planting date is the most important option for adjustment of specific crop growth 

stage with specific climatic conditions which have great impact on the growth, 

development and partitioning of dry matter (Patel et al., 2019). Considering the 

discussed facts, the experiment aimed to expand potential HYV of rice in Lalmai-Hill 

area at suitable transplanting date. 

MATERIALS AND METHODS 

Experimental location 

The experiment was conducted in Lalmai-Hill area under the Upazila of Cumilla 

Sadar (South) and AEZ 19. It lies on 17 m above sea level. The soil of this area is 

composed of yellow to light brown silty loam soil. Organic matter content is low and 

moisture holding capacity is medium in Lalmai-Hill area. Top soil of this area is 

slightly acidic with low to medium P and K content. 

The healthy seeds of BRRI dhan67, BRRI dhan68, BRRI dhan74, BRRI dhan81 and 

BRRI dhan86 were soaked in water on December 05, December 20 and January 05 

for sprouting. The sprouted seeds were sown on seed bed and grown for 40 days. 

After growing on seedbed, 40 days old seedlings were transplanted on well prepared 

land at the rate of two seedling hill
–1

 on January 15, January 30 and February 14 as 

per treatments. Fertilizers such as Urea, TSP, MOP and Gypsum were applied at the 

rate of 260, 90, 150 and 110 kg ha
–1

, respectively, as per recommendation of BRRI 
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(Bangladesh Rice Research Institute). Different other intercultural operations and 

pest management were done as per requirement of the crop. 

The experiment was carried out in Lalmai-Hill area at three different locations 

(Sanonda, Sudhonnopur and Gabtoli village) by following Randomized Complete 

Block Design (RCBD) with three replications. Each location was considered as one 

replication. The experiment was sown in factorial fashion, keeping transplanting date 

as factor A and varieties as factor B. The size of unit plot was 3 m × 3 m. Plot to plot 

distance were 1m. However, the treatments were as follows: 

Factor A: Transplanting dates (T) 

i. Transplanting on 15 January (T1) 

ii. Transplanting on 30 January (T2) 

iii. Transplanting on 14 February (T3) 

Factor B: Variety (V) 

i. BRRI dhan67 (V1) 

ii. BRRI dhan68 (V2) 

iii. BRRI dhan74 (V3) 

iv. BRRI dhan81 (V4) 

v. BRRI dhan86 (V5) 

Data on number of effective tillers hill
–1

, number of grain panicle
–1

, 1000-grain 

weight, grain yield, straw yield, biological yield, harvest index and yield return were 

collected.  

Biological yield and harvest index were calculated by using the following formula: 

Biological yield= Grain yield + Straw yield. 

Harvest Index (H.I.) = 
                             

                                    
 

Total input cost and overhead cost were similar for all varieties and transplanting date 

as inputs and management cost for all treatments were same. So, cost effective 

variety were identified by considering yield return. Return of grain yield and straw 

yield were calculated by multiplying yield with market value of respective products. 

The market price of rice grain and straw during experimental time were measured by 

surveying local market in Taka (Tk) (Table 1). 
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Table 1. Market value of grain and straw of different rice varieties in Lalmai-Hill 

area in 2019.  

Name of the item Market price (Tk ton
–1

) 

BRRI dhan67 (Grain) 21500 

BRRI dhan68 (Grain) 20100 

BRRI dhan74 (Grain) 18800 

BRRI dhan81 (Grain) 24150 

BRRI dhan86 (Grain) 18800 

Irrespective of variety (Straw) 4000 

The return of grain yield, straw yield and total marketable yield were calculated using 

the following formula:  

Return of grain yield = Total grain yield (t ha
–1

) × Market price of rice grain (Tk t
–1

) 

Return of straw yield = Total straw yield (t ha
–1

) × Market price of rice straw (Tk t
–1

) 

Return of total marketable yield = Return of grain yield + Return of straw yield 

Statistical analysis was done using Statistix10 and mean separation was done by LSD 

at 5% level of significance (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSION 

 Effective tillers hill
–1

  

Different transplanting dates affected effective tillers hill
–1

. Transplanting of rice 

seedlings on January 15 produced the highest number of effective tillers hill
–1

 (14.83) 

which was statistically similar with transplanting of rice seedlings on January 30 

(Table 2). Results revealed that early planting produced comparatively higher number 

of effective tillers and late planting produced lower effective tillers hill
–1

. This result 

in corroborate with Roy et al. (2019) who reported that, production of effective tillers 

decreased in Boro rice when transplanted after 15 January due to poor fertilization 

and other environmental factors.  

Varietal variation did not affect the number of effective tillers hill
–1

. Interactive effect 

of transplanting date and variety on tiller hill
–1

 was non-significant (Table 2).  

Filled grain panicle
–1 

The number of filled grain panicle
–1

 greatly influenced by variation of transplanting 

date. Early planting (15
th
 January) produced highest number of filled grain panicle

–1
 

(102.51) and late planting (14
th
 February) produced lowest number of filled grain 

panicle
–1

 (Table 2). Our findings in agreement with Roy et al. (2019) who noted that, 

late planted Boro seedlings resulted lower grain yield by decreasing grain number. 
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Table 2.  Effect of transplanting date and variety on yield contributing parameters of 

Boro rice varieties in Lalmai-Hill area   

Treatments Effective tiller hill–1 

(No.) 

Filled grain panicle–

1 (No.) 

Unfilled grain 

panicle–1 (No.) 

1000-grain wt. 

(g) 

Transplanting Date 

T1 14.83 a 102.51 a 22.18 b 23.97 a 

T2 14.51 a 98.82 b 24.55 b 23.85 b 

T3 12.87 b 88.49 c 28.84 a 23.54 c 

LSD (0.5) 1.44 2.62 2.51 0.09 

CV (%) 13.65 3.63 13.35 0.51 

Variety 

V1 13.34 98.35 a 22.1 c 24.38 c 

V2 13.21 92.05 b 21.63 c 26.84 a 

V3 14.91 101.6 a 27.25 b 26.56 b 

V4 14.72 99.14 a 23.15 c 19.95 e 

V5 14.15 91.9 b 31.83 a 21.2 d 

LSD (0.5) NS 3.39 3.24 0.12 

CV (%) 13.65 3.63 13.35 0.51 

Transplanting Date × Variety 

T1 V1 14.33 105.13 17.62 24.44 f 

T1 V2 13.33 97.00 19.16 27.12 a 

T1 V3 16.00 107.47 24.60 26.78 bc 

T1 V4 15.63 105.84 20.76 20.03 j 

T1 V5 14.87 97.13 28.76 21.45 h 

T2 V1 13.41 101.08 21.94 24.73 e 

T2 V2 13.71 95.34 19.46 26.80 b 

T2 V3 15.23 103.54 25.99 26.40 d 

T2 V4 15.43 99.97 24.50 20.05 j 

T2 V5 14.73 94.19 30.87 21.26 h 

T3 V1 12.28 88.84 26.72 23.95 g 

T3 V2 12.59 83.82 26.26 26.58 cd 

T3 V3 13.5 93.8 31.16 26.52 d 

T3 V4 13.1 91.62 24.19 19.76 k 

T3 V5 12.86 84.39 35.87 20.89 i 

LSD (0.5) NS NS NS 0.20 

CV (%) 13.65 3.63 13.35 0.51 

 

  

 T1= Transplanting of seedlings on 15 January 

T2= Transplanting of seedlings on 30 January 

T3= Transplanting of seedlings on 14 February 

V1= BRRI dhan67 

V2= BRRI dhan68 

V3= BRRI dhan74 

V4= BRRI dhan81 
V5= BRRI dhan86 

NS= Non-significant 
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Significantly highest number of filled grain panicle
–1

 (102.60) produced by BRRI 

dhan74 which is statistically similar with BRRI dhan67 and BRRI dhan81 (Table 2). 

Our results are in line with previous findings (Roy et al., 2019; Sultana et al., 2020) 

who noted that number of filled grain varied with varietal variation. Interaction of 

transplanting date and variety had no effect on number of filled grain panicle
–1 

(Table 

2). 

Unfilled grain panicle
–1

 

The number of unfilled grain panicle
–1

 varied with the variation of transplanting date 

(Table 2). Late-planted seedlings (14
th
 February) produced significantly highest 

number of unfilled grain panicle
–1

 (28.41). Early-planted seedlings (15
th
 January) 

produced the lowest number of unfilled grain panicle
–1

 which was statistically similar 

with the treatment transplanted on January 30. Late planting increased unfilled grain 

panicle
–1

 due to tropical-storm related lodging, heat damage during heading, 

flowering stage of rice (Reza et al., 2011).  

Significantly highest number (31.83) of unfilled grain panicle
–1

 noticed in BRRI 

dhan86 (Table 2). The lowest number (21.62) of unfilled grain panicle
–1

 observed in 

BRRI dhan68, which was statistically similar with BRRI dhan67 and BRRI dhan81. 

Interaction of transplanting date and variety showed no influence on unfilled grain 

panicle
–1

 (Table 2). 

Thousand grain weight 

Thousand grain weight decreased with delay of transplanting (Table 2). The highest 

1000-grain weight (23.97 g) was recorded from early-planted rice seedlings 

(Transplanted on 15
th
 January) and the lowest 1000-grain weight (23.54 g) was 

recorded from seedlings transplanted on February 14. Proper planting time ensures 

optimum temperature and sunshine hours during flowering, heading and dough stage 

which increase fertilization and partitioning (Reza et al., 2012; Patel et al., 2019). 

Early-planted seedlings (15
th
 January transplantation) usually exposed the panicle 

initiation, booting, heading and flowering stage during second half of February when 

temperature remain around 30
o
C which conforms optimum temperature for proper 

fertilization and partitioning. Consequently, filled grain panicle
–1

 and thousand grain 

weight increased in early-planted seedlings. 

Thousand grain weight usually varies from variety to variety due to differences on 

individual seed size and weight. Our results revealed that thousand grain weight 

influenced by varietal variation (Table 2). The highest 1000-grain weight (26.84 g) 

was observed in BRRI dhan68 and the lowest 1000-grain weight (21.20 g) was 

recorded in BRRI dhan86. Our results are in line with Roy et al. (2019) who reported 

that 1000-grain weight varied with varietal variation. 

Interaction of transplanting date and variety greatly influenced 1000-grain weight of 

Boro rice (Table 2). The highest 1000-grain weight (27.12 g) was recorded from 
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BRRI dhan68 when transplanted on January 30 and the lowest 1000-grain weight 

(19.76 g) recorded from BRRI dhan86 when transplanted on February 14. 

Grain yield 

Grain yield of rice was significantly affected by transplanting date (Table 3). The 

highest grain yield (5.26 t ha
–1

) was obtained from early-transplanted seedlings 

(Transplanted on January 15) and the lowest grain yield from late-transplanted 

seedlings (Transplanted on February 15). Delayed transplanting decreased grain yield 

because of lower filled grain panicle
–1 

and 1000-grain weight. Chopra et al. (2006) 

reported that maximum yield of rice was obtained when rice plants exposed to 

appropriate temperature range by controlling sowing and/ or transplanting time. 

Proper planting time ensures optimum temperature and sunshine hours during 

flowering, heading and dough stage which increase fertilization and partitioning 

(Reza et al., 2011; Patel et al., 2019). Delayed transplanting causes higher disease 

and insect incidence, tropical storm-related lodging. Late transplanting also causes 

possible heat damage during heading, flowering and the grain filling stage (Reza et 

al., 2011). Our results revealed that early-transplanted seedlings confirmed higher 

grain yield and late-transplanted seedlings confirmed lower grain yield. These results 

in agreement with studies of Ali et al. (2019) who reported that yield reduction 

started after transplanting of 21
st
 January at Cumilla districts in case of different Boro 

rice varieties. 

Grain yield of Boro rice influenced by varietal variation (Table 3). The highest grain 

yield (5.95 t ha
–1

) was obtained from BRRI dhan74 and the lowest grain yield (3.96 t 

ha
–1

) from BRRI dhan86. BRRI dhan74 produced the highest grain yield compared 

with others as it also produced highest effective tillers and filled grain compared with 

others. Our results are supported by several previous studies (Mannan et al., 2012, 

Hussain et al., 2014; Chowhan et al., 2019 and Ali et al., 2019). They reported that 

different varieties showed different grain yield by showing differences in effective 

tillers hill
–1

, filled grain panicle
–1

 and 1000-grain weight. 

Interactive effect of transplanting date and variety significantly influenced the grain 

yield of Boro rice. The highest grain yield (6.67 t ha
–1

) was recorded from BRRI 

dhan74 when transplanted on January 15 (Table 3). BRRI dhan74 had higher 

potentiality in higher grain yield production by producing the highest number of 

effective tillers hill
–1

 and number of grain panicle
–1

. Early-transplanted seedlings also 

showed potential in production of effective tillers per hill, grain per panicle and 

consequently grain yield. The lowest grain yield (3.80 t ha
–1

) was recorded from 

BRRI dhan67 when transplanted on February 14 as late-transplanted seedling showed 

lower filled grain per panicle and lower effective tillers per hill.  
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Table 3.  Effect of transplanting date and variety on grain yield, straw yield, 

biological yield and harvest index of Boro rice varieties in Lalmai-Hill area. 

Treatments Grain yield 

(t ha–1) 

Straw yield 

(t ha–1) 

Biological yield 

(t ha–1) 

Harvest index 

Transplanting date 

T1 5.26 a 8.02 13.28 a 0.4 a 

T2 4.92 b 8 12.92 b 0.38 b 

T3 4.02 c 8.01 12.03 c 0.33 c 

LSD (0.5) 0.13 NS 0.20 0.01 

CV (%) 3.72 2.77 2.09 3.18 

Variety 

V1 4.31 c 8.35 b 12.658 b 0.34 c 

V2 4.98 b 6.91 d 11.892 c 0.42 a 

V3 5.95 a 8.38 b 14.331 a 0.42 a 

V4 4.45 c 7.7 c 12.146 c 0.37 b 

V5 3.96 d 8.71 a 12.677 b 0.31 d 

LSD (0.5) 0.17 0.21 0.26 0.01 

CV (%) 3.72 2.77 2.09 3.18 

Transplanting Date × Variety 

T1 V1 4.79 ef 8.45 13.236 b 0.36 cd 

T1 V2 5.63 c 7.08 12.705 c 0.44 a 

T1 V3 6.67 a 8.38 15.039 a 0.44 a 

T1 V4 4.86 e 7.71 12.562 c-e 0.39 b 

T1 V5 4.37 gh 8.46 12.834 bc 0.35 e 

T2 V1 4.34 gh 8.32 12.658 cd 0.34 de 

T2 V2 5.29 d 6.81 12.096 fg 0.44 a 

T2 V3 6.26 b 8.49 14.752 a 0.42 a 

T2 V4 4.52 fg 7.63 12.145 e-g 0.37 bc 

T2 V5 4.18 hi 8.77 12.953 bc 0.32 ef 

T3 V1 3.80 j 8.28 12.079 fg 0.31 f 

T3 V2 4.03 ij 6.84 10.876 h 0.37 bc 

T3 V3 4.94 e 8.26 13.201 b 0.37 bc 

T3 V4 3.98 ij 7.75 11.731 g 0.34 e 

T3 V5 3.34 k 8.91 12.244 d-f 0.27 g 

LSD (0.5) 0.29 NS 0.45 0.02 

CV (%) 3.72 3.72 2.09 3.18 

 

 T1= Transplanting of seedlings on 15 January 

T2= Transplanting of seedlings on 30 January 

T3= Transplanting of seedlings on 14 February 

V1= BRRI dhan67 

V2= BRRI dhan68 

V3= BRRI dhan74 

V4= BRRI dhan81 
V5= BRRI dhan86 

NS= Non-significant 
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Straw yield 

Transplanting of Boro rice seedlings in different date did not affect straw yield (Table 

3). Varietal variation significantly influenced straw yield of Boro rice. Different 

variety showed differences in straw yield (Table 3). The highest straw yield (8.71 t 

ha
–1

) was recorded from BRRI dhan86 and the lowest (6.91 t ha
–1

) from BRRI 

dhan68. Interaction of transplanting date and variety had no influence on straw yield 

of Boro rice (Table 3). 

Biological yield 

Variation in transplanting date influenced biological yield (Table 3). Early-

transplanted seedlings (Transplanted on January 15) produced highest biological 

yield (13.28 t ha
–1

) and late-planted seedlings (Transplanted on January 30) produced 

lowest biological yield (12.03 t ha
–1

). The highest biological yield was observed from 

early-transplanted seedlings as the highest grain yield was observed from early-

transplanted seedlings. Similar results are also reported by Mannan et al., (2012) who 

reported that the yield and yield attributes decreased with delaying of transplanting 

dates. 

Varietal variation significantly influenced biological yield of Boro rice (Table 3). The 

highest biological yield (14.33 t ha
–1

) was recorded from BRRI dhan74 and the 

lowest biological yield (11.89 t ha
–1

) was recorded from BRRI dhan68. These results 

agree with Roy et al. (2019) who noted that different varieties showed different grain 

yield, straw yield and biological yield. 

Interaction of transplanting date and variety affected biological yield of Boro rice 

(Table 3). The highest biological yield (15.04 t ha
–1

) was recorded from the BRRI 

dhan74 when transplanted on January 15. Similar results were also found from BRRI 

dhan74 when transplanted on January 30. However, the lowest biological yield 

recorded from BRRI dhan68 when transplanted on February 14. 

Harvest index  

The harvest index of Boro rice varied with the variation of transplanting date (Table 

3). The highest harvest index (0.4) was observed from early-transplanted seedlings 

and the lowest (0.33) from late-transplanted seedlings. Grain yield of Boro rice 

decreased with delaying of seedling transplanting which consequently influenced 

harvest index in similar way. 

Varietal variation also influenced harvest index of rice (Table 3). The highest harvest 

index (0.42) was observed from BRRI dhan68 and BRRI dhan74 and the lowest 

harvest index (0.31) from BRRI dhan81. 

Interaction of transplanting date and variety also significantly influenced harvest 

index of Boro rice (Table 3). The highest harvest index recorded from BRRI dhan68 

and BRRI dhan74 when transplanted on January 15 and 30. The lowest harvest index 

(0.27) recorded from BRRI dhan86 when planted on February 14. 
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Yield return 

Transplanting dates had significant effect on yield return as different transplanting 

date showed different grain yield, straw yield and total marketable yield (Grain yield 

+ Straw yield) (Table 4). The highest grain yield return (108,159 Tk ha
–1

) was 

recorded from early transplanted seedlings (Transplanted on January 15) as 

transplanting on this date also produced highest grain yield. Our findings revealed 

that return decreased gradually with delay of transplanting date. This reduction of 

monetary advantages along with delay of transplanting date was due to gradual 

reduction of grain yield. However, the lowest grain yield return was recorded from 

the seedlings transplanted on February 14. 

Transplanting dates had no impact on straw yield return as straw yield were not 

varied with transplanting date. Return of total marketable yield also varied with the 

variation of transplanting date (Table 4). Transplanting of seedlings on February 14 

showed lowest return (114,904 Tk ha
–1

) for total marketable yield.  

Table 4.  Effect of transplanting date and variety on return of grain yield, straw 

yield and biological yield return of Boro rice varieties in Lalmai-Hill area 

Treatments Grain yield return  

(Tk ha
–1

) 

Straw yield return  

(Tk ha
–1

) 

Marketable yield return  

(Tk ha
–1

) 

Transplanting date 

T1 108159 a 32056 140214 a 

T2 100990 b 32015 133005 b 

T3 82864 c 32040 114904 c 

LSD (0.05) 2734.2 NS 2744.8 

CV (%) 3.76 2.77 2.84 

Variety 

V1 92591 d 33405 b 125996 c 

V2 100127 c 27643 d 127770 c 

V3 111925 a 33510 b 145435 a 

V4 107516 b 30777 c 138293 b 

V5 74529 e 34850 a 109380 d 

LSD (0.05) 3529.8 858.36 3543.6 

CV (%) 3.76 2.77 2.84 
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Treatments Grain yield return  

(Tk ha
–1

) 

Straw yield return  

(Tk ha
–1

) 

Marketable yield return  

(Tk ha
–1

) 

Transplanting Date × Variety 

T1 V1 102949 e 33792 136741 cd 

T1 V2 113096 bc 28313 141409 c 

T1 V3 125258 a 33507 158765 a 

T1 V4 117264 b 30827 148091 b 

T1 V5 82225 g 33840 116065 f 

T2 V1 93210 f 33292 126502 e 

T2 V2 106262 de 27236 133498 d 

T2 V3 117713 b 33964 151677 b 

T2 V4 109118 cd 30507 139624 cd 

T2 V5 78647 g 35077 113724 fg 

T3 V1 81614 g 33131 114745 f 

T3 V2 81023 g 27379 108402 g 

T3 V3 92803 f 33059 125862 e 

T3 V4 96165 f 30997 127163 e 

T3 V5 62717 h 35633 98350 h 

LSD (0.05) 6113.8 NS 6137.6 

CV (%) 3.76 2.77 2.84 

 

Varietal variation greatly influenced the return of grain yield, straw yield and total 

marketable yield (Table 4).  The highest grain yield return (111,925 Tk ha
–1

) was 

recorded from BRRI dhan74 and the lowest monetary advantages (74,529 Taka) 

recorded from BRRI dhan86. The highest straw yield return (34,850 Tk ha
–1

) was 

recorded from BRRI dhan86 and the lowest from BRRI dhan68. However, the 

highest marketable yield return (145,435Tk ha
–1

) was recorded from BRRI dhan74 

and lowest return (109380 Tk ha
–1

) from BRRI dhan86. 

The combined effect of variety and transplanting date had great impact on return of 

grain yield and total marketable yield (Table 4). Interaction of transplanting date and 

variety had no impact on straw yield return. The highest grain yield return (125,258 

Tk ha
–1

) recorded from BRRI dhan74 when transplanted on January 15 and the lowest 

return (62,717 Tk ha
–1

) of grain yield from BRRI dhan86 when transplanted on 

February 14. Similarly, the highest marketable yield return (158,765 Tk ha
–1

) was 

 T1= Transplanting of seedlings on 15 January 

T2= Transplanting of seedlings on 30 January 

T3= Transplanting of seedlings on 14 February 

V1= BRRI dhan67 

V2= BRRI dhan68 

V3= BRRI dhan74 

V4= BRRI dhan81 
V5= BRRI dhan86 

NS= Non-significant 
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recorded from BRRI dhan74 when transplanted on January 15 and the lowest return 

from BRRI dhan86 when transplanted on February 14. 

CONCLUSION 

Our experimental results suggested that transplanting of Boro rice on January 15 

produced higher effective tiller hill
–1

, filled grain panicle
–1

, 1000-grain weight, grain 

yield, biological yield, harvest index and return than the delayed-transplanted 

seedlings (Transplanted on January 30 and February 14). Delaying of transplanting 

date decreased yield attributes, yield and return. Varietal variation also showed 

variation on yield of Boro rice. The highest grain (5.95 t ha
–1

) and biological yield 

(14.33 t ha
–1

) and marketable yield return (Tk. 145,435 ha
–1

) were recorded from 

BRRI dhan74 compared with other varieties. Transplanting of BRRI dhan74 on 

January 15 showed the highest grain yield and return and transplanting of BRRI 

dhan86 on February 14 showed the lowest grain yield. However, transplanting of any 

varieties after 15 January decreased grain yield and biological yield. Considering yield 

and return BRRI dhan74 is the most cost- effective variety for Lalmai-Hill area among 

the tested varieties. 
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ABSTRACT 

An experiment was conducted at a commercial banana orchard in 
Chitwan to find out the best chemical to increase the yield and quality of 
banana during the fruit development stage. The research was laid out in 
a randomized complete block design (RCBD) with seven treatments and 
three replications. The treatment included plant growth hormones GA3 
and Naphthalene acetic acid (NAA)@50 ppm and 100 ppm each. 
Similarly, Sulphate of Potash (SOP) was applied @1.5% and 2%. The 
first spray was applied soon after the bunch had completely opened, and 
the second spray was applied 15 days later. The effect of these 
chemicals on yield and quality parameters was observed. The result 
revealed that the application of GA3 @100 ppm increased the length, 
girth and weight of the bananas. Likewise, the highest weight of the third 
hand of the banana was also observed in GA3 @100 ppm, whereas 
minimum physiological loss in the weight of the finger and maximum pulp 
to peel ratio was observed in SOP @1.5%. Analyzing all these observed 
parameters, GA3 @100ppm was found to be the most suitable growth 
hormone to increase the overall yield while SOP @1.5% was found 
suitable to enhance the yield attributing characters of banana. 

Keywords: GA3, Grand Naine, NAA, Perishability, Productivity  

INTRODUCTION 

Banana (Musa paradisiaca L.) is a large herbaceous perennial plant belonging to the 

Musaceae family in the order Scitamineae (Sawant et al., 2018). Banana originated 

from the tropical region of South-East Asia and is also known as the "Apple of 

Paradise." It is one of the major fruit crops grown in tropical and subtropical regions. 

Modern edible varieties have evolved from two species i.e., Musa acuminata and 

Musa balbisiana, and their natural hybrids are originally found in rain forests of 

South-East Asia (Sawant et al., 2018). Commercial dessert cultivars (species Musa 
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acuminata or the hybrid Musa x paradisiaca, a cultigen) are imported in great 

quantities from the tropics; they are most widely eaten in temperate regions. In 

Nepal, most of the commercial banana plantations are concentrated below 300 m in 

the Terai region (Ranjitkar et al., 2015). Cavendish gained popularity in the 1950s 

after the destruction of previously mass-produced cultivar i.e., Gros Michel by 

Panama disease. This disease is caused by the fungal pathogen Fusarium sp. which 

infects the root region. The productivity is low in Nepal, i.e., only 6.20 mt/ha because 

of poor management practices (MoALD, 2019). One of the challenges banana 

growers faces is in yield and quality due to the lack of adequate pre-harvest methods, 

and farmers are not able to get the size and weight of banana as expected. Among 

several high yielding varieties, newly introduced varietiey i.e., Grand Naine (G9), a 

tissue-cultured variety, is popular among commercial farmers in Nepal. 

Banana needs the maximum amount of nutrients at the shooting stage, but it might 

not be able to uptake the required amount of nutrients from the soil due to various 

soil characteristics and environmental factors (Rajan et al., 2017). The lower 

productivity in Nepal is due to a lack of proper application of Plant Growth 

Hormones (PGR) and chemical fertilizers. The primary reason for lower yield is the 

unavailability of nutrients during shooting and fruit development. Lack of pre-harvest 

practices is one of the most important factors out of various factors responsible for 

the low yield and productivity of banana. Growth hormone GA3 induces elongation 

of the pseudo stem, abscission of flower parts, increases fruit size, and delays the 

senescence of fruit (Sathish et al., 2021). Naphthalene acetic acid (NAA) is a plant 

hormone in the auxin family that plays an important role in fruit formation, 

abscission, cell elongation, apical dominance, photoperiodism, and geotropism 

(Hossain et al., 2016). Banana is a potassium-loving plant, and high potassium 

availability is essential at the fruiting stage. Potassium influences fruit yield in 

general and fruit quality in particular  (Ganeshamurthy et al., 2011). The Sulphate of 

Potash (SOP) plays an important role in the quality attributes of banana.  

Post-shooting spray as pre-harvest practice can help to increase the size and quality 

of banana. A better comprehension of these pre-harvest practices can help to define 

the most appropriate cultural practices. The experiment was proposed on the 

application of GA3, NAA, and SOP to monitor the production and quality of banana 

fruit. Our general objective was to assess the effect of post-shooting bunch spray of 

different chemicals on the size, weight, and quality of banana. We intended to 

monitor the change in fruit yield and the beneficial effects of PGR and fertilizers on 

plant growth. This study will help to attain knowledge on pre-harvest hormone and 

nutrient management practices which will ultimately allow farmers to get better 

prices in the market with an increase in yield and quality. This study will also help 

farmers to increase perishability to make locally produced banana more acceptable to 

consumers.  
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MATERIALS AND METHODS 

The research was carried out from March 2021 to June 2021. The research was 

conducted in an already established commercial banana orchard located at Kalika 

Municipality in the Chitwan district of Nepal. Geographically, the research site is 

located at 27°42’05"N latitude and 84°31’41"E longitude 259 meters above sea level 

(Fig. 1). 

 

Figure 1. Map of Nepal showing Experimental Site 

Climatic Condition of the site 

The experimental site falls within the sub-tropical climate zone ie., the inner terai of 

Nepal. This place has three distinct seasons i.e., Rainy Monsoon (June-October), cool 

winter (November-February), and hot summer (March-May). The maximum 

temperature during the research occurred in April (37.87°C), while the lowest 

temperature occurred in March (18.74°C). Monsoon rainfall started after May and 

June received the highest rainfall during the research period. Relative humidity (RH) 

was only 24.95% in March, and it started rising after April reaching 82.33% in June. 

Design of Experiment 

The experiment was laid out in Randomized Complete Block Design (RCBD) with 

seven treatments, and each treatment was replicated thrice. 
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T1 = Control  

T2 = GA3 @50 ppm 

T3 = GA3 @100 ppm 

T4 = NAA @50 ppm 

T5 = NAA @100 ppm 

T6 = SOP @1.5% 

T7 = SOP @2% 

Variety: Grand Naine (G9) Number of sprays: Two;  

First spray: After the complete opening of bunch 

Second spray: 15 days after the first spray 

 

The variety selected for the experiment was the Grand Naine (G9) because of its 

better fruit quality and productivity. The banana orchard was prepared by deep 

ploughing, harrowing and, field levelling. At the time of planting, 60×60×60 cm
3
 pits 

were dug out at a spacing of 2 x 1.8 m
2
, and 15 kg of well decomposed Farm Yard 

Manure (FYM) was applied in each pit along with 350 g Urea, 240 g DAP, and 420 g 

MOP. 

 

      Figure 2. Grand Naine (G9) Variety in the experimental area 

Planting was carried out in the second week of April 2020. Selectively, well 

hardened, healthy tissue culture plants of G9 variety banana plant having 5 to 6 

leaves were used for planting. 

Preparation of solutions 

The required quantity of powder of Gibberellic acid (GA3) and Naphthalene Acetic 

Acid (NAA) was weighed and added in alcohol just sufficient to dissolve the powder, 

and then the final volume of the stock solution was made up with distilled water. The 
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required quantity of sulphate of potash powder was weighed and directly dissolved in 

distilled water, and then the final volume of one litre was made up to get the required 

sulphate of potash solution. The 200 ml volume of the solution was sufficient enough 

for thorough wetting of the bunch (Fig. 2). The first spray was given after the 

complete opening of the last hand, and the second spray was applied 15 days after the 

first spray. Spraying was done on a bunch from all sides with the help of a hand 

sprayer. 

Observations recorded 

The finger weight was measured by weighing four fingers from the 3
rd

 hand in grams 

with the help of a weighing scale and then the average was worked out. The length of 

the same fingers from the third hand was measured with a thread, and then the thread 

was measured on a scale, and finally, the average size of the fingers was expressed in 

centimetres. The girth of the same fingers from the third hand was measured 

similarly with the help of thread and the average size of the finger was expressed in 

centimetres. The fruits, which were used for recording the weight loss during 

ripening, were used to calculate peel weight as well as pulp weight. The bunches 

were harvested when the fruit colour changed from dark green to light green, and the 

ridges on the fruits disappeared. The third hand was separated from the bunch and 

weighed using a weighing scale. Loss in weight of fruit from the third hand was 

calculated based on the difference in fresh weight of the fruit at the time of harvesting 

and the weight of fruit at the time of ripening. The weight loss was then averaged per 

fruit and expressed in percentage. The fruits, used for recording the weight loss 

during ripening, were also used to calculate the pulp to peel ratio. It was calculated 

by dividing the respective pulp weight by the respective peel weight. 

Physiological loss in weight (PLW) = 
                           –                       

                          
 ×100% 

Statistical analysis 

The collected data was systematically arranged, compiled, and entered in MS Excel. 

Statistical software such as R studio v.3.6.3 and MS Excel 2016 were used for data 

analysis. Analysis of variance (ANOVA) and mean comparison by Duncan’s 

Multiple Range Test (DMRT) were performed using R-studio. Mean values were 

considered significantly different at a 5% level of significance. 

RESULTS AND DISCUSSION 

The results obtained from the field experiment were undertaken to assess the 

effectiveness of post-shooting bunch spray of chemicals on yield attributing 

characters and quality of banana are presented with the help of tables and figures 

wherever necessary. The results were assessed and discussed with supporting 

evidence from past literature. 
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Weight of finger (g) 

The analysis of variance (ANOVA) revealed that the different bunch spray of 

chemicals had a significant effect (P<0.001) on the weight of the finger (Fig. 3). In 

our research, the highest weight of the finger was obtained in the bunches sprayed 

with GA3 @100 ppm (122.79 g) which was statistically at par with GA3 @50 ppm 

(117.30g). Likewise, the weight of the finger in treatment NAA @100 ppm was 

114.66 g which was at par with treatments SOP @1.5% (112.11 g), NAA @50 ppm 

(109.25), and SOP @2% (108.80 g). However, the lowest finger weight was obtained 

in the control plot (101.66 g). The bunches sprayed twice with SOP (1.5%) and 

sleeved with 18 blue polythene were the most profitable, having the highest gross 

income and net return and the best benefit-to-cost ratio (Gamit and Prajapati, 2018). 

GA3, through exogenous application in the present investigation, might have kept the 

protein synthesis in an active state, allowing the fruit to continue growth for a longer 

period (Patel et al., 2011). Similar effects in bananas and Ebeed et al. (2008) in 

grapes and significant increase in the average weight of bananas when 1-2 month-old 

bunches were sprayed with GA3. 

 

Figure 3. Weight of finger of banana as influenced by different bunch spray of 

chemicals 

Length and girth of fingers (cm) 

The banana bunches which were sprayed with different chemicals showed a highly 

significant difference (P<0.01) in the length of the finger of the banana (Table 1). 

The longest finger of banana was obtained in a banana bunch sprayed with GA3 

@100 ppm (22.36 cm), whereas the shortest length of the finger was obtained in 
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control (18.78 cm) which was statistically at par with NAA @50 ppm (18.78 cm). 

However, GA3 @100 ppm treatment was statistically similar with GA3 @50 ppm 

(21.56 cm), NAA @100 ppm (21.18 cm), SOP @1.5% (21.11 cm), SOP @2% (20.91 

cm).  

The bunches sprayed with different chemicals also showed a significant difference 

(P<0.05) in the girth of fruits. The highest girth, i.e., 12.27 cm was observed in 

fingers of the bunch sprayed with GA3 @100 ppm which was statistically similar to 

GA3 @50 ppm (12.27 cm). The lowest girth of the finger was observed in the control 

(10.13 cm) which was at par with NAA @50 ppm (10.74 cm) and NAA @100 ppm 

(10.86 cm) (Table 1). 

Rajan et al. (2017) concluded the existence of a significant increase in berry size in 

all GA3 treatments (25, 50 and, 100 ppm) in terms of girth. Fratoni et al. (2017) and 

Kumar et al. (2008) reported a significant increase in banana bunch treated with 1.5% 

SOP as it induced faster growth of fingers, length, and the girth of fingers, ultimately 

increasing the girth of the bunch. The shallow rooting characteristic of plant 

necessitates vigorous manuring at the soil surface (Senthilkumar et al., 2017). Kumar 

et al. (2011) observed that fruit length had been increased significantly in the 

treatments involving 200 ppm GA3 spray starting from 60 days after shooting till 

harvest. He reported a significant increase in length, diameter, weight, and fruit yield 

per panicle when 15 ppm GA3 and 6% Urea were applied in a commercial variety of 

mango i.e, Kesar. 

Table 1. Length and girth of fingers of banana as influenced by different bunch spray 

of chemicals   

Treatment   Length of finger (cm)  Girth of finger (cm) 

Control  18.78
c
 10.13

d
 

GA3 @50 ppm  21.56
a
 12.27

ab
 

GA3 @100 ppm  22.36
a
 12.40

a
 

NAA @50 ppm  19.88
bc

 10.74
cd

 

NAA @100 ppm  21.18
ab

 10.86
bcd

 

SOP @1.5%  21.11
ab

 11.84
abc

 

SOP @2%  20.91
ab

 11.57
abc

 

LSD (0.05)  1.46 1.34 

SEm (±)  0.18 0.16 

F-probability  <0.01** <0.05* 

CV (%)  3.93 6.60 

Grand Mean  20.83 11.40 
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Weight of third hand (kg) 

The analysis of variance (Table 2) showed that the different bunch spray of chemicals 

had a significant effect on the weight of the third hand. The superiority in weight of 

the third hand was found in GA3 @100 ppm (1.95 kg). The third hand's lowest weight 

was found in control, i.e., 1.46 kg. GA3 brings about certain metabolic changes, 

which are reflected by more accumulation of food constituents in the fruit and 

thereby, through the increased weight of an individual berry, ultimately increased 

weight of the third hand. A similar effect was observed by Biswas and Lemtur (2014) 

when they studied the effect of GA3 50 mg/l on a bunch of characters of banana. They 

observed an increase in bunch weight, bunch length as well as weight of hands in 

GA3 as compared to control. 

Table 2. Weight of finger of banana as influenced by different bunch spray of 

chemicals 

Treatment  Weight of third hand (kg) 

Control 1.46
e
 

GA3 @50 ppm 1.77
b
 

GA3 @100 ppm 1.95
a
 

NAA @50 ppm 1.55
de

 

NAA @100 ppm 1.59
cde

 

SOP @1.5% 1.71
bc

 

SOP @2% 1.66
bcd

 

LSD (0.05) 0.13 

SEm (±) 0.02 

F-probability <0.001*** 

CV (%) 4.29 

Grand Mean 1.67 

Note: SEm, standard error of the mean; LSD, least significance difference; CV, coefficient of variation. 

Treatment means followed by the same letter(s) are non-significance differences on the Duncan multiple 

range test at 0.05 level of significance. 

Pulp and peel ratio of finger 

Bunch spray by different chemicals was found to be significant (P<0.05) in peel 

weight of finger (Table 3). Maximum peel weight was found in NAA @100 ppm 

(25.72 g), and it was statistically at par with all the treatments except control (21.41g) 

and SOP @1.5% (22.75 g), which has minimum peel weight. Similarly, pulp weight 

was also found significant (P<0.001) when bunches were sprayed with different 

chemicals (Table 4). Maximum pulp weight was obtained in GA3 @100 ppm (70.51 
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g), and it was statistically at par with GA3 @50 ppm and SOP @1.5%. However, 

minimum peel weight i.e., 54.28 g was obtained in control. 

Table 3. ANOVA of peel and pulp weight of banana as influenced by different bunch 

spray of chemicals. 

Peel Weight of Banana 

Source of 

Variation 
df Sum of Square Mean Square F value Pr(>F) 

Replication 2 12.394 6.1969 2.8095 0.09981 

Treatments 6 45.682 7.6137 3.4519 0.03221* 

Residual/Error 12 26.468 2.2057 
  

Pulp Weight of Banana 

Replication 2 0.22 0.112 0.0189 0.9813 

Treatments 6 616.03 102.671 17.2958 2.883e-05*** 

Residual/Error 12 71.23 5.936   

df - Degree of freedom; “*” Significant at 0.05 level of significance; “**” Significant at 0.01level of 

significance; “***” Significant at 0.001 level of significance. 

A highly significant difference (P<0.01) was found in the pulp: peel ratio when 

banana bunches were sprayed with different chemicals (Table 4). The highest pulp: 

peel ratio, i.e., 2.98, was noted in SOP 1.5%, which was at par with GA3 @50 ppm 

and GA3 @100 ppm, whereas the lowest pulp: peel ratio was noted in NAA @50 

ppm (2.30), which was statistically similar to NAA @100 ppm (2.39). 

Kumar and Kumar, (2007) observed similar significant effects with foliar spray of 

SOP @1.5% twice, initially after the opening of the last hand and 30 days later on 

pulp: peel ratio of banana. The high availability of potash at the finger development 

stage had an impact on yield and quality that supports the fruit development until 

harvesting. The assurance of the nutrients at this stage positively affects quality 

parameters. Retention of these nutrients at the fruit developing stage helps fruit bunch 

accumulate photosynthesis, thus contributing to fruit size, and ultimately to quality 

such as pulp: peel ratio. Potassium is a metabolic activator that boosts the rate of 

respiration and photosynthesis (Davies, 2003). 
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Table 4. Peel weight, Pulp weight and Pulp: Peel ratio of fingers of banana as 

influenced by different bunch spray of chemicals 

Treatment  Peel weight (g) Pulp weight (g) Pulp: Peel  

Control 21.41
c
 54.28

e
 2.53

bc
 

GA3 @50 ppm 23.88
abc

 68.42
a
 2.71

ab
 

GA3 @100 ppm 25.22
ab

 70.51
a
 2.82

ab
 

NAA @50 ppm 25.34
ab

 57.96
de

 2.30
c
 

NAA @100 ppm 25.72
a
 61.41

cd
 2.39

c
 

SOP @1.5% 22.75
bc

 67.00
ab

 2.98
a
 

SOP @2% 23.16
abc

 63.14
bc

 2.83
ab

 

LSD (0.05) 2.64 4.33 0.31 

SEm (±) 0.32 0.53 0.04 

F-probability <0.05* <0.001*** <0.01** 

CV (%) 6.21 3.85 6.52 

Grand Mean 23.93 63.24 2.65 

 

 

Figure 4. Physiological loss in weight of banana as influenced by different bunch 
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Physiological loss in weight (PLW) 

Different chemicals sprayed in bunches of banana show a highly significant 

difference (P<0.01) in the physiological loss in weight (Fig. 4). The minimum 

physiological loss in weight was recorded in SOP @1.5% (19.97%) and it was 

statistically at par with SOP @2%, GA3 @100 ppm and GA3 @50 ppm. However, the 

minimum physiological loss in weight was noted in Control (25.55%), which was 

statistically at par with NAA @100 ppm and NAA @50 ppm. The improvement 

regarding PLW could be possible by the synergistic relationship between Sulphur and 

Potassium and resulted in increased uptake of nutrients such as N, P, K and, S which 

enhanced dry matter content (Magray et al., 2017). Kumar and Kumar, (2008) 

observed that potassium application at the 1.5% level as sulphate of potash had a 

higher total dry matter production resulting in a lesser loss in weight during storage. 

CONCLUSION 

Post-shooting bunch spray significantly increased the yield and quality of banana. 

The use of GA3 @100 ppm and SOP @1.5% can increase banana’s overall yield and 

quality respectively.  A significant difference in girth of the banana,  the weight of 

the finger, finger length of banana, and pulp: peel ratio of banana was observed due 

to bunch spraying. Application of GA3 @100 ppm as a bunch spray in banana was the 

most effective chemical to increase the yield and yield attributing characteristics of 

banana. Since NAA @50 ppm increased peel weight and led to minimum pulp: peel 

ratio, spraying of NAA was not found economically feasible.. Similarly, SOP 

application @1.5% was most effective to increase the quality parameters such as 

pulp: peel ratio and physiological loss in weight. Similarly, cultivars, starting soil 

fertility, production method, and agroclimatic conditions influence nutrient selection 

and dosage, as well as time, mode, and frequency of administration. Further 

investigation is needed to find out more effective chemicals to enhance the quality of 

banana. 
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ABSTRACT 

Pesticide application against insect pest infestation is environmentally 
unsafe and costly. An attempt was taken to evaluate the solar light trap 
as ecofriendly and cost-effective approach in Transplanted Aman rice 
(BRRI dhan32) field at Barhatta Upazila (Sub-district) in Netrokona 
district of Bangladesh. It was found that rice pest like rice yellow stem 
borer, rice leaf roller, green leaf hopper, brown plant hopper, rice leaf 
miner, rice gall midge, white leafhopper, rice bug, rice ear cutting 
caterpillar, white-backed planthopper, rice caseworm, grasshopper, rice 
skipper and rice beetle were the major insects that captured under the 
solar light traps. Some beneficial insects were also attracted by the trap 
these were ladybird beetle, water scavenger, giant water bug, ground 
beetle, rove beetle, damsel fly. All the harmful and the beneficial insects 
were belonging the order of Lepidoptera, Hemiptera, Orthoptera, 
Coleoptera, Diptera and Odonata. Though the mean yield of rice was 
statistically insignificant in both fields, the light trap installed fields 
required the less frequency of pesticides than the control fields which 
ultimately rendered the low pesticides cost in a great extent. On an 
average 1,034 BDT was reduced in per hectare.  

Keywords: Solar light trap, Ecofriendly, Cost effectiveness, Rice pests 

INTRODUCTION 

Rice (Oryza sativa L.) is one of the most important crops in the world and grown in 

177 countries. In Asia, around 2.7 billion people consume rice as a staple food 

(Kumar et al., 2009). In Bangladesh rice (Oryza sativa L.) dominates the cropping 

pattern throughout the country as almost 90 percent of populations depend on rice. 

Bangladesh ranked fourth concerning rice production among the rice-producing 

countries (FAO, 2019). It is the staple food of about 160 million people in 

Bangladesh. It provides caloric intake to over 63% of urban consumers and over 71 
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% for the rural population (Alam, 2013). It generates half of the agricultural GDP and 

one-sixth of Bangladesh’s national revenue. Moreover, the rice sector provides nearly 

48% of rural employment. About 11.39 million hectares of land are used for rice 

cultivation to produce 35.05 million metric tons of rice (BBS, 2018). Around 18% of 

the national rice production was covered by the haor (bowl shaped swallow 

depression which is flooded during the monsoon) areas (Huq et al., 2012). Netrakona 

was one of the seven haor districts consisted of 52 hoars. As the area was prone to 

frequent flooding, the farmers preferred to cultivate rice than vegetable crops 

(BHWDB, 2012). Different rice varieties have been developed by Bangladesh Rice 

Research Institute (BRRI) over the years including high yielding and modern variety 

to increase the yield of the crop as well as to reduce the cost of production of rice.  

As most of our farmers mainly rely on rice cultivation for their livelihood, from the 

expectation of higher yields, farmers are now being encouraged to cultivate hybrid 

variety rather than local variety (Sivagnanam and Murugan, 2020). But the main 

concern regarding rice cultivation in Bangladesh is the harmful insect pests that cause 

enormous yield loss (Mackill, 2018). Bangladesh has a tropical monsoon climate 

characterized by wide seasonal variations in rainfall, temperature and humidity. The 

infestation of pests in the rice ecosystem is rising day by day due to the climate 

change (Alam, 2013). Around 800 insect species associated with the rice ecosystem 

have been reported throughout the world. Out of these, 100 insect species are 

considered as harmful for the rice ecosystem and the rest of them are considered as 

friendly species (Pathak, 1970).  About 20 species were identified as the most 

harmful insects that causes around 15-90% yield loss in rice (Pathak and Khan, 

1994). Brown plant hopper, yellow stem borer, Rice bug etc. are considered as the 

major insects in the rice ecosystem (Moses et al., 2019). To reduce insect infestation 

in the rice field, farmers are practicing different insect management technologies. 

Different types of methods are used for insect management viz. cultural, mechanical, 

physical, chemical and biological method (Alam, 2013). In Bangladesh, most of the 

farmer prefers chemical method for insect pest management. This irrational use of 

chemical pesticides in the rice ecosystem increases the cost of production and has a 

long-term residual impact on the environment and biodiversity (Yaqub et al., 2017; 

Sun et al., 2018;). Rice is cultivated around the haor area in Boro season, using 

chemical pesticides is so dangerous for the aquatic biodiversity of haor areas. There 

are plenty evidences that represents the harmfulness of chemical insecticides and 

their residues to fish (Salam et al., 2015; Rahman et al., 2020).  

Every year thousand tons of chemical insecticides are being used in Bangladesh. 

Pesticide use has increased 400% per acre and the cost increased by 600% during the 

couple of decades. The sales of pesticides were doubled between 1985 and 1990. 

Currently, 84 pesticides have been registered in Bangladesh which belonging to 242 

trade names. In rice fields, over 80% of total pesticides are used (Parveen and 

Nakagoshi, 2001). In 2017, the farmers of Bangladesh used around 37,258 metric 

tons of chemical pesticides in their crop fields (DAE, 2018). To fulfill this enormous 
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demand, the government has to import a huge amount of pesticide from other 

countries. Moreover, this tremendous and indiscriminate use of pesticides is 

increasing the cost of production of rice. According to Bangladesh Crop Protection 

Association (BCPA), the annual import cost stands nearly 200 million USD 

(Khandker and Hossain, 2017). Considering the economic conditions of the farmers 

and the alarming effects of chemical pesticides on the environment, alternate pest 

management tools should be reconsidered. Recently light trap is used for pest control 

in many agroecosystems (Lee et al., 2017; Yee, 2017; Abd Rahman et al., 2018; 

Sunitha, 2018; Patidar et al., 2019). The light trap is an ecofriendly management tool 

that manages the pest by conserving the insect species at a minimum level (Sunitha, 

2018). This trap mainly captured the nocturnal harmful insects (Abd Rahman et al., 

2018). However, the conventional light trap has some limitations (Kunz, 1988; 

Gavhande et al., 2019). It cannot be used in some rural areas. This problem is solved 

by the solar light trap which can be set up in any place (Meshram et al., 2018). This 

solar light trap is being used in many parts of the world (Kadel et al., 2018; Band et 

al., 2019). Generally, the solar light trap is used for monitoring and forecasting of 

pest (Kammar et al., 2020). However, very few researches have been done on the 

cost reduction of pesticides by using the solar light trap. Therefore, our research was 

aimed to investigate the cost reduction of pesticides in rice field by using the solar 

light trap. 

MATERIALS AND METHODS 

Study site 

The study was conducted in Barhatta Upazila (Sub-district) (24⁰51 to 25⁰00 North 

latitude and 90⁰46 to 91⁰00 East longitude) of Netrokona district of Bangladesh 

(Figure 1) Seven blocks (Agricultural unit area mapped by Department of Agriculture 

Extension, DAE) i.e., Ramvodrapur, Shalpodoshal, Otitpur, Chotokoilati, Roymadov, 

Singhdha and Fokirer Barzar blocks of seven unions (unit area of Sub-district) in 

Barhatta Upazila were considered for the experimental site. Insects especially rice 

yellow stem borer, Rice leaf roller, rice bug, green leaf hopper prone area were 

selected during the block selection.  

Experimental design 

Rice field were categorized into control (without light trap) and experimental field 

(with installation of light trap) Each block has one control field and one experimental 

field. Transplanted Aman rice variety (BRRI dhan32) was selected to conduct the 

research. 

 

  



174 Rashid et al. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Barhatta Upazila of Netrokona District of Bangladesh  

[Source: https://bdmaps.blogspot.com/2011/11/barhatta-upazila.html] 

Land preparation 

Each control and experimental field size were 1 ha composed of several small plots. 

Ploughing was done by power tiller. During puddling, manure and chemical fertilizer 

were used as basal dose. The fertilizers doses were used in the field as Urea 195 kg, 

TSP 60 kg, MoP 105 kg and Gypsums 68 kg, Zinc Sulphate 12 kg per hectare, 

respectively. TSP, MoP, Gypsum and Zinc fertilizers were used during land 

preparation. Urea was used into three splits, first split was in 15 to 20 days after 

transplanting, second split was in 35 to 40 days and third or final split was done 55 to 

60 days after transplanting of the seedlings. 

Seedlings raising and transplanting 

Seedlings were raised in an ideal seedbed. Around 30 days seedlings were 

transplanted during mid-August 2019. Seedlings were transplanted by following the 

line sowing method.  

Intercultural operations 

Frequent weeding i.e. three times weeding was done. Fertilizer application was done 

as per need based. Perching was practiced in both categorized of fields. Depending 

on the requirement, assessed by the presence of insects in the transplanted Aman rice 

field, different types of insecticides were applied both in control and experimental 

fields e.g. Sunfuran 5G (Carbofuran), Marshal 20EC (Carbosulfan), Imitaf 20SL 

(Imidacloprid), Virtako 40WG (Thiamethoxam 20% + Chloraniliprole 20%), Suntap 

50SP (Cartap), Diazinon 60EC (Diazinon), Dursban 20EC (Chlorpyrifos), Nitro 

505EC (Chlorpyrifos 50% + Cypermathrin 5%), Regent 50 SC (Fipronil). 

Supplementary irrigation was also provided as per needed. 
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Solar Light Trap setting and insect collection  

Seven solar light traps were set up in 1
st
 week of September 2019 in seven locations 

of Barhatta Upazila of Netrokona (Figure 2 and Table 1). The bottom portion of the 

solar light trap was fixed in soil with cementing materials. A bulb with a holder was 

tightened with the straight frame to prevent it from the collapse. A bowl was set up 

under the frame to collect the insect samples. The bucket was filled with detergent 

mixed water to keep the insect samples. A solar panel was set up at the top of the 

frame which was charged in daytime and used after sunset around 6 pm through the 

bulb. Data on insect samples were collected on each Wednesday from the solar light 

trap for nine times during the whole season. Mainly nocturnal insects were trapped in 

the light traps. Insects were collected from the bowl in the morning at 10 am and the 

bowl was replaced with fresh detergent water in every Wednesday. The farmers of 

the consecutive field were involved in the insect collection. The trapped insects were 

washed after hand picking. After washing, the insects were preserved in a jar 

containing 70% formaldehyde solution and kept for further identification and 

analysis. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Experimental setup of solar light trap at T-Aman rice field in Barhatta 

Upazila of Netrokona district 

Data analysis 

The preserved collected insect samples were analyzed in the entomology laboratory 

of Sylhet Agricultural University. We classified the major insects according to their 

common name and orders. Data on pesticides use frequency were recorded. The yield 

of transplanted Aman rice (BRRI dhan32) was assessed both in control and in 

experimental plot. The independent t-test was performed to compare the means of 

yield by using IBM SPSS 26 software. Finally, we compared the cost of pesticides in 

both the control and experimental plots to assess the cost-effectiveness of the solar 

light trap in the transplanted Aman rice fields.  



176 Rashid et al. 

Table 1. Details of the solar light trap used in the T-Aman rice field of Barhatta 

Upazila of Netrokona district in 2019  

Description of the product  Specification  

Solar Panel 20Wp (Approved Brand) 

Battery 

 

(Sealed lead Acid Battery) 

Volts = 12.0 (6x2), AH = 4.5, time 4 hours 

Controller with box (Micro Controller 

based) 

 

Load Cable, panel cable, etc.  

Rated Voltage: Input Voltage-20volt Dc 

Output Voltage: 12 Volt Dc 

Rated charging Current:   

HVD :14.2          

LED Display:  

Box Dimension: 7.5x8.5x5.5″ Digital print  

Inside the wooden box for battery 

Bulb Pest attractive bulb, Rated voltage: 12 V 

Rated power: 3W UV LED 

Light Trap Frame/ stand with light shade (As per BRRI specification 50 cm diameter) 

Accessories (Holder, wire for connection and hanging) 

Plastic bowl capacity 20 L 

RESULTS AND DISCUSSION 

Results showed that many insects from different Orders were captured under the 

solar light trap (Figure 3). Light trap mainly attracts the nocturnal insects. Nocturnal 

insects have the affinity to the light wavelength during night. Park and Lee, (2017); 

Sridhar and Kumaran, (2018), reported that insects showed different levels of affinity 

to the different wavelength of the light trap. 

 

 

 

 

 

 

 

 

 

Figure 3. Insects captured under the solar light trap at T. Aman rice field in Barhatta 

Upazila of Netrokona district 
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After identification of the preserved sample, it was found that insects belonging to 

the order of Lepidoptera, Hemiptera, Orthoptera, Coleoptera, Diptera and Odonata 

were mainly captured under the trap. Most common insects trapped in the solar light 

trap were rice yellow stem borer, rice leaf roller, green leaf hopper, brown plant 

hopper, rice leaf miner, rice gall midge, white leafhopper, rice bug, rice ear cutting 

caterpillar, white-backed planthopper, rice caseworm, grasshopper, rice skipper and 

rice beetle (Table 2). Meena et al., (2018) reported that 40 insect species of the Order 

Lepidoptera were caught when they had installed a light trap in the rice field. Light 

trap also showed positive effects on capturing the pest of other crops. Sridhar and 

Kumaran, (2018) found that light trap can be utilized as an effective component for 

the management of Tuta absoluta (Lepidoptera: Gelechiidae) on Tomato. 

Table 2. Insect pest captured under the solar light trap in the Transplanted Aman rice 

field of Barhatta Upazila of Netrokona district in 2019  

Insects  Scientific name Family Order 

Rice yellow stem borer Scirpophaga incertulas (Walker) Crambidae Lepidoptera 

Rice leaf roller Cnaphalocrocis medinalis (Guenee) Pyralidae Lepidoptera 

Green leaf hopper Nephotettix virescens (Distant) Cicadellidae Hemiptera 

Brown planthopper Nilaparvata lugens (Stal) Delphacidae Hemiptera 

Rice leaf miner Hydrellia philippina Ephydridae Diptera 

Rice gall midge Orseolia oryzae (Wood-Mason) Cecidomyiidae Diptera 

White leafhopper Cofana spectra Cicadellidae Hemiptera 

Rice bug Leptocorisa acuta (Thunberg) Alydidae Hemiptera 

Rice ear cutting caterpillar Mythimna separate (Walker) Noctuidae Lepidoptera 

White-backed planthopper Sogatella furcifera Delphacidae Hemiptera 

Rice caseworm Nymphula depunctalis (Guenee) Crambidae Lepidoptera 

Grasshopper Oxya sp. Acrididae Orthoptera 

Rice skipper Pelopidas mathias Hesperiidae Lepidoptera 

Rice beetle Dyscinetus morator Scarabaeidae Coleoptera 

Some of beneficial insects were also attracted by light such as ladybird beetle, water 

scavenger, giant water bug, ground beetle, rove beetle, damselfly. Our research 

revealed that solar light trap captured both the beneficial and harmful insect species 

(Table 3). This refers those nocturnal insects can be beneficial as well as harmful. 

Singh et al., (2018); Kammar et al., (2020) reported the capture of both beneficial and 

harmful insects under the light trap. 
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Table 3. Beneficial Insect captured under the solar light trap in the Transplanted 

Aman rice field of Barhatta upazila of Netrokona district in 2019  

Insects  Scientific name Family Order 

Ladybird beetle Coccinella septempunctata Coccinellidae Coleoptera  

Water scavenger  Hydrophilus triangularis (Say) Hydrophilidae Coleoptera 

Giant water bug Lethocerus americanus Belostomatidae Hemiptera  

Ground beetle Calleida decora  Carabidae  Coleoptera 

Rove beetle Paederus sp. Staphylinidae Coleoptera 

Damsel fly Nehalennia gracilis   Coenagrionidae Odonata  

Due to regular light trapping, farmers decided to use pesticide based on insect’s 

presence. Pesticides application in the rice field is very common practice in 

Bangladesh (Islam et al., 2016; Sumon et al., 2016; Rahaman et al., 2018). Farmers 

used comparatively less pesticides in experimental plot area than control plot. All of 

the control plots required 3 times of pesticide application while experimental plots 

required only 1 or 2 times of pesticide application. The average frequency of 

pesticide application in control and experimental plots were 3 and 1.6 respectively. 

This indicated that almost half of the pesticide usage could be reduced by setting up 

the solar light trap in rice field.  

Harvesting of rice was done during mid-November 2019. Average yield of BRRI 

dhan32 was estimated as 2.92±0.036 MT and 2.9±0.03 MT per hectare in control and 

experimental field respectively. It was found that there was no statistical significance 

(p value=0.501) between the mean yield of rice in control and experimental field 

(Figure 4).  

 

Figure 4. Mean yield (MT ha
-1

) of Transplant-Aman rice (BRRI dhan32) in different 

fields of Barhatta Upazila of Netrokona district in 2019.  Similar lettering 

represents statistical similarity between the treatments at 5% level of 

significance 

2.82 

2.84 

2.86 

2.88 

2.90 

2.92 

2.94 

2.96 

2.98 

Control field (Without Solar Trap) Experimental field (With Solar Trap) 

M
ea

n
 y

ie
ld

 (
M

T
 h

a-1
) 

Treatments 

a 

a 



EFFECT OF SOLAR LIGHT TRAP IN RICE FIELD  179 

Though the yield of rice was statistically insignificant, the solar light trap contributed 

to the reduction of pesticide load in the rice field. The solar light trap served here as 

an eco-friendly management tool against the harmful insect of the experimental 

fields. Alam, (2013) used light trap as an insect management technology in rice 

ecosystem at the area of Chittagong, Rajshahi, Gaibandha, Tangail, and Jalukathi 

district. When we calculated the cost on the use of pesticides, it was found that solar 

light trap installed fields required less amount of pesticides (Table 4). 

Table 4. Pesticide costing in T. Aman rice (BRRI dhan32) in different locations of 

Barhattaupazila of Netrokona district in 2019 

Location Frequency 

of pesticide 

application 

in control 

field 

Frequency of 

pesticide 

application in 

experimental 

field 

Cost in 

Control field 

(BDT ha-1) 

Cost in 

Experimenta

l field (BDT 

ha-1) 

Reduction of 

Cost 

(BDT ha-1) 

Reduction 

(%) 

Ramvodrapur 03 01 3262 1950 1312 40.2 

Sholpadhoshal 03 02 3375 2400 975 28.9 

Otitpur 03 01 2775 1875 900 32.4 

ChotoKoilati 03 02 3337 2325 1012 30.3 

Raimadov 03 02 3225 2250 975 30.2 

Fokirer Bazar 03 02 3525 2625 900 25.5 

Singhdha 03 01 3262 2100 1162 35.6 

Average 03 1.6 3252 2218 1034 31.8 

Therefore, it reduced the cost of pesticide per hectare. The maximum reduction 

percentage of pesticide cost was found in Ramvodrapur which was 40.2% and 

minimum reduction percentage of pesticide cost was found in Fokirer Bazar which 

was 25.5%. Finally, it saved around 1034 BDT in an experimental plot area (1 ha) 

which is equivalent to 31.8% of the cost of pesticides. Siddiquee et al. (2019) 

reported that the pesticide cost from total cost of production ranges from 12.8-13.6%. 

Solar light trap reduced the cost of production through the less frequency of 

application of pesticides against different harmful pest of rice.  

CONCLUSION 

The solar light trap was found to be effective to capture different insect species in the 

rice field. This trap was able to reduce the pesticide load to manage harmful insects 

while sustaining the yield of rice. The reduction of pesticide use resulted in lower 
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cost of pesticides in rice field. Therefore, the solar light trap can be a sustainable 

management tool to reduce both the harmful insects and cost of pesticides used in 

rice fields. 
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ABSTRACT 

The study was aimed to evaluate the effect of different levels of carrot 
with ginger on the quality attributes of chicken nuggets. For this 
purpose, chicken meat samples were divided into four treatment 
groups viz. T0 (Control), T1 (1% ginger and 4% carrot), T2 (1% ginger 
and 8% carrot) and T3 (1% ginger and 12% carrot). Days of intervals 
were 0, 15, 30 and 45

th
 days. Samples were preserved at -20º C for 45 

days. An ANOVA of a 4×4 factorial experiment in completely 
randomized design having three replications per treatment was used 
for analyses of data. Sensory, proximate, physicochemical, 
biochemical and microbiological analyses were determined. Color, 
flavor, juiciness, tenderness and overall acceptability increased 
significantly (p<0.05) among the different treatment groups but 
decreased at different days of intervals. Dry matter (DM) content 
decreased significantly (p<0.05) with different treatment levels and 
increased with days of intervals. Crude protein (CP), Ether extract (EE) 
and ash content of all treatments were decreased significantly (p<0.05) 
among different treatment groups. Free fatty acids (FFAs), peroxide 
value (POV) and thiobarbituric acid reactive substances (TBARS) 
values were decreased significantly (p<0.05) with different treatment 
levels and increased with days of intervals. Total viable count (TVC), 
total coliform count (TCC) and total yeast mold count (TYMC) 
decreased significantly (p<0.05) at different treatments. On the basis of 
sensory, physicochemical, biochemical and microbial properties 
indicate that T3 was the best among treatment groups. Hence, 12% 
carrots with 1% ginger extracts may be recommended for formulation 
of value added chicken nuggets as enriched dietary fiber and natural 
antioxidant. 

Keywords: Chicken nugget, Carrot, Dietary fiber, Ginger, Natural 

antioxidant, Value addition. 
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INTRODUCTION 

Value added meat products are becoming popular recently in a geometrical rate 

(Bithi et al., 2020). Now a day’s consumers are concerned of the quality and safety of 

processed meat products. Meat and meat products are important sources of proteins, 

fats, essential amino acids, minerals, vitamins and other nutrients (Akhter et al., 

2009). The high saturated fatty acids content of such products results in a restriction 

of consumption for those who are prone to cardiovascular diseases and/or suffer from 

over weight (Wyness et al., 2011). Yet, fat is an important constituent of human 

nutrition and contribute to the flavor, tenderness, juiciness, appearance, texture and 

shelf life of meat products. The challenge for meat industry is to develop low-fat 

meat products without compromising sensory and texture characteristics (Bithi et al., 

2020). In recent years, poultry meat has gained much popularity among consumers. 

Health conscious consumers demand lower fat and higher dietary fiber in meat 

products. The incorporation of vegetables in comminuted meat products improves the 

yield, texture, fiber contents, oxidative stability, nutritional value and reduced 

production cost besides their inherent functional properties (Viuda-Martos et al., 

2010). Antioxidants have an ability to prevent or reduce oxidative damage of a tissue 

indirectly by enhancing natural defense of cell and/or directly by scavenging free 

radical species (Islam, et al., 2018; Jahan et al., 2018). Chicken nuggets are very 

popular to consumers. Nugget has high protein content, but poor of dietary fiber and 

vitamins. Various health problems such as colon cancer, obesity and cardiovascular 

disease can be caused by low fiber intake. Inclusion of carrot and ginger is a new 

concept in the products may solve the current fiber deficit to the consumers. Many 

vegetable fiber sources have been utilized in the development of fiber fortified meat 

products; however, frugal information is available on the utilization of carrot as a 

source of dietary fiber in development of meat products. Dietary fiber is one of the 

essential vital foods ingredients for human health in various aspects (Boby et al., 

2021). Many non-meat ingredients are also added to meatball to increase their 

nutritional and functional value (Saba et al. 2018). Carrot (Daucus carota) is a rich 

source of vitamin A (β- carotene) and dietary fiber. The β-carotene present in carrot 

acts as a strong anti carcinogenic agent to prevent heart attack, ulcers, colitis and 

stroke. It regulates sugar level and has laxative, antiseptic and vermicidal action 

(Kaur et al., 2015). Flavonoids are effective antioxidants because of their scavenging 

properties against free oxygen radicals, metal chelators and lipid peroxidation process 

(Rahman et al., 2017). Dietary fiber has beneficial effects on human health owing to 

its functional properties such as regulating the activity of large intestine. In recent 

years, consumers have started to focus on healthy foods, because of increasing in 

diabetes, cancer, cardiovascular diseases and obesity. For this reason, meat processing 

industries are manufacturing value added products by incorporating fibers in order to 

reduce calorie intake (Santhi and Kalaikannan, 2014). The use of non-meat ingredients 

such as fiber in chicken meat products can improve their functional properties, such as 

water holding capacity (WHC) and antioxidant characteristics. Ginger (Zingiber 
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officinale) is one of the most popular spices in oriental cuisine. Gingerol, gingerdiol, 

gingerdione and other compounds are responsible for antioxidant activities of ginger 

(Rababah et al., 2004). Current recommendations for dietary fiber intake are 25 g/d 

for women and 38 g/d for men in the United States and 20 g/d for women and 25 g/d 

for men in Korea (Jamaly et al., 2017). Ginger extract increases the appearance, 

flavor, tenderness and overall acceptability of food products (Naveena et al., 2001). 

Nugget is small cube chopped or ground meat which cooked various seasons that 

often mixed with bread crumbs and spices. Nugget is one kind of ready-to-eat food 

product which is gaining popularity day by day for higher consumers’ demands. 

Keeping in mind the above perspectives, the current research was carried out to 

examine the effect of carrot and ginger on sensory, proximate, physicochemical, 

biochemical, and microbiological properties of nuggets to find out the appropriate 

level of carrot and ginger extracts. 

MATERIALS AND METHODS 

The study was conducted from the period of June 2019 to December 2019 in the 

Department of Animal Science, Bangladesh Agricultural University, Mymensingh. 

The chicken meat sample was collected from the local market of Mymensingh. 

Chicken nuggets were prepared using fresh chicken meat, garlic pest, onion pest, 

ginger pest, meat spices, garam masala (spices), egg, biscuit crumbs, soybean oil, ice 

flakes, refined vegetable oil, refined wheat flower, carrots and ginger extracts, salt 

and sausage. There were four treatment groups, such as T0 = (Control group), T1 = 

(4% Carrot + 1% Ginger), T2 = (8% Carrot + 1% Ginger), T3 = (12% Carrot + 1% 

Ginger). Sensory qualities (Color, flavor, tenderness, juiciness and overall 

acceptability) were evaluated by a trained 6-members panel. Samples were evaluated 

after cooking. When internal temperature of meat reached at 71ºC then cooking was 

completed and the preparation was checked by a food grade thermometer (Rahman et 

al., 2020). After meat sample was used for sensory evaluation using a 5-point scoring 

method that ranks the panelist`s sense of qualities. Sensory scores were 5 for 

excellent, 4 for very good, 3 for good, 2 for fair and 1 for poor (Siddiqua et al., 

2018). All samples were served in petri dishes. Sensory evaluation was accomplished 

at 0 day and repeated at 15, 30 and 45 days. The DM, EE, CP and ash of nuggets 

were determined according to AOAC (2005). The pH of raw and cooked nuggets was 

determined using a digital pH meter. The cooking loss of nuggets was also 

determined by a weighing balance and a hot water bath. The FFAs, POV and TBARS 

values were determined by Sharma et al. (2012). The TVC, TCC and TYMC were 

determined according to standard protocol (Ikhlas et al., 2011). All determination 

was done in triplicate and mean values were reported. 

Statistical analysis 

Data were analyzed using 4x4 factorial experiment in completely randomized design 

replicated three times per cell using SAS 9.1.3 version Statistical Discovery software, 
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NC, USA. Duncan’s Multiple Range Test (DMRT) was used to determine the 

significance of differences among treatments means.  

RESULTS AND DISCUSSION 

Sensory evaluation 

The score ranges for color, flavor, tenderness, juiciness, and overall acceptability at 

different treatments were 3.50 to 4.42, 3.83 to 4.42, 3.50 to 4.25, 3.33 to 4.08 and 

3.50 to 4.33, respectively and days of interval were 3.17 to 4.67, 3.42 to 4.67, 2.83 to 

4.67, 2.58 to 4.67 and 3.00 to 4.67, respectively (Table 1). Color, tenderness, 

juiciness and overall acceptability significantly (p<0.05) increased with increasing 

levels of carrot extracts. Nevertheless, storage period negatively influenced to those 

parameters. Similar observations were reported by earlier researchers (Siddiqua et al., 

2018). Among different the herbs, cardamon is highly preferred in burfi followed by 

ginger, clove, curry leaves and tulsi (Prasad et al., 2017). Evidently, the current 

research revealed significant alteration of sensory attributes of meat products with the 

application of 12% carrot and 1% ginger extracts. Most preferable color, flavor, 

tenderness, juiciness, and overall acceptability were noticed in T3, while less preferred 

score was found in T0, except T2 for tenderness attribute. Most preferable color, 

flavor, tenderness, juiciness, and overall acceptability were found from 0 and 15
th
 day 

and less was on 45
th
 day. Gradual decline in appearance and color scores of nuggets 

stored at refrigeration conditions (-20ºC) might be due to pigment and lipid oxidation 

resulting in non-enzymatic browning between lipids and amino acids. A similar result 

was reported by Kumar and Tanwar (2011) in ground mustard incorporated with 

chicken nuggets. It was observed that the quality was deteriorated with increasing 

storage period. Flavor is one of the major causes of quality deterioration because it 

can be negatively affected the sensory attributes viz. color, texture, odor and flavor as 

well as the nutritional quality of the product (Nunez and Boleman, 2008). Irshad et al. 

(2016) reported that the flavor deterioration during storage was responsible due to 

microbial growth, formation of FFAs and oxidative rancidity. Tenderness is 

interrelated to DM content of the nuggets. With the increasing of storage period, the 

DM was increased consequently and tenderness was decreased with days of intervals.  

Proximate analysis 

The ranges for DM, CP, EE and ash at different treatments were 47.91 to 52.25, 

18.02 to 19.70, 8.90 to 10.66 and 1.53 to 2.19, respectively and days of interval were 

46.78 to 53.16, 17.92 to 19.41, 9.28 to 10.05 and 1.57 to 2.16, respectively (Table 2). 

All teatment parameters showed significantly decreased (p<0.05). The days of 

interval for DM, EE and ash was observed significantly increased (p<0.05), but CP 

significantly decreased (p<0.05). These results were not in agreement with the 

findings of Disha et al. (2020), Rima et al. (2019) and Sidiqua et al. (2018). The most 

preferable DM was found in T3 treatment groups. The lowest DM indicated that the 

product was most suitable for consumers. The DM was increased due to increase of  
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Table 1. Effect of carrot and ginger on sensory parameters in chicken nuggets  

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

Color 

0 4.33±0.33 4.67±0.33 4.67±0.33 45.00±0 4.67a±0.25 

p<0.01** p<0.01** p>0.10 

15 3.67±0.33 4.00±0.58 4.33±0.33 4.67±0.33 4.17ab±0.39 

30 3.33±0.33 3.67±0.33 4.00±0.58 4.33±0.33 3.83b±0.39 

45 2.67±0.33 3.00±0.58 3.33±0.33 3.67±0.33 3.17c±0.39 

Mean 3.50c±0.33 3.83bc±0.46 4.08ab±0.39 4.42a±0.25   

Flavor 

0 4.33±0.33 4.67±0.33 4.67±0.33 5.00±0.00 4.67a±0.25 

p>0.10 p<0.01** p>0.10 

15 4.33±0.33 4.67±0.33 4.33±0.33 4.67±0.33 4.50a±0.33 

30 3.67±0.33 4.33±0.33 4.33±0.33 4.33±0.33 4.17a±0.33 

45 3.00±0.58 3.67±0.33 3.33±0.33 3.67±0.33 3.42b±0.39 

Mean 3.83b±0.39 4.33ab±0.33 4.17ab±0.33 4.42a±0.25   

Tenderness 

0 4.33±0.33 4.67±0.33 4.67±0.33 5.00±0.00 4.67a±0.25 

p<0.01** p<0.01** p>0.10 

15 4.00±0.00 4.00±0.00 4.33±0.33 4.67±0.33 4.25a±0.17 

30 3.33±0.33 3.67±0.33 3.67±0.33 4.00±0.00 3.67b±0.25 

45 2.33±0.33 2.67±0.33 3.00±0.58 3.33±0.33 2.83c±0.39 

Mean 3.50b±0.25 3.75b±0.25 3.12ab±0.39 4.25a±0.17   

Juiciness 

0 4.33±0.33 4.67±0.33 4.67±0.33 5.00±0.00 4.67a±0.25 

p<0.01* p<0.01** p>0.27 

15 4.67±0.33 4.33±0.33 4.00±0.58 4.33±0.33 4.33a±0.39 

30 2.33±0.33 3.00±0.00 3.33±0.33 3.67±0.33 3.08b±0.25 

45 2.00±0.00 2.33±0.33 2.67±0.33 3.33±0.33 2.58c±0.25 

Mean 3.33b±0.25 3.58b±0.25 3.67ab±0.39 4.08a±0.25   

Overall 
acceptability 

0 4.33±0.33 4.67±0.33 4.67±0.33 5.00±0.00 4.67a±0.25 

p<0.01** p<0.01** p>0.98 

15 4.00±0.00 4.33±0.33 4.33±0.33 4.67±0.33 4.33a±0.25 

30 3.33±0.33 3.67±0.33 4.00±0.00 4.33±0.33 3.83b±0.25 

45 2.33±0.33 3.00±0.00 3.33±0.33 3.33±0.33 3.00c±0.25 

Mean 3.50b±0.25 3.92a±0.25 4.08a±0.25 4.33a±0.25   

Mean in each row having different superscripts varies significantly at values *p<0.05. T0= control 

group, T1=1% ginger and 4% carrot, T2= 1% ginger and 8% carrot and T3= 1% ginger and 12% carrot, 

DI=Days of intervals, Treat= Treatment, T*DI=Interaction of treatment and day intervals. 

storage period resulting moisture loss was decreased of increasing storage period. 

Similar results were found by Disha et al. (2020). Most preferable CP content was 

observed at 0 day and less preferable to CP content at 45 days. The probable reasons 

for decreased protein content may be attributed to the comparatively lower protein 

content of the carrot (Yadav et al. 2018). The highestt EE content was observed in 

nuggets of T3 group. The lowest amount of EE content indicated it was most 

preferable product from consumers’ health. This result was almost similar to Disha et 

al. (2020). The EE was increased due to increase of storage period which was not 

similar to Disha et al. (2020). The highest ash content was observed from T3 group 
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and lowest from T0. The lowest amount of ash content indicates this product is most 

preferable for consumers’ health. Data showed that ash gradually increased with 

increasing storage period. Unlike to earlier observations (Disha et al., 2020), the EE 

increased due to increase of storage period. This result was in accordance with Disha 

et al. (2020). Zargar et al. (2017) reported that ash content of the products was 

significantly decreased (p<0.05) with increasing levels of carrot extracts in chicken 

sausages which was similar to the present study. Bhosale et al. (2011) also found a 

decrease in the ash content for ground carrot and mashed sweet potato incorporated 

with chicken nuggets. The positive and significant interaction was found between 

treatments and days of interval for DM, CP, EE and ash (Table 2). 

Table 2. Effect of carrot and ginger on proximate components in chicken nuggets 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

DM (%) 

0 49.73±0.10 47.39±0.09 45.43±0.13 44.57±0.05 46.78d±0.09 

p<0.01** p<0.01** p<0.01** 

15 51.22±0.14 49.10±0.12 47.90±0.19 45.79±0.12 48.50c±0.14 

30 53.00±0.09 51.79±0.18 49.66±0.16 49.99±0.03 51.11b±0.12 

45 55.03±0.36 53.63±0.27 52.67±0.27 51.29±0.14 53.16a±0.26 

Mean 52.25a±0.17 50.48b±0.16 48.92c±0.19 47.91d±0.09   

CP (%) 

0 20.75±0.12 19.54±0.14 18.92±0.12 18.42±0.18 19.41a±0.14 

p<0.01** p<0.01** p<0.01** 

15 20.33±0.28 18.69±0.23 18.41±0.10 18.28±0.12 18.93b±0.18 

30 19.21±0.20 18.10±0.08 17.97±0.04 17.88±0.11 18.29c±0.11 

45 18.51±0.33 17.91±0.07 17.75±0.04 17.52±0.02 17.92d±0.12 

Mean 19.70a±0.23 18.56b±0.13 18.26c±0.07 18.02d±0.11   

EE (%) 

0 10.10±0.05 9.57±0.02 8.96±0.02 8.48±0.02 9.28d±0.03 

p<0.01** p<0.01** p<0.01** 

15 10.58±0.02 9.82±0.02 9.22±0.02 8.79±0.02 9.60c±0.02 

30 10.92±0.02 10.02±0.03 9.40±0.02 9.05±0.04 9.85b±0.03 

45 11.04±0.03 10.19±0.02 9.69±0.01 9.28±0.02 10.05a±0.02 

Mean 10.66a±0.03 9.90b±0.02 9.32c±0.02 8.90d±0.02   

Ash (%) 

0 1.87±0.01 1.65±0.01 1.47±0.01 1.28±0.01 1.57d±0.01 

p<0.01** p<0.01** p<0.01** 

15 2.10±0.01 1.90±0.01 1.68±0.01 1.43±0.01 1.78c±0.01 

30 2.31±0.01 2.07±0.03 1.90±0.01 1.61±0.02 1.98b±0.02 

45 2.49±0.01 2.29±0.01 2.08±0.02 1.78±0.01 2.16a±0.01 

Mean 2.19a±.01 1.98b±0.01 1.79c±0.01 1.53d±0.01   

Physicochemical properties   

The ranges for ultimate pH, cooked pH and cooking loss at different treatments were 

5.97 to 6.12, 6.01 to 6.11 and 24.49 to 26.15, respectively and days of interval were 

6.02 to 6.10, 5.93 to 6.18, and 24.40 to 26.24, respectively (Table 3). Ultimate pH, 

cooked pH and cooking loss at different teatments and days of interval were found 

significantly decreased (p<0.05). The present study was almost similar with the 
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findings of Disha et al. (2020). The results showed that slight decreased in ultimate 

pH and cooked pH for all teatments and an increased in the acidity values for all 

treatments with 45 days of storage as a result of increased of FFAs due to rancidity. 

The decrease in pH with incorporation of carrot may be attributed to low pH of 

minced carrot, which is rich in bioactive compounds. Verma et al. (2012) observed a 

decrease in pH of chicken nuggets incorporated with bottle gourd. Cooking loss was 

decreased due to increased of treatnment doses as well as increasing storage period, 

which was similar to the results of Disha et al. (2020). There was positve and 

significant interaction between treatment and days of interval for cooking loss except 

raw pH and cooked pH (Table 3). 

Table 3. Effect of carrot and ginger on physicochemical properties in chicken nuggets 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

Ultimate pH 

0 6.17 ±0.01 6.12±0.02 6.09±0.01 6.01±0.02 6.10a±0.02 

p<0.01** p<0.01** p>0.10 

15 6.13±0.02 6.10±0.01 6.05±0.02 6.00±0.02 6.07b±0.02 

30 6.11±0.01 6.07±0.02 6.03±0.01 5.95±0.03 6.04c±0.02 

45 6.08±0.01 6.06±0.02 5.99±0.02 5.93±0.03 6.02d±0.02 

Mean 6.12a±0.01 6.08b±.02 6.04c±0.02 5.97d±0.03   

Cooked pH 

0 6.25 ±0.02 6.18±0.01 6.16±0.01 6.13±0.01 6.18a±0.01 

p<0.01** p<0.01** p>0.45 

15 6.14±0.01 6.14±0.02 6.10±0.02 6.08±0.02 6.12b±0.02 

30 6.06±0.02 6.05±0.02 5.97±0.02 5.95±0.01 6.01c±0.02 

45 5.97±0.02 5.94±0.02 5.92±0.03 5.88±0.02 5.93d±0.02 

Mean 6.11a±0.02 6.08b±.02 6.04c±0.02 6.01d±0.01   

Cooking loss 

(%) 

0 27.27±0.13 26.89±0.09 25.57±0.22 25.24±0.14 26.24a±0.16 

p<0.01** p<0.01** p<0.01* 

15 26.35±0.30 25.97±0.07 24.99±0.01 24.89±.004 25.55b±0.10 

30 25.90±0.01 25.07±0.04 24.37±0.01 24.08±0.02 24.85c±0.02 

45 25.08±0.04 24.74±0.04 24.04±0.05 23.75±0.05 24.40d±0.04 

Mean 26.15a±0.12 25.67b±0.06 24.74c±0.07 24.49d±0.06   

Biochemical properties  

The ranges for FFAs, POV and TBARS at different treatments were 0.28 to 0.38, 

2.81 to 3.29 and 0.23 to 0.29, respectively and days of interval were 0.28 to 0.38, 

2.67 to 3.45, and 0.20 to 0.33, respectively (Table 4). The FFA, POV and TBARS 

values of all treatments decreased significantly (p<0.05) and for days of interval 

increased significantly (p<0.05). The most preferable FFAs, POV and TBARS values 

were found in T3 treatment and 0 day of interval. These results were supported to the 

findings of Disha et al. (2020). The significant (p<0.05) increased in FFAs content of 

the products during storage period might be due to the growth of lipolytic 

microorganisms (Das et al., 2008). The FFAs are the product of enzymatic/microbial 

degradation of lipids. It gives the information of fat stabilty during storage period. 

The lowest POV gives us information that this product is most suitable for 
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consumer’s health. During storage period, POV increased in all treatments. The 

antioxidant with treatments could minimize POV value in food item during compared 

to control group. Disha et al. (2020) reported that POV in chicken meatballs with 

three treatments (0.01% BHA, 0.05 and 1% lemon extract) showed lower values than 

that of control group, which was similar to the present study. The most TBARS value 

was found in T3 group. The lowest TBARS value indicates the product is most 

preferable to consumer’s health. TBARS values significantly (p<0.05) increased 

during storage period. Yadav et al. (2018) reported a significant increased in TBARS 

value of control and fiber enriched sausage with an increase in storage period. There 

was positve and significant interaction between treatment and days of interval for 

POV and TBARS except FFA (Table 4). 

Table 4. Effect of carrot and ginger on biochemical parameters in chicken nuggets 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

FFA (%) 

0 0.34±0.01 0.30±0.01 0.27±0.01 0.21±0.02 0.28d±0.01 

p<0.01** p<0.01** p>0.06 

15 0.36±0.02 0.31±0.01 0.31±0.01 0.24±0.02 0.31c±0.02 

30 0.39±0.01 0.35±0.01 0.34±0.01 0.32±0.01 0.35b±0.01 

45 0.42±0.02 0.38±0.01 0.36±0.01 0.35±0.01 0.38a±0.01 

Mean 0.38a±0.01 0.34b±0.01 0.32c±0.01 0.28d±0.01 
 

POV 

(meq/kg) 

0 2.97±0.04 2.78±0.06 2.52±0.02 2.41±0.02 2.67d±0.04 

p<0.01** p<0.01** p<0.01** 

15 3.11±0.01 3.01±0.02 2.95±0.01 2.72±0.02 2.95c±0.02 

30 3.36±0.02 3.29±0.04 3.10±0.02 2.79±0.06 3.18b±0.04 

60 3.37±0.04 3.56±0.03 3.39±0.02 3.14±0.03 3.45a±0.03 

Mean 3.29a±0.03 3.16b±0.04 2.99c±0.02 2.81d±0.03 
 

TBARS 
(mg-

MA/kg) 

0 0.23±0.001 0.20±0.002 0.20±0.001 0.19±0.003 0.20d±0.001 

p<0.01** p<0.01** p<0.03* 

15 0.27±0.002 0.23±0.002 0.21±0.003 0.20±0.002 0.23c±0.002 

30 0.31±0.002 0.29±0.002 0.27±0.004 0.24±0.003 0.28b±0.002 

45 0.37±0.02 0.33±0.003 0.31±0.002 0.30±0.003 0.33a±0.007 

Mean 0.29a±0.006 0.27b±0.002 0.25c±0.002 0.23d±0.002 
 

Microbiological assessment  

The ranges for TVC, TCC and TYMC at different treatments were 4.36 to 4.94, 0.91 

to 1.13 and 1.05 to 1.53, respectively and days of interval were 4.45 to 4.81, 0.86 to 

1.11, and 1.09 to 1.35, respectively (Table 5). The TVC, TCC and TYMC values 

were found significantly (p<0.05) higher in T0 than treated groups. The lowest 

amount of TVC value indicates the product is most preferable for consumer’s health 

(T3). The amount of TVC was increased with increasing storage period.  
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Table 5. Effect of carrot and ginger on different microbe’s population in chicken 

nuggets 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

TVC 
(logCFU/g) 

0 4.67±0.01 4.50±0.01 4.39±0.01 4.23±0.01 4.45d±0.01 

p<0.01** p<0.01** p<0.01** 

15 4.81±0.02 4.64±0.02 4.47±0.01 4.32±0.01 4.56c±0.02 

30 4.98±0.01 4.73±0.02 4.54±0.02 4.41±0.01 4.66b±0.02 

45 5.32±0.02 4.81±0.01 4.62±0.01 4.50±0.01 4.81a±0.01 

Mean 4.94a±0.02 4.67b±0.02 4.50c±0.01 4.36d±0.05   

TCC 
(logCFU/g) 

0 1.13±0.003 1.12±0.001 1.10±0.001 1.08±0.005 1.11a±0.002 

p<0.01** p<0.01** p<0.01** 

15 1.13±0.003 1.11±0.002 1.09±0.003 1.00±0.003 1.08a±0.002 

30 1.13±0.01 1.09±0.003 1.02±0.004 0.95±0.03 1.05b±0.01 

45 1.15±0.002 0.95±0.04 0.71±0.04 0.63±0.04 0.86c±0.03 

Mean 1.13a±0.004 1.06b±0.01 0.98c±0.01 0.91d±0.02   

TYMC 
(logCFU/g) 

0 1.51±0.01 1.39±0.01 1.30±0.01 1.20±0.004 1.35a±0.01 

p<0.01** p<0.01** p<0.01** 

15 1.53±0.003 1.28±0.01 1.20±0.01 1.10±0.001 1.28b±0.01 

30 1.54±0.003 1.16±0.01 1.11±0.003 1.07±0.01 1.22c±0.01 

45 1.55±0.002 1.09±0.001 0.93±0.03 0.81±0.03 1.09d±0.02 

Mean 1.53a±0.004 1.23b±0.01 1.14c±0.01 1.05d±0.01   

The antioxidant compounds act as barrier of deteriorating fat and assisted to prevent 

metabolism of fat by bacteria as a result bacterial growth was lower in chicken 

nuggets treated with antioxidants. Babatunde and Adewumi (2015) reported that 

garlic, ginger and roselle extracts provided antioxidant and antimicrobial benefits to 

raw chicken patties during cold storage. Microbial load was decreased in all 

treatment groups than control groups. The TCC in control group (1.13 log CFU/g) 

was found significantly (p<0.05) higher than treated groups. These reults were 

supported to Disha et al. (2020). Lower amount of TCC indicates the product is the 

most suitbale for consumer’s health. Duing storage period TCC values significantly 

(p<0.05) decreased which was similar to Disha et al. (2020). Singh and Immanuel 

(2014) reported that raw chicken meat emulsion incorporated with clove powder, 

ginger and garlic paste at refrigerated storage (4 ±1ºC). The TYMC in control group 

(1.53 log CFU/g) was found significantly (p<0.05) higher than treated groups. These 

results were in accordance with Disha et al. (2020). In table 5 the lowest TYMC 

value indicates the product is most preferable for consumer’s health. The highest 

TYMC was observed at 0 day and the lowest at 45 days. There was found positive 

and significant inteaction between treatments and days of interval for TVC, TCC and 

TYMC. 
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CONCLUSION 

The current study demonstrated that the chicken nuggets could be preserved for 45 

days using different levels of carrot extract in the presence of ginger extract. Based 

on sensory, physicochemical, biochemical and microbial properties, 12% carrot 

extract with 1% ginger extract ensured acceptable qualities of chicken nuggets. 
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ABSTRACT 

Potato is abundantly grown in Assam and is an important source of 
income and employment in rural areas of the state. But the productivity 
of potato in the state is low as compared to other states. Among the 
various factors, productivity of a crop is significantly influenced by 
technical efficiency. This paper examines productivity and technical 
efficiency in potato cultivation in Brahmaputra Valley of Assam, India. 
The study is based on both secondary and primary data. Primary data 
were collected from a sample of 400 potato growers. The study applied 
stochastic frontier production function to estimate technical efficiency and 
employed logistic transformation model of regression analysis to 
examine the determinants of technical efficiency. The results showed 
that potato productivity was positively and significantly affected by seed, 
fertilizer and manure costs. The mean level of technical efficiency among 
the farmers was 78%. Technical efficiency was found to be the highest in 
semi-medium and large land holdings. Technical efficiency was positively 
affected by land size and negatively affected by capital-labour ratio. The 
study implies that there is a need to promote use of quality seeds and 
plant nutrients to improve productivity and encourage extensive farming 
and use of labour to enhance technical efficiency in potato cultivation.  

Keywords: Potato, Productivity, Technical efficiency, Frontier production 

function, Assam 

INTRODUCTION 

Potato (Solanum tuberosum L.) is one of the most important food crops in the world. 

It is considered as the poor man’s food as is relatively cheap and abundantly grown in 

all climatic conditions. Potato is rich in carbohydrate and contains starch (16.1 g/100 

g), protein (2.1 g/100 g), vitamin C (17.1 g/100 g), potassium (443 mg/100 g) and 

amino acids in fresh weight (Bajracharya and Sapkota, 2017). Potato plays a vital 

role in improving health and nutrition factors of the people in the rural areas of 

developing countries. Its cultivation is relatively profitable and provides cash income 
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to the farmers (Sujan et al., 2017). The yield and gross return of potato are higher 

than the other competitive crops (Akhter et al., 2001) and has potential to generate 

income and employment to the rural people as it is a labour- intensive crop (Singh et 

al., 2019). So, it is considered to have a great potential to ensure food security of 

people in developing countries (Dube et al., 2018). India occupies a prominent 

position in the world in terms of potato production (Rana et al., 2018). It is the 

second largest producer of potato in the world with total production of 51.31 million 

tons from 2.14 million hectares of area (Government of India, 2018a).  

Potato is one of the important crops grown in eight states of North Eastern Region 

(NER) of India. The eight states of NER namely, Assam, Arunachal Pradesh, 

Mizoram, Nagaland, Manipur, Meghalaya, Sikkim and Tripura together account for 

about 10% of the total area under potato in the country. Among the states of NER, 

Assam accounts for the highest area under Potato (Yadav and Srivastava, 2014). In 

fact, potato is widely cultivated vegetable crops of Assam and ranks fourth in terms 

of acreage under individual crop in the state (Borah, 2016). The state has 77.83 

thousand hectares of area under potato followed by Meghalaya (18.2 thousand 

hectare) and Sikkim (6.8 thousand hectare). Assam contributes about 2.21% to the 

total potato production of the country (Government of India, 2018b). The production 

potato in the state increased from 6.77 lakh metric tons (MT) in 2000-01 to 7.2 lakh 

MT in 2017-18. The increase in production was mainly on account of area expansion 

as productivity grew very marginally. The yield rate of potato in the state was 7.0 MT 

ha
-1

 in 2017-18, which was much lower as compared to 29.9 MT ha
-1

 in West Bengal 

and 25.3 MT ha
-1

 in Uttar Pradesh and national average of 24 MT ha
-1

 (Govt. of 

India, 2019). The productivity can be raised by improving resource use efficiency or 

adopting new technologies (Dube et al., 2018). Technical efficiency estimates help in 

deciding whether there is a need to improve efficiency or adopt new technology for 

enhancing productivity of the crop. Hence, this study was undertaken to examine the 

technical efficiency and its determinants in potato production in Assam. 

Technical efficiency measures the ability of a farmer to achieve the maximum output 
with given inputs and obtainable technology (Khai and Yabe, 2011). Output oriented 
technical efficiency is measured as the ratio of observed output to maximum feasible 
output (Jondraw et al., 1982; Udoh and Falake, 2006). The potential output can be 
measured by fitting the frontier production function technique. There are several 
studies on production and productivity of various crops which have reflected the 
importance of technical efficiency in increasing agricultural output.  For example, 
Shanmugam and Venkataramani (2006) examined the technical efficiency of 
agricultural production in various districts of India. The study found that due to the 
lack of efficiency, agricultural production of India was low as compared to 
international level. Applying Cobb-Douglas stochastic production frontier approach, 
Abedullah and Ahmad (2006) estimated technical efficiency in potato production in 
Pakistan. The study found that 84% of potato farmers were technically efficient. 
Pandit et al. (2007) measured the technical efficiency among potato growers of 
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Barpeta district of Assam at 78% by employing the data envelopment analysis. 
Sharma et al. (2008) found that there was a considerable potential to increase output 
of cereal crops by improving technical efficiency in Himachal Pradesh. Dube et al. 
(2018) estimated the mean technical efficiency to be 89% among the smallholder 
potato farmers in Bale zone, Ethiopia by using stochastic frontier approach.  

The review of literature revealed that the study of technical efficiency is important to 
identify the level of technical efficiency and its determinants. It can help in adopting 
necessary steps to improve farm productivity and agricultural growth. However, there 
is lack of comprehensive study on the technical efficiency in potato cultivation in 
north east India. Therefore, an attempt has been made in this paper to examine the 
level of technical efficiency and its determinants in potato cultivation in Brahmaputra 
valley of Assam.  

MATERIALS AND METHODS 

The study was based on both primary and secondary data. The secondary data were 
collected from various sources like statistical handbook of Assam, Economic Survey 
of Assam, Ministry of Agriculture, Government of India. Primary data were collected 
by conducting survey in the study area during 2018-2019. The survey was based on 
multi-stage random sampling technique. In the first stage, four districts of Assam 
namely, Barpeta, Nagaon, Biswanath and Sonitpur on the basis of their contribution 
to potato production. These districts together account for about 24.77% of total 
production of potato in the state (Government of Assam, 2018). In the second stage, 
two blocks were selected from each district on the basis of distance from the district 
head quarter. One block located near the head quarter and other block located away 
from head quarter was selected. In the third stage, from each block two villages were 
selected on the basis of the distance from the block head quarter. However, stratified 
random sampling technique was used to select the farmers. In the final stage, 
proportional sampling method was applied to selected the number of farm households 
from each district for data collection. In total sixteen villages (16) were surveyed and 
sample size was 400 farm Households. The sample size (n) was determined by using 
Yamane (1967) sample selection criteria. The formula is as follows: 

 Sample size (n) = 
 

       
 

Where, N is the population and e are margin of error at 95% confidence interval.  

As per Census 2011, there were 801105 farm households in the districts selected for 

the study. Putting this value (N=801105) in the above formula the sample size (n) 

was found to be 400 farm households. 

The survey was undertaken by using structured questionnaire. The questionnaire was 

designed to collect information relating to socio-economic characteristics of the 

farmers. It was also designed to collect information relating to production activities 

such as net sown area, level of input used, cost and output. The required data were 

collected through direct personal interview method.  
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Analytical technique  

The concept of technical efficiency was first proposed by Farell (1957) who 

introduced the frontier production function to measure the efficiency of a productive 

unit (Lama and Bordoloi, 2020). Technical efficiency is defined as the ratio of the 

actual output to the potential output. Thus, if the actual output is below the potential 

(frontier) output, then there is a technical inefficiency indicating that there is a scope 

to increase output with the same inputs through reallocation of resources. 

Technical Efficiency (TE) = 
             

                
 

The Stochastic Frontier Approach (SFA) developed by Aigner, Lovell and Schmidt 

(1977) was applied to estimate the technical efficiency, assuming given technology 

and prices. The estimation was done by taking the Cobb-Douglas production 

function. In the Stochastic Frontier, the disturbance term consists of two components, 

one component representing technical inefficiency and the other representing the 

usual random noise. The actual production function can be written as; 

Yi = f (Xi; β) exp (-ui) and 0 <ui< ∞ ; I=1,2…,n ---------------- (1) 

Where Yi = Actual output for the i
th
 sample unit; Xi = Vector of inputs used by the 

farm; β is the vector of parameters that describe the transformation process and ui is a 

residual term that captures the effect of inefficiency. If the production unit is 

inefficient, then its actual output is less than the potential output (Shanmugam and 

Venkataramani, 2006). Thus, by using equation (1), we can write the measure of the 

technical efficiency (TE) of the production units as below: 

TE = Yi / f (Xi; β) = exp (-ui)---------------- (2) 

If TE is less than one, the actual output is lower than that of potential output and vice 

versa. Again, ui is zero if the production unit produces the potential output. In order to 

capture the effect of other omitted variables that can influence the output, a random 

noise variable vi is included in the equation (1) i.e. 

Yi = f (Xi; β) exp (vi-ui) ---------------- (3) 

Where vi represents a random noise variable which is assumed to be independently 

and normally distributed. The parameters of the stochastic frontier production were 

estimated by using the maximum Likelihood method. Technical efficiency in potato 

was estimated by taking output per bigha as the dependent variable and seed, labor, 

fertilizer, manure, chemical and machinery used per bigha as the explanatory 

variables. The relationship between inputs and output and technical efficiency was 

estimated by applying the stochastic production function assuming Cobb-Douglas 

Production Function. 

The determinants technical efficiency was obtained by applying the logistic 

transformation model. The variable (TE) was transformed into a new variable (Y*), 

where Y* = In (TE/1-TE) such that Ordinary Least Square (OLS) technique could be 



TECHNICAL EFFICIENCY IN POTATO CULTIVATION 201 

applied to estimate the parameters (Kundu, 2012). The model used to identify the 

determinants of technical efficiency is as follows. 

Y* = + 1X1 + 2X2 + 3X3 + 4X4+ 5X5+ 6X6+ 7X7+δ1D1+ δ2D2+δ3D3+i 

Where,  

stands for technological parameter 

1,2……10 and δ1…δ3 are regression co-efficient representing output 

elasticity   

X1 is the experience in years (age has been taken as a proxy of experience), X2 

is the education; X3 is the farm size; X4 is the land-labour ratio; X5 is the 

capita-labour ratio; X6 is the share of rented land; X7 is the share of area under 

HYV seed; D1 is the district dummy variable, where, 1= Barpeta, 0= others; 

D2 is the district dummy variable where 1= Nagaon, 0= others; D3 is the 

district dummy variable where 1= Biswanath, 0= others. Here district dummy 

variable were taken to capture the influence of agro-climatic condition; ei is 

the error term. 

RESULTS AND DISCUSSION 

Productivity and technical efficiency  

The productivity of potato among the farmers was found to vary from 1000 kg to 

7000 kg per bigha. The average productivity of potato among the farmers was about 

3676 kg per bigha. It showed that medium size holdings were the most productive 

followed by semi-medium and large holdings. The small holdings were the least 

productive one. Descriptive statistics of the potato productivity and inputs are given 

in Table 1. 

Table 1. Descriptive statistics of the inputs used by surveyed farmers 

Variables Mean Std. Deviation Minimum Maximum 

Productivity (in kg) 3676 1255.14 1000 7000 

Fertilizer (NPK) (in kg) 45.16 17.62 9.25 92.20 

Pesticide cost (in Rs.) 317.66 174.73260 150 1200 

Machinery cost (in Rs.) 2147.38 735.77 572 3775 

Manure cost (in Rs.) 216.0825 431.74579  1800 

Seed cost (in Rs.) 4882.4375 2407.19043 525 11000 

Size of holding (in bigha) 8.7800 16.43283 .50 150 

There are several factors which affect the productivity of the potato. In this study, 

productivity of potato was taken to be the function of fertilizer (NPK) (in kg/bigha), 
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pesticide/chemical cost (in Rs/bigha), manure cost (in Rs/bigha), seed cost (in 

Rs/bigha) and size of land holdings. Cobb-Douglas type production function was 

used to measure the determinants of the productivity of potato production. The results 

of the regression analysis for determinants of potato productivity are presented in the 

Table 2.  

Table 2. Result of the Stochastic Cobb-Douglas Frontier production function 

analysis 

Log Likelihood= -25.295                   Wald Chi
2
= 510.88                 Prob> Chi

2
=00 

Variables Co-efficient Std. Error t-value p- value 

Seed cost 0.377 0.021 18.21 00 

Labour  0.021 0.105 0.20 0.841 

Fertiliser cost 0.128 0.024 5.36 00 

Manure cost 0.023 0.0048 4.76 00 

Chemical cost 0.046 0.027 1.69 0.091 

Machinery cost 0.038 0.034 1.13 0.257 

Constant 3.664 0.5044 7.26 00 

Sigma u 0.339    

Sigma v 0.018    

Under Cobb- Douglas production function, regression coefficient represents output 

elasticity. The results showed that among the variables, seed, fertilizer and manure 

costs were found to be positively affecting the potato yield and it was significant at 

1% level of significance. This implied that higher expenditure on seed, manure and 

fertilizer leads to higher productivity. The coefficient of labour day was found to be 

positive but not significant at any level. Again, coefficient of chemical, machinery 

cost and size of holdings were found to be positive and but they were not significant 

at any level. Thus, the above analysis showed that seed cost, fertilizer, manure cost 

were the main determinants of Potato productivity.  

Lal and Sharma (2006) in their study of potato productivity in Himachal Pradesh also 

found manure and fertilizer as the significant determinants of potato productivity. 

Lama (2018) also found manure and fertilizer as the determinants of productivity in 

agriculture of Arunachal Pradesh. While Kadian (2010) found seed quality as the 

significant determinant of potato productivity in Meghalaya and Nagaland.   

The technical efficiency in potato cultivation among the sampled farmers varied from 

33% to 96%. The mean technical efficiency was found to be 78% which shows that 

on an average a typical farmer was operating at 78% of its potential output. This 

implies that there was a possibility to increase output by 22% with the same 

resources by improving technical efficiency. This is similar to the finding of Pandit et 
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al (2007). Applying Data Envelopment Analysis, the study found mean technical 

efficiency of potato growers in Barpeta district of Assam to be 78%. While Lama and 

Bordoloi (2020) found mean technical efficiency of potato growers in Arunachal 

Pradesh at 88%. Dube et al. (2018) estimated mean technical efficiency of 

smallholder potato growers in Bale zone of Ethiopia to be 89%. The mean of 

technical efficiency of the four districts are presented in the Table 3. 

Table 3. District wise average technical efficiency of surveyed farmers  

Districts Mean Technical Efficiency (%) 

Barpeta 82 

Nagaon 81 

Sonitpur 67 

Biswanath 79 

All Districts 78 

The Table 3 showed that the technical efficiency level of surveyed farmers was the 

highest in Barpeta district (82%) followed by Nagaon district (81%). The technical 

efficiency was the lowest in Sonitpur district (67%). It shows that there is a 

possibility to increase output with the same resources by improving technical 

efficiency level. The level of technical efficiency by land size is shown in Table 4. 

Table 4. Technical efficiency level by farm size 

Farm size Mean technical efficiency (%)  

( in percentage) Marginal  77.4 

Small  71.8 

Semi-medium  88.5 

Medium  84.8 

Large  87.5 

All Holdings 77.8 

The table 4 reveals that the semi-medium land holding had the highest technical 

efficiency (88.5%) followed by large holdings (87.5%). The small holdings had the 

lowest technical efficiency (71.8%). The relatively high technical efficiency in semi-

medium, large and medium holdings indicates that large farmers are able to allocate 

the inputs in a better way than the small farmers. 

The distribution of surveyed farmers by technical efficiency showed that most of the 

farmers had technical efficiency in between 80 to 90%. The details are shown in 

figure 1.  
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Figure 1. Percentage distribution of surveyed farmers by technical efficiency 

It was found that 39% of the surveyed farmers had technical efficiency of 80 to 90% 

and 18% of them had technical efficiency of 70 to 80%. It was found that only 

16.75% of the surveyed farmers had technical efficiency level of above 90%              

(Fig. 1).  

Determinants of technical efficiency 

The technical efficiency of a farm depends on a number of factors such as socio-

economic variables and institutional factors. In this study, technical efficiency was 

taken to be a function of socio-economic variables such as education and experience 

(age), institutional and technical factors like farm size, land-labour ratio, capital 

labour ratio, share of rented land and share of area under high yielding variety (HYV 

seed). The multi-collinearity among the variables was tested by conducting the 

Variance Inflation Factor (VIF) and also by checking the tolerance level. The mean 

VIF of 2.50 was less than 10 (tolerance level) which indicated the absence of multi-

collinearity problem among the independent variable. Breusch-pagan test for 

heteroskedasticity indicated absence of this problem. The determinants of technical 

efficiency were estimated by applying the logistic transformation model of regression 

analysis. The result of the regression analysis for determinants of technical efficiency 

is presented in Table 5. 
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Table 5. Result of regression for determinants of technical efficiency in potato 

cultivation 

Variables Co-efficient Std. Error t-Value Sig. 

Age -0.0009 0.004 -0.24 0.807 

Education (Dummy) -0.0205 0.103 -0.2 0.842 

Land size (Area) 0.0157* 0.003 4.61 0 

Land-Labour Ratio 54.33* 11.691 4.65 0 

Capital-labour Ratio -0.4337* 0.114 -3.79 0 

Share of Rented land 0.1061 0.119 0.89 0.375 

Share of area under HVY seed -0.0076* 0.001 -4.24 0 

D1(Barpeta) 1.234* 0.136 9.04 0 

D2 (Nagaon) 1.2721* 0.149 8.53 0 

D3 (Biswanath) 0.4368* 0.165 2.63 0.009 

Constant -0.1357 0.438 -0.31 0.757 

F-Statistic 12.15    

R
2
 0.238    

Note: (* Significant at 1% level)  

The Table 5 eshowd the result of the regression analysis for determinants of technical 

efficiency in potato cultivation. The significant F-statistics showed that model was fit 

and R-square was 0.24. The variable land size had positive impact on technical 

efficiency and it was significant at 0.01 level of significance. The variable land-

labour ratio was also found to have positive impact on technical efficiency and it was 

significant at 0.01 level of significance. However, the variable capital-labour ratio 

was found to have negative impact on technical efficiency and it was significant at 

0.01 level of significance. This is because potato cultivation requires more labour 

work from preparation of soil, weeding and harvesting output. The share of area 

under HYV seed had negative impact on technical efficiency and it was significant at 

0.01 level of significance. The district dummies D1, D2 and D3 had positive impact on 

technical efficiency and each of the dummies were significant at 0.01 level of 

significance indicating higher technical efficiency in Barpeta, Nagaon and Biswanath 

districts as compared to Sonitpur district.  

The results showed that farm size and land-labour ratio were the significant 

determinants of technical efficiency in potato cultivation. Both these variables had 

positive impact on technical efficiency. It implies that technical efficiency can be 

improved by promoting extensive cultivation of potato. The capita-labour ratio had 

negative impact on technical efficiency which indicates that technical efficiency in 

potato can be improved by increasing use of labour.  
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The findings of the study can be correlated to the findings of the other studies. 

Hossain et al. (2008) found that quality of potato seed had positive influence on 

technical efficiency. Dube et al. (2018) also found seed quality to have positive 

impact technical efficiency in potato production by smallholders in Kenya. Nyagaka 

et al. (2010) found education and access to extension service as the determinants of 

technical efficiency in potato production.  

CONCLUSION 

The study shows that potato cultivation can be an important source of sustainable 

income and employment in rural economy of the state. The productivity of potato in 

the state was much lower than the national average. At the same time, compound 

annual growth rate of potato yield in the state was quite low. The results showed that 

medium size holdings was the most productive followed by semi-medium. Among 

the various variables, productivity of potato was positively and significantly affected 

by seed cost, fertilizer (NPK) and manure cost. This implied that higher expenditure 

on quality seed, fertilizer and manure can help the farmers to obtain higher 

productivity of potato. The mean technical efficiency among the surveyed farmers 

was found to be 78%. Hence, there is a possibility to increase output by 22% with the 

same resources by improving technical efficiency. The technical efficiency in potato 

cultivation was positively affected by land size, land-labour ratio. It was negatively 

affected by capital-labour ratio and share of area under HYV seed. The findings of 

the study implies that there is a need to promote use of quality seeds and plant 

nutrients to improve productivity and encourage extensive farming and use of labour 

to enhance technical efficiency in potato cultivation.  
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ABSTRACT 

Livestock is a vital component of the complex farming system in 
Bangladesh. The current study focuses on the contribution of livestock 
farming in the livelihood of the farmers as well as the realization of the 
challenges in livestock farming as perceived by the farmers. A mixed-
method research design was used to collect data from 100 livestock 
farmers of Kamarkhanda Upazila (sub-district) under Sirajganj district. 
According to the findings of the study, livestock farming has significant 
contributions in improving the status of livelihood tatus of farming 
households. It is evident from the findings that majority of the 
respondents (69%), faced medium level of challenges in livestock 
farming compared to high level of challenges faced by 28% respondents 
of the study area.  The socio-demographic characteristics of the 
respondents namely farm size, annual income, training received, subsidy 
received, and extension media contact seem to have significant 
contributions with the challenges faced by the farmers in livestock 
farming. As the livestock sector of Bangladesh has great potential to 
flourish provided the challenges faced by the farmers are given due 
attention. Implementation of farmers’ friendly livestock policy and the 
collaborative efforts of public and private sectors are required to boost up 
livestock productivity in Bangladesh.  

Keywords: Livestock, Productivity, Challenges, Livelihood, Capital  

INTRODUCTION 

Bangladesh is a small country with a large population about 160 million, situated in 

south Asia with flat land area (147,570 sq.km) (BBS, 2016). The role of livestock 

sub-sector is vital for the economic development of agro-based Bangladesh. The 
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contribution of livestock to National Gross Domestic Product (GDP) is 2.79% and 

which is 14% in Agricultural share. About 44% of the animal protein comes from 

livestock sources (DLS, 2018). Moreover, 4.31% of the total export is from the 

export of leather and leather goods. The 30% of the total tillage is still covered by 

livestock beside mechanical tillage. Furthermore, 20% of the population is directly 

and 50% of the population is partially dependent on livestock sector. The sub-sector 

enjoyed a growth rate of 5.85% during the last fiscal year. The livestock sector 

contributes largely to rural poor by enabling income and employment generation. 

Poverty reduction, gender equity and empowerment of women are amongst seventeen 

set targets of sustainable development goals (SDGs). This sector is also important for 

food, nutrition, income, export earnings, draft power, bio-fertilizer, and transport.  

In Bangladesh, livestock are also important sources of farmers' cash income and in 

the national economy, livestock contributes a significant portion of foreign exchange 

earnings by facilitating the export of different livestock products and waste products. 

About 36% of the total animal protein comes directly from the livestock and the rest 

64% come from fish, poultry and pulses (BBS, 2014). Total livestock population in 

Bangladesh is currently estimated to be 412.244 million and consists of 24.391 

million cattle, 1.493 million buffaloes, 26.435 million goats, 3.607 million sheep, 

296.602 million chicken and 59.716 million ducks (DLS, 2018). The livestock 

density has been increasing every year in the country. The density of livestock 

population per acre of cultivable land is 7.37. Statistics show that about 1.43% of 

national GDP is covered by the livestock sector and GDP growth rate of livestock is 

3.04%. The agriculture sector can be broken down into four main components: crops, 

livestock, fisheries, and forests. Of these, crops make up 55% of the sector, livestock 

- 14% while fisheries and forests sector contribute 22% and 9% respectively (Figure 

1). Though the share of the animal farming sub-sector in GDP is small, it makes 

immense contribution towards meeting the requirements of daily essential animal 

protein.  

 

Figure 1. Sectoral share of agricultural GDP in Bangladesh (DLS, 2018) 
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The major challenges before the Bangladesh livestock sector is sufficient supply of 
livestock inputs that is feed, fodder and concentrate (Sousa-Poza, 2010) lack of 
capital, outbreak of diseases, inadequate availability of inputs, inadequate 
institutional credit, guaranteed and profitable markets for output etc. are some 
interrelated factors that constrain realization of the full potential of the livestock 
sector. A considerable number of empirical studies have focused on livestock 
production and income vulnerability (Islam et al., 2018), constraints faced by the 
dairy farmers in adopting good farming practices (Singh et al., 2017), present status, 
problems, and prospects of duck farming (Islam et al., 2016), small scale dairy 
farming for livelihoods of rural farmers (Uddin et al., 2012), cost and return of small-
scale dairy farming (Hossain et al., 2005). In contrast no study has formulated to 
investigate the role of livestock farming and its associated challenges particularly in 
the context of Bangladesh. Nowadays, the livestock farming is emerging as popular 
livelihood platform in Bangladesh. So, it is important to assess the role of livestock 
farming and its associated challenges in Bangladesh context. The study was aimed to 
explore the role of livestock farming for sustainable livelihood of the farmers and to 
investigate the challenges faced by the farmers in livestock farming. To our 
knowledge, this study is the first attempt to understand the role of livestock farming 
for sustainable livelihood and the challenges of livestock farming faced by the 
farmers in Bangladesh.  

MATERIALS AND METHODS 

Design and locale of the study  

The study was conducted in the Kamarkhanda sub-district (also known as Upazila- 

lowest administrative unit) under Sirajganj district of central Bangladesh (Figure 2). 

Geographically, Kamarkhanda Upazila is in Agro-ecological zone 4 (Karatoya-

Bangali Floodplain) which is characterized by medium high to high land topography 

and surrounded by the Hurasagar and Karatoya river with maximum annual average 

temperature is 34.6°C and minimum 11.9°C with annual rainfall 1610 mm (BMD, 

2021). This area was selected as the locale of the study because it has been identified 

as the most important livestock producing area of Bangladesh and the density of 

cattle population of this district is high. The climatic condition and geographical 

location of the area is favorable for the growth and development of livestock sector. 

About 47.06% people of this area depends on agriculture for their livelihoods (BBS, 

2016). Three villages namely Bhadraghat, Jamtair and Roydaulatpur were selected 

purposively for investigation (Fig. 2 and 3). Due to increasing rate of livestock 

rearing by the farmers of the study area, good communication facilities and 

researcher’s perception about better co-operation from the livestock farmers 

motivated the researcher to select the study area. 

Population, sampling and data collection 

All the farmers of the study area involved in livestock farming was considered as the 

population of this study. An updated list of the farmers involved in livestock farming 
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were collected from the Upazilla Livestock Office. The total numbers of livestock 

farmers were 500 in the study area, among them 100 respondents were randomly 

selected as the sample of the study which was 20% of total population. Then, using 

qualitative approaches, we investigated additional data to back up our survey 

findings. For the survey, a pre-tested and structured questionnaire was used to collect 

data from the selected farmers in a face-to-face setting. Both quantitative and 

qualitative data were collected and analyzed for this study. Between January and 

April 2020, survey data was collected with the help of the respective officials of the 

upazilla.  

                         

Figure 2. Map of Sirajganj district   Study 

area showing study area (Black 

marked)  

Figure 3. Map of Kamarkhanda Upazila 

showing study area (Black 

marked) 

Measurement of variables 

Appropriate methods were used to measure the different variables used in the study. 

Twelve selected socio-demographic characteristics of the respondents such as age, 

education, household size, farm size, annual income, livestock farming experience, 

livestock holding, organizational participation, training received, credit received, 

subsidy received and extension media contact. Appropriate methods were used to 

operationalize respondent’s characteristics by developing suitable scales. The 

livelihood status of livestock farmers was measured by computing a composite 

livelihood asset score based on each of the five components of livelihood asset 

pentagon: i) human capital building score, ii) social capital building score, iii) natural 

capital building score, iv) physical capital building score and v) financial capital 

building score. Each of the capital asset was measured against five predefined 
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dimensions of each livelihood capital asset. Each of the dimension was measured 

against 3- point rating scale namely increased, unchanged and decreased while the 

score given as +1, 0 and -1 respectively. The total score for each of the livelihood 

assets could range from -5 to +5, where positive sign (+) indicated increased status of 

livelihood asset and negative sign (-) indicated decreased status of livelihood asset.  

Challenges of livestock farming was the focus variable of the study. A 4-point rating 

scale as ‘high’, ‘moderate’, ‘low’ and ‘not at all’ while weights were assigned to 

these responses as 3, 2, 1 and 0 respectively to investigate the challenges in livestock 

farming (Ullah et al, 2011; Ghosh and Hasan, 2013). To measure the challenges of 

livestock farming a total of 21 statements on seven dimensions were used to collect 

data from the respondents. The total score of a respondent was determined by 

summing up the weights for responses against all the statements by using the 

following formula. 

CFI = Nh×3+Nm×2+Nl×1+Nna×0 

Where, 

CFI = Challenges Faced Index 

Nh = Total number of respondents expressed their opinion as ‘high’ for the 

statement 

Nm =Total number of respondents expressed their opinion as ‘moderate’ for 

the statement 

Nl =Total number of respondents expressed their opinion as ‘low’ for the 

statement 

Nna =Total number of respondents expressed their opinion as ‘not at all’ for 

the statement 

Thus, the possible challenges faced index of the respondents could range from 0 to 

63. In all cases 0 indicates no challenge and 63 indicates high challenges on livestock 

farming.  

Data analysis 

The collected data were properly edited, coded, compiled, and analyzed based on the 

objectives of the study. All inconsistent data were avoided to eliminate the errors and 

fault. The Statistical Package for Social Sciences (SPSS), Microsoft Excel and Mini 

tab were used for the data management. Descriptive statistics, such as frequency, 

percentage, mean, standard deviation, graphs and charts were used to interpret the 

findings of the study.  

RESULTS AND DISCUSSION 

Selected socio-demographic characteristics of the respondents 

The selected characteristics of the farmers have been presented in Table 1. The 
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findings show that highest proportion of the respondents (54%) was in middle aged 

category followed by young respondents (29%) and old (17%) with a mean of 43.59 

years and standard deviation of 11.9. Almost similar findings were found by Sarker 

(2007), Hoque (2011) and Kowsari (2014). Most of the respondents (41%) had no 

schooling followed by secondary level of education (33%) and 19% of the 

respondents had primary level of education while 7% of the respondents had higher 

secondary level of education with an average of 4.84 years of schooling and standard 

deviation of 4.58. Almost similar findings were observed by Hoque (2011) and 

Kowsari (2014) in their respective studies. The household size of the respondents 

ranged from 2 to 13 with an average of 5.41 which was higher than that of the 

national average of 4.48 (BBS, 2015) and standard deviation of 2.13. Most of the 

respondents (50%) had medium size family followed by 39% had small size family 

while 11% had large size family. The farm size of the respondents ranged from 0.001 

ha to 8.86 ha having an average of 0.59 ha which was higher than that of national 

average of 0.51 ha (BBS, 2015) and standard deviation of 0.96. The highest 

proportion of the respondents (60%) had small sized farm followed by 25% of the 

respondents had marginal sized farm and 11% of the respondents had medium sized 

farm. Almost similar findings were reported by Hossain (2013) and Kowsari (2014) 

in their studies. The annual income of the respondents ranged from 50 thousand BDT 

to 475 thousand BDT with an average annual income of 148.48 thousand BDT and 

standard deviation of 103.31. Data presented in Table 1 show that the highest 

proportion of the respondents (70%) had low annual income followed by medium 

income (19%) while only 11% of the respondents had high annual income.  

Table 1. Distribution of the respondents according to their selected socio-economic 

characteristics  

Characteristics 

(scoring system) 

Possible score 

range 

(observed 

range) 

Categories Respondents 

(N=100)  

Mean Standard 

Deviation 

Number (%) 

Age  

(Actual years) Not defined (20 to 
75 years) 

Young (18-35) 29 29 

43.59 11.90 
Middle Aged 

(36-55) 
54 54 

Old (>55) 17 17 

Education (Year of 

schooling) 

Not defined (0 to 18 
years of schooling) 

No schooling 

(0) 

41 41 

4.84 4.58 

Primary (1-5) 19 19 

Secondary (6-

10) 

33 33 

Higher 
secondary 

(>10) 

7 7 

Household Size (No. 

of members) 
Not defined (2 to 13 

members) 

Small (up to 4) 39 39 
5.41 2.13 

Medium (5-7) 50 50 
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SD= Standard Deviation 

Large (above 7) 11 11 

Farm size (Hectares) 

Not defined (0.001 
to 8.86 ha) 

Landless (<0.02) 3 3 

0.59 0.96 

Marginal 
(0.02-0.2) 

25 25 

Small (0.21-1) 60 60 

Medium (1.1-

3) 

11 11 

Large (>3) 1 1 

Annual income 
(‘000’ BDT) Not defined 

( 50 to 475) 

Low (up to 150) 70 70 

148.48 103.31 Medium (151-

250) 

19 19 

High (> 250) 11 11 

Livestock farming 

Experience (Years) Not defined 

(5 to 60 years) 

Low (up to 10) 36 36 

17.20 11.82 Medium (11-20) 40 40 

High (>20) 24 24 

Livestock holding 
(No. of livestock 

animal) 

Not defined 

(2 to 3034) 

Small (up to 50) 89 89 

60.89 312.39  Medium (51-
100) 

6 6 

Large (>100) 5 5 

Organizational 

participation (Scores) 
Not defined 

(0 to 7) 

No 

participation 
(0) 

32 32 

1.08 1.07 Low (1-2) 63 63 

Medium (3-4) 4 4 

High (>4) 1 1 

Training received 

(Days) 
Not defined 

(1 to 5 days) 

Not received 

(0) 

62 62 

0.87 1.41 

Short duration 

(1-2) 

26 26 

 Medium 
duration (3-4) 

12 12 

 Long duration 
(>4) 

0 0 

Credit received 

(‘000’ BDT) 

Not defined 

(0 to 30) 

Not received 

(0) 

84 84 

2.23 6.11 

Minimum 

amount (up to 

15) 

11 11 

Medium 
amount (16-25) 

3 15.5 

High amount (>25) 2 1.8 

Subsidy received 

(BDT) 

Not defined (0 to 

2000) 

Not received (0) 86 86 

158 446.35 

Low amount 

(up to 500) 
4 4 

Medium 

amount (501-

1000) 

4 4 

High amount 

(>1000) 

6 6 

Extension media 
contact (Scale scores) 0 to 30 (3 to 21) 

Low (up to 10) 48 48 

10.51 4.61 Medium (11-

20) 

50 50 

High (>20) 2 2 
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While annual income has been determined as one of the key factors that affect 

decision-making regarding the adoption of new technologies. Islam (2011), Hossain 

(2013) and Kowsari (2014) also found similar findings in their studies. The livestock 

farming experience of the respondents ranged from 5 to 60 years having the average 

of 17.2 years and standard deviation of 11.82. The majority of the respondents (40%) 

of the respondents had medium livestock farming experience while 36% of the 

respondents had low livestock farming experience and 24% of the respondents had 

high livestock farming experience. Data presented in Table 1 indicated that majority 

of the respondents (89%) had small livestock holding compared to 6% had medium 

livestock holding and only 5% of the respondents had large livestock holding with a 

mean of 60.89 and standard deviation of 312.39. Majority of the households held 

more than one livestock species particularly chicken, duck, sheep, cattle or goat. 

Most animals were held in or around the homestead. Poultry was almost exclusively 

kept in free-ranging systems to scavenge for their food. The organizational 

participation score of the respondents ranged from 0 to 7 having an average of 1.08 

and standard deviation of 1.07. Data presented in Table 1 indicated that the highest 

proportion of the respondents (63%) had low organizational participation followed by 

32% had no organizational participation while only 4% of the respondents had 

medium organizational participation. The training received score of the respondents 

ranged from 0 to 5 days with a mean of 0.87 day and standard deviation of 1.41. 

Training exposure has significant contributions for knowledge and skill development 

of the respondents (Yassen et al., 2015; Obaniyi et al., 2014). According to the data 

presented in Table 1 most of the respondents (62%) did not receive any training on 

livestock farming while 26% of the respondents received training for short duration 

and only 12% of the respondents received training for medium duration. Ullah et al. 

(2011) found that majority (55%) of the farmers had mid duration agricultural 

training while Rana et al. (2020) found that half of the CIG members (50%) received 

medium duration training. Data represented in Table 1 revealed that majority of the 

respondents (84%) did not receive any credit, 11% received credit with minimum 

amount while only 3% and 2% received credit with medium and high amount 

respectively. The agricultural subsidy received score of the respondents ranged from 

0 to 2000 BDT with a mean of 158 BDT and standard deviation of 446.35. It is 

evident from the data presented in Table 1 that majority (86%) of the respondents did 

not receive subsidy for livestock farming while negligible portion of the respondents 

received subsidy for livestock farming. The extension media contact score of the 

respondents ranged from 3 to 21 with a possible score range from 0 to 30 having a 

mean of 10.51 and standard deviation of 4.61. Half of the respondents (50%) had 

medium extension media contact score while 48% of the respondents had low 

extension media contact score and only 2% of the respondents had high extension 

media contact score.  
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Change of livelihood status of livestock farmers  

The livelihood improvement status of the livestock farmers was measured with five 

assets of livelihoods namely human, natural, financial, physical and social capital. 

Livelihood change status regarding different assets is shown in the figure 4.  

The change of livelihood status of livestock farmers regarding five assets of 

livelihood was measured by five selected dimensions of each capital. So, the possible 

range of livelihood status score of the respondents regarding each capital could vary. 

The observed range regarding human capital was 3 to 5. The mean and standard 

deviation was 4.55 and 0.54 respectively. All of the respondents had increased status 

of livelihood regarding human capital. The observed range in case of social capital 

was 3 to 5. The mean and standard deviation was 4.85 and 0.40 respectively. All of 

the respondents had increased status of livelihood regarding social capital. 

 

Figure 4. Livelihood change status of the respondents regarding different assets 

The observed score range in case of natural capital was 1 to 5. The mean and 

standard deviation was 2.78 and 0.88 respectively. All of the respondents had 

increased status of livelihood regarding natural capital. The observed range in case of 

physical capital was 2 to 5. The mean and standard deviation was 3.52 and 0.79 

respectively. All of the respondents had increased status of livelihood regarding 

physical capital. The observed range regarding financial capital was 2 to 5. The mean 

and standard deviation was 3.4 and 0.9 respectively. All of the respondents had 

increased status of livelihood regarding financial capital. Overall livestock farming 

has significant contributions to improve the status of livelihood capital of the 

respondents to improve their socio-economic condition. Uddin et al. (2012) reported 
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that small scale dairy farming has significant contributions in improving livelihoods 

of rural farmers while Islam et al. (2016) also found similar results in case of duck 

farming in rural areas of Bangladesh.  

Extent of challenges faced by the farmers on livestock farming  

Seven dimensions of livestock farming namely technological, economical, socio-

psychological, livestock management, situational or environmental, infrastructural, 

and marketing were used to identify the major challenges of livestock farming. 

Overall challenges faced index of the respondents varied from 21 to 52 against the 

possible score range of 0 to 63 with a mean of 38.92 and standard deviation 8.48. 

Based on the observed overall  

 

Figure 5. Distribution of the respondents according to their overall challenges faced 

in livestock farming 

challenges faced index, the respondents were classified into three categories as 
shown in Figure 5. Data presented in above Bar diagram indicates that the majority 
(69%) of the respondents had faced medium challenges in livestock farming 
compared to 28% had faced high challenges in livestock farming and only 3% of the 
respondents had faced low challenges in livestock farming. (Nisha and 
Vimalrajkumar, 2019) found that majority of the tribal farmers faced a number of 
constraints including technical, ecological, socio-psychological and livestock 
management related constraints of livestock farming while Rohila et al. (2021) also 
reported that majority of the farmers faced different level of constraints in case of 
adoption of smart agricultural practices. Uddin et al. (2012) also found similar 
findings in case of small-scale dairy farming in Bangladesh. Basak and Pandit (2013) 
found that most of the farmers (83.3%) faced medium level of constraints in 
commercial vegetable cultivation while Das et al. (2018) also found similar findings 
in case of fish farming in Bangladesh. Almost similar findings were reported by 
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Haneef et al. (2019) in case of practicing organic farming in Hill region of 
Uttarakhand, India. According to the opinion most of the livestock farmers faced a 
range of problems including lack of quality livestock breeds. Majority of the farmers 
opined that they have to depend on local breeds for livestock farming due to 
unavailability of quality livestock breeds. As a result, they were unable to receive 
their desired return from livestock farming. In this case, sustainable breed 
development policy should be developed to supply improved and highly productive 
breeds among the farmers. Another problem faced by the livestock farmers were high 
price of good quality livestock feed. Majority of the farmers said that the acute 
shortage and low quality of feeds and fodder is one of the most important challenges 
to livestock development in Bangladesh. Feed and its high price offer a major 
challenge for livestock development. Singh et al. (2012) and Dhindsa et al. (2014), 
also observed similar constraints in dairy farming in Punjab, they reported high cost 
of feed and fodder, inadequate knowledge about balanced feeding, low availability of 
quality green fodder and dry fodder, as some of the important constraints. Varaprasad 
et al. (2013), Trailor et al. (2012) and Kumar et al. (2014) reported that, non-
availability of pasture, high cost of cakes/ concentrate and inadequate area for fodder 
cultivation, due to small size of operational holding as major constraints perceived by 
the farmers. Inadequate training facilities for knowledge and skill development of 
livestock farmers is another important constraint faced by the livestock farmers. 
Practical skill can be developed by effective participatory training and in case of the 
livestock farmers, effective training programs are very necessary as training of 
livestock farmers essentially contributes to human resource development in case of 
livestock farming. These findings about the effectiveness of participatory training are 
in line with Smith and Wandel (2006); Chikaire et al. (2015) and Parhan (2014). 
Non-availability of timely treatment facilities was also reported as a major constraint 
by the livestock farmers. The reason may be that the veterinary hospitals were far 
away from the villages, transport facilities were not adequate, and the veterinary 
doctors were not available when needed. These findings were in accordance with that 
of Kumar et al. (2012). Non-availability of medicines and vaccines in time was also 
another challenge faced by the livestock farmers. As a result, the livestock farmers 
faced high level of challenges in case of diseases and pest management. Varaprasad 
et al. (2013) found that non-availability of medicine and vaccines in time was 
encountered by majority of the farmers in Chittoor District of Andhra Pradesh. 
Similar finding was reported by earlier researcher (Sarker and Ghosh, 2010).  

Results of correlation test  

The purpose of this section is to examine the relationships of each of the selected 
socio-demographic characteristics of livestock farmers and challenges faced by them 
in livestock farming. Pearson’s product moment coefficient of correlation (r) was 
used to reject a null hypothesis relating to the relationships between the variables 
concerned. The results of correlation analysis between the concerned variables have 
been presented in Table 2.  
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Table 2. Relationship between selected characteristics of the respondents and the 

challenges faced by them in livestock farming  

Focus variable Respondents’ 

characteristics 

Co-efficient of co-relation 

coefficient (r) with df= 98 

Challenges faced by the 

respondents in livestock 

farming 

Age 0.007 

Education 0.031 

Household size -0.171 

Farm size 0.234* 

Annual income -0.355** 

Livestock farming 

experience 

0.003 

Livestock holding 0.024 

Organizational 

participation 

0.181 

Training received -0.227* 

Credit received 0.027 

Subsidy received -0.342** 

Extension media contact -0.367** 

* P> 0.05;  **  P>0.01  

Farm size of the respondents showed significant positive relationship (0.234*) with 

challenges faced by them in livestock farming. The findings indicated that the 

farmers with large farm size faced more challenges compared to the farmers with 

smaller farm size. This is because livestock farm productivity includes total farm 

area, improvement of farm productivity both in quality and quantity by the 

application of modern technologies, updated knowledge, improve production inputs 

and marketing of the farm products. All these are closely linked to livestock farm 

productivity and the farmers with large farm size faced more challenges compared to 

the farmers with smaller farm size related to farm management. Kshash (2019) also 

found that farm size has a significant positive relationship with the constraints faced 

by the famers in case of summer vegetable cultivation while Kabir et al. (2011) and 

Basak and Pandit (2013) found significant negative relationship between the 

concerned variables. Khandker et al. (2014) and Begum et al. (2020) also reported 

significant positive relationship between the concerned variables. Annual income of 

the respondents showed significant negative relationship (-0.355**) with challenges 

faced by the farmers in livestock farming. The farmers with higher annual income 

had better socio-economic conditions and better access to good quality livestock 

breed, feed and fodder, drugs and vaccines for diseases management compared to the 
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farmers with lower annual income. So, the farmers with higher annual income faced 

lower challenges compared to the farmers with lower annual income. Uddin et al. 

(2012) and Singh et al. (2017) found significant negative relationship in case of small 

scale dairy farming while Kshash (2018) found significant positive relationship 

between the concerned variables. Training received of the respondents showed 

significant negative relationship (-0.227*) with challenges faced the farmers in 

livestock farming. It is evident from the findings that training has strong influence on 

understanding of the challenges and technological efficiency. So, the farmers with 

more training experiences faced comparatively lower challenges than the farmers 

with lower training experiences. Singh et al. (2017) found significant negative 

relationship in case of training received and the constraints faced by the dairy farmers 

in adopting good farming practices in India. Uddin et al. (2012) also found similar 

relationship in case of small scale dairy farming in Bangladesh. Subsidy received of 

the respondents showed significant negative relationship (-0.342**) with the 

challenges faced by the farmers in livestock farming. The findings indicated that the 

farmers who received subsidy for livestock farming were so enthusiastic and shows 

positive attitude in case of adoption and implementation of different new 

technologies related to livestock farming than the farmers who did not receive 

subsidy. So, the farmers who received subsidy for livestock farming faced 

comparatively lower challenges than the farmers who did not receive subsidy for 

livestock farming. Singh et al. (2017) and Uddin et al. (2012) found no significant 

relationship between subsidy received and the constraints faced by the farmers in 

dairy farming in their respective studies. Extension media contact of the respondents 

showed significant negative relationship (-0.367**) with the challenges faced by the 

farmers in livestock farming. Respondents who had more contact with extension 

media had more access to updated information sources and acquired more knowledge 

on technological aspects which helped them to combat their challenges more 

efficiently than the farmers with low extension media contact. This relationship is 

supported by the findings from the study of Singh et al. (2017) and Uddin et al. 

(2012) in case of small scale dairy farming. Similar relationship was observed by 

Basak and Pandit (2013) and Kabir et al. (2011) in their respective studies.  

CONCLUSION 

The present study aimed to determine the role and challenges of livestock farming in 

Bangladesh. Promoting sustainable livestock farming is important for agricultural 

diversification, poverty reduction, food security and employment generation. The 

findings indicate that livestock farming significantly contributes to improve the 

livelihood of the farmers of the study area. Majority of the livestock farmers faced 

medium to high challenges regarding different he aspects of livestock farming. The 

socio-demographic characteristics of the respondents namely farm size, annual 

income, training received, subsidy received and extension media contact have 

significant contributions with the challenges faced by the farmers in livestock 
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farming. Considering the findings of the study, some essential policy 

recommendations are: extension services of the Department of Livestock Services 

(DLS) should be strengthened and inputs of livestock farming (quality livestock 

breed, medicines, vaccines, and livestock feed) should be made available and within 

the purchasing capacity of the farmers. Interventions are required to develop 

resilience by the smallholders such as government should undertake safety net 

programs, need based training, seminar and workshops for the farmers, development 

of proper marketing channel, value addition of livestock products and incorporation 

of ICTs for faster dissemination of improved livestock farming technologies for 

sustainable development of livestock sector. 
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ABSTRACT 

Addressing the systemic constraints is very important for the economics 

of mango production in Bangladesh, which is the 7
th
 largest mango 

producing country in the world. Based on the functions any value chain 
includes three function actors and different dimensions such as 
inclusiveness (i.e., extreme poor inclusion) and gross margin, the study 

qualitatively and quantitatively assessed mango fruit value chain. 
Methodologies were applied with an assemblage of bottom-up and top-
down approaches. Structured questionnaires were used to survey 
mango producing households, input sellers and mango buyers. The 
percentile value of composite revealed that mango fruit production and 

selling the annual specified gross margin (SGM) were Tk.1,600 (66%) for 
extreme poor (hereafter referred to as EP) producers, while Tk.1,09,880 
(64%) for rich producers and Tk. 2,43,000 (76%) for retailers/middleman. 
The profit margin of medium and rich producers as well as middlemen 

was better, but less for poor and EP households due to the systemic 
market constraints. This assessment aims to prepare improving 
strategies and/or interventions for mango production that elucidates what 
actions could be taken for the mango fruit value chain in different 
segments such as improved technologies, harvesting, grading, 

packaging, transportation, marketing, etc. so that the poor and EP 
households will get more profit margin from mango production. 

Keywords: Value Chain, Local service provider, Gross margin, 

Inclusiveness 

INTRODUCTION 

Mango production has been facing multiple systemic constraints such as low quality 

of inputs, limited access to financial support and access to markets. To realize the 

better options for systemic change and capture the yet untapped potentials of mango 

fruits and most importantly, to integrate market works for the poor (M4P, a value 
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chain approach) (ACIAR, 2005), the team conducted an in-depth assessment of the 

mango subsector. The economy of Bangladesh is highly dependent on agriculture. 

Since about 87% of the rural households mostly rely on agriculture for at least part of 

their income (World Bank, 2006) that clearly indicates the poverty reduction 

potential of the fruit sub-sector. It is an established fact that a high quality of nutrition 

of fruit is very important for the proper physical and mental growth of people, 

particularly for children (Sandstrom et al., 2013). The annual fruit production in 

Bangladesh is 1.8 million ton while demand is estimated to be 4.34 million ton (BBS, 

2005). There is a gap of 2.57 million tons of fruit between demand and supply (BBS, 

2005). This illustrates how urgent is the need to increase the production of fruits. 

There are about 70 types of fruits grown in Bangladesh (ADB, 2020). The most 

widely and commercially cultivated fruit is mango. The consumption of fruit per 

head per day presently stands at around 32 g, vis-a-vis the recommended intakes of 

75 g fruit/day, that indicates the present production meets 42.67% only of the 

requirements (Bari and Jalil, 2013). Consequently, consumers face an acute shortage 

of fruit’s nutrition for which supply fails to meet the demand of the growing 

population. 

The main objective of this study is to assess and understand the mango value chain in 

facilitating sustainable systemic changes that address critical bottlenecks in the 

mango production that will help to take activities for mango cultivation and 

marketing of producers, which contribute to growth in mango business and income 

for economic development and poverty alleviation. in Bangladesh.  

MATERIALS AND METHODS 

The assessment was done in three steps: secondary research, in-depth primary 

assessment, and data analysis and reporting. This study was conducted in Rajshahi, 

Bogura and Rangpur region (hereafter referred to as value chain area). As a major 

mango growing area the first two steps were done simultaneously in Rajshahi. These 

steps are shown in figure 1. 

Secondary research 

Secondary data collection was made from available sources, including Department of 

Agricultural Extension (DAE) and, BARI, Horticulture Center, and Mango Research 

Center. Further desk research was conducted to gain knowledge on the sector, 

understand the core constraints and opportunities as well as development 

interventions to address the problems. 
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Figure 1. Diagram showing the steps in the methodology for data collection in the 

assessment 

Primary research 

A set of questionnaires was prepared for different actors, one for the mango farmers, 

one for traders (different level traders), and one for the input sellers. Primary research 

was conducted using the following steps. First, the team selected actors in different 

locations including Rajshahi, Bogura and Rangpur districts. Then different types of 

actors were interviewed such as producers (36 groups, consisting 25 producers in 

each), lease holders/ “baral” (under the same 36 groups), arotdars (32) and big traders 

(30) including fruit processors as well as exporters (3). Focus group discussions 

(FGDs) were held with producer groups and lease holders. Key Informant Interviews 

(KII) were held with individual local buyers and small traders at different mango 

local markets such as Shibgonj haat, Kansat Bazaar, Puthia Bazaar, Baneshhor haat, 

etc. of Rajshahi division. The team also visited the different national markets such as 

Amin bazaar, Jirani bazaar, Gazipur Chowrasta bazaar, Jatabari market, Narayangonj 

fruit markets to complement the information given by the producers and traders. 

Besides, the assessment team also visited different national markets to complement 

the information given by the producers and traders. Finally, an interview was done 

with Monayem Group of Industries, the Acme Laboratories Ltd. and PRAN Agor 

Business Ltd., which are involved in mango processing and distributing to domestic 

as well as export markets. Different mango products such as mango pulp, mango bar, 

mango juice etc. are exported to different countries of the world. 
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Analysis and reporting 

It captured primary experiences through discussion with other Value Chain Experts 

within the Rajshahi region; a value chain map was developed and invaluable 

experience was gained. The data collected from different actors were compiled and 

analyzed using excel sheets and used for presenting the current report. Finally, a first 

draft inception report was developed on the collected data and the data analysis 

among the anticipation in the whole process. This inception report was presented in a 

validation workshop where few feedbacks were given by the experts and had 

incorporated afterward. 

RESULTS AND DISCUSSION 

The study findings are described in different sub sections. The subsections are 

overview of the fruit value chain, fruit value chain map, characteristics of supply and 

demand, fruit value chain core function and the actors, geographical distribution and 

major market places, supporting functions, existing enabling environment and 

constraints as well as strategies and interventions to address those constraints. These 

subsections are illustrated below sequentially: 

Overview of the mango fruit value chain 

The following three main components of the fruit value chain were considered: core 

functions, supporting functions and enabling environment.  

Core function actors 

The core functions in the mango value chain are mango production, buying of 

mango, collection, packing, transportation of mango, retailing, and again processing 

and distribution to the consumer markets. There are about 70000 households in the 

value chain assessed area under the three regions in which 44% are involved in 

mango production. Among them, 15, 40, 34 and 11% of the producers were 

extremely poor, poor, medium and rich respectively. In addition, about 2300 

leaseholders were involved in the production, who are active in taking land lease for 

mango production or mango trees. They are locally called Biral. 

In the assessment area, there were about 544 wholesalers who were involved in 

buying mango from district level traders and transport by truck for distribution at the 

other districts and national level markets. There were three processor companies 

(PRAN Agro Business Ltd., Acme Laboratories Ltd., and Monayem Group Ltd,) 

involved in fruit processing as well as pulp production for manufacturing mango 

juices. These processors distribute fruit juice to retailer shops in addition to exporting 

to different countries.  

Supporting function actors 

There are about 853 supporting function actors such as pesticide, fungicide and 

fertilizer retailers, nursery owners who were involved in supply of quality inputs such 



MANGO VALUE CHAIN IN BANGLADESH 231 

 

as tree sapling and post harvesting and packaging materials. About 300 poor and 

extremely poor households supplied bamboo baskets and only 2 companies (Bengal 

Ltd and RFL) supplied plastic crates to traders for mango packaging. 103 Local 

Service Providers (LSP), a trained advanced mango producer, were also involved in 

supplying improved tree sapling with advisory services. Uncounted money lenders 

provided financial services to fruit producers. About 4643 local EPs were involved in 

small scale fruit production as well as they also involved in collection, packaging and 

transportation as labour. All are actors of supporting functions. 

Enabling environment function actors of mango fruit 

The enabling environment supporting functions are providing rules for nursery and 

maintain quality sapling, quality fertilizer and pesticides and also for production and 

extension of environmentally friendly fruits, quality standards for fruit related crime 

such as artificial ripening of mango fruits, carries out research on mango fruits and 

solving different critical problems related to mango production raised by producers of 

the mango fruit. The actors are mainly undertaken by government organizations: 

Ministry of Agriculture (MoA), DAE, BADC, BARI, BINA, Horticulture Center, 

Mango Research Center, FTIP-BAU District Admin. Union Parishad, Upazila 

Parishad, City Corporation, BSTI, etc.  MoA has enacted a policy named the New 

Agricultural Extension Policy (NAEP). The objectives of this policy are to provide 

high quality infrastructure and GoB services, agricultural inputs that will enable 

farmers to produce and market products at low cost (NAEP, 2006). 

Value chain map for mango 

Figure 2 presents value chain actors, who are producing and buying and supplying 

mango fruits from producer to consumer in different levels, and their functions, name 

and number of in the study areas. Moreover, it demonstrates actors’ sales volume of 

mango fruits including net profit/Gross Margin to better understand the overall 

findings for the mango value chain analysis. Supporting function actors and enabling 

function actors are also shown on the right side of the map. 

In this map, all green color boxes indicate core function actors for which number in 

the study area, their average turns over volume of mango production are mentioned 

for each actor. According to assessment in the assessed value chain area, total mango 

production is 1,17,140 MT which is 12% all over the country as compared to total 

production given by BBS (BBS, 2005) and this total volume of produced mango is 

also mentioned in green box. The upper end arrows indicate that input sellers provide 

inputs to producers and producers produce mango fruits and sell mango fruits to local 

small traders. These local small traders sell their mango fruits to big 

traders/wholesalers at district level. The district level wholesalers sell their mango 

fruits to national retailer markets or to processors or direct export markets. It is noted 

that there is an actor known as “baral” who plays roles both as producers and as well 

as buyers of the mango fruit chain.  
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Figure 2. Mango value chain map 

The turquoise color boxes indicate that input sellers (fertilizer, pesticide, fungicide, 

sapling), buyers, private sector organizations, processors, transport authorities, 

business association govt. line departments, Research Institutes such as BARI, BRRI, 

etc. are playing supporting functions discussed earlier. And the orange color boxes 

indicate that City corporation, Upazila Parishad, District admin, Bangladesh Standard 

Testing Institute (BSTI), business management committees, govt. line departments 

etc. are playing to set up an enabling environment for the mango fruit chains. Upper 

level in the map the percentage value indicates that from the assessing areas mango 

fruits, about 30% is consumed by the local people or consumers while the rest 70% is 

sold to other district and national markets including export markets.  
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Characteristics of mango supply and demand 

Among the assessing value chain areas, Rajshahi region which includes 15 unions 8 

upazila under Rajshahi, Chapai Nababgonj and Pabna districts; Bogura region which 

includes 7 unions 5 upazila under Gaibandha, Rangpur and Dinajpur districts; and in 

Rangpur division 6 unions of 5 upazila under Rangpur, Lalmonirhat, Nilphamari, 

Dinajpur, Thakurgoan districts. 

Total estimated mango production in the value chain area was 1,17,140 M.T which 

was about (total production all over the country is 1800000) (BBS, 2005) 6.5% of the 

fruit production of Bangladesh. It was found that each producer of the community on 

an average sells 192 kg mango fruit per year and one local trader buys 410 kg mango 

fruit per annum for selling in the different markets. It says that the supply of mango 

fruits only meets half of the demand (50%). The supply and demand for mango fruits 

in the selected value chain areas is presented in figure no. 3: 

 

Figure 3. Deviation between supply and demand of mango fruit 

Producers involved in mango fruit production 

There on an average 44% were involved in mango fruit production; as a total of 

70,000 households were assessed, therefore, the total mango producers were 30,953 

households. Most of them were individual producers. Among them, 15, 40, 34, 11, 

and 6% of the producers were extremely poor, poor, medium, rich and woman 

headed producers, respectively. As per the aim of this study, consideration of 

involvement of poor and extremely poor it was counted as well-being status. Table 1 

displayed total number of mango producers, average HHs per community, percent of 

HH and well-being status. 
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Table 1. Categories of mango growers in the study areas 

Particular HHs Mango 

fruit 

producer 

Well-being status of mango fruit 

producer 

Female headed 

mango fruit 

producer EP Poor Medium Rich 

Average number 

HH / community  

133 59 20 53 45 15 8 

Total HH  70000 30953 4643 12381 10524 3405 1857 

Percent of HH  44 15 40 34 11 6 

Annual specified gross margin (SGM) of actors involved in mango fruit value chain  

The yearly harvesting, buying and selling, annual simplified gross margin of 

producers and different types of actors are presented in Table 2. These Values were 

found by determining the annual volume of mango sold with the amount of money. 

Table 2. Marketing and profitability of mango by different actors 

Type of actors No. of actors 

for mango 

Annual selling 

(MT) 

Annual gross sales 

per actor (Tk.) 

Variable cost 

per actor (Tk.) 

Annual SGM per 

actors (Tk.) 

EP Producer 4,643 6082 2,258 658 1,600 

Poor producer 12,381 36485 12,592 1,600 10,992 

Medium 9,996 28,560 97,290 29,000 68,290 

Rich 3932 34,007 1,72,976 63,096 1,09,880 

Biral 2,300 23,860 2,07,478 1,10,000 97,478 

Traders 175 9,873 65352 30,000 35,352 

Wholesaler 544 95,645 4,20,000 2,92,500 1,27,500 

Processor 3 1,447   2500 Tk. per MT 

Retailer   3,20,000 15,5,000 2,43,000 

The money value of the composite revealed that the annual profit margin with the 

amount of money (Tk.) of medium and rich producers as well as middlemen is better, 

but less for poor and EP households due to the systemic market constraints.  

Comparison on annual specified gross margin (SGM) of producers and 

percentage contribution by mango fruits in livelihood based on well-being 

It was seen by above analysis that the profit margin of the medium and rich was 

better and in good condition because they were involved in fruit production as their 

main profession and they are able to take proper management for the mango trees as 

the good practices and also get access to markets. Comparatively, EP households 

produced mango fruits within their small homestead in which they had less than five 

mango trees on an average and also, they got less access to markets (Figure 4). 
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Figure 4. Comparison in SGM of producers 

Besides, it was found that the percentage of livelihood contribution by mango fruit 

production is 5.3% for EP producers, 10.2% for poor producers, 26% for medium 

producers and 30.3% for rich producers and percentage of livelihood contribution to 

EP producers by mango fruits were lower than other producers due to the similar 

systemic causes (Figure 5).  

 

Figure 5. Comparison in livelihood contribution by mango fruit production of 

producers 

Geographical distribution and major mango market places 

In the assessing area there were some major market places from where mango fruits 

were generally distributed to other markets of the country. Each and every actor 

involved in the mango fruits chain was active on a daily basis during the mango 

season within these markets (Alam et al., 2017).  
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Constraints for mango fruit value chain 

Several constraints were found during the assessment of the mango fruit value chain. 

The systemic constraints of mango value chain were lack of technical know-how of 

producers on pest and disease management, post-harvest technologies, paying low 

prices to producers, low volume of production and less involvement of Eps, limited 

services to reach out to all poor and EP mango fruit producers, limited access to 

financial support, and lack of access to markets. These are mainly systemic 

constraints (Ademonla, 2017) which affect the mango production in assessing areas 

as well as all over the country. 

Identified strategies and interventions 

Considering value addition prospects, the major discussions are undertaken of 

strategies for mango cultivation and marketing system improvement. There were 

many organizations who were working with the mango fruit sub sector, but still there 

was a lack of new strategies which were untapped by those organizations. (Chay et 

al., 2019). Hence, the validation advisors mostly suggested undertaking the untapped 

strategies for mango fruit improvement. The strategies to address systemic 

constraints are capacity building training for all level of actors on technical know-

how including leadership, linkage, negotiation and collaboration, business plan and 

fund management; creating self-awareness for mango fruit producers so that they will 

increase production, specially EP producers who produced only 1 to 5 mango trees; 

and strengthening and training up sufficient LSP on mango fruit so that these trained 

LSPs could provide services to mango producers. Other strategies include creating 

access to financial support, especially for poor and EP producers, and ensuring 

quality and low-price inputs such as pesticides as well as quality mango saplings.  

Most importantly, strategies should be taken to improve the market information 

system and access to markets for all producers equally. This will establish a 

systematic marketing network, which could avoid getting low prices through 

collective marketing. Taking into action this issue, the fruit selling committee 

involving producers and buyers might be developing. Earlier contracts would be 

made between producers and buyers through fixing actual rates for mangos. 

Similarly, considering value addition prospects, subsequently the intervention has 

been taken to address those constraints particularly the existing marketing channels 

with many middlemen, inadequate market infrastructures, less profit for poor and EP 

mango producers, lack of market information, lack of knowledge and skills, and lack 

of specialized training (Hossain et al., 2013).  

To address those the major interventions are training on improved technologies and 

management practices (for fruit producer, LSPs, NMS, input suppliers, lease holders, 

traders), demonstration for introducing new technologies (tree improvement, 

production technology, post-harvest technology etc.), improved management 

practices to reduce disease and pest infestations, community meeting and Farmers 

Field Day (FFD) to disseminate the technologies, facilitate private companies to 
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establish functional linkage and formal contact between producers and traders and 

processors, provide awareness training for building awareness on more production of 

fruit, match making workshop and formal contract between producers and private 

companies to ensure quality and environment friendly inputs such as chemical 

insecticides and fungicides for proper management as well as quality mango seedling 

and between MFI and producers to provide agricultural loans with flexible conditions 

such as installment after harvesting, less interest etc. 

CONCLUSION 

The research findings demonstrate that there is a great scope to increase the economic 

contribution to the livelihood of the poor and EP through the mango fruit value chain. 

There is a high demand for mango fruit both in the local, national and international 

markets. Increased demand for quality mango fruits has become an important income 

generating activity for the poor and EP farmers, which can be accelerated by 

reducing poverty. The findings indicate there is a high potential to reach critical mass 

or inclusiveness and enrollment of poorer and EP mango producers. Key 

interventions for improving mango fruit chain include reducing middleman; 

improving market information through group motivation, input, finance and other 

services availability through LSPs; increasing chain performance through enhancing 

the level of collaboration with market actors; and promoting profit growth. It should 

be noted that the findings of this study as well as the lessons learnt are not limited to 

the mango fruit value chain, rather it will help different actors to improve the fruits 

value chain development and management. Though, building sustainable fruit value 

chain is contingent on many issues, whenever the benefits of fruit value chain are 

targeted for the EP households then the government and private companies have to 

invest in institutional dimensions for the pro-poor and inclusive growth of fruit 

sector. 
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ABSTRACT 

The objective of this study was to find out the existing vegetable 
production and marketing practices in the Kailali district of Nepal. A total 
of 100 vegetable growers were selected using a simple random sampling 
technique. Data collection was done by using a semi-structured 
interview. Secondary data was collected from the reports and journal 
articles. Indexing techniques and descriptive statistics were used in this 
study. It was estimated that the average size of a household's 
landholding was 0.1689-0.337 hectares. Forty-eight percent of the 
households earned NRs 1,00,001-2,00,001/year from vegetable farming. 
About 93% of the farmers were interested in off-season vegetable 
production. Around 45% of households used different fertilizers, namely 
urea, DAP, and MOP. Insect and disease attacks (index value = 0.82) 
were the major problems. Aphid (index value = 0.818) and blight (index 
value = 0.768) were reported as the major pest and disease, 
respectively. About 47% of farmers grew hybrid seeds. Farmers sold 
their products in India (50%), Dadeldhura (30%), and local markets 
(20%). The management of insect pests and diseases, access to 
chemical fertilizers and hybrid seeds, and the provision of offseason 
vegetable production training to farmers are necessary for the promotion 
of commercial vegetable production in the district. 
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INTRODUCTION 

The agriculture sector in Nepal plays a vital role in meeting the basic needs of the 

people. It employs 60.4% of the total population and contributes approximately 

26.5% of the gross domestic product (GDP) (MoALD, 2019). Horticulture is the 

emerging sector of agriculture in Nepal, providing income and employment to a wide 

range of farmers and traders with the production and management of fresh fruits, 

vegetables, flowers, and ornamental plants (Shrestha et al., 2016). Within 

horticulture, vegetable production has great scope for the improvement of the farm 

economy (Gurung et al., 2016), including the enrichment of the family diet. Fresh 

vegetables contain a high number of vitamins, carbohydrates, protein, minerals, and 

fiber, making them essential for good health (Van Duyn and Pivonka, 2000). The 

demand for vegetables is increasing as it provides not only an integral part of daily 

food but also a component of a balanced diet, providing nutritional security (Rai et 

al., 2019). A wide range of agro-ecological variations in Nepal creates a comparative 

advantage to produce different vegetable crops. At present, more than 200 vegetable 

species are grown in the different climatic zones of Nepal, out of which fifty species 

and their varieties are grown commercially (Shrestha et al., 2004). The diverse 

ecological niches provide an opportunity to produce and supply fresh vegetables 

throughout the year in Nepal, which is extremely beneficial in terms of nutrition, 

employment, and income generation. 

Vegetable farming makes effective use of land. Most vegetables are short-duration 

crops, so 3 to 4 crops can be harvested from the same plot of land in a year. It is more 

labor-intensive than cereals, having the potential to employ seasonal workers. 

Vegetables are high-yielding and fetch good prices compared to cereals, and hence 

can stimulate sub-urban employment along with women's empowerment (Shakti, 

1995). Commercial vegetable production creates additional employment 

opportunities in postharvest operations, particularly in transportation, processing, 

packaging, and marketing. Vegetables grown in Nepal also have export potential 

(Dinham, 2003), as there is the prospect of exporting fresh vegetables to the Gulf 

countries. Vegetables grown in the high land of Nepal can also be exported to 

Bangladesh, India, Sri Lanka, and Pakistan as off-seasonal products to these 

destinations. Vegetable production supports the establishment of agro-based 

industries, as it provides raw materials for such industries. Canning industries use 

tomatoes, peas, and beans; the pickling industry can use cucumbers, chilies, 

cauliflower, and alcohol and starch extraction industries make use of potatoes, sweet 

potatoes, and yams (Singh et al., 2014). On a total of 15,300 hectares of land, farmers 

in the Kailali district produce roughly 233,000 tons of vegetables per year. According 

to the District Agriculture Development Office, winter vegetable crops are grown on 

5,300 hectares, while the area under spring and summer vegetable crops is 2,700 

hectares and 2,300 hectares, respectively. During the winter, potatoes are the main 

crop that covers nearly 5,000 hectares of land (Budhayer, 2018). 
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To enhance the production of various types of vegetable crops, financial subsidies 

and technical assistance programs are being provided to farmers in this district 

(Budhayer, 2018). However, the vegetable production in the district has been 

constrained by various technological and socioeconomic factors, as elsewhere in 

Nepal. Joshi and Piya (2021) reported that various socio-economic factors such as 

caste, ethnicity, gender, family size, education level, land holdings, and income 

source are responsible for the adoption of commercial vegetable farming in Nepal. 

However, the specific information specific to this district and the region is scanty. 

Therefore, this study was carried out with the objective of identifying key socio-

economic factors affecting vegetable production and marketing in the Kailali district 

of Nepal and the entire Sudur Paschim Province, in general. 

MATERIALS AND METHODS 

Study site 

For this study, Dhangadhi Sub-Metropolitan City in the Kailali district was 

purposefully selected. Dhangadhi is the provincial headquarter of the Sudur Paschim 

Province and hence has ample opportunities and basic infrastructure for the 

marketing of farm products, including fresh vegetables. Moreover, it is also the 

border town of the district with India and has the potential to export fresh vegetables 

to nearby Indian markets. This Sub-Metropolitan city extends over a 261.75 sq km 

area with a total population of 204,788 (CBS, 2021). 

Sample size  

The total number of households in Dhangadhi sub-metropolitan city is 29143 

(NepalArchives.Com, 2021). Among them, around 70% were engaged in agriculture, 

and the rest were in government jobs, business, and so on. One hundred households 

were chosen randomly from that 70% population for this study. 

Data collection 

The primary data was collected using a semi-structured questionnaire. Primary data 

was used to examine the relationship between vegetable production and income 

generation. In this survey, 100 respondents were randomly selected from among the 

vegetable growers in Dhangadhi sub-metropolitan city. Secondary data was collected 

from various sources such as books, journals, published articles, and reports 

published by the cooperatives and various institutes and organizations. 

Indexing technique 

Farmers' perceptions of problems in vegetable production and marketing were 

assessed using a 5-point scale (1.0, 0.8, 0.6, 0.4 and 0.2) representing very high, 

medium, low, and very low importance, respectively. The respondent's position on 

the continuum is indicated by this total score (Ghose, 1981; Kerlinger, 1983). Using 

the formula below, the index of importance is calculated. 
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I imp =∑ (si fi/N) 

Where, 

I imp=Index of importance, 

∑=Summation  

si=Scale value, 

fi=Frequency of importance given by the respondents 

N=Total numbers of respondents. 

Data analysis 

The collected and coded data were arranged in different forms such as charts, tables, 

diagrams, pie charts, and graphs. Descriptive statistical tools like mean, frequency, 

and percentage (%) were used for data analysis. The collected data was analyzed 

using SPSS 21 (IBM Corp., Armonk, NY, USA) and Microsoft Excel 2016 

(Microsoft Corp., Redmond, WA, USA). The findings were logically interpreted, and 

the necessary conclusions were drawn. 

RESULTS AND DISCUSSION 

Vegetable crops produced in the study area 

In the study area, almost 40% of respondents cultivated mainly tomatoes, and 35% 
cultivated both tomatoes and cauliflower, while only 25% of the respondents 
cultivated cauliflower only. The market price of tomatoes and cauliflower during the 
offseason is higher; therefore, the number of farmers growing these vegetables is 
increasing. Pokharel (2021) found that tomato cultivation was more profitable with a 
B/C ratio greater than 1, i.e., 2.15. 

Personal factors in vegetable production 

Gender 

Both genders were found to be involved in vegetable farming. However, the 
involvement of females in vegetable farming was found to be higher (63%) than that 
of males (37%). Women play a significant role in land preparation and the marketing 
of vegetable produce in Nepal (Joshi and Kalauni, 2018), which allows them to be 
self-sufficient, and independent, increase their capabilities and improve their social 
status in their families and communities (Rai, 2017).  

Age 

The age group of 25-35 years was found to be the most involved in vegetable farming 
(37%), which indicated that younger generations were more involved in vegetable 
farming. The age of farmers affects the degree of adoption of innovations in farming, 
and this is one of the determinants of vegetable production (Adeoye, 2020). It is less 
likely for aged farmers to embrace technological modifications in their farming 
systems (Dang et al., 2019). 
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Education 

Among the respondents, 20% were found to be illiterate, while 80% were literate, 

and 33% of the respondents reported that they had passed intermediate level. The 

assessment of the education level of farmers was also carried out by Khan et al. 

(2020) and Adebayo and Oladele (2013), Verma et al. (2018), Saini et al. (2017), and 

Maurya et al. (2017). The findings revealed that illiterate people contributed to 

agricultural production as well, but due to a lack of technical knowledge and new 

innovations, they continued to use outdated practices that hampered vegetable 

production. They must be trained and kept updated with new practices and methods 

to increase production. 

Family size 

The family size of the respondents varied from less than 3 to more than 9 members. 

46% of respondents had a family size of 6–9, while 39% of respondents had a family 

size of 3-6, and only 4% of respondents had less than 3 family sizes in the study 

areas. All family members were engaged as laborers in vegetable farming. The 

majority of households had a large family size in this study. Households with a large 

family size may be a readily available labor source. As a result, household members 

may be a ready source of labor for farm work. Family size determines the availability 

of laborers for the production process and thus is a determinant of vegetable 

production. 

Vegetable production land area 

The landholding size per household is given in Figure 1. It shows that vegetable 

production is lower, not due to fewer farmers engaged in it but due to the small size 

of landholdings. So, the farmers require innovative farming practices to increase the 

production per unit area of their small piece of land. The size of the land is a very 

important factor in vegetable production (Abur, 2014; Umar and Abdulkadir, 2015; 

Zalkuw et al., 2014). Vegetable production totally depends on the size of the land. 

Higher production can be achieved from a larger area of land, and lower production 

can be achieved from a smaller area of land. 

Farmers’ interest in training on seasonal and off-seasonal vegetable production 

The results revealed that 93% of the respondents were interested in off-seasonal 

farming and 7% were interested in seasonal farming. This reveals that farmers were 

interested in off-season vegetable farming, but only a few (40%) had received proper 

training. So, for the promotion of commercial vegetable farming, the provision of 

technical training and adequate backstopping were found to be the prerequisites. 
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Figure 1. Land area under vegetable production in the study site 

The occupation of respondents 

About 61% of the households in the study area were farmers, while 38% were wage 

workers, and 1% were engaged in services. This shows the wage labor surpluses in 

the study site, which can be utilized in farming if the vegetable sector is well 

commercialized. If the farmers were provided adequate technical support services 

and training, there were ample chances for commercial production of vegetables in 

the study district. The majority of people are involved in agriculture as the primary 

occupation in Nepal (Durbar, 2014). 

The annual income of respondents 

Almost half of the respondents (48%) had an annual income of between NRs 1and 2 

lakhs. Another 29% had an annual income of between NRs. 2-3 lakhs. Another 13% 

had an annual income greater than 3 lakhs and 10% had an annual income of between 

NRs. 50000 to NRs. 10000 (Fig. 2). The source of this annual income is from selling 

vegetables. 
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          Figure 2. Average annual income of the respondents 

Distribution of respondents based on their total profit 

The distribution of the respondents based on their annual net profit derived from their 

vegetable farming has been presented in Table 1. This shows that vegetable farming 

is very supportive of improving the economic status of the farmers in Dhangadhi sub-

metropolitan city. Intensive vegetable farming is aiding in income generation 

(Mariyono et al., 2020). 

Table 1. Distribution of respondents based on their annual net profit 

Total Profit (NRs) Frequency Percentage 

55000-150000 37 37 

150000-250000 35 35 

250000-350000 16 16 

350000-450000 8 8 

450000-550000 4 4 

Technical factors of vegetable production 

Types of seeds used by the respondents 

In nearly half of the farm households in the study area, 47% used hybrid seeds for 

vegetables. The high preference for the hybrid seeds was due to their high 

productivity and fast-growing nature. About 45% of the farm households used both 

the hybrid and local seeds. Only 8% of respondents used hybrid and improved seeds. 

Because of the higher productivity of hybrids, farmers are more willing to grow 

hybrid vegetables. The use of hybrid varieties of vegetables and crops is increasing in 
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Nepal due to their high productivity and the availability of such seeds in agro-vets 

(Bashyal, 2021). 

The type of chemical fertilizer used by the respondents 

About 45% of farm households applied the combination of the most available 

chemical fertilizers, namely urea, DAP, and MOP. This indicates that nearly half of 

farm households are aware of the importance of using nitrogen, phosphorus, and 

potassium in vegetable crops in a balanced manner. It was interesting to note that 

nearly 40% of households did not use any chemical fertilizer, while 7% of 

households used only urea, and 9% used a combination of urea and DAP (Figure 3). 

However, the reason behind not using any fertilizer was primarily due to its 

unavailability. The frequency of no application of chemical fertilizers was found to 

be due to the unavailability of chemical fertilizers in the local market. Chemical 

fertilizers are used more than organic ones nowadays and have an adverse effect on 

the environment (Savci, 2012). 

 

Figure 3. Chemical fertilizers used by respondents 

Marketing factors of vegetable production 

Marketing channel 

According to Acharya and Agarwal (1999), agricultural marketing includes all 

activities involved in the supply of farm inputs to farmers and the movement of 

agricultural products from farmers to consumers. At the study site, many actors were 

involved in the production and marketing of vegetables. The farmers of Dhangadhi 

sub-metropolitan city sold their produce in markets through different channels as 

described below. 
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Channel 1: Grower  Pre-harvest contractor  Commission Agents  Retailer  

Consumers 

Channel 2: Growers  Wholesalers  Commission Agents  Retailers  

Consumers 

Channel 3: Producers  Middlemen  Collection centre  India 

Channel 4: Growers  Retailers  Consumers 

Channel 5: Growers  Producer representative  Export   India 

Various marketing channels were identified by Bhandari et al. (2021) in tomato. The 

distribution of marketing channels in the study site is given in Table 2. Channel 2 is 

the most common on survey sites. The production goes from growers to wholesalers, 

wholesalers to commission agents, commission agents to retailers, and finally from 

retailers to consumers (Table 2). Here, the commission agents are dealers, who buy 

produce from the farmers and then supply it to retailers. 

Table 2. Distribution of marketing channels in study site 

SN Types of marketing channels Frequency Percentage 

1 Channel 1 30 30 

2 Channel 2 35 35 

3 Channel 3 15 15 

4 Channel 4 12 12 

5 Channel 5 8 8 

Sales volume and market location 

The respondents of the study area sell their products in India (50%), and nearby 

districts, particularly Dadeldhura (30%). Interestingly, only 20% of the vegetables 

grown at the study site were sold in local markets. 

Ranking of problems with vegetable production 

Insect/pest and disease attack was the most severe problem, followed by market, 

technical know-how, irrigation, and financial problems with index values of 0.82, 

0.66, 0.59, 0.5, and 0.42, respectively (Table 3). Financial issues being the least 

severe, this shows that farmers have enough savings for capital investment. Though 

finance was not the limiting factor for the farmers in Dhangadhi to move forward 

with the commercial production of vegetables, various authors have identified 

financial limitation as the number one bottleneck of commercial farming, followed 

by inadequate market infrastructures such as market information systems, storage 

facilities, stable market price, and quality assurance services along with technical 

support services (Joshi and Piya, 2021; Kharel et al., 2021). 
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Table 3. Ranking of major problems faced by the respondents 

SN Problems Index value Rank 

1 Insect and disease 0.82 I 

2 Market 0.66 II 

3 Technical 0.59 III 

4 Irrigation 0.5 IV 

5 Financial 0.42 V 

Insect pests of vegetables 

The farmers in the study location reported that aphids, fruit flies, fruit borer, whitefly, 

and white grub were the major nuisances to their vegetable crops (Table 4). Aphid 

was the most severe for them, followed by fruit fly, fruit borer, whitefly, and white 

grubs, each with index values of 0.818, 0.632, 0.544, 0.53, and 0.486 (Table 4). 

Insect pests are one of the factors affecting vegetable production (Thapa et al. 2021). 

Moreover, Jha and Regmi (2009) also found that the incidence of pests has increased 

in commercial fields. 

Table 4: Severity index of major pests identified in the study area 

SN Insect problem Index value Rank 

1 Aphids 0.818 I 

2 Fruit fly 0.632 II 

3 Fruit borer 0.544 III 

4 White fly 0.53 IV 

5 White grubs 0.486 V 

Diseases of vegetables 

The major diseases found in the study villages in vegetable farming were blight, 

downy mildew, powdery mildew, damping off, and wilt. Blight was found to be the 

most severe, followed by downy mildew, powdery mildew, damping off and wilt 

with index values of 0.768, 0.638, 0.586, 0.542, and 0.46, respectively (Table 5).  
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Table 5. Severity index of major diseases identified in the study area 

SN Disease problem Index value Rank 

1 Blight 0.768 I 

2 Downy mildew 0.638 II 

3 Powdery mildew 0.586 III 

4 Damping off 0.542 IV 

5 Wilt 0.46 V 

As vegetables are generally susceptible to a wide range of pests and diseases, these 

are major constraints to vegetable farming which requires intensive efforts for proper 

management (Dahal and Manandhar, 2021). 

CONCLUSION 

This study examined the determinants of vegetable farming in the Kailali district. 

Farmers are interested in commercial vegetable production. There was easy access to 

hybrid seeds, chemical fertilizers, and product sales markets. However, the presence 

of insects (aphids, fruit flies, fruit borer, whitefly, and white grubs) and diseases 

(blight, downy mildew, powdery mildew, damping off, and wilt) posed significant 

challenges to commercial production. Insect pests and diseases should be controlled 

by adopting various practices such as using botanicals, maintaining sanitation, and 

using chemicals at the recommended dose carefully. For this, farmers required 

adequate training and regular technical support services. As vegetable production is 

one of the major occupations of farmers in the district, timely training along with 

other support services should be provided to them to enhance their capacity.  
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forestry, horticultural sciences, microbiology, pest, weed control, molecular biology, 

plant pathology, innovative technology, crop modeling, physiology and biochemistry, 

stress breeding, land use, forestry, climate change, conservation agriculture, 

extension, economics, watershed, farm mechanization, etc.  

Livestock: Animal nutrition/ biotechnology/ production and management/genetics 

and breeding/ physiology/ reproduction, meat science, dairy technology, veterinary 

medicine/bacteriology/ virology/ surgery/ public health/ immunology/ parasitology/ 

epidemiology, fodder production and conservation, poultry production and 

management, nutraceuticals, safe food production, antimicrobial usages and 

antimicrobial resistance, greenhouse gas emission and mitigation, veterinary 

extension etc. 

Fisheries: Aquaculture- coldwater, freshwater, brackish-water/ marine, inland 

fisheries/ fish nutrition and biochemistry/ aquatic animal health/ ecosystem/ 

processing and value addition/ climate change/ fisheries economics/ resource 

management/ fish genetics and bio-technology/ aquaculture engineering etc.  

Socio economics/cross cutting issues: 

Gender mainstreaming, agricultural market, food safety, value chain system, food 

systems, safe food, biofortification, Policy, nutrition etc. 

TYPE OF ARTICLES 

Authors are requested to mention the type of articles i.e., original research article, 

review, case study and short communication. At the time of submitting the article, the 

corresponding author must choose one or more areas mentioned above. 
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SUBMISSION OF ARTICLES 

Articles from all SAARC Member Countries are invited. Nevertheless, manuscript 

from rest of the world with direct or indirect impact on agriculture/ livestock/ 

fisheries will also be considered for publication subject to its applicability in the 

SAARC region. Manuscripts complete in all aspects may be e-mailed to the editorial 

desk (saarcjournal@yahoo.com). For any queries regarding the submission, potential 

authors are requested to contact with editorial desk of SAARC Journal of Agriculture 

through email. 

COVERING LETTER TO THE MANAGING EDITOR 

During submission of articles, it is compulsory to include a covering letter to the 

managing editor. The covering letter must be attached separately stating following: 

(i) Broad topic (crop science or livestock or fishery or cross cutting issues); 

(ii) That all the authors have given consent to submit the manuscript to the SJA; 

(iii) It is the original work of the authors and all authors have contributed 

significantly for the pursuance of research; 

(iv) The manuscript is not submitted to any other journal or not under consideration 

for publication elsewhere; 

(v) State the novelty in results/findings, or significance of results (two to three 

bullet points); 

(vi) Three potential referees name, affiliation, mail id, and reason for their selection. 

STRUCTURE 

Follow this order while preparing the manuscript:  

TITLE PAGE 

Title, details of authors (names, affiliations, email), abstract, keywords, 

corresponding author. The corresponding author should be marked using asterisk 

(check the spelling) 

MAIN MANUSCRIPT 

Title, names of authors, abstract, keywords, introduction, materials and method, 

results and discussion (combined), conclusion including future researchable issues, 

acknowledgment, conflict of interest if any, reference, tables with title, figure with 

captions.  

TEXT LAYOUT 

Prepare manuscript using ‘Times New Roman’ with font size 12 pt having double 

spacing and wide (0.3 cm) margins on right and left side in word format. Please 
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ensure that each new paragraph is clearly indicated. Present table and figure with 

appropriate title and caption, respectively. Number all pages consecutively using 12 

pt. font size and standard fonts.  

MANUSCRIPT LENGTH 

The maximum word count of the manuscript should be restricted to 5000, 4000, and 

2500 for review, original research article and case-study/short communication, 

respectively.  

PEER REVIEW  

The SJA is a journal that operates on single blind review process. All submitted 

manuscripts are initially assessed by the editorial desk for its scientific merit and 

suitability of publication in the SJA. Manuscripts deemed appropriate are then sent to 

expert reviewer to assess the scientific merit of the article. The reviewer’s comments 

are communicated to the corresponding author and she/ he is expected to comply 

with recommendations/ suggestions. The author is expected to revise the manuscript 

after incorporating suggestions or remarks of the referee. The changes of the revised 

manuscript need to be marked in different colour. Finally, the corresponding author 

will submit revised manuscript with colour marking, cleaned version and compliance 

report in separate files. The editorial team is responsible for the final decision 

regarding the publication of the manuscript.  

ARTICLE STRUCTURE (Research articles) 

Authors are requested to divide their manuscript into clearly defined sections as 

mentioned below: 

TITLE 

Please be concise and informative as it is often being used for the scientific 

information retrieval.  Title should be self-explanatory to convey message about the 

article. Avoid stale words. A small running title may be provided. 

ABSTRACT 

The manuscript should contain an abstract. It should be self-contained and citation-

free, and should not exceed 250 words. An ideal abstract should contain introductory 

lines, objectives, materials and method, results and conclusions of the experiment. 

Abbreviations that appear in the abstract must be defined before they are first used. 

KEYWORDS 

List up to 5 keywords in alphabetical order and separated by comma at the end of the 

abstract. The first letter of each of the keyword should be in upper case.  
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INTRODUCTION 

Introduce the topic with relevant and appropriate background information evading 

detailed literature survey or results. Try to use latest references. This should not 

exceed three pages. 

MATERIALS AND METHODS 

Describe the methods in such a way that an independent researcher could reproduce 

the same during their future investigation. Methods which are already published 

should be mentioned in brief citing the reference. Any modifications or changes 

made on the established protocol should be described in detail.   

RESULTS AND DISCUSSION 

Results should be elaborated clearly and briefly. Discuss significance of the results 

based on available and published literature. Repeated citation and discussion should 

be avoided. 

UNITS 

Please follow internationally accepted rules. Always use the international system of 

units (SI).  

CONCLUSION 

The main conclusions arrived from results should be presented briefly (maximum 

150 words). Authors may also point out the future research scope on the particular 

topic. Should be avoided repetition of sentences. 

ACKNOWLEDGEMENTS 

It should appear at the end of the article, before the references. Provide funding 

details with project or sanction number. Please acknowledge the individuals (if any) 

who have extended help during the research, assisted in language editing, helped in 

procurement of research materials etc.  

ARTICLE STRUCTURE (Short communication) 

It should restrict the word count to 2500 including title, names of authors and 

affiliation, abstract (150 words), brief introduction, materials and methods, results 

and discussion (combined), references, relevant tables and figures. 

ARTICLE STRUCTURE (Review) 

It should restrict the word count to 5000 including title, name of authors and 

affiliation, abstract (250 words), introduction, aim, headings and sub-headings 

(context specific), references, relevant tables and figures. The authors of the review 

should have adequate number of research publications on the subject. 
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REFERENCE STYLE IN TEXT 

1.  Single author: the author surname followed by year of publication (Singh, 2020). 

2.  Two authors: both authors surnames followed by the year of publication (Singh 

and Jahan, 2020). 

3.  Three or more authors: first author surname followed by 'et al.' and the year of 

publication (Singh et al., 2020). 

REFERENCES 

1. Restrict the references which are relevant to the particular topic. Recent and 

relevant, not more than 20 years old references are encouraged; 

2. All references quoted in the text must appear at the end of the article and vice-

versa. The spelling of names of author and date or year at the two places should 

be carefully checked; 

3. The references should include names of all authors, year (within brackets), full 

title of the article, full name of the journal (in italic, no abbreviation), volume 

number, issue number in bracket, and pages. For book or monograph, the name 

of the publisher should also be given as well as its volume, edition and relevant 

pages; 

4. The references cited together in the text should be arranged chronologically. The 

list of references should be arranged in alphabetical order. A few examples for 

correct citation of references are mentioned herewith. 

JOURNAL ARTICLE 

Khan, M.M.H. (2018). Abundance, damage severity and management of guava 

mealybug, Ferrisia virgata CkII. SAARC Journal of Agriculture, 16(2): 73-82. 

Khan, M.M.H., Islam, M.M., Asaduzzaman, M. and Uddin, M.N. (2018). Mutants 

and weather parameters affecting the population dynamics of three major insect 

pests of mungbean. SAARC Journal of Agriculture, 16(2): 1-12. 

REFERENCE TO A JOURNAL PUBLICATION WITH AN ARTICLE 

NUMBER 

Van der Geer, J., Hanraads, J.A.J. and Lupton, R.A. (2018). The art of writing a 

scientific article. Heliyon, 19: e00205.  

BOOK/ POLICY BRIEF 

Gyeltshen, K. and Sharma, S. (2019). Integrated plant nutrition system modules for 

major crops and cropping systems in South Asia. SAARC Agriculture Centre, 

Dhaka, Bangladesh. Pp. 176. 
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Ali, Y., Shrestha, R.B., Bokhtiar, S.M. and Samanta, A.K. (2019). Food safety in 

South Asia: Challenge, opportunity and policy perspectives. SAARC 

Agriculture Centre, Dhaka, Bangladesh. Pp. 184  

George, G. and Hassan, M.S. (2020). Policy brief on “Guidelines for ensuring 

sustainability of fisheries and aquaculture in South Asia”. SAARC Agriculture 

Centre, Dhaka, Bangladesh. Pp. 1-4. 

CHAPTER IN A BOOK 

Bhatta, R., Anandan, S. and Giridhar, K. 2019. Livestock feeds and feeding practices 

in India. In: Samanta, Ashis Kumar, Bokhtiar, Shaikh Mohammad and Ali, 

Mohammad Younus (Editors). Livestock feeds and feeding practices in South 

Asia. SAARC Agriculture Centre, Dhaka, Bangladesh. Pp. 64 - 100.  

CONFERENCE/SYMPOSIUM/ PROCEEDINGS  

Joshi, B.K. (2004). Crossing frequency and ancestors used in developing Nepalese 

mid and high hill rice cultivars: Possible criteria for yield improvement and 

rice genes conservation. Proceedings of 4
th 

National Conference on Science 

and Technology held at Kathmandu, Nepal. Pp. 502-523. 

REFERENCE TO A WEBSITE 

Cancer Research UK. (2003). Cancer statistics reports for the UK.  

https://www.cancerresearchuk.org/about-cancer/bowel-cancer. Accessed on 8
th
 

June, 2019.  

FIGURES 

The number of figures should be restricted to 4 and it should have title below the 

figure. Citation of figures should appear within the main manuscript chronologically.  

TABLES 

The number of tables should be restricted to 4, should be numbered and have title 

(above the table). Avoid large tables, which are not comprehendible. In case of large 

tables, the data could be presented using graphs for better understanding. Citation of 

table should appear within the main manuscript chronologically. The combined 

number of tables and figures should be restricted to eight only. 

ABBREVIATIONS 

Should use internationally accepted abbreviations. New abbreviation for manuscript 

should be defined during their first use. 
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AUTHORSHIP AND ITS SEQUENCE 

Before submission, authors are anticipated to consider carefully the list and order of 

authors and mention the definitive order of authors at the time of the original 

submission based on their contribution. Any addition, deletion or rearrangement of 

author names will lead to rejection of the manuscript by the editorial board of the 

journal. Only in exceptional circumstances, the corresponding author can submit such 

request through their head of organization stating the reason.  

MANUSCRIPT PREPARATION 

Authors should follow “guide for authors” stringently, else the manuscript would be 

rejected without peer review. Editors reserve the right to adjust the style to certain 

standards of uniformity. 

ARTICLE PROCESSING CHARGE 

Articles of any type (review, research, short communication and case study) are 

accepted based on scientific merit and published free of cost. 

SUBMISSION CHECKLIST 

Before sending the manuscript to the designated email id of SJA, the authors are 

requested to undertake final check of the prepared manuscript: 

(i) Covering letter; 

(ii) Among all the authors, one has been designated as corresponding author; 

(iii) Affiliations along with email id of all authors at the title page; 

(iv) Full postal address of the organization where particular research has been 

approved and carried out; 

(v) Title page including title of manuscript, authors name/ address/email id, 

abstract, keywords, corresponding author; 

(vi) Entire file should have two parts: 

 Title page: as mentioned before. 

 Main manuscript: title, running title, name of authors (initial followed by 

surname), abstract, keywords, introduction, materials and methods, results and 

discussion (combined), conclusion including future researchable issues, 

acknowledgment, conflict of interest if any, references, tables with title and 

figures with caption. 

(vii) Manuscript has been spelling and grammar checked; 

(viii) Permission is taken for the use of copyright material; 

(ix) All references mentioned in the body of the manuscript are being cited in the 

reference list and vice versa. 




