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Review Article 

APPLICATION OF NANOTECHNOLOGY IN INSECT 

PEST MANAGEMENT: A REVIEW 

R. Zannat, M.M. Rahman
*
 and M. Afroz 

Department of Entomology 

 Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur, Bangladesh 

ABSTRACT 

Insect pests are one of the most concerned biotic obstacles in agriculture 
and humans are constantly in search of new strategies to control them. 
Chemical pesticides are extensively used for controlling insect pests 
which cause a lot of problem, such as pest resistance, elimination of 
natural enemies, environmental pollution, loss of biodiversity and human 
health hazards. As an alternative pest control strategy, the application of 
nanotechnology in insect pest management can be one of the most 
promising ways to overcome the problems related to the application of 
conventional chemical pesticide. According to various research findings, 
the nano based materials are described as very effective in insect pest 
management because they have larger surface area which ensures the 
contact of more volume of pesticides with the insect pests. They also 
provide selective, targeted and long term-controlled release of 
formulation of nanomaterial which is ecologically more viable. Moreover, 
the required amount of nano-insecticide is also very small for controlling 
insect and thus the pesticide load in the environment gets reduced. So, 
use of nanotechnology for insect pest management is considered as 
environmentally sustainable and a brilliant insect control strategy in 
green agriculture. 

Keywords: Nanotechnology, Nano-formulation, Nanoparticles, Insect 

Pest Management 

INTRODUCTION 

Agriculture is one of the primary sectors of livelihood and around 19% people of the 

world are directly involved in agriculture. But the production of crop is hindered by 

various abiotic and biotic stresses. Pests are biotic factors including weeds, insects, 

pathogens, nematodes which cause about 20-40% crop loss (FAO, 2021). It is 
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estimated that 18-20% of the produced crop is destroyed by the insect pests 

worldwide (Arora and Sandhu, 2017). Larvae and adult insects have been most lethal 

for the crop plants. To control insect pest humans have been taking various 

management techniques from the very beginning to present such as cultural method, 

mechanical method, biological method, chemical method, etc. The chemical control 

method in which synthetic pesticide is used, has become popular to farmers. It is now 

considered as an important input for increasing crop productivity and crop protection 

in modern agriculture. Approximately, 2 million tons of pesticides are used annually, 

which consists 29.5% of insecticides (Zhang, 2018). The inconvenience related to 

traditional pesticide formulation includes the use of poor dispersion, harmful solvent, 

dust, drift etc. As a result, more than 90% pesticides are run off into the environment 

and remain in agricultural products during the process of application (Zhao et al., 

2017). Disorganized and excess use of this toxic chemicals result in so many 

problems, such as pest resistance, outbreak, environmental pollution, loss of 

biodiversity leading to ecological imbalance and human health hazards (Raju, 2019). 

Additionally, bioaccumulation can occur by the accumulation of active ingredients or 

their metabolites in the environment or in the organisms and by these process 

pollutants entering in the food chain cause a serious threat to both wildlife and 

humans (Stadler et al., 2018). Majority of the active ingredients of these pesticides 

are water insoluble organic compounds and need to add carrier material in order to 

make a suitable formulation which is conducive to spray application at the field level 

(Ghormade et al., 2011). The indiscriminate use of conventional pesticide can also 

lead to the elimination of the natural enemies of insect pests, as there is lack of 

selectivity in formulation (Khan et al., 2015). So, they need to be replaced by an 

alternative insect pest control strategy that can overcome the above mentioned 

problem. 

Nanotechnology is considered as the fifth revolutionary technology of the last 

hundred years (Chhipa, 2017). In the recent two decades, the knowledge accumulated 

in these areas is being transferred and adapted in the agricultural sector to utilize it 

for the development of plant protecting agrochemicals (Mattos et al., 2017). 

Nanotechnology is the control of object at dimensions between 1 to 100 nanometers 

(nm) where unique phenomena involved novel applications (Chowdappa and Gowda, 

2013). The properties of nanoscale materials namely physical, chemical and 

biological are completely distinct from their bulk materials and individual molecules 

(Li et al., 2001). 

Using of nanotechnology for the insect pest management is one of the alternatives to 

overcome the problems related to the use of conventional pesticide and it is an 

emerging tool in agriculture for controlling insect pests. Nano-insecticides are plant 

protection chemicals, in which either the active ingredient or the carrier molecule is 

developed through nanotechnology. The absolute small size of nanomaterials is the 

blessings. Having smaller size, nanoparticles have larger surface area and thus more 

volume of pesticides gets contact with the insect pests (Rajna et al., 2019). The 
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amount required from nano-pesticides is very small for effective pest management 

and it can reduce the pesticide load on the environment (Kumar et al., 2015). 

Moreover, nano-formulation provides selective, targeted and long term controlled 

release of pesticides, which is ecologically more viable. The desired material can be 

transferred into the plant or insect effectively in the form of nanoparticles, nano-

capsule, nanogel and nano-emulsion (Raju, 2019). There are a lot of beneficial effects 

of nano-insecticides over traditional synthetic chemical insecticides for controlling 

insect pest. Therefore, the current endeavor is aimed to review current knowledge 

and application of nano-insecticides for insect pest management, and to explore the 

potentials of this emerging technology in Entomology. 

The scope and approach of implying nanomaterials in modern insect pest 

management 

Nanoparticle engineering is one of the latest technological innovations which 

demonstrate unique targeted characteristics with elevated strength. Norio Taniguichi, 

a professor at Tokyo University of Science first coined the term “nanotechnology” in 

1974 (Khan and Rizvi, 2014). The nanotechnology is the branch of engineering 

which deals with the manipulation dimensions of individual atoms and molecules less 

than 100 nanometers (Raju, 2019). Nanotechnology has long been introduced in 

multiple disciplines and is a recent technological innovation in agriculture (Gogos et 

al., 2012). Any particles with dimension less than 500 nm that exhibit novel 

properties is accepted as nano-based pesticide formulations (Kah and Hofmann, 

2014). Nanomaterials have a great promise for the management and control of insect 

pest. These include insect pests management through the formulations of nano based 

insecticides, transfer of nano-particle-mediated gene or DNA in plants for the 

development of insect pest resistant varieties, agricultural productivity enhancement 

using nanoparticles (encapsulation) for slow release (Bhan et al., 2018). It is also 

reported that calcium carbonate nanoparticles can enhance plant insect pest tolerance 

(Hua et al., 2015). 

Some nano-based insecticides are synthesized by using oil in water emulsion system 

(micro-emulsion and nano-emulsion) and the conversion of emulsion to organic 

nanoparticles (Elek et al., 2010). Nano-insecticides can also be prepared by directly 

processing into nanoparticles or by loading insecticides with nanocarriers in delivery 

systems (Urkude, 2019). It would appear that some nano-based insecticides have 

already been on the market for several years. Some nano particles work against insect 

pests are given in Table1. 
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Table 1. Some nanoparticles and their active ingredients used against insect pests. 

Nanoparticle Active Ingredient Target Organism Reference 

Nanoencapsulation Essential oil (EO) 

of Carum copticum 

Diamondback moth 

(Plutella xylostella) 

Jamal et al. (2013) 

Myristic acid-chitosan 

nanogels 

Essential oil (EO) 

of Carum copticum 

Wheat weevil 

(Sitophilus granarius) 

Ziaee et al. (2014) 

Polyethylene glycol  

coated nanoparticles 

Essential oil of 

garlic 

Red flour beetle 

(Tribolium castaneum) 

Yang et al. (2009) 

Nanogel Methyl eugenol Oriental fruit fly 

(Bactrocera dorsalis) 

Baghat et al. 

(2013) 

Nanocapsules Pyridalyl Cotton bollworm 

(Helicoverpa armigera) 

Saini et al. (2014) 

Nanocapsules with 

azidobenzaldehyde 

Methomyl Armyworm 

(Spodoptera frugiperda) 

Sun et al. (2014) 

Chitosan-coated 

nanoformulations 

Pyrifluquinazon Green peach aphid 

(Myzus persicae) 

Kang et al. (2012) 

Chitosan nanocarrier Nomuraearileyi Tobacco cutworm 

(Spodoptera litura) 

Chandra et al. 

(2013) 

Nano dust Nano-Al₂O₃ dust Rice weevil 

(Sitophilus oryzae) 

Stadler et al. 

(2010) 

Nano-DEPA 

(diethylphenylacetamide) 

DEPA 

 

Mosquito 

(Culex 

quinquefasciatus) 

Balaji et al. 

(2017) 

Emerging field of nano-pesticides for controlling insect pests 

Various types of nano-formulations are mostly used to control insect pest. Any 

formulation with nanometer size ingredients and consist organic polymers or 

inorganic metal oxides are regarded as nano-formulation (Raju, 2019). The principal 

objectives of nano-pesticide formulations are: (a) to increase the solubility of poorly 

soluble active ingredients (a.i.) or (b) to release the a.i. in a slow/targeted manner 

and/or protect the a.i. against premature degradation (Shah et al., 2016). A wide 

variety of natural or synthesized particles such as metal, metal oxides, non-metal 

oxides, carbon, silicates, ceramics, clays, layered double hydroxides, polymers, 

lipids, dendrimers, proteins, quantum dots etc. used for production of pesticide nano-

formulations (Niemeyer et al., 2001). Among the nano structured system, polymeric 

nano-particles are used for controlled release formulation (Sun et al., 2014). Recently 
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they are used for the delivery of pesticide where the active ingredients are loaded 

with polymer, which are within the nano range of 1-1000 nm (Nuruzzaman et al., 

2016).  The most used nano-based insecticides are nano-emulsions, nano-particles 

and nano-capsules (Fig. 1). Besides this, nanogel, nanosphere, nanosuspension are 

also popular nano-system in insect pest management.      

 

Figure 1. The most used nanosystems in insect pest control (Medina-Pérez et al., 2019). 

Nano-formulations used in insect pest management 

Nano encapsulation 

The coating of various substances within another material at various sizes in the 

nano-range and through which a chemical is slowly but efficiently released is called 

nano-encapsulation (Ragaei and Sabry, 2014). In the process of nanoencapsulation, 

individual particles or droplets of solid or liquid core material are surrounded or 

covered with a continuous film of polymeric material. This ensures the release of the 

pesticide only in the targeted environment like in specific pH (e.g., in the stomach or 

inside a cell), specific temperature, moisture, external ultrasound frequency or in the 

occurrence of explicit compounds (Urkude, 2019). Li et al. (2016) stated that nano-

capsules exhibited a higher release rate than the microcapsules because materials 

with smaller size have larger surface areas being exposed to the surroundings. It is 

the most vital technique for the protection of plants against insect pest. It has a lot of 

application in insect pest management. Schematic diagram of nanoencapsulation in 

pesticide applications is shown in Fig. 2. 
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Figure 2. Schematic diagram of nanoencapsulation in insecticide applications 

(Nuruzzaman et al., 2016) 

Nano-emulsion 

Nano-emulsions are also most important formulations to enhance solubility and 

dissolution properties of poorly water-soluble substances (Wang et al., 2009). They 

have small droplet size (20-200 nm) and are also referred as mini-emulsions or 

ultrafine emulsions (Fernandes et al., 2014). In a nano-emulsion, one liquid is 

dispersed as small spherical droplets into another liquid but required a lesser amount 

of surfactants about 5-10% (Raju et al., 2019). The smaller droplet size of nano-

emulsion confers them stability against sedimentation or creaming and a transparent 

or translucent optical aspect (Shah et al., 2016). Nenaah (2014) observed that nano-

emulsion of Achillea plant’s (a flowering plant of Asteraceae family) oil showed 

higher fumigant toxicity against the larvae and adult of red flour beetle. 

Nanogel 

 Nanogels are aqueous dispersions of hydrogel particles formed by physically or 

chemically crosslinked polymer networks in the nanoscale size. This nanogel is 

chemically, thermally and mechanically more stable than natural pheromone and it 

lowers down the evaporation of the highly volatile pheromone methyl eugenol (ME) 

and protects it from the degrading by environmental factors like exposure to air, 

water and sunlight (Raju, 2019.). Bhagat et al. (2013) studied with nano-gelled 

pheromone for the management of Bactrocera dorsalis, a prevalent harmful pest for a 
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number of fruits including guava. They found effective results using nano-gel based 

pheromone over natural pheromone, methyl eugenol. They also described nanogel as 

a potential particle for crop protection, long lasting residual activity, excellent 

efficacy and favorable safety profiles and effective in rainy season. 

Metalic nano-particles 

Some of the metal and metal oxide nanoparticles have insecticidal efficacy. 

Nanostructured alumina, nano-structured gold, nano-silver (Ag), nano-cadmium 

sulfide (CdS) etc. are very effective against insect pest (Ziaee and Hamzavi, 2013). 

Debnath et al. (2012) found that amorphous lipophilic silica nanoparticles had 

toxicity on Tribolium castaneum, a stored grain insect pest. Goswami et al. (2010) 

reported that nano-silica had insecticidal toxicity against some mosquito species that 

transmit human diseases. According to Chakravarthy et al. (2012), DNA tagged gold 

nanoparticles are effective against Spodoptera litura, fall army warm. Zahir et al. 

(2012) found in their experiment that silver nanoparticles (Ag NPs) were more 

effective to control Sitophilus oryzae, rice weevil than silver nitrate as well as 

aqueous extract of Euphorbia prostrata (a medicinal plant). Moreover, the required 

amount of Ag NPs was also less to kill the adult insect (Fig. 3). 

 

Figure 3. LD50 and LD90 of aqueous extract of Euphorbia prostrata, silver nitrate 

solution and synthesized Ag NPs against the adults of Sitophilus oryzae 

(LD: Lethal Dose) (Zahir et al., 2012). 

Botanical nano-pesticide 

As consumers demand for safe products widen, interest on developing plant-based 

insecticides has gained more attention (Omar et al., 2016). Botanicals offer an 
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environmentally benign solution for the management of insect pests; however, their 

application is limited due to their low stability in environment (Forim et al., 2013). 

Nanotechnology offers great promise in this direction and nano-formulations can be 

used to improve both the stability and effectiveness of these natural products 

(Ghormade et al., 2011).  Nanostructured botanicals such as azadirachtin, rotenone, 

carvacrol, thymol, curcumin etc are very effective against insect pest (Shah et al., 

2016). Forim et al. (2013) observed that nanoparticles loaded with neem 

(Azadirachta indica) spray-dried powder can cause 100% larval mortality of 

diamondback moth with greater stability against UV. 

CONCLUSION 

Although nanotechnology is a recent trend in plant protection sector, the uses of 

nanotechnology for controlling insect has already been started. Nano-encapsulated 

insecticides can reduce the loss of insecticide in the environment as they release only 

in the specific target side. As nano-formulated insecticides have relatively larger 

surface area, they can efficiently control target insect pest with the lower 

concentration. A number of nano-particles may have entomotoxic effects on the 

existing key insect pests, which is yet to be exploited. Furthermore, the synthesis of 

nanoparticles from biological agents such as plants and microbes is a promising way 

of ecofriendly management of insect pests. Overall, nano-based insecticides can 

become a better alternative of conventional insecticide and can reduce the pesticide 

load in the environment. 
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ABSTRACT 

It is necessary to assess genetic diversity and a molecular characteristic 
among Bangladesh’s local rice cultivars. The purpose of the study was to 
assess the genetic diversity and molecular characterization of 83 rice 
landraces in Bangladesh using nine (9) SSR markers. A total of 262 
allels were identified using nine (9) polymorphic markers. The highest 
number alleles 34 were identified by RM336 while the lowest was 13 by 
RM262. Polymorphism information content (PIC) value of each marker 
was evaluated on the basis of the number of alleles and it varied greatly 
for all the SSR loci tested. The PIC value ranged from 0.951 to 0.766 
and marker RM336 was found to be the most appropriate marker to 
discriminate among the rice genotypes owing to the highest PIC value of 
0.951. The allele frequency ranged from 37.35% (RM262) to 10.84% 
(RM585, RM336) with an average of 18.47%. The genotypes G82, G77, 
G68, G50, and G1; G65, G37, and G10; G71 and G11; G25 and G14; 
G39 and G27 have 100% genetic similarity according to the pair wise 
genetic similarity indexes. Genotype G10 had the least similarity (0.44 
percent) to genotype G9, G16 with G17, G22 with G29, G28 with G30, 
and so on. The dendrogram based on UPGMA and Nei’s genetic 
distance classified the 83 rice landraces into 5 clusters with a similarity 
coefficient of 0.6 Cluster 2 had maximum thirty-two genotypes followed 
by cluster 4. The landraces that were derivatives of genetically similar 
types were clustered together on the dendrogram. These landraces is 
showed wide genetic divergence among the constituent in it and in future 
it will be useful for hybridization programme in plant breeding. 
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INTRODUCTION 

Rice (Oryza sativa L.) is a major cereal crop farmed only for human use, and it is the 

primary source of nutrition for roughly half of the world's population (Ramkumar et 

al., 2010). South East Asia is one of the world's rice diversity hotspots (Singh et al., 

2016). Rice landraces include a large number of useful genes that rice breeders can 

employ to improve the crop, and genetic heterogeneity exists among rice accessions, 

allowing for a wide range of agricultural improvements (Singh et al., 2015).   

Bangladesh is already under strain from rising food demand as well as issues with 

agricultural land and water scarcity. Bangladesh has to enhance rice yields to fulfill 

the rising food demand brought on by population expansion. The world's largest rice 

Genebank, at IRRI (International Rice Research Institute) in the Philippines, has 

about 1,27,000 rice accessions and wild relatives (http://irri.org/ourwork/research/ 

genetic-diversity). The amount of scoreable morphological features used to quantify 

plant genetic diversity varies when compared to the number of biologically active 

genes. Furthermore, plant genomes typically contain a considerable quantity of 

repetitive DNA that is not expressed and does not contribute to plant physiological or 

morphological appearance. There are extremely few physical changes between very 

closely related plant kinds, which do not represent actual genetic differences at the 

DNA level. As a result, there is always a need to investigate polymorphism at the 

DNA level, which may serve as a marker of genetic variation. RFLP, RAPD, AFLP, 

microsatellites (SSR), and SNP are some of the molecular markers that have been 

produced. Simple sequence repeat (SSR) markers, are co-dominant, hyper variable, 

plentiful, and widely dispersed throughout the rice genome (Temnykh et al., 2001). 

Because microsatellites are technically easy, time saving, highly informative, and 

need a minimal amount of DNA, they have shown significant promise in genetic 

diversity, genome mapping, gene tagging, and marker-assisted selection (MAS). 

However, because of the influence of environmental factors, assessments based 

solely on plant phenotypes are not a trustworthy indicator of genetic difference. The 

development of PCR-based molecular marker technology has made it possible to 

measure genetic diversity in germplasm with very effective and reliable techniques 

(Chitwood et al. 2016). Microsatellite markers are currently available through a 

publicly accessible database or the published high-density linkage map (McCouch et 

al., 2002; IRGSP, 2005). A study reported that around 234 rice landraces and 

discovered five different groups that correlate to indica, aus, aromatic, temperate 

japonica, and tropical japonica rice (Amanda et al., 2004). They have a lot of variety 

as well, with 98 percent of loci polymorphic in the Aus group. The group has 

received less attention than the indica and japonica groups, despite their drought 

tolerance and early maturity. In Bangladesh, there are four different ecotypes of rice: 

Boro, Aus, Transplanted Aman, and Deep Water Aman. 

Boro, Aman, and Aus landraces are among the indigenous rice varieties found in 

Bangladesh. Those landraces have a high level of adaptability but a low yield. During 
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the last 20 years, high yielding variants have gradually superseded the cultivation of 

these landraces. These landraces have adapted in various sections of the country, with 

some having exceptional quality, fineness, aroma, taste, and protein content (Dutta et 

al., 1998). As selection of plants based on genetic diversity has proven beneficial in 

various crops, precise information on the level of genetic variety among populations 

is critical in every crop development operation (Ananda and Rawat, 1984; De et al., 

1988). As a result, the goals of this study were to evaluate the genetic richness and 

variation of 83 local rice genotypes, as well as to discover the genetic link between 

these genotypes for breeding purposes. 

MATERIALS AND METHODS 

Plant materials 

This study was conducted at pot yard and Molecular Laboratory of Plant Breeding 

Division, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh from 

August to December 2020. Eighty-three rice landraces collected from different 

location of Bangladesh were used in this study as depicted in Table1. 

Table 1. List of plant materials used in this study 

Sl. 

No. 

Germplasm name Collection 

place 

Collection 

year 

Sl. 

No. 

Source of origin Collection 

place 

Collection 

year 

1 KuttimoraBirun Sherpur 2019 42 Moyna shail Sunamganj 2019 

2 Dudh Binni Sherpur 2019 42 Kashia Binni Mymensingh 2018 

3 Goa Mouri Sherpur 2019 44 Chinishail-3 Sherpur 2019 

4 Chaklashi Sherpur 2019 45 Goabari Sherpur 2019 

5 Goar chara Sherpur 2019 46 Marrygold Sherpur 2019 

6 Hashem Iri Sherpur 2019 47 Lalkumri Sherpur 2019 

7 Lal Paijam Sunamganj 2018 48 Porbot Jira Sherpur 2019 

8 Birui Sherpur 2019 49  Sentu-18 Sherpur 2019 

9 Shoragot Birun Sherpur 2019 50 Sentu-19 Sherpur 2019 

10 Aila gota Sherpur 2019 51 Lalmatia Sherpur 2019 

11 BedhaBirun Sherpur 2019 52 Faijam Sherpur 2019 

12 OjanaBirun Sherpur 2019 53 Leda Binni Sherpur 2019 

13 Lal goarchara Sherpur 2019 54 Hasa Shada Mymensingh 2018 

14 Kaijam Sherpur 2019 55 Lal Chini shail Sherpur 2019 

15 Kotkoti Sunamganj 2018 56 Peyarjat Sherpur 2018 

16 Lalcheng Sherpur 2019 57 Shonajuri Mymensingh 2018 

17 Puti birun Sherpur 2019 58 Mukta-10 Mymensingh 2018 

18 Noli Goarchara Sherpur 2019 59 Choto Sharnalota Sherpur 2019 

19 Chanmoni Mymensingh 2018 60 Motamorang Sherpur 2019 
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Sl. 

No. 

Germplasm name Collection 

place 

Collection 

year 

Sl. 

No. 

Source of origin Collection 

place 

Collection 

year 

20 Sentu-6 Sherpur 2019 61 Chapal Sherpur 2019 

21 Chapal-2 Sherpur 2019 62 Ful lota Sherpur 2019 

22 Lomba Ail Sherpur 2019 63 Sentu-5 Sherpur 2018 

23 Shada Paijam Sunamganj 2018 64 Hashakalo Mymensingh 2019 

24 Birushail Sunamganj 2018 65 Champa Mushuri Sherpur 2018 

25 Chini shail Sherpur 2018 66 Madhobi lota Sherpur 2018 

26 Chenger muri Sunamganj 2018 67 Sentu-16 Sherpur 2019 

27 Sentushail Sherpur 2019 68 Nagra Sherpur 2019 

28 Chinigura Sunamganj 2018 69 Gobinda Sherpur 2019 

29 Shong Binni Sherpur 2018 70 Sentu-9 Sherpur 2018 

30 Champa mushuri Sherpur 2019 71 Sentu-11 Sherpur 2019 

31 Bashiraj Natore 2019 72 Tulshimala Sherpur 2018 

32 Gandhishail Sunamganj 2018 73 Sentu-17 Sherpur 2018 

33 BoroAbji Sunamganj 2018 74 Hashashada Mymensingh 2018 

34 Malai reti Sherpur 2019 75 Laldinga Sherpur 2018 

35 Deshi-32 Sunamganj 2018 76 Goatibinni Sherpur 2019 

36 Moynashail Sunamganj 2018 77 Sentu-18 Sherpur 2019 

37 Maloti Sunamganj 2018 78 Porabinni Sherpur 2019 

38 Chollish Sunamganj 2018 79 Ranishail Sherpur 2019 

39 Paijam Gopalganj 2019 80 Shonajuri Mymensingh 2019 

40 Sentu gold Sherpur 2019 81 Bishali Binni Sherpur 2019 

41 Markabinni Sherpur 2019 82 Kalo Birun Sunamganj 2019 

   83 Fulkainja Sherpur 2019 

Genomic DNA extraction 

DNA was extracted from leaf tissues of 21 days old seedling following Cetyl 

Trimethyl Ammonium Bro-mide (CTAB) method (Doyle and Doyle 1987). 

Primer selection and DNA amplification 

To detect DNA for differentiating the tested rice landraces using nine SSR markers 

were used (Table 2). Before the selection of nine polymorphic markers, marker 

surveys were conducted with 120 SSR markers and nine markers were chosen 

according to their polymorphic bands (Fig. 1). 

PCR analysis was carried out in a 10 μl reaction sample including 1 μl DNA 

template, 5 μl of master mix, 2 μl nuclease free water, and 1 μl each of forward and 

reverse primers (Siddique et al., 2016b) utilizing a Biometra T3 thermal cycler 

(Analytik Jena GmbH Co, Germany) with a single 96-well plate. After initial 
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denaturation for five minutes at 94°C, Each cycle consisted of one minute 

denaturation at 94°C, one minute annealing at 55°C, and two minutes extension at 

72°C, with a final extension of seven minutes at 72°C at the end of 35 cycles 

(Siddique et al., 2016b) and amplified products were stored at (-)4
0
C until further 

use. For high throughput manual genotyping, the PCR products were electrophoresed 

on an 8 percent polyacrylamide gel using mini vertical polyacrylamide gels (CBS 

Scientific Co. Inc.,  USA). Depending on the allele size, 2μl of amplification products 

were resolved by running gel in 1x TBE buffer for 2-2.5 hours at roughly 80 volts 

and 400 mA current. The gels were stained with ethidium bromide at a concentration 

of 0.5 mg/ml and recorded with the Whatman Biometra gel Documentation System 

(prod nr: 1603209) employed microsatellite or simple sequence repeat (SSR) markers 

for DNA analysis (Temnykh et al., 2001; McCouch et al., 2002)  

Table 2. List of the nine simple sequence repeat (SSR) markers 

Locus 

name 

Amplicon 

size range 

(bp) 

Repeat 

motif 

Sequence Annealin

g 

temperatu

re (°C) 

RM493 211 (CTT)
9
 

Forward :TAGCTCCAACAGGATCGACC 
55 

Reverse: GTACGTAAACGCGGAAGGTG 

RM248 102 (CT)
25

 
Forward :TCCTTGTGAAATCTGGTCCC 

55 
Reverse: GTAGCCTAGCATGGTGCATG 

RM262 154 (CT)
16

 
Forward :CATTCCGTCTCGGCTCAACT 

55 
Reverse:CAGAGCAAGGTGGCTTGC 

RM7075 155 (ACAT)
13

 
Forward:TATGGACTGGAGCAAACCTC 

50 
Reverse:GGCACAGCACCAATGTCTC 

RM224 157 
(AAG)

8 

(AG)
13

 

Forward:ATCGATCGATCTTCACGAGG 
55 

Reverse:TGCTATAAAAGGCATTCGGG 

RM551 192 (AG)
18

 
Forward:AGCCCAGACTAGCATGATTG 

55 
Reverse:GAAGGCGAGAAGGATCACAG 

RM585 233 (TC)
45

 
Forward:CAGTCTTGCTCCGTTTGTTG 

55 
Reverse:CTGTGACTGACTTGGTCATAGG 

RM3412b 211 (TA)
34

 
Forward:TCATGATGGATCTCTGAGGTG 

55 
Reverse:GGGAGGATGCACTAATCTTTC 

RM336 154 (CTT)
18

 
Forward:CTTACAGAGAAACGGCATCG 

55 
Reverse:GCTGGTTTGTTTCAGGTTCG 
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Analysis of SSR data 

Using the Alpha-EaseFC 5.0 program, the size of each amplified allele was measured 

in base pairs. Power Marker version 3.25 was used to calculate summary statistics 

such as the number of alleles per locus, major allele frequency, gene diversity, and 

polymorphism information content (PIC) values (Liu and Muse, 2005). For analysis 

with NTSYSpc version 2.1, the allele frequency data from Power Marker was 

exported in binary format (allele presence=1 and allele absence=0) (Rohlf, 2002). A 

similarity matrix was created using the Dice coefficient in the Simqual subprogram, 

followed by cluster analysis using the UPGMA (unweighted pair group technique 

using arithmetic mean) clustering algorithm implemented in NTSYS-pc in the SAHN 

subprogram. 

RESULTS AND DISCUSSIONS 

SSR markers are widely used for fingerprinting and diversity studies on rice cultivars 

and wild relatives due to its high polymorphic rates, which can be identified even at 

individual levels (Nei et al., 2002; Nagaraju et al., 2002). 

The nine micro-satellite markers effectively amplified 83 rice landraces, with primer 

pairs referred to as loci and DNA bands referred to as alleles. A total of 262 alleles 

were detected using nine micro-satellite markers across 83 rice landraces. 

The highest average band size was found for RM585 (233) followed by RM493 

(211), and RM3412b (205). Among the nine SSR markers, the highest number of 

alleles (34) was found for RM336followed by RM248 (33) and RM585 (32). 

Previously, a similar number of microsatellite markers were utilized as a subset for 

O. sativa genetic diversity study (Siddique et al., 2016a). The polymorphism 

information content (PIC) values ranged from 0.951 (RM336) to 0.766(RM262), with 

an average of 0.90. PIC values of 0.34-0.88 (Thomson et al., 2007), 0.65-0.91 

(Siddique et al., 2014) and 0.59-0.90 (Siddique et al., 2016b) are comparable to 

recent estimates of microsattelite analyses in rice. The PIC values for other markers 

were 0.910(RM493), 0.844 (RM7075), 0.913(RM224) and 0.926 (RM551), 

respectively (Table3). This study's mean PIC value was higher than Ravi et al., 

(2003)'s PIC value of 0.578 in an earlier study of rice cultivars, landraces, and wild 

relatives. This could mean that the genotypes utilized in this investigation were more 

varied. Using SSR markers in rice, Panaud et al. (1996) found substantial genetic 

similarity among landraces of common geographic origin and low genetic similarity 

among landraces of various geographic origins. PIC value revealed RM336 as the 

best marker. Because of its low PIC value, RM262 can be regarded the least potent 

marker. According to the findings, the examined rice landraces have a significant 
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degree of heterozygosis, which is very obvious. Figure 1 shows the polymorphism 

survey of some SSR marker of two landraces. The allele frequency ranged from 

37.35% (RM262) to 10.84% (RM585, RM336) with an average of 18.47%. Gene 

diversity varied from 0.95 to 0.78 and their average value was 0.91, which also 

indicated the presence of adequate genetic diversity (Table 3). Figure 2 and 3 shows 

the DNA profiles of 83landraces with SSR marker RM493 and RM262 respectively. 

Table 3. Allele number, size, frequency, genetic diversity and PIC of 83 rice 

landraces for nine micro-satellite markers 

Locus name No. of allele  Allele frequency (%) Gene diversity  PIC  

RM493 27 0.2169 0.9154 0.9106 

RM248 33 0.1084 0.9531 0.9512 

RM262 13 0.3735 0.7891 0.7660 

RM7075 16 0.2530 0.8585 0.8443 

RM224 25 0.2048 0.9186 0.9139 

RM551 26 0.1205 0.9310 0.9269 

RM585 32 0.1084 0.9496 0.9474 

RM3412b 28 0.1687 0.9369 0.9338 

RM336 34 0.1084 0.9537 0.9518 

Mean 26 0.1847 0.9118 0.9051 

 

 

Figure 1. Partial view of gel pictures of primer survey for some primers of two rice 

landraces 
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Figure 2. DNA profile of 83 rice landraces with RM493 

 

 

Figure 3. DNA profile of 83 rice landraces with RM262 
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Similarity matrix 

The genetic similarity was calculated using SSR-derived data (Fig. 4). The level of 

relatedness among the genotypes investigated was determined using the similarly 

matrix. Across all 83 genotypes, pair-wise estimations of similarity varied from 0.00 

to 1.00. Using molecular markers, Saini et al. (2004) discovered similar levels of 

similarity co-efficient among 18 basmati and non-basmati types. Using microsatellite 

markers, Siwach et al. (2004) discovered a higher level of similarity between basmati 

and non basmati long-grain indica rice types, ranging from 0.67 to 0.91. Intra-

specific variation in the germplasm utilized could be one of the explanations for the 

high level of similarity observed in the current and earlier investigations. The 

genotypes G82, G77, G68, G50, and G1; G65, G37, and G10; G71 and G11; G25 and 

G14; G39 and G27 have 100% genetic similarity according to the pair wise genetic 

similarity indexes. When the examined loci were considered, genotypes that were 

100 percent similar to each other were discovered to be duplicates. Deepa and Patnai-

23 were also discovered as duplicates by Sajib et al. (2012). The study's findings 

revealed that genotype G10 had the least similarity (0.44 percent) to genotype G9, 

G16 with G17, G22 with G29, G28 with G30, and so on. Based on the findings of 

marker-assisted diversity analysis, accessions that are genetically distant (such as 

Lalchengand Putibirun; Shong Binni and Lomba Ail; Chiniguraand Champa mushuri; 

Shoragot Birunand Puti Biruin) could be chosen as parents for future breeding 

projects. This could promote diversity, leading to a high productivity index in terms 

of increased output and overall quality.  

Genetic distance-based analysis 

The genotypes were grouped into a dendrogram using cluster analysis (Nei, 1972). 

Nine markers were used to group the 83 rice landraces into five broad groups based 

on the dendrogram. All the genotypes could be recognized with ease. With a 

coefficient of 0.6, the UPGMA cluster analysis grouped the rice genotypes into five 

primary clusters, with similarity coefficient values ranging from 0.08 to 1.0. Cluster 2 

had 31 landraces and was the largest of the five clusters, followed by cluster 4, which 

had 30 landraces; cluster 3 had 11 landraces; cluster 1 had 6 landraces; and cluster 5 

had five landraces (Fig. 5). The landraces that were derivatives of genetically similar 

types were clustered together on the dendrogram. In a rice improvement breeding 

effort, genetically distinct landraces could be utilized as parents in a cross-breeding 

program to generate genetic variety and transgressive segregants. 
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Figure 4. Nei’s coefficients of similarity among 83 rice genotypes 

Legend: G1-Kuttimora  Birun, G2-Dudh Binni, G3-Goa Mouri, G4-Chaklashi, G5-Goar chara, G6-

Hashem Iri, G7-Lal Paijam, G8-Birui, G9-Shoragot Birun, G10-Aila gota, G11-Bedha Birun, G12-

Ojana Birun, G13-Lal goarchara, G14-Kaijam, G15-Kotkoti, G16-Lalcheng, G17-Puti birun, G18-Noli 

Goarchara, G19-Chanmoni, G20-Sentu-6, G21-Chapal-2, G22-Lomba Ail, G23-Shada Paijam, G24-

Birushail, G25-Chini shail, G26-Chenger muri, G27-Laittashail, G28-Chinigura, G29-Shong Binni,G30-

Champa mushuri, G31-Bashiraj, G32-Gandhishail, G33-Boro Abji, G34-Malai reti, G35-Deshi-32, G36-

Moynashail, G37-Maloti, G38-Chollish, G39-Paijam, G40-Sentu gold, G41-Markabinni, G42-Moyna 

shail, G43-Kashia Binni, G44-Chinishail-3, G45-Goabari, G46-Marry gold, G47-Lalkumri, G48-Porbot 

Jira, G49-Sentu-18, G50-Sentu-19, G51-Lalmatia, G52-Faijam, G53-Leda Binni, G54-Hasa Shada, 

G55-Lal Chinishail, G56-Peyarjat, G57-Shonajuri, G58-Mukta-10, G59-Choto Sharnalota, G60-

Motamorang, G61-Chapal, G62-Ful lota, G63-Sentu-5, G64-Hashakalo, G65-Champa Mushuri, G66-

Madhobi lota, G67-Sentu-16, G68-Nagra, G69-Gobinda, G70-Sentu-9, G71-Sentu-11, G72-Tulshimala, 

G73-Sentu-17, G74-Hashashada, G75-Laldinga, G76-Goatibinni, G77-Sentu-18, G78-Porabinni, G79-

Ranishail, G80-Shonajuri, G81-Bishali Binni, G82-Kalo Birun, G83-Fulkainja 
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Figure 5. UPGMA cluster dendrogram showing the genetic relationships between 83 

rice landraces of Bangladesh based on the alleles detected by nine micro-

satellite markers. 

Legend: 1-Kuttimora  Birun, 2-Dudh Binni, 3-Goa Mouri, 4-Chaklashi, 5-Goar chara, 6-Hashem Iri, 7-

Lal Paijam, 8-Birui, 9-Shoragot Birun, 10-Aila gota, 11-Bedha Birun, 12-Ojana Birun, 13-Lal 

goarchara, 14-Kaijam, 15-Kotkoti, 16-Lalcheng, 17-Puti birun, 18-Noli Goarchara, 19-Chanmoni, 20-

Sentu-6, 21-Chapal-2, 22-Lomba Ail, 23-Shada Paijam, 24-Birushail, 25-Chini shail, 26-Chenger muri, 

27-Laittashail, 28-Chinigura, 29-Shong Binni,30-Champa mushuri, 31-Bashiraj, 32-Gandhishail, 33-

Boro Abji, 34-Malai reti, 35-Deshi-32, 36-Moynashail, 37-Maloti, 38-Chollish, 39-Paijam, 40-Sentu 

gold, 41-Markabinni, 42-Moyna shail, 43-Kashia Binni, 44-Chinishail-3, 45-Goabari, 46-Marry gold, 

47-Lalkumri, 48-Porbot Jira, 49-Sentu-18, 50-Sentu-19, 51-Lalmatia, 52-Faijam, 53-Leda Binni, 54-

Hasa Shada, 55-Lal Chinishail, 56-Peyarjat, 57-Shonajuri, 58-Mukta-10, 59-Choto Sharnalota, 60-

Motamorang, 61-Chapal, 62-Ful lota, 63-Sentu-5, 64-Hashakalo, 65-Champa Mushuri, 66-Madhobi lota, 

67-Sentu-16, 68-Nagra, 69-Gobinda, 70-Sentu-9, 71-Sentu-11, 72-Tulshimala, 73-Sentu-17, 74-

Hashashada, 75-Laldinga, 76-Goatibinni, 77-Sentu-18, 78-Porabinni, 79-Ranishail, 80-Shonajuri, 81-

Bishali Binni, 82-Kalo Birun, 83-Fulkainja 

CONCLUSION 

An SSR based screening of 83 rice genotypes using 09 SSR markers demonstrated a 

total of 262 alleles with an average of 26 alleles per locus. The highest PIC value was 

recorded for primer RM336 and that was the lowest for the primer RM262.Therefore, 

it can be concluded that RM336 was the best marker for the identification of rice 

genotypes followed by RM248, RM585, RM2412b, RM224, and RM493. SSR 
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markers used in this study were convenient and polymorphic. The genotypes G82, 

G77, G68, G50, and G1; G65, G37, and G10; G71 and G11; G25 and G14; G39 and 

G27 have 100% genetic similarity according to the pair wise genetic similarity 

indexes. Genotype G10 had the least similarity (0.44 percent) to genotype G9, G16 

with G17, G22 with G29, G28 with G30, and so on. The dendrogram based on 

UPGMA and Nei’s genetic distance classified the landraces into 5 clusters with a 

similarity coefficient of 0.6. Cluster 2 had maximum thirty-two genotypes followed 

by cluster 4. The landraces that were derivatives of genetically similar types were 

clustered together on the dendrogram. Landraces that are genetically distant such as 

Lalcheng and Putibirun; Shong Binni and Lomba Ail; Chinigura and Champa 

mushuri; Shoragot Birun and Puti Biruin could be chosen as parents for future 

breeding projects. This could promote diversity, leading to a high productivity index 

in terms of increased output and overall quality. 
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ABSTRACT 

Seven exotic varieties of advanced generation (Cimega, Farida, Jelly, 
Memphis, Panamera, Taisiya and 7four7) along with four checks (BARI 
Alu-7, BARI Alu-13, BARI Alu-25 and BARI Alu-28) of potato were 
evaluated at five agro-ecological locations of Bangladesh during 2016-17 
to identify stable varieties for table and processing purposes. Results 
indicated significant variation among the varieties and locations. To 
identify the early bulking varieties, tuber yield at 65 DAP was recorded, 
which showed that the variety 7four7 gave maximum yield (28.1 t ha

-1
). 

So, it can be selected as an early market variety. The maturity period of 
the varieties varied from 85 to 95 days. At the final harvest (95 DAP), the 
highest average yield over location was also produced by 7four7 (38.7 t 
ha

-1
). The varieties Cimega and Memphis also gave comparable yields to 

that of 7four7 (37.3 and 36.7 t ha
-1

, respectively). Farida was found 
suitable for table purposes because of its high yield, medium-sized 
tubers, oval and smooth shape and good eating qualities. These four 
varieties were significantly better than the checks in yield. The variety 
Taisiya produced tubers with good size and shape but low in dry matter 
content. Memphis produced maximum large-sized tubers, and so it may 
be suitable for processing. All the varieties produced good dry matter 
(18-20%). From the AMMI stability analysis, Cimega and 7four7 were the 
most stable varieties. Taisiya and Memphis were found as medium 
stable. Based on the stability, tuber yield and other characters, these four 
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varieties may be selected for further studies in the RYT before release as 
specific purpose varieties. 

Keywords: Exotic varieties, AMMI stability analysis, Solanum 
tuberosum, Tuber yield. 

INTRODUCTION 

Potato is a very promising food crop in Bangladesh. It produces maximum fresh as 

well as dry matter per unit area and time compared to any other food crop (Singh, 

2008). For the last few years, Bangladesh has been producing more than ten million 

tons of potatoes per year (BBS, 2017; BBS, 2018). This high production sometimes 

produces a glut in the market, resulting in a price fall. As a result, farmers and traders 

face significant losses. So, this problem must be solved to encourage the farmers to 

grow more potatoes because this crop can be grown in a very short time with less 

energy, can be harvested and processed very easily, can provide more energy and 

nutrition than any other crop (Rashid and Hoque, 2009). The most important 

solutions for this problem are: i) to improve the quality of the produce so that our 

potatoes are easily accepted by the consumers of other countries, ii) to increase the 

size and dry matter of our potatoes so that those can be used in the processing 

industries, and iii) to motivate the mass people to eat more potatoes as a staple food 

and as a vegetable (Kundu and Kabir, 2012). Whatever may be the purpose, stable 

varieties with higher yield and good tuber qualities for export, processing and home 

use are imminent. 

Potato is grown in different elevations such as mid altitudes to very high mountain 

tops and different environments such as humid to dry areas. So, the improvement in 

productivity will require the development of potato varieties best adapted to a wide 

range of environments (Tessema et al., 2020). Potato variety development using 

selection and hybridization is a common practice in most potato growing countries of 

the world (Kundu et al., 2020). Introduction and selection of exotic varieties have 

been the most common method of variety identification under Bangladesh conditions 

within a short period (Rashid et al., 1987; Kundu et al., 2013; Kundu et al., 2020). 

Usually, four to six generations of selection are needed before the release of a variety 

to see its rate of degeneration, yield stability, disease susceptibility and post-harvest 

qualities. The present-day investigations also include the qualitative studies related to 

export and processing like a bigger size, good shape, high dry matter and low 

reducing sugar content of the tubers. The objective of this study was to identify stable 

varieties for table and processing purposes. 

MATERIALS AND METHODS 

Seven exotic varieties like Cimega, Farida, Jelly, Memphis, Panamera, Taisiya and 

7four7, along with four standard varieties viz. BARI Alu-7 (Diamant), BARI Alu-13 
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(Granola), BARI Alu-25 (Asterix) and BARI Alu-28 (Lady Rosetta) as checks were 

evaluated at five locations across the country (Munshiganj, Bogra, Jashore, Jamalpur 

and Debiganj) during 2016-17 in RCB (Randomized Complete Block) design with 

three replications. These materials were evaluated and selected in PYT (Preliminary 

Yield Trial) and SYT (Secondary Yield Trial) in the earlier generations (TCRC, 

2015; TCRC, 2016). Whole tubers of 30-35 mm size (Debiganj source) were planted 

in 3 m × 3 m plots following 60 cm × 25 cm spacing. Planting was done on 

November 20-25, 2016. Fertilizers were applied @ 325-220-250-120 kg/ha of Urea, 

TSP, MOP and Gypsum, respectively. Necessary intercultural operations were done 

as per TCRC’s recommendation (Mondal et al., 2011). Haulm killing was done at 65 

and 95 DAP. Harvesting was done after 10 days of haulm killing. Data were recorded 

on plant height, number of stems/hill, days to maturity, number of tubers/hill, the 

weight of tubers/hill, tuber yield/plot, dry matter content of tubers, and tuber grading 

by number and weight. Plant height, number of stems/hill, number of tubers/hill and 

the weight of tubers/hill were measured as the mean of randomly selected 10 plants. 

Data was analyzed statistically and means were separated by using DMRT. Stability 

analysis was done following AMMI model as described in Zobel et al. (1988). 

RESULTS AND DISCUSSION 

The average performances of the varieties over the locations are presented in Table 1. 

Varieties differed significantly for all the traits. Plant height is an important foliage 

character for potatoes. Too tall plants are not desirable for potatoes. Plants usually 

fall down after a certain height and create an overlapping of the leaves inducing 

shading and microclimate, while too short plants minimize the photosynthetic area of 

the plant resulting in poor yield. So, 50 to 70 cm height is expected. In this study, the 

average plant height varied from 56.5 to 75.7 cm. The tallest plants were produced by 

the variety Panamera. The shortest plants (56.5 cm) were found in the variety 7four7 

(Table 1). 

The number of stems per plant is a desirable character for a potato variety. Maximum 

number of stems per plant is required for early soil coverage. Higher stem number is 

desirable for a higher number of tubers per plant, while the minimum number of 

stems is associated with the lower number of tubers per plant. A lower number 

induces a bigger size, which is desirable for industrial uses but undesirable for table 

purposes (NIVAA, 2009). The average number of stems/hill varied from 3.69 

(Memphis) to 6.61 (Diamant) (Table 1). 

The 65DAP output of a variety is desirable in some cases. Some farmers in the 

northern districts go for early planting and 60-65 day harvesting for early tuber 

supply in the market when the sale price of the newly harvested tubers is very high. 

Due to early harvesting, farmers can go for the second winter crop. The highest 
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average yield at 65 DAP was given by the variety 7four7 (28.1 t ha
-1

), closely 

followed by Farida (26.3 t ha
-1

), Cimega and Panamera (Table 1). When location 

yield was considered, the highest yield was found (40.6 t ha
-1

) in Farida at Debiganj, 

but the variety 7four7 gave the highest yield in all the locations except at Munshiganj 

(Table 2). So, 7four7 variety may be selected for commercial cultivation as an early 

variety. When the location average yield was considered, Bogura gave the highest 

yield, closely followed by Debiganj; the other three locations gave very low yield. 

So, it can be assumed that the northern stations are better suited for early market 

tuber production. Varieties Farida and 7four7 are the two best varieties for early tuber 

production, especially in the northern region of the country. The maturity period did 

not vary much (Table 1). On average, all the varieties matured within 95 days. When 

the individual location was considered, Cimega, Memphis and 7four7 were 

somewhat late maturing. 

The number of tubers per hill and the weight of tubers per hill, respectively indicate 

the tuber size and yield potentiality of a potato variety. For processing qualities, we 

need minimum number of tubers per plant but higher yield. On the contrary, we need 

more medium-sized tubers with high potentiality for table purposes. In that case, the 

variety Memphis produced larger tubers and high yield (Table 1). So, Memphis 

variety should be explored for processing purposes. Varieties 7four7, Cimega, Farida 

and Panamers should be tried further for table potatoes. 

Tuber yield at maturity varied from 30.0 to 38.7 t ha
-1

 in imported varieties, while the 

check varieties produced 24.8 to 27.5 t ha
-1

 (Table 1). All the imported varieties are 

good considering yield, but for commercial feasibilities, these varieties should be 

further checked for other qualities like pest resistance, degeneration rate, and 

preservation and post-harvest losses. When location-wise yield was considered 

(Table 3), Farida topped the list yielding 57.4 t ha
-1

 at Debiganj, followed by 7four7, 

Cimega and Memphis at the same station. These varieties also performed better in 

yield at most of the stations. The mean yields of these varieties were also 

significantly higher than the checks (Table 3). When the station averages were 

considered, Debiganj was the best, followed by Munshiganj and Bogura. The 

performances at Jamalpur were very poor, and that of Jashore was medium. Usually, 

Jamalpur yields are better than those of the other stations, but this year, all the 

varieties, including checks, performed very poorly at this station. It might be due to 

some stress conditions, either from the fertilizer or water or from any other 

management problem (Handayani et al., 2019). 
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Table 1.  Mean performances of the exotic potato varieties in AYT (average of five 

locations) 2016-17 

Variety PH NSH TY65 DTM TNH TWH TY95 DM 

Cimega 62.2 cd 4.1 cd 25.3 ab 93.6 a 8.6 bc 0.6 a 37.3 a 18.9 b 

Farida 62.8 cd 4.4 c 26.3 ab 90.8 ab 8.4 bc 0.5 ab 33.1 b 19.0 b 

Jelly 69.9 b 5.2 b 18.7 d 91.9 a 7.2 cd 0.5 ab 29.9 c 19.3 b 

Memphis 68.6 b 3.7 d 23.6 b 95.3 a 6.8 d 0.6 a 36.7 ab 19.2 b 

Panamrra 75.7 a 4.3 c 25.2 ab 92.8 a 9.1 ab 0.5 a 33.6 b 19.1 b 

Taisiya 63.5 c 4.7 bc 21.9 c 91.9 a 10.7 a 0.5 ab 32.7 bc 16.8 c 

7four7 56.5 d 4.2 c 28.1 a 94.1 a 9.6 ab 0.6 a 38.7 a 18.6 b 

BARI Alu-7 

(Diamant) 

66.2 bc 6.6 a 17.7 d 91.1 a 9.1 ab 0.4 bc 27.5 cd 19.8 b 

BARI Alu-13 

(Granola) 

57.7 d 4.7 bc 17.1 d 84.1 b 8.4 bc 0.4 c 24.8 e 18.3 b 

BARI Alu-25 

(Asterix) 

65.6 c 5.4 b 17.4 d 91.5 a 9.9 ab 0.4 bc 27.2 cd 19.8 b 

BARI Alu-28 

(L. Rosetta) 

60.4 cd 4.9 bc 17.6 d 84.6 b 7.7 cd 0.4 bc 26.3 de 21.2 a 

CV% 8.7 9.9 9.3 8.4 13.1 9.1 9.4 3.8 

PH - Plant height at 60 DAP (cm), NSH - Number of stems hill-1, TY65 - Tuber yield at 65 DAP (t ha-1), 

DTM - Days to tuber maturity, TNH - Tuber number hill-1, TWH - Tuber weight hill-1 (kg), TY95 - 

Tuber yield at 95 DAP (t ha-1), DM - Dry matter (%) 

Table 2.  Marketable yield (t ha
-1

) of exotic varieties at 65 DAP as influenced by 

different environments 2016-17 

Genotypes Bogra Debiganj Jamalpur Munshiganj Jashore Mean 

Cimega 34.8 abc 34.5 a 10.5 c 18.5 ab 21.5 ab 23.3 ab 

Farida 38.6 ab 40.6 a 9.7 c 16.2 abc 22.2 ab 24.3 ab 

Jelly 30.6 cd 24.2 cd 7.7 c 12.0 cd 20.0 bc 18.7 d 

Memphis 38.3 ab 29.2 bc 12.2 bc 14.6 a-d 17.6 bcd 23.6 b 

Panamera 30.0 a 31.9 b 16.2 ab 12.8 cd 22.8 ab 22.2 bc 

Taisiya 34.3 bc 28.4 bc 9.8 c 15.2 a-d 17.2 bcd 21.9 c 

7four7 39.3 ab 39.6 a 19.8 a 13.6 bcd 25.6 a 28.1 a 

BARI Alu-7 (Diamant) 25.3 d 24.0 cd 8.3 c 13.1 bcd 23.1 ab 21.7 c 

BARI Alu-13 (Granola) 28.0 d 22.9 d 9.9 c 10.6 d 15.6 d 17.1 d 

BARI Alu-25 (Asterix) 29.8 cd 20.0 d 9.5 c 10.2 d 15.2 d 17.4 d 

BARI Alu-28 (L. Rosetta) 17.5 e 29.2 bc 7.8 c 20.0 a 18.0 cd 17.6 d 

CV% 9.3 
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Table 3. Tuber yield (t ha
-1

) at 95 DAP of the genotypes as influenced by different 

environments 2016-17 

Variety/location Bogra Debiganj Jamalpur Jashore Munshiganj Mean 

Cimega 41.4 abc 53.6 ab 12.4 bc 34.6 a 44.6 a 37.3 a 

Farida 25.5 fg 57.4 a 14.8 abc 24.5 bc 43.1 a 33.1 b 

Jelly 33.9 cde 41.7 c 10.9 bc 21.1 c 42.1 a 29.9 c 

Memphis 46.7 a 53.1 ab 18.7 ab 22.5 bc 42.3 a 36.7 ab 

Panamrra 42.1 ab 42.9 c 15.3 abc 24.9 bc 42.5 a 33.6 b 

Taisiya 37.9 bcd 48.2 bc 12.7 bc 21.6 c 43.1 a 32.7 bc 

7four7 43.9 ab 54.9 ab 22.0 a 30.1 ab 42.5 a 38.7 a 

BARI Alu-7 (Diamant) 32.2 def 26.9 d 13.2 bc 27.1 abc 38.2 ab 27.5 cd 

BARI Alu-13 (Granola) 17.9 g 42.3 c 10.3 c 22.4 bc 30.9 b 24.8 e 

BARI Alu-25 (Asterix) 29.3 ef 32.3 d 11.1 bc 23.8 bc 39.7 a 27.2 cd 

BARI Alu-28 (L. 

Rosetta) 

30.3 def 31.6 d 10.2 c 21.7 c 37.8 ab 26.3 de 

CV% 9.4 

Station average grades of tubers by weight and number are presented in Table 4. 

Variety Memphis produced the maximum larger-sized tubers. Cimega and 7four7 

also produced larger-sized tubers at higher proportion. The check varieties BARI 

Alu-7, BARI Alu-28, BARI Alu-13 and Taisiya produced more small-sized tubers. 

Farida and Jelly produced maximum, medium-sized tubers. 

Table 4. Average grading of tubers by number and weight (%) 

Variety Tuber Grading by Number Tuber Grading by Weight 

 <15 

mm 

15-28 

mm 

28-40 

mm 

40-55 

mm 

>55mm <15 

mm 

15-28 

mm 

28-40 

mm 

40-55 

mm 

>55mm 

Cimega 7.7 17.1 34.1 36.2 5.0 0.7 5.2 30.3 47.9 16.0 

Farida 6.8 16.1 36.3 37.5 3.4 1.2 5.2 33.9 47.2 12.5 

Jelly 6.8 14.1 37.0 37.7 4.3 1.3 4.9 32.0 51.7 10.1 

Memphis 4.3 17.0 34.9 36.3 7.5 0.4 6.8 28.4 46.2 18.1 

Panamrra 6.8 19.3 38.7 31.9 3.3 0.7 7.7 35.9 45.8 9.9 

Taisiya 6.6 20.5 37.8 33.8 1.4 1.2 10.3 35.4 49.1 3.9 

7four7 7.8 18.2 40.9 28.5 4.6 0.7 5.5 31.5 45.1 17.3 

BARI Alu-7 (Diamant) 11.7 23.2 36.8 26.4 1.9 1.4 10.8 36.8 44.1 6.9 

BARI Alu-13 (Granola) 7.5 18.8 40.1 31.3 2.2 1.1 7.2 36.2 47.8 7.6 

BARI Alu-25 (Asterix) 5.4 22.5 44.7 26.6 0.9 2.8 11.3 42.4 40.9 2.5 

BARI Alu-28 (L. 

Rosetta) 

6.3 21.1 35.0 33.5 4.1 1.0 13.1 33.3 48.7 3.9 
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Dry matter content of the produced tubers is an important character of a variety 

because it is positively related to the processing quality of the tuber (Leonel et al., 

2017). It is also related to the keeping quality of a tuber. Table 5 shows the estimated 

dry matter content of the tubers. Variation from variety to variety is highly 

significant. But all the varieties did not behave similar from station to station, which 

might be due to the sampling error or discrepancies in the methods of estimation. The 

known high dry matter containing variety BARI Alu 28 produced the highest dry 

matter at all the stations, the average being 21.2%, while Taisiya produced the lowest 

(16.8%). All other varieties including checks were medium in dry matter production. 

Similar results were found in previous studies (TCRC, 2015; TCRC, 2016). 

Table 5. Dry matter (%) of the genotypes as influenced by different environments 

2016-17 

Variety Bogura Debiganj Jamalpur Jashore Munshiganj Mean 

Cimega 18.1 ab 18.9 cd 18.9 cd 20.3 bc 18.3 c 18.9 b 

Farida 18.5 ab 20.3 abc 20.3 abc 18.1 de 19.2 bc 19.0 b 

Jelly 18.1 ab 20.1 bc 20.1 bc 20.5 bc 18.5 c 19.3 b 

Memphis 16.8 b 21.6 ab 21.6 ab 19.5 cd 18.7 c 19.2 b 

Panamrra 18.7 ab 20.2 bc 20.2 bc 18.7 cde 18.7 c 19.1 b 

Taisiya 17.3 b 14.9 e 14.9 e 15.8 f 19.4 bc 16.8 c 

7four7 17.6 b 19.0 c 19.1 c 18.6 cde 19.2 bc 18.6 b 

BARI Alu-7 

(Diamant) 

19.7 a 19.2 c 19.2 c 21.7 1 18.7 c 19.8 b 

BARI Alu-13 

(Granola) 

17.8 b 17.1 d 17.1 d 17.4 ef 20.8 ab 18.3 b 

BARI Alu-25 

(Asterix) 

18.3 ab 22.2 a 22.2 a 20.3 bc 18.4 c 19.8 b 

BARI Alu-28 (L. 

Rosetta) 

18.1 ab 22.0 ab 22.0 ab 22.6 a 22.2 a 21.2 a 

CV% 3.8 

The results of the organoleptic tests of the boiled potatoes are presented in Table 6. 

Panamera, Memphis, Jelly and Farida were attractive in appearance, but Farida was 

the best in taste and 2
nd

 in texture. Cimega was not good in taste and texture, though 

it was very good as yield. 
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Table 6. Organoleptic test of the potato genotypes 

Genotypes Appearance 

(Scale 1-5) 

Rank Texture 

(Scale 1-9) 

Rank Taste (Scale 

1-5) 

Rank 

Cimega 3.5 8 5.5 7 2.8 6 

Farida 4.2 4 8.3 2 4.5 1 

Jelly 4.5 2 8.5 1 4.3 2 

Memphis 4.3 3 5.5 7 2.3 7 

Panamera 4.8 1 7.5 4 3.0 5 

Taisiya 3.8 7 6.7 6 3.7 4 

7 four 7 3.5 9 7.0 5 3.0 5 

BARI Alu-7 (Diamant) 4.2 4 8.0 3 4.0 3 

BARI Alu-25 (Asterix) 4.2 5 8.0 3 4.0 3 

BARI Alu-28 (L. Rosetta) 4.0 6 8.0 3 4.0 3 

The most important stage of the multi-environment field trials is to identify high 

yielding varieties with stable performance across different environments 

(Karuniawan et al., 2021). From the stability studies (Fig.1 and Fig. 2), it is clear that 

the variety 7four7 was the most stable among the varieties as its position close to the 

center of the plot. The variety Cimega is also stable in yield as remains near the 

center next to 7four7. The variety Taisiya, though is near stable, its yield per area is 

not as high as those of the preceding two. So, its selection is questionable. The 

variety Memphis is more responsive to the better environment. This variety seems to 

be suitable under good management. Among the stations, Debiganj is the most 

productive, but the performances of the varieties seem to be more reliable at 

Munshiganj. 

 

Figure 1. Showing the boxplot of yield of different genotypes of potato 
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Figure 2. AMMI Biplot (PC1 vs. PC2) 

CONCLUSION 

From the results of the multi-location trials of this year and also based on the 

previous years’ performances, it can be concluded that the variety 7four7 is the most 

suitable for early planting. This variety can also be selected as a table potato as it 

gives very high yield at full maturity. Variety Farida is best suited for table purpose 

because of its tuber size, shape, color, yield and eating qualities. Varieties Cimega, 

Panamera and Jelly are also high yielders, but maybe further checked for specific 

qualities. While Memphis may be tried as a processing variety, as it produces large 

tubers with good dry matter. Though Panamera is a high yielder, its height should be 

observed carefully before selecting for a commercial variety. 
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ABSTRACT 

Capsicum (Solanaceae), comprising of sweet and hot chilli pepper, is a 
globally known spice crop. This genus is well known for its huge genetic 
diversity at intra- and inter-species level. Diversity among Akabarechilli 
landraces, a unique Capsicum from Nepal, has not been studied so far. 
The present study characterized thirty accessions of Akabarechilli using 
26 qualitative and 21 quantitative agro-morphological markers at the 
experimental plots of National Genebank, Khumaltar, Nepal during the 
summer season of 2018/019. Using principal component analysis, the 
first- principal components with eigen-values more than 1 contributed 
25% of the variability among accessions for quantitative traits, whereas 
the first principal components with eigen-values more than 1 contributed 
22.2% of the variability among accessions for qualitative traits. These 
findings suggested a wide range of morphological variations among the 
tested accessions. Based on qualitative and quantitative traits, 30 
accessions were grouped into 6 distinct clusters by Euclidian distance 
and average method. Accessions CO-11048 and CO-11050 under 
cluster-III were round shape fruit type and accessions CO-11044, CO-
11046 andCO-11047 under cluster-I were high fruiting with longer fruit-
bearing period and could be utilized for breeding purpose as these are 
the traits preferred by consumers or processors in Nepalese market.  
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INTRODUCTION 

The genus Capsicum is an important fruit vegetable that has been widely consumed 

throughout the world mainly as a spice (Orobiyi et al., 2017), comprising nearly 40 

species (Garcia et al., 2016; Barboza et al., 2019). Out of 40 species of the genus 

Capsicum, only five species such as C. annuum L., C. chinense Jacq., C. frutescens 

L., C. baccatum L. and C. pubescens Ruiz and Pav. have been cultivated (Costa et al., 

2006). Among cultivated species, C. annuum, C. microcarpum (Syn C. baccatum), 

and C. frutescens were reported in Nepal (Sugiyama et al., 2018) as local landraces. 

Landraces are the early cultivated forms of a crop species, evolved from a wild 

population, and not manipulated by plant breeders (Joshi, 2017). One of the globally 

important landraces is 'Akabare' of chili pepper (Joshi, 2017). Chilli fruits serve as a 

source of vitamins (A, B, C, E, K, B2), proteins, lipids, carbohydrates, fibre, and 

minerals (Ca, P, Fe) (Bhadragoudar and Patil, 2011). 

Akabarechilli, aunique Capsicum spp. called ‘AkabareKhursani’ also known as 

DalleKhursani is thought to have originated in eastern Nepal (Sugiyama et al., 2018). 

These chili peppers found to have high similarity to the C. annuum group and were 

located at the border between the C. annuum and C. frutescens- chinense groups 

(Konisho et al., 2005). Akabarechilli is an important high-value crop in the eastern 

hilly regions i.e., Taplejung, Panchthar, Ilam, Dhankuta, Terathum, and Uadayapur 

districts of Nepal and the area of cultivation is being expanded every year. In Nepal, 

Chilli was cultivated in 968 ha of land with 7.47 Mt/ha productivity, whereas 

Akabarechilli were cultivated in 9,195 ha of land with 10.37 Mt/ha (MOALD, 2021). 

Locally available Akabarechillies are more or less ball-like structure almost round 

cherry size which looks green in the immature stage and dark or bright red during the 

ripening stage. This chilli type is regarded as high-value crop in Nepal, one of the 

income-generating crops and has been widely consumed as a spice additive in soup, 

dal or curry or directly consumed as a fresh or fermented pickle. In the eastern hills 

of Nepal, It is one of the important income generating crops for farmers. Demand for 

fresh as well as dried powder of akabarechilli is increasing in international market 

i.e., Indian, Bhutan, Tibet as well as in domestic market has creating an opportunity 

for Nepalese farmers to grow for commercial scale (Chapagai et al, 2011). Nepalese 

people believe that the consumption of an excessive amounts of ordinary chilli can 

cause injury to the stomach but more pungent and hotter ‘AkabareKhursani’ varieties 

do not cause stomach upset (Nemoto et al., 2016) and also take these varieties as a 

medicinal value for curing gastritis (Mainali et al., 2020). 

There is huge diversity of native Akabarechilli genetic resources in Nepal; however, 

they never get priority in crop improvement programs as other local crops (Joshi et 

al., 2020). Production of Akabarechilli in Nepal faces many problems among which 

unavailability of improved/registered varieties is the most important. As the chilli is a 

highly cross-pollinating crop, the major challenges are to stop genetic erosion that is 

expected to be higher due to mixing its genetic constituents with foreign hybrid 



AGRO-MORPHOLOGICAL CHARACTERIZATION OF AKABARECHILLI 39 

varieties as well as other local landraces of chilli. Detailed information on the pattern 

and structure of agro morphological diversity of Akabarechilli is still lacking, thus 

accurate phenotyping is of paramount importance for identifying useful traits 

(Newton et al., 2010). It is very important to assess the existing Akabarechilli 

diversity for its better utilization in the breeding programs. The morphological and 

agronomic characterization of a crop is an important step in the management of 

genetic diversity (Manzano et al., 2001; Radhouane, 2004) and for the selection and 

development of improved varieties (Fraleigh, 1987; Smith et al., 1991).There is a 

need for extensive characterization, evaluation, and tagging of economically 

important traits. Hence, the present study aimed to characterize and assess the intra-

varietal diversity of Akabarechilli landraces collected from the eastern hills of Nepal 

using agro-morphological traits.  

MATERIALS AND METHODS 

Plant materials and site description  

A total of 30 Akabarechilli accessions collected from five districts of eastern Nepal 

(Table 1) were characterized at the research field of the National Agriculture Genetic 

Resources Center (NAGRC), Nepal Agricultural Research Council (NARC), 

Khumaltar from April 2019 to January 2020. The accessions were from 1080 to 2405 

m above sea level (asl) altitudal range. The research field of NAGRC is located at an 

altitude of 1368 m asl, the latitude of 27º40'N and longitude of 085º20'E (Genebank, 

2018) representing the sub-tropical mid hill region.  

Table 1. Collection site details of Akabarechilli accessions 

Sl. 

No. 

Collection 

No 

Collection Site Latitude Longitude Altitude (m) 

1 CO-11044 Ilam, Pashupatinagar 26.936 88.078 1478 

2 CO-11045 Solukhumbu, Panchan 27.410 86.690 1400 

3 CO-11046 Panchthar, Chilingdin 27.334 86.515 1872 

4 CO-11047 Okhaldhunga, Barnalu 27.334 86.515 1910 

5 CO-11048 Panchthar, Rabi 26.926 87.679 1695 

6 CO-11049 Panchthar, Rabi 26.936 87.694 1692 

7 CO-11050 Khotang, Batase 27.076 86.726 1600 

8 CO-11051 Panchthar, Rabi 26.936 87.694 1692 

9 CO-11052 Panchthar, Rabi 26.936 87.687 1692 
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Sl. 

No. 

Collection 

No 

Collection Site Latitude Longitude Altitude (m) 

10 CO-11053 Khotang, Diktel 27.257 86.765 1880 

11 CO-11054 Panchthar, Pauwasarnath 27.065 87.804 1865 

12 CO-11055 Khotang, Buipa 27.237 86.714 1400 

13 CO-11056 Khotang, Buipa 27.215 86.724 1600 

14 CO-11057 Khotang, Buipa 27.217 86.730 1400 

15 CO-11058 Khotang, Buipa 27.217 86.730 1400 

16 CO-11059 Panchthar, Rabi 26.936 87.693 1692 

17 CO-11060 Ilam, Samalbung 26.875 88.143 1705 

18 CO-11061 Khotang, Buipa 27.209 86.722 1450 

19 CO-11062 Panchthar, Rabi 26.921 87.682 1645 

20 CO-11063 Panchthar, Rabi 26.921 87.682 1650 

21 CO-11064 Panchthar, Pauwasarnath 27.063 87.807 2405 

22 CO-11065 Panchthar, Sarandanda 26.982 87.668 1793 

23 CO-11066 Khotang, Buipa 27.238 86.714 1450 

24 CO-11067 Khotang, Rajapani 27.237 86.694 1080 

25 CO-11068 Khotang, Buipa 27.215 86.724 1600 

26 CO-11069 Ilam, Barbote 26.959 87.919 1440 

27 CO-11070 Solukhumbu, Salyan 27.410 86.660 1540 

28 CO-11071 Panchthar, Rabi 26.936 87.694 1692 

29 CO-11072 Panchthar, Rabi 26.922 86.667 1700 

30 CO-11073 Ilam, Barbote 26.959 87.919 1440 

Field experiments 

Seed was sown in nurseries on 1
st
April 2019, and seedlings of 6–7 leaves were 

transplanted (40 days after sowing) using 60 cm row to row and 20 cm plant to plant 

distance. FYM at 10 t/ha and N: P2O5:K2O at 90:60:60 kg/ha were applied manually 

during final land preparation (before transplanting). Intercultural operations i.e., 

irrigation, weeding, etc. and other agronomic practices were done as required. 
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Data collection and data analysis 

Morphological data (26 qualitative and 21 quantitative traits) were recorded using the 

standard descriptors for characterization (IPGRI, AVRDC and CATIE, 1995) 

The coefficient of variation (CV) was calculated based on the formula CV (%) = 

(standard deviation/mean values) × 100. Mean values and standard deviation were 

calculated on the basis of the 5 individual plants or of the 20 randomly harvested 

fruits (Orobiyi et al., 2017). 

Descriptive statistics, Shannon-Weaver diversity index (H') (Shannon and Weaver, 

1964), and frequency distribution were employed to estimate and analyze the 

diversity via MS Excel. The Standardized Shannon-Weaver diversity index (H') was 

calculated using the formula: 

                                     

Where, H' is standardized Shannon Weaver diversity index,  

k is the number of phenotypic classes for a character,  

n is the frequency of phenotypic class of that character  

and N is the total number of observations for character.  

For the quantitative traits, accessions were divided into 10 phenotypic classes as <x-

2sd, x-2sd, x-1.5sd, x-1sd, x-0.5sd, x, x+0.5sd, x-1sd, x-1.5sd, x-2sd, >x+2sd are as 

the margin of the classes, where x is average and sd is standard deviation. The 

diversity index was considered as low (0.10≤H ≤0.40), intermediate (0.40≤H ≤0.60) 

or high (H ≥0.60) (Eticha et al., 2005). 

The classifications of landraces on the basis of both qualitative and quantitative traits 

were performed using multivariate principal component analysis (PCA) in MINITAB 

version 17 (Minitab, 2010). The construction of two-dimensional (2-D) plots was 

made based on the first two principal components (PCs). For systematic analysis, 

hierarchical clustering was performed using Euclidean distance and Average method. 

Distance between clusters were analyzed and reported as a dendrogram of Euclidean 

distances via MINITAB version 17. 

RESULTS AND DISCUSSION 

Characterization of crops based on morphological and agronomic traits are important 

steps for the management of genetic diversity (Manzano et al., 2001) and this is a 

prerequisite for the selection of improved varieties (Fraleigh, 1987; Smith et al., 

1991). Further, loss of genetic diversity particularly for the local and cross-

pollinating crops, mainly because of growing mono-genotype or hybrid varieties has 

prompted the need for accelerated conservation (Joshi, 2017) which in fact demands 

the detailed characterization of gene bank holdings. Considering this fact, for the first 

time, detailed characterization of Akabarechilli landraces available at National 
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Genebank, Nepal has been made. Diversity assessment based on morphological 

characters was done using some statistical tools viz descriptive statistics, diversity 

index, multivariate analysis such as PCA and cluster analysis, that were used by 

different authors (Orobiyi et al., 2017, Mellidou et al., 2010). 

Diversity based on quantitative characters 

Twenty-one (21) quantitative variables of Akabarechilli measured and analyzed. The 

descriptive statistics (average, minimum, maximum, and standard deviation) and 

Shannon-Weaver diversity indices (H') were used to measure the diversity of the 

accessions on quantitative characters. 

The coefficient of variation ranged from 5.54 (average days to flowering) to 68.44 

(average stem length). Out of 21 measured quantitative parameters, 10 have a high 

coefficient of variation (CV >20%) indicating greater the dispersion or wide range of 

variability within the same accessions for these variables. Stem diameter, days to 

flowering, corolla length, anther length, filament length, days to fruiting, fruit-

bearing period, fruit length, fruit pedicel length, number of locules per fruit, and seed 

diameter were the parameters that have a low coefficient of variation (CV <20%) 

(Table 3) indicating dispersion from the mean is minimum and estimate for these 

traits are more precise. This also suggests minimum variability in the chilli 

accessions for these traits. 

Days to fruiting, the average length of fruit, average width of fruit, the average 

weight per fruits, average number of fruits per plant, and fruit bearing period, etc are 

the most important yield attributing characters that contribute production and 

marketing value of chilli (Orobiyi et al., 2017). These parameters vary respectively 

from 87 to 121 days (with an average of 106 days), from 1.46 to 2.88 cm (with an 

average 2.05 cm), from 0.62 to 2.23 cm (with an average of 1.53 cm), from 0.84 to 

6.06 gm (with an average of 2.70 gm), from 24 to 150 fruits (with an average of 76 

fruits/plant), from 1.96 to 7.36 g for 1000 seeds (with an average of 5.45 gm/1000 

seeds) and from 105 to 186 days (with an average of 167 days) (Table 2). Except two 

quantitative trait variables viz. fruit-bearing period and the number of locules per 

fruit, all other trait variables were recorded to have high diversity as the Shannon-

Weaver diversity indices (H') for them is higher than 0.6 as defined by Eticha et al. 

(2005). Among the variables, plant height (cm), mature leaf length (cm), stem 

diameter (cm), filament length (mm), corolla length (mm) recorded to have the 

highest Shannon-Weaver diversity indices (H'). The important yield attributing traits 

such as days to fruiting (H' = 0.78), fruit size including fruit length ((H' = 0.84) and 

fruit width (H' = 0.71), fruit weight (per fruit) (H' = 0.74), average number of fruits 

per plant (H' = 0.83). However, the diversity indices of fruit-bearing period, the 

important yield attributing, and market traits were very minimal (H' = 0.28). Higher 

average Shannon-Weaver diversity indices (H') for quantitative characters (0.76) 

indicates the presence of a higher diversity on studied agro-morphological 

characteristics (Table 2).  



AGRO-MORPHOLOGICAL CHARACTERIZATION OF AKABARECHILLI 43 

Table 2. Descriptive statistics and Shannon-Weaver diversity indices (H') for 

quantitative traits of Akabare accessions 

Sl. 

No. 
Variable Minimum Maximum Mean CV SD H' 

1 Plant height (cm) 50.00 179.60 127.72 21.26 27.15 0.92 

2 Plant canopy width (cm) 32.92 129.58 78.59 24.32 19.11 0.81 

3 Stem length (cm) 3.10 35.40 13.61 68.44 9.31 0.62 

4 Stem diameter (cm) 1.23 2.51 1.89 13.43 0.25 0.89 

5 Mature leaf length (cm) 5.96 18.54 13.01 25.92 3.37 0.90 

6 Mature leaf width (cm) 3.27 10.73 7.70 29.61 2.28 0.79 

7 Days to flowering 83.00 111.00 98.50 5.54 5.46 0.80 

8 Number of flower per axil 1.00 2.67 1.89 20.47 0.39 0.74 

9 Corolla length (mm) 6.35 10.88 8.52 13.31 1.13 0.86 

10 Anther length (mm) 1.89 3.11 2.39 13.67 0.33 0.82 

11 Filament length (mm) 2.11 3.78 2.95 15.47 0.46 0.87 

12 Days to fruiting 87.00 121.50 106.75 8.31 8.87 0.78 

13 Fruit-bearing period (d) 105.00 187.00 167.00 11.47 19.09 0.28 

14 Fruit length (cm) 1.46 2.88 2.05 15.94 0.33 0.84 

15 Fruit width (cm) 0.62 2.23 1.53 32.20 0.49 0.71 

16 Fruit weight (g) 0.84 6.08 2.70 38.17 1.03 0.74 

17 Fruit pedicel length (cm) 2.06 3.45 2.62 15.18 0.40 0.86 

18 Number of locules 1.10 2.95 2.40 18.02 0.43 0.35 

19 Seed diameter (mm) 3.26 4.91 4.26 9.97 0.43 0.80 

20 1000-seed weight (g) 1.96 7.36 5.45 23.95 1.30 0.82 

21 Number of fruit per plant 24 150 76 46.67 35.59 0.83 

CV=Coefficient of variation, SD=Standard deviation, H' =Shannon-Weaver diversity indices 

Diversity based on qualitative characters 

Descriptor states, their frequency, and proportions as well as Shannon-Weaver 

diversity indices for each qualitative trait are given in Table 3. Among 26 qualitative 

variables, 24 are found to be polymorphic while two variables such as corolla spot 

color and corolla shape are found monomorphic. The diversity index (H') ranged 

from 0 to 0.96 with a mean value of 0.50, indicating medium diversity is present in 

the collection of Akabarechilli for the qualitative traits. The diversity index (H') for 

13 variables was found high, while the diversity index for 4 variables were found 

intermediate. Among 13 variables with high diversity index, some variables which 

might represent consumer-preferred qualitative traits such as fruit color at the mature 

stage (H' = 0.62), fruit shape (0.68), fruit surface (0.96), etc. have higher diversity 

index indicating their potential uses in the future breeding program.  
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Higher H' value was found on some characters such as plant growth habit, branching 

habit, leaf density, leaf shape, fruit surface, flower position, filament color, fruit color 

at a mature stage, fruit shape, seed color and seed surface while intermediate H' value 

were found for stem shape, leaf color, fruit shape at pedicel attachment, fruit shape at 

the blossom end, and seed size. However, relatively lower H' values was found for 

stem color, stem pubescence, corolla color, anther color, stigma exertion, calyx 

margin, neck at base of fruit, and fruit blossom end appendage. All accessions have a 

white colored spot and rotate shape corolla meaning no diversity with H'=0. 

Table 3.  Descriptor states, their frequency, and proportion of phenotypic classes and 

S-W diversity index (H ) for 26 qualitative traits of Akabarechilli 

Sl. No. Characters H' Observed phenotypic class Frequency Proportion, % 

1 Stem colour 0.28 
Green 4 13.3 

Green with  26 86.7 

2 Stem shape 0.56 
Cylindrical 9 30.0 

Angled 19 63.3 

3 Stem pubescence 0.30 
Sparse 27 90.0 

Intermediate 3 10.0 

4 Plant growth habit 0.75 

Prostrate 6 20.0 

Intermediate 14 46.7 

Erect 10 33.3 

5 Branching habit 0.84 

Sparse 4 13.3 

Intermediate 18 60.0 

Dense 8 26.7 

6 Leaf density 0.83 

Sparse 6 20.0 

Intermediate  19 63.3 

Dense 5 16.7 

7 Leaf colour 0.51 

Light green 8 26.7 

Green  8 26.7 

Dark green  14 46.6 

8 Leaf shape 0.79 

Deltoid 20 66.6 

Ovate 5 16.7 

Lanceolate 5 16.7 

9 Flower position 0.73 

Pendant 2 6.7 

Intermediate 20 66.6 

Erect 8 26.7 

10 Corolla colour 0.30 White 11 36.7 
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Sl. No. Characters H' Observed phenotypic class Frequency Proportion, % 

Light yellow 19 63.3 

11 Corolla spot colour 0 White 30 100.0 

12 Corolla shape 0 Rotate 30 100.0 

13 Anther colour 0.36 

White 23 76.7 

Purple 6 20.0 

Green 1 3.3 

14 Filament colour 0.61 

White 1 3.3 

Green 8 26.7 

Blue 9 30.0 

Purple 12 40.0 

15 Stigma exertion 0.49 

Inserted 4 13.3 

Same level 1 3.3 

Exerted 25 83.3 

16 Calyx margin 0.34 

Entire 1 3.3 

Intermediate 26 86.7 

Dentate 3 10.0 

17 
Fruit colour at 

mature stage 
0.62 

Orange 2 6.6 

Light red 12 40.0 

Red 11 36.7 

Dark red 5 16.7 

18 Fruit shape 0.68 

Almost round 7 23.3 

Triangular 14 46.7 

Campanulate 2 6.7 

Blocky 7 23.3 

19 
Fruit shape at pedicel 

attachment 
0.57 

Truncate 17 56.7 

Cordate 10 33.3 

Lobate 3 10.0 

20 Neck at base of fruit 0.21 
Absent 29 96.6 

Present 1 3.3 

21 
Fruit shape at 

blossom end 
0.55 

Pointed 2 6.7 

Blunt 13 43.3 

Shrunken 15 50.0 

22 
Fruit blossom end 

appendage 
0.21 

Absent 29 96.6 

Present 1 3.3 

23 Fruit surface 0.96 Smooth 9 30.0 
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Sl. No. Characters H' Observed phenotypic class Frequency Proportion, % 

 
Semi-wrinkled 14 46.7 

Wrinkled 7 23.3 

24 Seed colour 0.63 

Straw 17 56.7 

Brown 2 6.6 

Other 11 36.7 

25 Seed surface 0.63 
Smooth 14 46.7 

Wrinkled 16 53.3 

26 Seed size 0.60 
Intermediate 19 63.3 

Large 11 36.7 

The high mean value of the Shannon-Weaver index for the quantitative traits 

(H'=0.76) confirmed high genetic diversity. The further intermediate mean value of 

Shannon-Weaver index and qualitative traits (H'=0.50) indicate medium diversity in 

the collection of Akabarechilli landraces and frequency classes for individual traits 

with diversity on different traits will have implications for utilization in robust crop 

improvement and enhancement of genetic potential of Akabarechilli. The estimate of 

H' considers both richness and evenness of the phenotypic classes of the traits (Yadav 

et al., 2018). The diversity index has been extensively used in the estimation of 

diversity in a germplasm collection of barley (Tolbert et al., 1979) and used for 

measurement and comparison pattern of phenotypic diversity in germplasm 

collection of wheat (Jardat, 1992; Yang et al., 1991). 

Principal component analysis (PCA) of qualitative parameters 

PCA analysis is used to identify the important traits of the data set. The dispersal of 
accessions was based on the principal component-1 and Principal component-2 of 
qualitative characters representing the existing phenotypic variation within the 
collection and shows how widely they are spread across the axes (Fig 1A).  

The PCA based on the qualitative traits revealed that the first eight PCs with eigen 
value >1 accounted for 74.9% of the total variance (Table 4). The first PC accounted 
for 22.2% of the total variance, the traits mainly influenced by, branching habit, and 
leaf shape. Likewise, the second PC accounted for 12.1% of the total variance was 
mainly influenced by anther color. Similarly, the third PC accounting for 10.2 % of 
the total variance influenced by stigma exertion, fruit blossom end appendage and. 
The fourth PC accounted for 7.8 % of the total variance mainly influenced by calyx 
margin whereas the fifth PC accounted for 6.4% of the total variance, influenced by 
fruit shape at the blossom end and seed size. Sixth PC accounted for 6% of the total 
variance was influenced by stem color, leaf density, fruit shape and. Only 5.7% of 
total variance contributes by seventh PC, influenced mainly by stem pubescence, 
flower position, filament color, and seed surface while 4.6% of the total variance 
covers by eight PC, influenced mainly by stem pubescence. 
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Table 4. Principal component analysis for26qualitative traits of Akabarechilli 

accessions  

Qualitative trait PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

Eigenvalue 5.541 3.0355 2.5391 1.9407 1.5972 1.4924 1.4166 1.1568 

Proportion 0.222 0.121 0.102 0.078 0.064 0.06 0.057 0.046 

Cumulative variance 0.222 0.343 0.445 0.522 0.586 0.646 0.702 0.749 

Stem colour -0.153 -0.262 -0.214 -0.195 -0.093 0.361 0.123 -0.042 

Stem shape -0.198 -0.295 -0.15 -0.022 -0.399 -0.094 0.03 0.197 

Stem pubescence 0.045 0.352 -0.184 0.118 0.125 -0.038 0.402 0.365 

Plant growth habit -0.328 -0.046 -0.127 0.04 0.091 0.164 -0.111 -0.175 

Branching habit 0.338 0.043 0.093 0.091 -0.101 -0.034 -0.067 0.219 

Tillering 0.256 0.166 0.194 -0.233 0.264 0.001 -0.153 -0.017 

Leaf density 0.248 -0.019 -0.261 0.148 -0.062 -0.309 0.035 -0.065 

Leaf colour 0.092 0.257 0.129 0.061 -0.303 0.024 0.056 -0.409 

Leaf shape 0.349 -0.064 0.239 0.119 -0.115 0.012 -0.086 0.105 

Flower position 0.197 -0.084 -0.315 0.191 0.068 -0.059 -0.399 -0.107 

Corolla colour -0.198 0.195 -0.025 -0.174 0.205 -0.209 -0.268 -0.079 

Anther colour -0.186 0.335 -0.032 0.266 -0.072 0.30 -0.041 -0.002 

Filament colour 0.155 -0.234 -0.032 -0.267 0.092 -0.081 0.424 -0.278 

Stigma exertion -0.083 -0.261 0.316 0.301 0.03 0.136 -0.104 -0.128 

Calyx margin -0.107 0.31 0.145 0.331 -0.218 0.074 -0.017 0.049 

Fruit colour at mature 

stage 

0.158 -0.23 0.226 0.194 -0.016 -0.141 -0.027 -0.342 

Fruit shape -0.153 0.061 0.153 0.146 -0.096 -0.341 0.114 -0.241 

Fruit shape at pedicel 

attachment 

0.204 -0.238 -0.23 0.28 -0.264 0.099 0.128 0.148 

Neck at base of fruit -0.05 0.061 0.01 -0.243 -0.194 -0.479 -0.107 0.225 

Fruit shape at blossom 

end 

0.173 0.047 -0.147 0.235 0.413 0.079 0.12 -0.035 

Fruit blossom end 

appendage 

0.107 0.041 0.409 -0.267 -0.076 0.278 0.236 0.089 

Fruit surface 0.109 0.054 0.043 0.067 -0.081 -0.217 0.152 -0.102 

Seed colour 0.156 0.192 -0.366 -0.17 -0.072 0.158 -0.066 -0.337 

Seed surface 0.109 0.088 -0.005 -0.263 -0.335 0.191 -0.398 0.054 

Seed size -0.164 -0.272 0.13 0.091 0.306 0.01 -0.222 0.261 
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Principal component analysis of quantitative parameters 

The PCA was performed to estimate the relative importance and contribution of each 

quantitative trait to the total variance and illustrate the agronomic diversity among 

the 30 landraces. Table 5 shows the principal components and percentage of 

contribution of each component to the total variation in the akabarechilli landraces. 

The distribution of accessions based on the first two principal components shows the 

phenotypic variations among the accessions used and shows the magnitude of spread 

towards the axes (Fig 1B).  

Table 5. Principal component analysis for 21 quantitative traits of Akabarechilli accessions 

Quantitative trait PC1 PC2 PC3 PC4 PC5 PC6 

Eigen value 5.241 3.4296 2.4059 1.7725 1.4817 1.3403 

Proportion of variance 0.25 0.163 0.114 0.084 0.071 0.064 

Cumulative 0.025 0.413 0.527 0.612 0.682 0.746 

Plant height (cm) 0.298 -0.231 0.147 0.198 -0.02 -0.034 

Plant canopy width (cm) 0.041 -0.163 0.442 -0.045 0.221 0.289 

Stem length (cm) 0.287 -0.102 -0.034 0.173 -0.208 0.424 

Stem diameter (cm) 0.119 -0.251 0.187 0.021 0.34 -0.387 

Mature leaf length (cm) 0.338 0.147 -0.112 -0.181 0.187 0.189 

Mature leaf width (cm) 0.376 0.134 -0.113 -0.116 0.187 0.134 

Days to flowering 0.366 0.082 0.19 -0.068 -0.159 -0.083 

Number of flower (per axil) 0.215 -0.02 -0.249 0.103 -0.257 -0.266 

Corolla length (mm) 0.013 0.105 0.459 0.236 0.028 -0.163 

Anther length (mm) 0.207 -0.135 0.112 0.112 0.259 -0.301 

Filament length (mm) 0.007 0.064 0.179 0.639 0.107 -0.096 

Days to fruiting 0.347 0.09 0.213 -0.067 -0.194 0.064 

Fruit-bearing period (d) -0.01 -0.236 0.066 -0.232 -0.44 -0.086 

Fruit length (cm) 0.038 0.39 0.006 -0.201 0.153 0.05 

Fruit width (cm) -0.235 -0.237 -0.268 0.233 0.094 0.005 

Fruit weight (g) -0.068 0.352 -0.033 -0.02 0.258 0.45 

Fruit pedicel length (cm) 0.059 -0.418 0.052 0.066 -0.221 -0.003 

Number of locules 0.116 -0.111 -0.271 -0.161 0.244 -0.311 

Seed diameter (mm) 0.254 0.069 -0.316 0.191 0.05 -0.009 

1000-seed weight (g) 0.261 -0.073 -0.249 0.324 0.223 0.049 

Number of fruits/plant 0.058 -0.417 -0.083 0.115 -0.291 -0.109 
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The six principal components (PCs) with eigenvalue >1 accounted for 74.6% of the 

entire variability. Specifically, the first component, which accounted for 25% of the 

total variation, included leaf length, leaf width, days to flowering, days to fruiting, 

etc. Important traits such as fruit length, fruit weight was included in the second 

component with 16.3% variance. The third component explaining 11.4% of total 

variation included plant canopy width, corolla length etc. In principle component 

four, which described 8.4 % of the total variation, filament length, 1000 seed weight, 

fruit width showed a large contribution. The last two significant principal 

components, fifth and sixth, explained 7.1% and 6.4% of the total variation, 

respectively. The fifth component was mainly determined by stem diameter and 

anther length fruit-bearing periods, whereas the sixth components by stem length. 

 

 

Figure 1. 2-D PCA plot of the first two components of the 30 Akabarechilli based on 

the 26 qualitative traits (A) and the 21 quantitative traits (B) 

The PCA results show that the most appropriate traits for grouping the Akabarechilli 

are plant growth habit, branching habit, leaf shape, anther color, leaf length and 

width, days to flowering, days to fruiting, fruit length, fruit weight, fruit pedicel 

length, and the number of fruits per plant. By evaluating these traits with the highest 

values of the diversity index (H'>0.75) except anther color (H'=0.36), the first two 

principal components could efficiently discriminate these landraces, it can signify to 

serve as an important breeding tool for the characterization of these accessions. 

Cluster analysis 

To investigate phenotypic diversity further in 30 akabarechilli landraces, hierarchical 

cluster analysis on combined qualitative and quantitative traits were used to enable 

groupings into clusters of genetic similarities, using the Euclidean distance and 

average linkage methods. The resulting dendrogram revealed six distinct groups: 

group I is comprised of 3 accessions (10%), group II of 10 accessions (33.3%), 
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groups III of 13 (43.33%) accessions, group IV of 2 (6.67%) accessions, and group V 

and VI are the solitary clusters with the only accession in each group. The descriptive 

statistics of the distinct cluster are present in Fig 2.  

The landraces included in cluster-I having higher mean value for the number of 

flowers per axil, fruit-bearing period, fruit width, no of fruit/plant but lower mean 

value for plant canopy width, days to flowering, and moderate mean values for other 

agronomic traits. Similarly, the members of Cluster-II have higher mean value for 

corolla length but moderate mean values for other traits. Likewise, Cluster-III has a 

higher mean value for the number of locule per fruit and the lowest value for fruit 

weight. Cluster-V consisted of one landrace with the higher mean value for the 

majority of a studied trait while Cluster-VI also having one landrace with lower mean 

value for majority of studied trait as compared to other clusters (Table 6). 

 

Figure 2. Dendrogram of 30 akabarechilli accessions based on both 26 qualitative 

traits and 21 quantitative traits (Similarity level about 60%) (Minitab 17, 

statistical package). 
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Table 6. Descriptive statistics of quantitative traits within clusters of 30 

AkabareChilli accessions 

Cluster I II III IV V VI 

Accessions CO-11044, CO-

11046, CO-11047 

CO-11045, CO-

11052,  

CO-11054, CO-

11057, 

CO-11058,  CO-

11059,  

CO-11060, CO-

11061,  

CO-11063, CO-

11065, 

 CO-11067, CO-

11071,  

CO-11072 

CO-11048, CO-

11050 

CO-11049,CO-

11051, CO-
11053, CO-

11055, CO-

11056, CO-
11066, CO-

11068, CO-

11069, CO-
11070, CO-

11073 

CO-

11062 

CO-

11064 

Plant height (cm) 144.4±5.8 (136.3-
149.8) 

121.7±25.8 (85.6-
164.0) 

121.1±2.8(119.1-
123.0) 

134.5±17.4 
(111.3-156.9) 

179.6 50.0 

Plant canopy 

width (cm) 

49.6±13.8 (32.9-

66.7) 

76.9±11.7 (62.0-

97.4) 

58.8±6.8 (54.0-63.6) 89.3±11.4 (69.4-

103.3) 

129.6 69.6 

Stem length (cm) 16.0±6.8 (9.5-25.4) 11.2±7.4 (3.4-
23.5) 

9.8±7.3 (4.6-15.0) 15.7±10.1 (4.2-
33.6) 

35.4 3.1 

Stem diameter 
(cm) 

1.9±0.2 (1.7-2.3) 1.9±0.2 (1.4-2.1) 1.9±0.1 (1.8-2.0) 1.9±0.3 (1.6-2.5) 2.0 1.2 

Mature leaf length 
(cm) 

10.0±3.5 (6.0-14.5) 13.7±3.1 (8.4-
18.5) 

16.0±0.3 (15.8-16.2) 12.3±3.2 (7.1-
17.2) 

17.5 10.0 

Mature leaf width 

(cm) 

6.6±2.9 (3.3-10.3) 8.0±2.1 (4.4-10.7) 9.7±0.4 (9.4-9.9) 7.3±2.2 (3.4-

10.2) 

10.5 4.7 

Days to flowering 96.5±2.5 (93.0-

98.5) 

99.2±5.0 (88.0-

105.5) 

97.3±3.9 (94.5-

100.0) 

99.5±5.1 (91.0-

111.0) 

103.5 83.0 

Number of flower 
(per axil) 

2.4±0.2 (2.3-2.7) 2.0±0.3 (1.5-2.5) 1.8±0.6 (1.3-2.2) 1.7±0.1 (1.0-2.3) 1.8 1.7 

Corolla length 
(mm) 

7.5±1.3 (6.4-9.2) 8.7±0.9 (7.1-10.9) 8.1±1.9 (6.7-9.5) 8.7±1.2 (6.8-
10.7) 

8.4 8.1 

Another length 

(mm) 

2.4±0.3 (2.0-2.8) 2.4±0.4 (1.9-3.1) 2.3±0.2 (2.1-2.4) 2.5±0.3 (1.9-2.8) 2.2 1.9 

Filament length 
(mm) 

2.9±0.5 (2.3-3.5) 2.9±0.4 (2.3-3.6) 3.0±0.4 (2.8-3.3) 3.0±0.6 (2.1-3.8) 3.1 2.8 

Days to fruiting 101.8±2.7(98.0-
104.0) 

107.1±8.4 (92.5-
117.5) 

104.3±6.0(100.0-
108.5) 

109.2±9.0 (94.5-
121.5) 

117.5 87.0 

Fruit-bearing 

period (d) 

181.0±3.9 (178.0-

186.5) 

166.7±11.9 

(136.0-183.0) 

107.8±3.9(105.0-

110.5) 

173.4±9.2 

(155.0-182.5) 

164.5 172.0 

Fruit length (cm) 2.2±0.2 (1.9-2.4) 2.0±0.4 (1.5-2.9) 1.8±0.2 (1.7-1.9) 2.1±0.2 (1.8-2.7) 2.6 2.1 

Fruit width (cm) 2.0±0.2 (1.8-2.2) 1.3±0.5 (0.6-2.2) 1.8±0.1 (1.7-1.9) 1.7±0.4 (0.8-2.1) 1.2 1.8 

Fruit weight (g) 2.9±0.6 (2.1-3.7) 2.4±1.1 (0.8-5.4) 2.4±0.6 (2.0-2.8) 2.6±0.4 (1.8-3.3) 6.1 3.9 

Fruit pedicel 
length (cm) 

3.1±0.1 (3.0-3.2) 2.5±0.3 (2.1-3.5) 2.3±0.1 (2.2-2.3) 2.8±0.3 (2.1-3.2) 3.4 2.1 
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Cluster I II III IV V VI 

Number of 

locules 

2.5±0.2 (2.2-2.7) 2.4±0.6 (1.1-3.0) 2.6±0.5 (2.2-2.9) 2.5±0.3 (2.1-2.9) 2.2 2.1 

Seed diameter 
(mm) 

4.6±0.1 (4.5-4.8) 4.2±0.4 (3.5-4.9) 4.6±0.4 (4.3-4.8) 4.1±0.5 (3.3-4.9) 4.6 4.2 

1000-seed weight 
(g) 

6.0±0.5 (5.3-6.6) 5.1±0.9 (3.2-6.4) 6.7±0.9 (6.1-7.4) 5.5±1.8 (2.0-7.1) 7.1 4.4 

Number of 

fruits/plant 

139.0±9.9 (126.0-

150.0) 

49.1±12.4 (29.0-

69.0) 

55.5±44.6 (24.0-

87.0) 

98.5±15.5 (79.0-

120.0) 

108.0 29.0 

*value in parenthesis shows the range with in the groups of concerned trait. 

Cluster analysis clearly separated 30 Akabarechilli landraces into six groups at 60% 

similarity level with the fifth and sixth cluster containing only landraces. On the basis 

of cluster analysis, Cluster-V was found superior in terms of quantitative character as 

compared to the other clusters. Orobiyi et al. (2017) state that the most significant 

attributing characters of chilli were the average weight of fruits, the average number 

of fruits per plant, the weight of 1000 seeds, average length and width of fruit, and 

the days to fruiting. Among these quantitative characters, Cluster-V (CO-11062) has 

the highest value for days to fruiting, fruit length, fruit weight, 1000 seed weight. 

Similarly, Cluster-I (CO-11044, CO-11046, CO-11047) has a higher fruit weight and 

the amount of fruits/plant as compared to other clusters. Cluster-VI has the lowest 

value for most of the quantitative traits as compared to the other clusters. This 

information could be used in crop improvement programs, particularly for selection 

and hybrid development.  

Not only the yield parameter is important, but there is also another important trait that 

is essential in the contest of consumer preference and economic point of view, is its 

fruit shape. People prefer more round shape chilli than any other and have higher 

demand at the market. The Shannon-Weaver index for fruit shape is recorded high. 

Cluster analysis showed that fruits of Cluster-III were found more round with a 

higher number of locules per fruit than others. Whereas Cluster-V has longer fruit 

size than other groups and other clusters were found intermediate type. These 

identified materials could be used as materials for the selective breeding programs for 

concerning traits of interest in the future. Crosses between the members of clusters 

separated by inter-cluster distances are likely to be beneficial for further 

improvement (Yatung et al., 2014). The genotypes with larger fruit size were 

preferred for other chilly types (Dahal et al., 2006) but more round shape type fruit 

with a specific order type Akabarechilli is preferred by consumers and willing to pay 

more money. 

CONCLUSION 

Agro-morphological variability of akabarechilli landraces collected from eastern hills 

of Nepal was carried out by its qualitative and quantitative parameters. Combined 
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qualitative and quantitative variables classified 30 akabarechilli landraces into six 

distinct groups. Although, the result of this experiment was obtained from one-year 

experiments and thus the interaction between environment and genotype, was not 

measured, but the result of the experiment related to morphological trait was equally 

important to characterize our accessions, as it helped to estimate variability existed in 

the landraces which were due to genotype effect between the landraces. 
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ABSTRACT 

Assessment of thirty-six similar named aromatic rice landraces of 
Bangladesh was analyzed using 36 microsatellite markers to 
characterize the landraces and also to establish the sovereignty of the 
Bangladeshi rice gene pool. With an average of 3.03 per locus, overall 
109 alleles differed from 2 to 5 were detected at 36 microsatellite loci 
across the 36 aromatic rice landraces. With an average of 0.48, the 
diversity of genes ranged from 0.15 to 0.74. The polymorphic information 
content (PIC) values ranged from 0.14 (RM500, RM554) to 0.69 
(RM496), with an average of 0.41, revealed many variations among the 
studied landraces. The recurrence of the most prevalent allele at each 
locus ranged from 31.00% (RM496) to 96.00% (RM500 and RM554). At 
any given locus, on average 64.33% landraces out of 36 contributed a 
familiar major allele. For identification and diversity estimation of 
aromatic rice landraces, RM496 was the finest marker as affirmed by 
PIC values. Two clusters were revealed with a similarity coefficient of 
0.45 by a UPGMA dendrogram in SSR. All the landraces were also 
divided into two groups (A and B) through the model-based clustering 
method, confirmed by UPGMA cluster analysis. Some of the SSR 
markers (RM1, RM489, RM39, RM474, RM2, RM214, RM21, and 
RM206) generated unique alleles that were specific to particular 
landraces and were useful for varietal identification. Besides, the 
evaluation of genotypic data demonstrated the landraces under this 
study provided noticeable genetic diversity. Meanwhile, for the future 
breeding program, the similarly named landraces need to be 
safeguarded. 

Keywords: Microsatellite markers, Cluster analysis, Polymorphic 
information content, Aromatic rice. 
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INTRODUCTION 

One of the most popular food crops in the world is rice (Oryza sativa L.). In the case 

of special occasions and export purposes, aromatic rice is preferred over non-

aromatic rice for its notable features. Also, due to its superior grain qualities and 

pleasant aroma aromatic rice is a notable class of rice with high market value (Singh 

et al., 2000). It’s believed that the foothills of Himalayas, covering Bihar, Uttar 

Pradesh in India, and the Tarai region of Nepal are the center of diversity of aromatic 

rice landraces. After that, aromatic rice germplasm might be dispersed to the other 

different states within India and also neighboring countries like Bangladesh and 

excellently adapted to the local environments of those areas (Khush, 2000). At 

present, Bangladesh has more than 8000 rice germplasm of which more than 100 

identified as aromatic landraces (Islam et al., 2016). 

Aromatic rice landraces of Bangladesh generally have short and medium bold grain 

types with pleasurable aroma (Shahidullah et al., 2009). Usually, aromatic rice 

landraces contained tall-statured, the smaller number of panicles, high stem weight, 

lower yields, and are also susceptible to lodging and pests. Due to the presence of a 

non-functional betaine aldehyde dehydrogenase 2 (BADH2) aromatic germplasm 

effuses fragrance which also responsible for low grain yield (Bradbury et al., 2005; 

Bradbury et al., 2008). Most of the aromatic rice landraces in Bangladesh are locally 

adapted, photoperiod-sensitive, and grown under rainfed lowland ecosystem during 

Transplanted Aman season (July to December). The average yield of high yielding 

rainfed lowland rice in Bangladesh is 3.4 t ha
-1

, whereas the average yield of aromatic 

rice is 2.0-2.3 t ha
-1

. 

Currently, the valuable gene pool of aromatic rice landraces of Bangladesh is being 

eroded day by day because of the introduction of high yielding varieties (HYV) and 

their poor yield performance. Exploring diversity in the landrace collection is very 

essential for identifying new genes and further improvement of the germplasm 

(Thomson et al., 2007). However, similarly named rice germplasm was cultivated all 

over Bangladesh was identified (Hamid et al., 1982; Ahmed et al., 2016). Besides, 

different genotypes maybe got the same name given by many farmers or a particular 

genotype acquired several slightly deviated names. Hence, it is very important to 

study a similar named aromatic rice germplasm to identify whether they are the same 

or different. Some small and medium-grained of Bangladeshi aromatic rice landraces 

have the excellent aroma and few other quality traits like elongation after cooking, 

taste, etc. For measuring genetic diversity in crop germplasm and evaluating 

evolutionary relationships the commencement of PCR-based molecular marker 

technology provides highly effective and reliable tools (Islam et al., 2018a). Simple 

sequence repeat (SSR) markers can serve as the marker for selection and affords 

several advantages over other markers across various molecular markers (Roy et al., 
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2016; Islam et al., 2019). Due to high reproducibility, simplicity, easy scoring ability, 

multi-allelic nature, hyper-variability, co-dominant inheritance, and genome-wide 

coverage SSR markers are highly suitable for characterizing rice germplasm (Powell 

et al., 1996). For genetic diversity analysis, characterization of genotypes, cultivar 

identification, marker-assisted selection breeding, and population structure 

assessment in several rice genetic studies, recently many researchers have been used 

SSR markers (Choudhury et al., 2013; Islam et al., 2018b). With the above 

background information, the present inquiry was undertaken by using SSR markers 

to assess the genetic variation in 36 similar named aromatic rice landraces of 

Bangladesh. 

MATERIALS AND METHODS 

Plant materials and molecular marker 

We used 36 aromatic rice accessions representing landraces, farmer’s varieties, and 

pure lines preserved in Bangladesh Rice Research Institute (BRRI) genebank as 

shown in Table1. These accessions were studied in the Molecular Laboratory of 

Genetic Resources and Seed Division of BRRI during 2016-17 for diversity analysis. 

A total of 42 pairs of primers were used from the previous studies on rice (McCouch 

et al., 2002; Islam et al., 2018a, 2018b); some were selected randomly. Detailed 

information of the primers is obtained from the websitewww.gramene.org/ 

markers/microsat. 

Molecular analysis using SSR marker 

Five grams seeds from each landrace were first germinated and then germinated 

seeds were sown in the earthen pots. The pots were kept in the net house for 

collecting 2g fresh leaf samples for DNA extraction. DNA was isolated from young 

leaves of rice plants using the minor modified miniscale method (Islam et al., 2018a). 

Polymerase chain reaction (PCR)  was carried out in a volume of 10 μL. Each 

reaction mixture contains 3.0 μL genomic DNA, 1.0 μL of 10 X PCR buffer (MgCl2 

free), 1.35 μL of 25 mmol/L MgCl2, 0.2 mM of a dNTPs mix, 0.5 μL of each forward 

and reverse primers, 1 unit of Taq DNA polymerase and 3.43 μL sterile deionized 

water. PCR profile was set as follow: 1 cycle at 94°C for 5 min (initial denaturation), 

followed by 35 cycles of 94°C for 45 s (denaturation), annealing at 55°C for 45 s and 

extension at 72°C for 1.3 min. Then additional temperature (final extension) of 72 °C 

for 7 minutes at the end of 35 cycles. The PCR products were subjected to 

electrophoresis in 0.5X TBE buffer for 1.5 to 2.50 h. The gel was stained with 

ethidium bromide solution for 25 min. Following this, the gel was viewed under UV 

light using a gel documentation system (XR System, Uvitec Cambridge, France). 
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Table 1. Information on collection site, source and local name of the landraces 

Sl. No. Landraces Code Name 
Acc. 
No. 

Season District Origin 
1.7% KOH 

(aroma) 

1 Chinigura C1 6719 T.Aman Gazipur Bangladesh Scented 

2 Chinigura C2 2412 T.Aman Dhaka Bangladesh Light scented 

3 Chinigura C3 4867 T.Aman Mymensingh Bangladesh Light scented 

4 Chinigura C4 7572 T.Aman Habiganj Bangladesh Scented 

5 Chiniguri C5 1424 T.Aman Dhaka Bangladesh Scented 

6 Chiniguri C6 1880 T.Aman Kishoreganj Bangladesh Scented 

7 Sakkorkhora S1 1605 T.Aman Patuakhali Bangladesh Scented 

8 Sakkorkhana S2 4761 T.Aman Barguna Bangladesh Scented 

9 Sakkorkhana S3 5338 T.Aman Bagerhat Bangladesh Scented 

10 Sakkorkhana S4 7316 T.Aman Jhalakati Bangladesh Light scented 

11 Sakkorkhana S5 7500 T.Aman Pirojpur Bangladesh Light scented 

12 Sakkorkhora S6 7506 T.Aman Pirojpur Bangladesh Scented 

13 Kataribhog K1 232 T.Aman Mymensingh Bangladesh Light scented 

14 Kataribhog K2 1091 T.Aman Jessore Bangladesh Scented 

15 Kataribhog K3 1491 T.Aman Tangail Bangladesh Scented 

16 Kataribhog TAPL-78 K4 2505 T.Aman Gazipur Bangladesh Scented 

17 Kataribhog TAPL-79 K5 2506 T.Aman Gazipur Bangladesh Scented 

18 Kataribhog TAPL-80 K6 2507 T.Aman Gazipur Bangladesh Scented 

19 Kataribhog TAPL-81 K7 2508 T.Aman Gazipur Bangladesh Scented 

20 Kataribhog TAPL-82 K8 2509 T.Aman Gazipur Bangladesh Scented 

21 Kataribhog TAPL-83 K9 2510 T.Aman Gazipur Bangladesh Scented 

22 Kataribhog TAPL-84 K10 2511 T.Aman Gazipur Bangladesh Scented 

23 Kataribhog TAPL-85 K11 2512 T.Aman Gazipur Bangladesh Scented 

24 Kataribhog TAPL-86 K12 2513 T.Aman Gazipur Bangladesh Light scented 

25 Kataribhog TAPL-87 K13 2514 T.Aman Gazipur Bangladesh Light scented 

26 Kataribhog TAPL-88 K14 2515 T.Aman Gazipur Bangladesh Scented 

27 Kataribhog K15 4362 T.Aman Gazipur Bangladesh Scented 

28 Kataribhog K16 4363 T.Aman Gazipur Bangladesh Scented 

29 Kataribhog K17 4791 T.Aman Dinajpur Bangladesh Light scented 

30 Kataribhog K18 7082 T.Aman Sylhet Bangladesh Light scented 

31 Begunbichi B1 508 T.Aman Rangpur Bangladesh Light scented 

32 Begunbichi B2 740 T.Aman Rangamati Bangladesh Light scented 

33 Begunbichi B3 986 T.Aman Khulna Bangladesh Scented 

34 Begunbichi B4 1465 T.Aman Dhaka Bangladesh Light scented 

35 Begunbichi B5 1678 T.Aman Faridpur Bangladesh Scented 

36 Begunbichi B6 4088 T.Aman Nilphamari Bangladesh Non-scented 
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Data Analysis 

The molecular weight for each of the markers was measured using the AlphaEaseFC 

4.0 software. The summary statistics include the number of alleles per locus, major 

allele frequency, and polymorphism information content (PIC) was obtained by the 

use of Power Marker V 3.25 (Liu and Muse, 2005). The allele frequency data from 

Power Marker software was calculated to export data and scored as 1 or 0 indicating 

the presence and absence of products of a particular size. NTSYS-pc software (Rohlf, 

2002) was used for dendrogram construction. 

The population structure of 36 aromatic landraces was determined using the 

STRUCTURE V2.3.4 software (Pritchard et al., 2000; Falush et al., 2003). The 

number of populations (K) investigated here and ranged (1 - 10), replication: 5, burn-

in period length: 5000, run-length: 50000, and also a model allowing for admixture 

and correlated allele frequency. The output of the analysis was harvested using the 

‘Structure harvester’ program (http://taylor0.biology.ucla.edu) and determined the 

final K value (K = 2 was optimum for this analysis) based on both the LnP (D) and 

Evanno’s ΔK (Evanno et al., 2005). In summary, the major patterns of variation in 

the multilocus dataset, an analysis of molecular variance (AMOVA) was performed 

using GenAlEx V 6.5 (Peakall and Smouse, 2012). 

RESULTS AND DISCUSSION 

For the efficient characterization, conservation, documentation and utilization of 

biodiversity, evaluation of genetic disparity in germplasm collections are obligatory. 

Genetic diversity in crop material is used as the basis for varietal improvement. The 

use of germplasm can be measured from the amount of available diversity in the 

material. The main objective is to know the possibility of classifying individual 

landraces into dissimilar groups from each genetic diversity study. Landraces which 

are studied in this context showed remarkable variations among the landraces for 

distinct agro-morphological traits (data not given). Molecular characterization, on the 

other hand, is the alternative approach to overcome several limitations of 

morphological characterization, which are high experimental cost, long evaluation 

time, and environmental effects. In past times characterization, genetic diversity and 

population structure of Bangladeshi rice germplasm have been studied by using 

molecular markers (Ahmed et al., 2016; Siddique et al., 2017; Islam et al., 2018a). 

Genetic diversity 

All the 36 aromatic rice landraces were genotyped with 42 simple sequence repeat 

(SSR) markers. Six markers (RM224, RM215, RM536, RM537, RM192, RM193) 

were found monomorphic (data are not shown), exhibiting one allele at each locus for 

all the landraces among 42 SSR markers. Then again, based on polymorphism 36 

SSR markers were selected to use for molecular characterization of the aromatic rice 

landraces. 

http://taylor0.biology.ucla.edu/
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A total of 109 alleles were identified at 36 SSR markers over 36 aromatic landraces 

(Table 2). RM496 (262 bp) produced the maximum amplicon size and RM413 (66 

bp) was the minimum. In the case of RM489 (242-315 bp), a maximum range of 

band sizes was found and succeeded by RM496 (262-314 bp) and RM474 (227-292 

bp), respectively. The number of alleles per locus ranged from 2 alleles (RM178, 

RM507, RM510, RM447, RM282, RM487, RM554, RM542, RM500, RM560, 

RM342, RM553 and RM20) to 5 alleles (RM474), with an average of 3.03 alleles 

across the 36 loci. The PIC values differed from 0.14 (RM500, RM554) to 0.69 

(RM496), with the 0.41 average. SSRs which have higher PIC values have a higher 

number of alleles. Lower PIC value shows that the landraces under study are closely 

allied, whereas the higher value of PIC stipulates the higher array of materials which 

is the utmost need for the new variety development. RM496 primer had the highest 

PIC (0.69) value and the number of alleles (5) were highest. It detected the maximum 

level of polymorphism. Therefore, RM496 marker confirmed that it was the best 

marker for characterizing the studied landraces. The most common allele was ranged 

from 31.00% (RM496) to 96.00% (RM500, RM554) at each locus. On average, 

64.33% of the 36 rice landraces shared a common major allele at any given locus. 

The DNA figuration of 36 aromatic rice landraces by RM447 is demonstrated(Fig. 

1). 

From the present study, the genetic diversity is similar to earlier report (Islam et al., 

2018a); where investigators  identified 3.11 alleles per locus and an average PIC 

value of 0.29 among 113 aromatic rice germplasm. Correspondingly, 88 Indian rice 

varieties were collected from different agro-climatic regions of India having 3 alleles 

per locus with a mean PIC value of 0.41, also reported by Yadav et al. (2013). Again, 

the average PIC value of 0.44 was observed by Chakhonkaen et al. (2012) among 43 

Thai and 57 IRRI germplasm of rice. Further, Ahmed et al. (2016) found 350 alleles 

from similarly named rice germplasm using 45 SSR markers and several alleles per 

locus ranged from 3 to 14 with an average of 7.8 which was higher than the present 

study. On the other hand, a marginally lower genetic diversity was disclosed among 

40 rice accessions of Pakistan with an average of 2.75 alleles per locus and an 

average PIC value of 0.38 (Shah et al., 2013). 

Again, a lower SSR diversity was found in a study with thirty-six (36) polymorphic 

HvSSRs where they identified 2.22 alleles per locus and mean PIC value of 0.25 in 

375 Indian rice genotypes gathered from totally different areas of India (Singh et al., 

2013). In this study, the PIC values projected that RM496 might be the leading 

marker for diversity analysis of aromatic rice germplasm, followed by RM214, 

RM474 and RM567 were probably the least potent markers (>0.60). So, these 

microsatellite markers may be useful tools for the upcoming genetic studies of rice 

germplasm. 
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Table 2. Allele number, allele size and frequency, gene diversity and 

polymorphism information content (PIC) found among 36 similar named 

aromatic rice landraces for 36 microsatellite markers 

Markers 
Chromoso

me No. 

Position 

(cM) 
Motif* 

Allele 

No. 

No. of  
Unique 

allele 

Size 
range 

(bp) 

Size 

(bp) 

Freq 

(%) 

Gene 

diversity 
PIC 

RM1 1 29.7 (GA)26 5 1 82-122 122 64.00 0.55 0.51 

RM489 3 29.2 (ATA)8 4 2 242-315 242 78.00 0.37 0.33 

RM39 5 87.7 (CT)17CCA(TC)3 3 1 102-118 118 69.00 0.44 0.36 

RM178 5 118.8 (GA)5(AG)8 2 0 116-121 121 86.00 0.24 0.21 

RM507 5 - (AAGA)7 2 0 242-250 250 83.00 0.28 0.24 

RM510 6 20.8 (GA)15 2 0 112-120 120 89.00 0.20 0.18 

RM223 8 80.5 (CT)25 4 0 153-168 168 56.00 0.61 0.56 

RM447 8 124.6 (CTT)8 2 0 105-112 112 67.00 0.44 0.35 

RM105 9 32.1 (CCT)6 3 0 128-140 140 53.00 0.61 0.54 

RM316 9 1.8 
(GT)8-

(TG)9(TTTG)4(TG)4 
4 0 184-205 184 50.00 0.65 0.59 

RM474 10 - (AT)13 5 1 227-292 227 47.00 0.68 0.64 

RM552 11 40.6 (TAT)13 3 0 172-224 172 53.00 0.54 0.45 

RM262 2 103.3 (CT)16 3 0 149-165 149 69.00 0.47 0.43 

RM16 3 131.5 (TCG)5(GA)16 3 0 186-237 186 72.00 0.43 0.37 

RM282 3 100.6 (GA)15 2 0 138-145 136 75.00 0.38 0.30 

RM487 3 127.9 (AC)10 2 0 175-181 175 78.00 0.35 0.29 

RM554 3 100.6 (GA)14 2 0 250-257 257 92.00 0.15 0.14 

RM518 4 25.5 (TC)15 3 0 154-169 169 75.00 0.40 0.35 

RM567 4 153.6 (GA)21 4 0 240-266 261 36.00 0.69 0.63 

RM334 5 141.8 (CTT)20 3 0 178-191 178 64.00 0.50 0.42 

RM413 5 26.7 (AG)11 4 0 66-106 66 64.00 0.54 0.51 

RM190 6 7.4 (CT)11 3 0 115-135 135 56.00 0.57 0.51 

RM2 7 36.1 (GA)13 3 1 140-155 155 78.00 0.36 0.31 

RM214 7 34.7 (CT)14 5 1 120-142 120 36.00 0.73 0.68 

RM542 7 34.7 (CT)22 2 0 95-138 138 58.00 0.49 0.37 

RM320 7 62.5 (AT)11GTAT(GT)13 3 0 135-170 170 67.00 0.49 0.42 

RM500 7 36.1 (AAG)9 2 0 240-252 252 92.00 0.15 0.14 

RM560 7 54.2 (CT)12 2 0 228-235 235 56.00 0.49 0.37 

RM72 8 60.9 (TAT)5C(ATT)15 3 0 180-198 180 61.00 0.51 0.43 

RM342 8 78.4 (CAT)12 2 0 134-157 141 75.00 0.38 0.30 

RM553 9 76.7 (CT)10 2 0 174-184 172 61.00 0.48 0.36 

RM496 10 113 (TC)14 4 0 262-314 262 31.00 0.74 0.69 

RM21 11 85.7 (GA)18 4 1 135-160 160 53.00 0.62 0.55 

RM206 11 102.9 (CT)21 4 1 134-172 172 61.00 0.54 0.48 
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Markers 
Chromoso

me No. 

Position 

(cM) 
Motif* 

Allele 
No. 

No. of  
Unique 
allele 

Size 
range 

(bp) 

Size 
(bp) 

Freq 

(%) 

Gene 
diversity 

PIC 

RM224 11 120.1 (AAG)8(AG)13 3 0 136-156 156 53.00 0.54 0.47 

RM20 12 - (ATT)14 2 0 220-235 235 58.00 0.49 0.37 

Total    109 9  6236 2316 17.1 14.85 

Min    2   66 31 0.15 0.14 

Mean    3.03   
173.

22 
64.33 0.48 0.41 

Max    5   262 92 0.74 0.69 

Unique alleles are valuable as they may be effectively indicative of particular 

landraces and also for a breeding purpose. Additionally, eight markers magnified 

nine unique alleles among 36 markers. Here, the RM1 magnified the 122 bp allele 

which was distinct to the Begunbichi landrace (B5). Again, the RM489 intensified 

the particular alleles of 248 and 315 bp in the landraces namely Chiniguri (C6) and 

Kataribhog (K1), respectively. The prominent aromatic rice landraces “Chinigura 

(C2)” was exclusively identified by RM39, “Kataribhog (K3)” by RM474 and 

“Kataribhog (K18)” by RM2. Normally, the higher number of unique alleles in 

germplasm indicates as a reservoir of novel alleles. Some unique alleles per locus 

varied from 1 to 2 (Table 2). The application of of unique alleles for molecular 

characterization of crop has been reported earlier  (Das et al., 2013; Islam et al., 

2018a). Among Basmati and non-Basmati rice varieties, Saini et al. (2004) noticed 58 

unique alleles (36.2%). 

 

 

Figure 1. Gel picture of marker RM447 showing banding pattern in 36 aromatic rice 

landraces (L= DNA Laddaer 50 bp) 

Genetic distance-based analysis 

The genetic distance-based results in the UPGMA cluster analysis revealed two 

major clusters in the 36 genotypes at a coefficient of 0.45 in SSR and the similarity 

coefficient value ranged from 0.33 to 0.97 in SSR which is an indication of the 
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genetic variation among the accessions based on the SSR primers (Fig. 2). Cluster I 

consisted of 11 aromatic landraces (C1, C2, C3, C5, S4, B5, K1, K11, K12, K13 and 

K17). Again, cluster I was further divided into 2 sub-clusters (A and B). Sub-cluster 

A, incorporated popular landraces viz, Chinigura group (C1, C2, C3 and C5), S4 and 

B5. Sakkorkhana (S4) and Begunbichi (B5) are popular T. Aman landraces from 

Jhalakati and Faridpur districts of Bangladesh. Sub cluster-B consisted of Kataribhog 

group (K1, K11, K12, K13 and K17) from Mymensingh, Gazipur and Dinajpur 

district.  Again, cluster II was further divided into 2 subclusters (A and B). Sub 

cluster-A, included 24 local popular aromatic landraces and sub-cluster-B consisted 

of one landrace namely Kataribhog (K18) from Sylhet. Kataribhog group (K4 and 

K5) aromatic landraces have high similarity and close placed in phylogenetic tree 

analyses. In previous study, Islam et al. (2018a) found three (3) major clusters and 

few sub-clusters through the UPGMA cluster analysis among 113 aromatic rice 

landraces. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. An UPGMA cluster dendrogram showing the genetic relationships 

between 36 aromatic rice landraces of Bangladesh based on the alleles 

detected by 36 microsatellite markers. 

Coefficient
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Model-based population structure 

The population structure analysis declared the log-likelihood value (ΔK) maximized 

to the highest value of at K= 2 (Fig. 3), demonstrating a sharp peak expressing the 

classification of entire landraces into two specific sub-groups, here denoted as Group 

A and Group B, respectively. 

 

Figure 3. Representation of population structure dividing the landraces in two 

subgroups based on K value. 

To find out the number of pure and admixed individuals, populations were studied. 

The population Group A (red colour, Fig. 4) and Group B (green colour, Fig. 4) 

representing 27.78% (10) and 72.22% (26) of aromatic landraces used in structure 

analysis, respectively. Overall, 05 (13.89%) admixed landraces were found at K = 2. 

It may be noted that Group A had 12 aromatic accessions with 10 pure and 2 

admixed landraces and Group B had 24 aromatic accessions with 21 pure and 3 

admixed landraces. The population grouping through structural analysis and distance-

based clustering demonstrated a similar result. 

The Bayesian clustering approach implements to choose the number of groups with 

peak log-likelihood (Lu et al., 2005). From different rice diversity panels, population 

structure analysis has marked different numbers of sub-groups, ranged from 2 to 8 

(Garris et al., 2005; Das et al., 2013; Islam et al., 2018b). With the help of structure 
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analysis, the 36 aromatic accessions of this study were investigated into two 

important groups and disclosed an adequately consistent genetic liaison with the 

dendrogram. 

From this study, QTLs/genes mapping can be constructed by using the diverse 

landraces and highly polymorphic SSR markers that have been determined for 

different physicochemical quality traits. Finally, it can be wrapped up that similarly 

named aromatic rice landraces need to be preserved in genebank. 

K=2

K=3

K=4

K=5

K=6

Group= A Group= B

K=7

K=9

K=8

K=10

 

Figure 4. Population structure at K = 2 to K = 10 of 36 aromatic rice landraces 

based on genotypic data using 36 microsatellite markers. 
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Analysis of molecular variance (AMOVA) from the model-based approach 

 From the structural analysis, two populations were consequently demonstrating to 

AMOVA to determine the fluctuation across and within populations. In the time, 

11% variance was recorded across populations for individuals, 87% variance among, 

and 1% within were found (Fig. 5, Table 3). Mostly, by using the phylogenetic tree-

based similarity coefficient distribution as well as the structure analysis, results from 

the AMOVA complied with findings achieved. 

 

Figure 5. Analysis of molecular variance (AMOVA) of 36 aromatic rice landraces 

using 36 SSR markers. 

Table 3. Analysis of molecular variance (AMOVA) of aromatic landraces available 

in Bangladesh 

Source 

Degree 

freedom 

Sum 

Square 

Mean 

Square 

Estimated 

Variance % Variance 

Among Population 1 50.521 50.521 1.060 11% 

Among Individual 34 564.104 16.591 8.233 87% 

Within Individual 36 4.500 0.125 0.125 1% 

Total 71 619.125 

 

9.418 100% 

 

  

Among Pops 

11% 

Among Indiv 

88% 

Within Indiv 

1% 

Percentages of Molecular Variance 
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CONCLUSION 

An enormous genetic variability at molecular level revealed in this study. Analysis of 

population structure from the SSR markers grouped all the landraces into 2 groups 

according to geographical district or origin. Besides, 2 groups were also constructed 

using SSR markers data clustering analysis. Hence, the most divergent landraces 

obtained in this study can be utilized for the future aromatic rice breeding 

programme. Also, from this study, the diverse landraces and highly polymorphic SSR 

markers which have been identified can be used for QTLs/genes mapping for 

different physicochemical quality traits. Finally, it can be concluded that similarly 

named aromatic rice landraces need to be preserved in Genebank as they contain 

profuse genetic variation and can exploit tremendously in future breeding program. 
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ABSTRACT 

Four fungi isolates, Aspergillus flavus, Aspergillus niger, Trichoderma 
harzianum, Penicillium sp. were isolated from mushroom substrates and 
identified. Biological activities these fungi were evaluated against three 
plant pathogens namely against Fusarium oxysporum, Sclerotium rolfsii, 
Colletotrichum corchori. Among the fungal isolates, Trichoderma 
harzianum showed the highest antagonistic activity against all three 
pathogens, Penicillium sp. showed less significant antagonistic activity 
than Aspergillus niger and Aspergillus flavus. Trichoderma harzianum 
showed the highest inhibitory effect in case of Fusarium oxysporum 
(71.75%) followed by Sclerotium rolfsii (61.64%) and Colletotrichum 
corchori (57%).  

Keywords: Antagonistic effect, Biological efficacy, Pathogenic fungi, 

Mycelial growth inhibition 

INTRODUCTION 

Mushrooms, belonging to class Basidiomycotina, are non-green fungal plants 

occurring seasonally all over the world. Among the 2000 edible species from 10,000 

of different types of mushrooms, Oyster mushroom (Pleurotus ostreatus) is suitable 

for the climatic condition of Bangladesh and on the basis of consumption the oyster 

mushroom is on the second position after button mushroom word widely (Sanchez, 

2010). In mushroom cultivation, substrates play the same role as soil executes in 

plant production (Kwon and Kim, 2004). Sawdust, cotton seed straw, cereal straw, 

corncob, sugar cane straw, newspaper, waste paper and other plant fibres prevailed in 

agro and wood industry showed promising result in case of cellulose content 

(Ragunathan et al., 1996; Kwon and Kim 2004).  

The substrates harbour many weed fungi which act as competitor moulds either by 

competition for food material or through production of toxic substances (Vijay and 

Sohi, 1987). Isolated Aspergillus fumigatus, Chetomium thermophile, Mucor pusillus 
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and T. harzianum  from straw and oyster compost substrates (Wickremasinghe et al., 

1999). Different saprophytic and plant pathogenic fungi occurring in the substrate 

and competing with mushroom mycelium for space and nutrition are Aspergillus 

niger, A.flavus, Alternaria alternata, Drechslera bicolor, Fusarium moniliforme, 

Mucor sp., Penicillium sp., Rhizopus sp., Rhizpus stolonifer, Sclerotium rolfsii,, 

Trichoderma viride (Sharma et al., 2007; Sharma and Kumar, 2011).  Some of these 

fungi can be used for biological control of different pathogenic fungi like Sclerotium 

rolfsii, Colletotrichum sp. and Fusarium spp.  

The present study was undertaken to isolate, identify and characterize the fungi 

associated with selected mushroom substrate and to evaluate their efficacy against 

three selective pathogenic fungi. 

MATERIALS AND METHODS 

The experiment was conducted at the Molecular Plant Pathology Laboratory of the 

Department of Plant Pathology, Sher-e-Bangla Agricultural University, Dhaka, and 

Biochemistry laboratory and Mushroom Culture House (MCH) of Biochemistry, 

Department, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. This study 

was conducted during the period of January, 2017 to June, 2017.  

Isolation of fungi on PDA media 

 Isolation was done from three kinds of substrates samples (rice straw, saw dust, 

waste paper). Three contaminated polybags of rice straw was randomly selected from 

the inoculated polybags. The stock solution was made by taking 1 gm of substrate 

from each polybag and mixing them with 100 ml sterile distilled water in a conical 

flask. Then dilution plate technique was followed as described by Dhingra and 

Sinclair (1985). The same process was also followed in case of saw dust and 

newspaper poly bags. After finishing the preparation of different dilution, 0.1 ml of 

10
-2

 and 10
-3

 dilution was spread over PDA plate previously dried (to remove excess 

surface moisture) at three replications as described by Goszczynska and Serfontein 

(1998). The solution was spread with the help of sterilized glass-rod. The inoculated 

PDA plates were kept in incubation chamber at 25±1
0
C.The colonies grown over on 

PDA were recorded after 3-5 days of incubation. Sub cultures were made by 

transferring a bit of mycelia from the spread plate and transferred on PDA plates 

using the hyphal tip culture techniques (Tuite, 1969; Mian, 1995) to a new petri dish 

on the basis of color and morphology of the colony.  Identification was done with the 

help of different books, manuals and publications following the keys suggested by 

Barnet (1980), Barnett and Hunter (1992), Watanabe (2000), Mathur and Kongsdal 

(2003), Malone and Musket (1964), Ellis (1971). Purification was carried out by 

reculturing the fungi by transferring single hyphal tip of each fungus on PDA media 

and incubated at 22±2
0
C for 7 days. The contaminated plates were discarded.  
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Bioassay of isolated fungi by using Dual culture method 

Three pathogenic fungi Fusarium oxysporum (the causal agent of dry rot of potato), 

Sclerotium rolfsii (the causal agent of foot and root rot of betel vine), Colletotrichum 

corchori (the causal agent of anthracnose of jute) were collected from MS Laboratory 

Department of Plant Pathology of Sher-e-Bangla Agricultural University, Dhaka. The 

fungi were cultured in PDA medium. The culture discs cut separately with the help of 

sterilized cork borer of isolates and pathogen was aseptically transferred and placed 

at periphery of the petri dish containing the PDA medium. Inoculated with culture 

discs of the pathogens alone in the petri dish containing PDA served as control. The 

inoculated petri dishes were transferred into the incubator and incubated at 25ᵒC. The 

growth of the fungus was observed periodically in petri-plates and measured the 

mycelial growth (diameter) in each petridishs were taken (Parvin et al., 2016). 

After seven days of inoculation (7DAI), radial mycelial growth (mm) of fungus was 

recorded. The radial mycelial growth (mm) of each fungi (pathogen and antagonist) 

was measured by taking average of the three diameters taken for each colony (Parvin 

et al., 2016). Percent inhibition zone was estimated by the following formula as 

suggested by Johnson and Sekhar (2012).  

  

Percentage inhibition of growth = -------------------- ×100   

 

C = Growth of fungus in control 

T = Growth of fungus in treatment 

Statistical analysis of data 

Data collected during experiment period were tabulated and analyzed following 

Statistical package MSTAT-C. Treatment means were compared with Duncan’s 

Multiple Range Test (DMRT)  

RESULTS AND DISCUSSION 

Morphological characteristics of fungal isolates  

Aspergillus flavus grew rapidly producing colonies yellow green to green color with 

white mycelia at the edges (Fig. 1a). The conidia were finely rough, conidia heads 

were radiate to columnar with loosely packed phialides; the unisertiate conidia heads 

had radiate vesicle with the philiades covering upto three quarter of the vesicle; while 

bisertiate the vesicles were spherical to globose (Fig.1b). 

Aspergillus niger was fast growing producing black conidial head at the center and 

white mycelia towards the edge which changed color to brown with age (Fig. 2a). 

The colonies had thick mat of floccose mycelia beneath the colonies and at the edges. 

It formed radial furrows very close to each other. Conidia heads were biseriate and 

   C-T     

 C      
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globose in shape with wide spherical to globose vesicle. The stipe was large and wide 

with smooth and slightly brown color. Conidiophores were smooth walled, hyaline or 

turning dark towards the vesicle. Conidia was globose to subglobose in shape (Fig 

2b). Similar structure was observed by Nyongesa et al., 2015, Wang et al., 1990 and 

Thilagam et al. 2016. 

Trichoderma harzianum produced whitish to greenish colored mycelia in the 

beginning. Later a deep green color developed in central part and gradually extended 

to the periphery. Finally, it appeared a whitish green color (Fig. 3a). Mostly globose 

to subglobose conidia developed on phialides produced in the opposite direction in 

each point which observed under compound microscope. Conidiophores were 

septate, hyaline and loosely branched. Main branches produced lateral side branches. 

All primary and secondary branches arise at 90° angles with respect to the main axis 

(Fig 3b). Similar features were found by Jahan et al. 2013, Samuels et al. 2002 and 

Shah et al. 2012. 

The mycelial mass of Penicillium sp initially appeared white and then gradually 

turned green with sterile white margin (Fig. 4a). The texture was powdery, mycelia 

was radially furrowed with heavy sporulation. Hyphae was hyaline and septate. 

Conidiophores were erect, septate, and branched. Phialides were grouped in brush-

like clusters (penicilli) at the ends of the conidiophores (Fig. 4b). Conidia was in long 

dry chains, round to ovoid, hyaline or greenish, smooth or rough-walled. (Larone, 

1995). 

Biological efficacy of isolated fungi against three pathogenic fungi 

Trichoderma harzianum showed the best performance by reducing the growth of 

Sclerotium rolfsii in duel culture. The inhibition was 61.80%, which was the highest 

inhibition percentage. Aspergillus flavus, Aspergillus niger and Penicillium sp. 

showed inhibition 57.60%, 45.78% and 19.27%, respectively. The present findings 

agreed with the findings of Bosah et al., (2010). They conducted an experiment on 

the pure cultures of three antagonistic fungi, Trichoderma, Penicillium and 

Aspergillus species against Sclerotium sp. Among the three fungal antagonists 

evaluated for inhibitory efficacy, Trichoderma sp. proved to be the most effective as 

it exhibited the greatest inhibition to Sclerotium sp. both at the initial and final tests. 

This was closely followed by Aspergillus sp. with inhibitory effect on the pathogen 

at. However, Penicillium sp. was slightly inhibitory against Sclerotium (Table 1, Fig 

5). 

In in-vitro screening, Trichoderma harzianum showed best performance by reducing 

the growth of Fusarium oxysporum up to 71.75%, which is the highest inhibition. 

The lowest result was found in Penicillium spp. (28.81%). Aspergillus niger and 

Aspergillus flavus showed 49.07% and 33.10%, respectively. The present findings is 
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partially supported by findings of Kashem et al., (2011). They conducted a series of 

experiments to assess the effect of 14 isolates of Trichoderma spp. (Trichoderma 

harzianum and T. viride) for controlling foot and root rot of lentil caused by 

Fusarium oxysporum. The pathogenecity of 12 isolates of F. oxysporum and the mass 

production of an isolate of T. harzianum on 25 substrates are also studied. 

Trichoderma isolates inhibited the growth of F. oxysporum up to 92.07 % on agar 

plates (Table 1, Fig 6). 

Mycelial growth of Colletotrichum corchori in dual culture method was mostly 

affected by Trichoderma harzianum (57.24%) followed by Aspergillus niger 

(47.95%), Aspergillus flavus (42.37%) and Penicillium sp. (39.96%). The present 

findings is partially supported by Fitsum et al., 2014. They conducted an experiment 

on bean anthracnose caused by Colletotrichum lindemuthianum (Sacc. & Magnus) 

Briosi & Cavara is one of the most devastating seed-borne diseases of common bean 

(Phaseolus vulgaris L.) in Ethiopia. Three fungicides viz., Mancozeb, Folpan and   

Mancolaxyl, and three bioagents viz.,   Trichoderma harzianum Rifai, Trichoderma 

viride Pers.  Fr.  and Pseudomonas fluorescens Migula, were screened in vitro for 

their antifungal activities against common bean anthracnose, using the dual culture 

and microliter double-dilution techniques. The highest percentage of inhibition of the 

mycelia germination (80.39%) was obtained from T.  viride, followed by 75.49%  

from  T.  harzianum and 40.2% from P.  fluorescens (Table 1, Fig 7).   

 

 

Figure 1. a. Aspergillus flavus on PDA medium   b. Microscopic appearance of A. 

flavus at 40X 
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Figure 2. a. Aspergillus niger on PDA medium  b. Microscopic appearance of A. 

niger at 40X 

 

 

Figure 3. a. Trichoderma harzianum on PDA medium b. Microscopic appearance of 

T. harzianum at 40X 
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Figure 4. a. Penicillium sp on PDA medium,  b. Microscopic appearance of 

Penicillium sp at 40X 

Table1.  Biological efficacy of fungi isolated from mushroom substrate against 

Sclerotium rolfsii, Fusarium oxysporum and Colletotrichum corchori 

Treatment Radial mycelial 

growth (mm)  at 7 DAI* 

% Inhibition of mycelial 

growth at 7 DAI* 

Sclerotium 

rolfsii 

Fusarium 

oxysporum 

Colletotrichum 

corchori 

Sclerotium 

rolfsii 

Fusarium 

oxysporum 

Colletotrichum 

corchori 

Penicillium 

sp. 

67.00 30.75 32.30 19.27 28.81 39.96 

Aspergillus 

flavus 

35.19 28.90 28.00 57.60 33.10 47.95 

Aspergillus 

niger 

45.00 22.00 31.00 45.78 49.07 42.37  

Trichoderma 

harzianum 

31.70 12.20 23.00 61.80 71.75 57.24 

Control  83.00 43.2 53.8 - - - 

*In column, DAI = Days after inoculation 
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Figure 5. a. Growth of S. rolfsii at 7DAI  b. Growth of S. rolfsii against Penicillium 

sp. at 7DAI  c. Growth of S. rolfsii against T. harzianum at 7DAI  d. 

Growth of S. rolfsii against A. flavus at 7DA e. Growth of S. rolfsii against 

A. niger at 7DAI 
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Figure 6. a. Growth of Fusarium oxysporum at 7DAI b. Growth of F. oxysporum 

against Aspergillus flavus at 7DAI c. Growth of F. oxysporum against T. 

harzianum at 7DAI d. Growth of F. oxysporum against Aspergillus niger 

at 7DAI e. Growth of F. oxysporum against Penicillium sp. at 7DAI 
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Figure 7. a. Growth of Colletotrichum corchori at 7DAI   b. Growth of C. corchori 

against Penicillium sp. at 7DAI  c. Growth of C. corchori against 

Aspergillus niger at 7DAI   d. Growth of C. corchori against T. harzianum 

at 7DAI  e. Growth of C. corchori against Aspergillus flavus at 7DAI 
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CONCLUSION 

Biological efficacy of fungal isolated from mushroom substrates against three 

pathogenic fungi were studied and found significant variation in terms of percent 

inhibition of radial mycelial growth of pathogenic fungi. In case of Fusarium 

oxysporum the highest inhibition was observed against T. harzianum (71.75%) and 

the lowest against Penicillium sp (28.58%). In case of Sclerotium rolfsii highest 

inhibition observed against T. harzianum (61.64%) and the lowest against 

Penicillium sp (19.55%). In case of Colletotrichum corchori highest inhibition 

observed against T. harzianum (57%) and the lowest against Penicillium sp 

(39.59%). It has been observed that among the fungal antagonist used against 

pathogenic fungi the most effective was T. harzianum. 
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ABSTRACT 

Productivity and economics of different rabi crop-based systems were 
evaluated at farmers’ field in Durgapur upazilla of Rajshahi district, 
Bangladesh to select the best rabi crop(s) for fitting in the T. Aman rice -
rabi crop – DDS Aus rice pattern. Nine rabi crops namely, (1) Mustard, (2) 
Potato, (3) Lentil, (4) Field pea, (5) Radish, (6) Cabbage, (7) French bean, 
(8) Carrot and (9) Tomato were cultivated during the rabi season in 
between the two rice crops to form nine cropping patterns. The experiment 
used Randomized Complete Block Design (RCBD) with three replications. 
Aman rice variety BRRI dhan57 was transplanted on 12 July 2017 and 
harvested on 28 October 2017, while, Aus rice variety BRRI dhan28 was 
sown in the dry cultivated land on 16 March 2018 and harvested on 24 
June 2018 while rabi crops were sown/transplanted on 28 November 
2017. Proper agronomic management practices were adopted for all the 
crops in the patterns. Data on yield and related attributes of DDS Aus rice 
were recorded at harvest. In addition, the yield of Aman rice and all the 
rabi crops were recorded. In addition, rice equivalent yield of each rabi 
crop, system yield (total yield of all the crops in the sequence), cost of 
production, gross return and benefit cost ratios (BCR) of all the patterns 
were recorded. Results revealed that yield of dry direct seeded Aus rice 
cv. BRRI dhan28 did not differ significantly due to different rabi crops 
grown under the respective patterns. The system yield was the highest in 
T. Aman rice –tomato – DDS Aus rice pattern (19.62 t ha

-1
) and the lowest 

with T. Aman rice -mustard – Aus rice pattern (14.63 t ha
-1
). Since the 

market price of a rabi crop changes from year to year, the net profit of a 
pattern depends on the yield of a crop grown in rabi season. Therefore, 
any of the nine rabi crops under the trial can be successfully cultivated in 
between the two rice crops under Aman rice – rabi crop –Aus rice patterns. 
However, the present study concludes that any of the nine rabi crops can 
be grown in between the two rice crops but carrot, French bean, mustard, 
field pea, and tomato could be the most profitable ones for the T. Aman 
rice – rabi crops –DDS Aus rice patterns. 
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INTRODUCTION 

The cropping patterns of Bangladesh are predominantly rice based. Rice is the staple 

food and the main element of food security in Bangladesh. About 77.07% cropped 

area of Bangladesh is used for rice production, with the annual production of 37.36 

million tons from 11.68 million ha of land (AIS, 2020). The rice production in the 

country has been increased by 3.4 folds over the last four decades. In Bangladesh, 

more than 55.0 million tons of rice will be required by the year 2050 when 

population of Bangladesh will be 233.3 million (Basak et al., 2009). The possibility 

of expanding the area under rice in the near future is limited. Therefore, this extra 

rice production should to come from the productivity gain.  

Rice is mostly cultivated by transplanting of seedling in the puddled soil. Usually, 

irrigation is not required in Aman season because it coincides with rainy season (June 

– October). On the other hand, Boro rice requires full irrigation water (1400 mm) 

mainly supplied from underground source as the rainfall is scanty during this season 

(January – May). For irrigation a huge amount of water is lifted from the ground 

which leads to decline of the water table and causes serious environmental hazards. 

In practice, Boro rice uses about 70% of the total water used in agriculture (Rahman, 

2018). At present the water scarcity from both surface and ground sources are 

looming and under this situation, Boro rice cultivation cannot be sustained. Realizing 

the fact, the government is discouraging cultivation of Boro rice and encouraging 

cultivation of Aus or late season Boro rice in the northwestern drought-prone region 

of Bangladesh. This practice saves substantial amount of irrigation water as it does 

not require irrigation during the whole crop period rather it requires water for land 

preparation, crop establishment and also during the early growth stage of the crop. 

Generally, no irrigation is required during the later stages as this period coincides 

with rainfall. The harvest of rabi crops depends on their life duration and generally 

extends from late January to late February.  Thus, adoption of late season Boro rice 

or Aus rice instead of the regularly cultivated Boro rice will allow farmers to grow a 

rabi crop during the fallow period between Aman rice and Boro/Aus rice (Rahman, 

2019).  

T. Aman rice – Fallow – T. Boro rice is the major cropping pattern in Bangladesh. 

Recently, many farmers cultivate mustard, potato and other short duration rabi crops 

during the rabi season in between the two rice crops. The area under T. Aman  rice – 

Mustard –T. Boro rice pattern and T. Aman  rice – Mustard –T. Bororice pattern is 

increasing. Under these patterns, Boro rice is transplanted during February and even 

in March. Thus, the second rice crop is mainly cultivated in late Boro/Aus season. 

The late Boro/Aus rice still requires huge amount of irrigation for the puddling, crop 

establishment and vegetative stages. This irrigation water use can be cut 
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substantially if the crop is grown under dry direct seeded system instead of the 

conventional puddle transplanted system. The dry direct seeded (DDS) rice system is 

an alternative approach which reduces irrigation requirement by more than 50% 

compared with in the puddle transplanted method of rice cultivation (Rahman, 

2019). Thus, the replacement of transplanting method with dry direct seeding 

method in Boro/Aus rice season could contribute to the saving of huge irrigation 

water. The adoption of T. Aman rice – Rabi crops – DDS Boro/Aus rice pattern 

instead of T. Aman rice – Fallow – T. Boro/Aus rice pattern will allow cultivation of 

many rabi crops in the fallow lands during rabi season before late Boro/Aus 

cultivation. This would help in increasing cropping intensity, crop diversity and farm 

income. Such an intensification and diversification of cropping systems may allow 

improving the productivity and sustainability of agricultural production. The present 

study has been undertaken with a view to evaluate the agro-economic productivity of 

various T. Aman Rice – Rabi crops – DDS Aus rice patterns.  

MATERIALS AND METHODS 

Site and soil 

The experiment was conducted at farmers’ field in Khitrokashipur village of 

Durgapur upazilla in Rajshahi district. The field is located at 24°75 N latitude, 

90°50 E longitude and at an altitude of 18 m. The area falls under High Barind Tract 

agro-ecological zone (AEZ-26) having Non–calcareous dark grey floodplain soil. 

The land was a medium high with moderate drainage facilities. The soil was silt loam 

having pH value of 6.5. The particle density and bulk density values of soil were 2.60 

and 1.35 g cc
-1

, respectively. Soil contained 1.78% organic matter, 0.14% total N, 

1.98 µ g
-1 

available P, 0.10 meq 100g
-1

 exchangeable K and 4.56µg g
-1

 available S. 

The experimental area falls under the sub-tropical climate characterized by its heavy 

rainfall during Kharif season (April to September) and scanty rainfall during Rabi 

season (October to March). 

Experimental Treatments and Design 

Nine rabi crops were included in the trial in between transplanted Aman rice cv. 

BRRI dhan57 and dry direct seeded (DDS) Aus rice cv. BRRI dhan28 to form nine 

cropping patterns. The rabi crops included were: (1) Mustard, (2) Potato, (3) Lentil, 

(4) Field pea, (5) Radish, (6) Cabbage, (7) French bean, (8) Carrot and (9) Tomato. 

Therefore, the cropping patterns tested were: (1) Aman rice – Mustard – DDS Aus 

rice, (2) Aman rice – Potato – DDS Aus rice, (3) Aman rice – Lentil – DDS Aus rice, 

(4) Aman rice – Field pea – DDS Aus rice, (5) Aman rice – Radish – DDS Aus rice, 

(6) Aman rice – Cabbage – DDS Aus rice, (7) Aman rice – French bean – DDS Aus 

rice, (8) Aman rice – Carrot – DDS Aus rice and (9) Aman rice – Tomato – DDS Aus 

rice. The experiment used a RCB design with three replications. The unit plot size 

was 4.0 m x 2.5 m.  
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Crop management  

Aman rice variety BRRI dhan57 was cultivated by transplanting of 25 day old 

seedlings at 25 cm × 15 cm allocating 3-4 seedlings hill
-1 

on 10 July 2017. The crop 

was harvested at maturity on 27 October 2017 and the yield was recorded from 

randomly selected five spots of 10 x10 m
2
 area of the rice fields. The rabi crops were 

sown/transplanted on 28 November 2017 maintaining their recommended spacings  

and after harvest of the rabi crops, Aus rice cv. BRRI dhan28 was sown on 16 March 

2018by hand at 25 cm × 15 cm spacing allocating 3-4 seeds hill
-1

. The land was 

fertilized as per nutrient recommendation for each crop stated in the Fertilizer 

Recommendation Guide-2018 (BARC, 2018) in the form of urea, triple super 

phosphate, muriate of potash, gypsum and zinc sulphate (Table 1). All the 

agronomic managements were done as and when needed following the standard 

protocol. The dry direct seeded rice was harvested on 24 June 2018. 

Table 1. Nutrient recommendation (kg ha
-1

) for different crops under the trial 

(BARC, 2018) 

Crop N P K S Zn 

Mustard 90 27 32 10 1.0 

Potato 135 30 90 10 2.0 

Lentil 18 24 30 18 2.0 

Field pea 24 48 30 9 1.2 

Radish 125 40 90 20 2.0 

Cabbage 180 66 50 16 1,5 

French bean 92 96 75 25 1.2 

Carrot 120 35 80 20 1.0 

Tomato 135 45 50 10 1.0 

Aman rice (cv. BRRI dhan57) 90 10 30 8 1.0 

Aus  rice (cv. BRRI dhan28) 75 10 25 6 0.6 

Data recording  

Data on yield and related attributes of Aus rice were recorded. The yield of rabi 

crops and the rice equivalent yield of each rabi crop was also recorded. Data on 

economic parameters of different cropping patterns such as (i) System yield (yield of 

all the crops in a pattern), (ii) Cost of production, (iii) Gross return and (iv)Benefit 

cost ratio (BCR) were also recorded. 

Rice equivalent yield (REY) was calculated to compare system performance by 

converting the yield of each rabi crop into equivalent Boro rice yield on a price 

basis, using the formula: 



AGRO-ECONOMIC PRODUCTIVITY OF RICE-RABI CROP-RICE SYSTEMS 89 

REY (of crop x) = Yx × (Px / Pr)  

Where, Yx = yield of crop x (tons harvest product ha
-1

), Px = price of 

cropx, and Pr = price of rice. 

Net return or profit was calculated by subtracting production cost from the gross 

value of the produce, including by-product value or gross return. Prices used for 

harvest products were average prices observed during the experimental period. The 

benefit: cost ratio (BCR) was calculated by dividing the net return by the production 

cost for individual crops and for various systems. 

Data analysis 

Data on yield and related parameters of dry direct seeded rice were subjected to 

statistical analysis using analysis of variance technique and mean comparison was 

done using STATISTIX 10 computer software.  

RESULTS AND DISCUSSION 

Yield performance of Boro rice  

Grain yield of dry direct seeded (DDS) Aus rice cv. BRRI dhan28 did not differ 

significantly due to the preceding rabi crops grown under nine T. Aman rice – rabi 

crop – DDS Aus rice cropping pattern. The grain yield ranged between 5.45t ha
-1

and 

6.29 t ha
-1

 (Table 3). The straw yield of DDS Aus rice did not also differ significantly 

due to preceding rabi crops in the patterns. Plant height, total tiller hill
-1

, effective 

tiller hill
-1

, non-effective tillers hill
-1

and number of grains panicle
-1

 of DDS Aus rice 

differed significantly due to the preceding rabi crops in the pattern (Table 2).  

On the other hand, sterile spikelet panicle
-1

and thousand grain weight of DDS Aus 

rice did not differ significantly due to different T. Aman rice – rabi crop – DDS Aus 

rice cropping pattern (Table 3). The tallest plants of DDS Boro rice (113 cm) were 

found in T. Aman rice – Tomato – DDS Aus rice pattern which was statistically 

similar with T. Aman rice - French bean – DDS Aus rice pattern. The highest 

numbers of total and effective tiller hill
-1

 were found with patterns having French 

bean and Tomato and the lowest with lentil and Cabbage. The highest number of 

non-effective tiller (2.67) was found in Aman rice – mustard- DDS Aus rice pattern 

and the lowest number (0.42) was noted in Aman rice –tomato- DDS Aus rice pattern. 

The highest number of grains panicle
-1

 of DDS Aus rice was found in Aman rice –

carrot- DDS Aus rice pattern which was closely followed by Aman rice –tomato - 

DDS Boro pattern and Aman rice –lentil- DDS Aus rice pattern while the lowest was 

found in Aman rice –French bean - DDS Aus rice pattern (Table 3).  
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Table 2. Effect of different T. Aman rice – rabi crops – DDS Aus rice cropping 

pattern on plant height and tiller density of dry direct seeded Aus rice cv. 

BRRI dhan28 

Cropping 

pattern 

Plant height 

(cm) 

Total tillers 

hill
-1

 (no.) 

Effective tillers 

hill
-1

 (no.) 

Non effective tillers 

hill
-1

 (no.) 

Pattern 1 106.7cd 17.33abc 14.67abc 2.66a 

Pattern 2 107.0cd 16.50abc 15.50abc 1.08cd 

Pattern 3 108.2bcd 14.17c 13.42c 0.75cd 

Pattern 4 107.2cd 14.83bc 13.58bc 1.25cd 

Pattern 5 109.0bc 15.58abc 14.66abc 0.92cd 

Pattern 6 108.6bc 13.92c 13.17c 0.75cd 

Pattern 7 111.3ab 19.17a 16.83a 2.33ab 

Pattern 8 105.0d 16.50abc 16.08ab 0.42d 

Pattern 9 113.0a 18.25ab 16.75a 1.50bc 

Level of sign. ** * * ** 

LSD 3.49 4.66 2.63 0.98 

In a column, figures with same letter or without letter do not differ significantly, whereas figures with 

dissimilar letter differ significantly; *= Significant at 5% level of probability;  

**= Significant at 1% level of probability; ***= Significant at 0.01% level of probability; ns= non 

significance 

[Patterns: (1). Aman rice – Mustard – DDS Aus rice, (2). Aman rice – Potato – DDS Aus rice, (3). Aman 

rice – Lentil – DDS Aus rice, (4). Aman rice – Field pea – DDS Aus rice, (5). Aman rice – Radish – DDS 

Aus rice, (6). Aman rice – Cabbage – DDS Aus rice, (7). Aman rice – French bean – DDS Aus rice, (8). 

Aman rice – Carrot – DDS Aus rice and (9). Aman rice – Tomato. – DDS Aus rice] 

The present study showed that the yield of DDS Aus rice (the second rice crop in the 

pattern) did not vary much due to inclusion of different rabi crops in different T. 

Aman rice – rabi crops – DDS Aus rice patterns due to change of the rabi crops. 

Rajon (2019) conducted a similar experiment at Mymensingh and found that the 

DDS Boro rice yield did not differ due to different rabi crops grown in T. Aman rice 

– rabi crops – DDS Boro rice patterns. On the other hand, Singh and Beniwal (1983) 

reported yield decline of rice after mustard/rapeseed while Biswas and Mitra (1987) 

found rice yield increased after potato. Mustard is a nutrient exhaustive crop which 

might have contributed to the reduced yield of the succeeding rice crop while potato 

contributed to nutrient building up that attributed to increased yield of the succeeding 

rice crop. Biswas (2015) reported that organic matter increased considerably after 

jute and potato, irrespective of cropping systems. This might be due to greater rhizo-
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deposition and leaf shedding of jute throughout its growth period and due to the 

incorporation of potato haulm at harvest, both contributing to an increase in organic 

carbon. 

Table 3. Effect of different T. Aman rice – rabi crops – DDS Aus rice cropping 

pattern on yield and related attributes of dry direct seeded Aus rice cv. BRRI 

dhan28 

Rabi crops  Grains 

panicle
-1

 

(no.) 

Sterile spikelet 

panicle
-1

(no.) 

Weight of 

1000 grains 

(g) 

Grain yield 

(t ha
-1

) 

Straw yield 

(t ha
-1

) 

Pattern 1 84.00bc 20.67 21.41 5.63 6.19 

Pattern 2 84.20bc 23.13 21.28 6.30 6.34 

Pattern 3 87.77ab 24.67 21.46 5.46 5.88 

Pattern 4 81.63bc 21.30 21.12 5.74 6.09 

Pattern 5 75.50bc 20.67 21.01 5.45 5.78 

Pattern 6 74.53c 20.83 20.74 5.48 5.63 

Pattern 7 76.43bc 22.27 21.07 5.76 5.91 

Pattern 8 97.77a 21.79 21.49 6.01 6.07 

Pattern 9 87.83ab 19.97 21.28 6.12 6.02 

Level of sign. * ns ns ns ns 

LSD 12.75 7.35 0.71 1.06 0.69 

[Patterns: (1). Aman rice – Mustard – DDS Aus rice, (2). Aman rice – Potato – DDS Aus rice, (3). Aman 

rice – Lentil – DDS Aus rice, (4). Aman rice – Field pea – DDS Aus rice, (5). Aman rice – Radish – DDS 

Aus rice, (6). Aman rice – Cabbage – DDS Aus rice, (7). Aman rice – French bean – DDS Aus rice, (8). 

Aman rice – Carrot – DDS Aus rice and (9). Aman rice – Tomato. – DDS Aus rice] 

Agro-economic productivity  

Nine rabi crops such as mustard, potato, lentil, field pea, radish, cabbage, French 

bean, carrot and tomato were included in the T. Aman rice – rabi crop – DDS Aus rice 

pattern to form nine cropping patterns (Table 4). The rice equivalent yield (REY) of 

different rabi crops were calculated based on their market price. It was found that the 

REY was the highest (7.50 t ha
-1

) for potato and lowest (3.83 t ha
-1

) for radish. 

Further, the system yield for each pattern was calculated by adding the yield of Aman 

rice, REY and DDS Aus rice yield. The highest system yield was found in T. Aman 

rice – Potato – DDS Aus rice pattern (18.30 t ha
-1

) and the lowest with T. Aman rice – 

Radish – DDS Boro rice pattern (13.78 t ha
-1

). The gross cost of production for the 

crops under each pattern was calculated and the highest cost was noticed in T. Aman 

rice – Potato – DDS Aus rice pattern (BDT 279150.00) while the lowest in T. Aman 
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rice – Carrot – DDS Aus rice pattern (BDT 165300.00). The benefit cost ratio (BCR) 

was the highest in T. Aman rice – Carrot – DDS Aus rice pattern (1.99) and the lowest 

(1.06) in T. Aman rice – Radish – DDS Aus rice pattern (Table 4).  

Table 4. System productivity and benefit cost ratio (BCR) of different T. Aman rice 

– rabi crop – DDS Aus rice cropping patterns 

Rabi crops Rabi crop 

yield 

(t ha
-1

) 

REY of the 

rabi crop 

(t ha
-1

) 

DDS Boro 

rice yield 

(t ha
-1

) 

System 

yield 

(t ha
-1

) 

System cost 

(BDT) 

BCR of 

the 

pattern 

Pattern 1 1.80 4.50 5.63 14.63 174000 1.68 

Pattern 2 15.00 7.50 6.30 18.30 279150 1.31 

Pattern 3 1.20 5.10 5.46 15.06 183600 1.64 

Pattern 4 1.45 3.98 5.74 14.22 172100 1.65 

Pattern 5 17.0 3.83 5.45 13.78 260000 1.06 

Pattern 6 17.0 5.10 5.48 15.08 262700 1.15 

Pattern 7 1.50 5.25 5.76 15.51 175600 1.77 

Pattern 8 18.0 6.00 6.01 16.51 165300 1.99 

Pattern 9 18.0 6.12 6.12 16.74 218300 1.53 

Yield of T. Aman rice = 4.50 t ha-1, REY = yield of the rabi crop converted to the yield of Aus rice. 

[{Price of crops (BDT/kg): mustard=50, potato=10, lentil=85, field pea= 55, radish = 4.5, cabbage = 

8.50, French bean = 70, carrot = 8, Aman rice = 22, and Aus rice= 20}. The cost of production 

(BDT/ha) for Aman rice = 48625 and Aus rice = 61075] 

[Patterns : (1). Aman rice – Mustard – DDS Aus rice, (2). Aman rice – Potato – DDS Aus rice, (3). Aman 

rice – Lentil – DDS Aus rice, (4). Aman rice – Field pea – DDS Aus rice, (5). Aman rice – Radish – DDS 

Aus rice, (6). Aman rice – Cabbage – DDS Aus rice, (7). Aman rice – French bean – DDS Aus rice, (8). 

Aman rice – Carrot – DDS Aus rice and (9). Aman rice – Tomato. – DDS Aus rice] 

In an experiment at Mymensingh, Rajon (2019) reported the highest REY with 

Cabbage and the lowest with Garden pea. On the other hand, Rahman (2018) found 

the highest REY with mustard and lowest with Cabbage in Mymensingh site, while 

the highest REY was found with potato and lowest with Mustard at Rajshahi site. 

Rahman (2018) also reported that the highest system yield was recorded with T. 

Aman rice – Potato – DDS Aus rice pattern while the lowest was recorded with T. 

Aman rice – Mustard – DDS Aus rice in Mymensingh. In Rajshahi, the highest 

system yield was recorded in T. Aman rice – Carrot – DDS Boro rice and the lowest 

with T. Aman rice – Cabbage – DDS Boro rice. Thus, it was apparent from the study 

that REY and SY are the two good indicators of economic productivity of a pattern 

may be subjected to abrupt change mainly due to the flexibility of the market price of 

the product. Since the price is variable with time and space dimension the profit 

depends on the demand of the crop for a geographic location although the yield of the 
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crops remained unchanged. Due to introduction of high-yielding short duration rice 

in the 1970s and increasing irrigated area, Boro rice replaced most pulses and rabi 

crops in this area. Crop intensification and/or diversification has now further 

increased with inclusion of short duration rapeseed and potato in between Aman rice 

and Aus rice, resulting in higher production per unit area per unit time, higher 

nutrient removal, and varying changes in soil fertility as compared with rice-rice (R-

R) and rice-wheat (R-W) systems (Biswas, 2015). However, it is evident from the 

present experiment that a number of rabi crops can be grown in between the two rice 

crops which could surely help increase the farm production and farmers’ income. The 

system yield is the highest with T. Aman rice – Potato– DDS Aus rice pattern but the 

production cost was also the highest (279150 BDT) inthis pattern. Due to increased 

production cost the BCR (1.31) of this pattern also T. Aman rice – Potato– DDS Aus 

rice pattern. The cost of production was the highest for potato which was closely 

followed by cabbage, carrot and tomato that contributed to the lowering the BCR of 

these pattern. Biswas (2015) reported that cropping pattern containing potato had the 

highest levels of yield, net return and benefit to cost ratio. However, in the present 

study the highest benefit cost ratio was found with T. Aman rice – Carrot – DDS Aus 

rice pattern which was closelyfollowed by T. Aman rice – French bean – DDS Aus 

rice pattern, T. Aman rice – Mustard – DDS Aus rice pattern, T. Aman rice – Field 

pea – DDS Aus rice pattern and T. Aman rice – Lentil – DDS Aus rice pattern. 

CONCLUSION 

Farmers of the experimental area generally follow T. Aman rice – Fallow – T. Boro 

rice patterns. The conventional practice is less productive and highly irrigation water 

intensive. The present study showed that the cultivation of any rabi crop in between 

the two rice crops do not have any adverse effect on the yield and productivity of the 

succeeding dry direct seeded Aus rice. It is also evident that any rabi crops such as 

potato, tomato, carrot, field pea, french bean, mustard and lentil can be easily grown 

in between the two rice crops. Nevertheless, the present study concludes that any of 

the nine rabi crops can be grown in between the two rice crops, however carrot, 

French bean, mustard, field pea, and tomato could be the most profitable for the T. 

Aman rice – rabi crops –Aus rice patterns. 
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ABSTRACT 

A field study was undertaken at Bangladesh Agricultural University, 
Mymensingh during the season November 2017 to April 2018 to evaluate 
the effects of plant × row spacings on yield and yield contributing traits of 
two Boro rice varieties. Two rice varieties viz., BINA dhan-10 and BRRI 
dhan28 were sown in five plant spacings viz. 25 cm × 15 cm, 25 cm × 25 
cm, 30 cm × 30 cm, 35 cm × 35 cm, 40 cm × 40 cm in randomized 
completely block design with factorial fashion with three replications. 
Growth performances, yield contributing characters and yield were 
significantly influenced by varieties and plant spacings. The highest grain 
yield (8.75t ha

-1
), straw yield (11.56 t ha

-1
), biological yield (20.31 t ha

-1
) 

and harvest index (43.05 %) were obtained from the variety BINA dhan-
10 sown at planting spacing of25 cm × 15 cm. More number of total 
tillers hill

-1
(14.75) and number of effective tiller hill

-1 
(12.87) were 

recorded from the variety BINA dhan-10 sown at planting spacing 40 cm 
× 40 cm. Based on the present study it is suggested that BINA dhan-10 
may be grown under 25 cm × 15 cm in order to get maximum grain yield 
for Boro rice cultivation. 

Keywords: Boro rice, BINA dhan-10, BRRI dhan28, Biological yield, 

Grain yield, Growth characters  

INTRODUCTION 

Rice (Oryza sativa L.) belonging to Gramineae family is a staple food for about three 

billion people around the world (Koireng et al., 2019). Bangladesh is one of the 

leading rice producing country in the world, ranking fourth in terms of total rice 

production after China, India and Indonesia (Statista, 2019). In Bangladesh, rice is 

grown mainly in three cropping seasons namely Aus, Aman and Boro. Among the 

three rice growing season, 48.82% of total rice production was grown in Boro season 

in 2018-19 fiscal year (BBS, 2019) with total production of 37.36 million metric ton 
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from 11.67 million hectares where average rice yield was 3.2 metric ton per hectare 

(AIS, 2020).While Boro rice is the largest crop in Bangladesh in terms of production 

i.e. about 20.38 million metric ton Boro rice produced from 4.09 million hectares 

land with an average yield of 4.15 metric ton per hectare (AIS, 2020). Though being 

staple food and having favorable agro-climatic condition, its expansion is limited due 

to shortage of land and to meet the need of increasing population. Therefore, attempts 

must be taken for vertical expansion of rice cultivation in Bangladesh like high 

yielding variety and different cultural practices with modern production technology. 

Keeping in view, the yield of Boro rice can be increased by maintaining proper 

spacing with high yielding variety. 

Facilitating easy inter-cultural operation and efficiently and conveniently herbicide 
application for weed control is a beneficial part of optimum spacing maintaining in 
crop production (Koireng et al., 2019). Likewise, for getting maximum light 
interception, average light utilization efficiency and to maximize light distribution in 
crop canopy, proper planting geometry is important. These parameters indirectly 
affect the yield of crops (Hussain et al., 2003). The planting density which is 
determined by row to row and plant to plant distances has a direct effect on the yield 
of rice. Furthermore, grain may be reduced in narrow spacing as compared to 
optimum spacing due to increased competition for nutrient and moisture (Das and 
Yaduraju, 2011). 

Another important factor is rice cultivars which are generally selected for higher 
grain yields (Kumar et al., 2013). However, success of any crop production depends 
on using of appropriate and location-specific varieties, additionally improved cultural 
practices may be taken into consideration. Planting spacing and variety are of lead 
important (Eissa et al., 1995), but all the genotypes do not perform well in the same 
planting spacing. Optimum planting spacing vary greatly among climatic conditions, 
areas, soil and varieties (Darwinkel et al., 1977). 

Keeping in view the above facts, the present study was undertaken to find out the 
effect of different spacing and genotypes on yield of Boro rice and to find out the 
interactive effects of planting density and genotypes on yield performances of Boro 
rice, if any. 

MATERIALS AND METHODS 

The study was conducted at the Field Bangladesh Agricultural University, 

Mymensingh, during the season 2017-18. The research field is belonged to the agro-

ecological region of the Old Brahmaputra Floodplain (AEZ-9) (BBS, 2019) having 

sub-tropical monsoon climate featured by heavy rainfall during April-October and 

scarce rainfall during October- March. 

Two rice varieties viz. BINA dhan-10 and BRRI dhan28 were sown in five spacing 

viz., 25 cm × 15 cm, 25 cm × 25 cm, 30 cm × 30 cm, 35 cm × 35 cm, 40 cm × 40 cm. 

The experiment was laid out in a randomized completely block design in factorial 

fashion with three replications. The size of the plot was 4.0 m × 2.5 m. 
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Seeds of both varieties were separately immersed in a bucket of water for 24 hours. 

Thereafter, the sprouted seeds of different varieties were sown uniformly on well-

prepared nurseries on 15 December, 2017. The experimental land was prepared with 

the help of tractor drawn plough. The land was puddled thoroughly by ploughing and 

cross ploughing. The lands were finally prepared, and the plots were laid out on 12 

January, 2018.The experimental plots were fertilized with urea, triple super 

phosphate (TSP) muriate of potash (MOP), gypsum and zinc Sulphate as per 

recommendation prescribed for those varieties (Table1). 

Table 1. Fertilizer doses for different rice varieties (BINA, 2021; BRRI, 2021) 

Variety  Urea  

(kg ha
-1

) 

TSP  

(kg ha
-1

) 

MoP 

(kg ha
-1

) 

Gypsum (kg 

ha
-1

) 

Zinc sulphate                 

(kg ha
-1

) 

BINA dhan-10 160 130 60 85 15 

BRRI dhan28  150 100 70 60 12 

Seedlings of both varieties were transplanted on 15 January, 2018 maintaining five 
spacings as per treatment. Different intercultural operations like gap filling, weeding, 
irrigation and drainage were done when needed. Harvesting was done on proper 
harvest maturity. An area of one m

2
was selected in the middle portion of each plot to 

record the yield of grain and straw. The yield of grains was adjusted at 14% moisture 
content and converted to ton per hectare.  

Five hills in each plot were tagged for recording data on plant height (cm), no. of 
total tiller per hill, total dry weight per hill in 30 days after transplanting (DAT), 50 
DAT and in 70 DAT. At harvest, data on plant height, number of effective tillers hill

-1
, 

panicle length, number of grains per panicle, number of sterile spikelet panicle
-1

, 
1000-grain weight, grain yield (t ha

-1
), straw yield (t ha

-1
) were collected and then 

biological yield (t ha
-1

) was calculated. Analysis of variance was done by a statistical 
software M-STATC and mean separation was done by Duncan’s Multiple Range Test 
Gomez and Gomez, 1984. Correlation-co-efficient and regression equation was 
measured by using Microsoft excel program. 

RESULTS AND DISCUSSION 

Effect on growth parameters 

The highest plant height 32.18 cm, 55.01 cm and 80.37 cm was found by BINA 
dhan-10 at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest plant height 
30.06 cm, 52.11 cm and 77.48 cm was found by BRRI dhan28 at 30 DAT, 50 DAT 
and 70 DAT, respectively. The highest plant height 33.96 cm, 56.54 cm and 84.84 
cm was found by spacing 25 cm × 15 cm at 30 DAT, 50 DAT and 70 DAT, 
respectively. The lowest plant height 29.02 cm, 49.39 cm and 73.54 cm was found by 
spacing 40 cm X 40 cm at 30 DAT, 50 DAT and 70 DAT, respectively. Interaction 
between variety and planting geometry showed non-significant variation for plant 
height (Fig. 1). 
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Figure 1. A: effect of variety on plant height (cm) at different days after transplanting, B: 

effect of planting geometry on plant height (cm) at different days after 

transplanting, C: Interaction effect of variety and planting geometry on plant 

height (cm) at different days after transplanting   

(V1 = BRRI dhan28,  V2 = BINA dhan-10 , S1 = 25cm x 15cm, S2 = 25cm x 25cm, 

S3 = 30cm x 30cm, S4 = 35cm x 35cm, S5 = 40cm x 40cm) 

 

Figure 2. A: effect of variety on no. of total tiller per hill at different days after transplanting, 

B: effect of planting geometry on no. of total tiller per hill at different days after 

transplanting, C: Interaction effect of variety and planting geometry on no. of total 

tiller per hill at different days after transplanting 

(V1 = BRRI dhan28,  V2 = BINA dhan-10 , S1 = 25cm x 15cm, S2 = 25cm x 25cm, 

S3 = 30cm x 30cm, S4 = 35cm x 35cm, S5 = 40cm x 40cm) 
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The highest no. of total tiller per hill 3.58, 12.25 and 14.42 was found by BINA dhan-10 

at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest no. of total tiller per hill 3.43, 

11.24 and 12.84 was found by BRRI dhan28 at 30 DAT, 50 DAT and 70 DAT, 

respectively. The highest no. of total tiller per hill 3.87, 14.88 and 18.50 was found by 

spacing 40 cm × 40 cm at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest no. of 

total tiller per hill 3.00, 6.90 and 8.29 was found by spacing 25 cm×15 cm at 30 DAT, 50 

DAT and 70 DAT, respectively. The highest no. of total tiller per hill 4.00, 15.00 and 

19.38 was found by interaction effect of BINA dhan-10 and 40 cm × 40 cm spacing at 30 

DAT, 50 DAT and 70 DAT, respectively. The lowest no. of total tiller per hill 3.00, 5.67 

and 7.25 was found by interaction effect of BRRI dhan28 and 25 cm × 15 cm spacing at 

30 DAT, 50 DAT and 70 DAT, respectively (Fig. 2). 

The highest total dry weight per hill 0.680, 6.20 and 11.11 was found by BINA dhan-10 

at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest total dry weight per hill 

0.617, 5.83 and 10.35 was found by BRRI dhan28 at 30 DAT, 50 DAT and 70 DAT, 

respectively. The highest total dry weight per hill 0.752, 7.75 and 12.73 was found by 

spacing 40 cm × 40 cm at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest total 

dry weight per hill 0.515, 4.57 and 8.92 was found by spacing 25 cm X 15 cm at 30 

DAT, 50 DAT and 70 DAT, respectively. The highest total dry weight per hill 0.780, 

7.90 and 13.43 was found by interaction effect of BINA dhan-10 and 40 cm × 40 cm 

spacing at 30 DAT, 50 DAT and 70 DAT, respectively. The lowest total dry weight per 

hill 0.510, 4.20 and 8.70 was found by interaction effect of BRRI dhan28 and 25 cm × 15 

cm spacing at 30 DAT, 50 DAT and 70 DAT, respectively (Fig. 3). 

 

Figure 3. A: effect of variety on total dry weight (g) per hill at different days after 

transplanting, B: effect of planting geometry on total dry weight (g) per hill at 

different days after transplanting, C: Interaction effect of variety and planting 

geometry on total dry weight (g) per hill at different days after transplanting.  

(V1 = BRRI dhan28, V2 = BINA dhan-10, S1 = 25cm x 15cm, S2 = 25cm x 25cm, S3 = 

30cm x 30cm, S4 = 35cm x 35cm, S5 = 40cm x 40cm) 
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Several researchers have mentioned that different varieties have different caliber to 

show its potentiality in regards to plant height, total number of tiller per hill and total 

dry weight per hill. In the present study BINA dhan-10 showed higher plant height 

than BRRI dhan28. It might be for it’s higher photosynthesis ability and for its 

different genetic characters (Yang et al., 2001). This result is consonance with the 

findings of (Bisne et al., 2006; Nizamani et al., 2014 and Suleiman et al., 2014). 

Similarly differences in tiller number were also observed as different varieties have 

different genetic makeup. These results are similar to the findings of (Rahman et al., 

2010; Mali and Choudhary, 2011). In the present study plant height was found 

highest in the spacing of 25 cm × 15 cm. In the previous study of (Koireng et al., 

2019; Sihag et al., 2010) highest plant height was observed by row spacing of 25 cm 

which is more or less similar to our present study. Earlier reports suggested that 

reported that highest no. of total tiller per square meter was observed when plants 

were transplanted in 25 cm row spacing (Koireng et al., 2019; Ali et al., 2016) and in 

the present study, the highest no. of tiller per hill was observed in 40 cm × 40 cm  

spacing. It is may be due to wider spaced plots get higher sun light to make 

photosynthates. In the current research work, the highest dry weight per hill was 

observed in 40 cm × 40 cm spacing. Nevertheless, the higher dry weight per hill was 

recorded during 30 cm row spacing (Roy et al., 2014). 

Effect on yield and yield contributing characters 

Effect of varieties 

Different varieties showed significant differences on yield and yield contributing 

characters of Boro rice except harvest index. The tallest plant height was obtained in 

BINA dhan-10 and the shortest plant height was recorded in BRRI dhan28 (Table 2). 

The highest Number of effective tillers hill
-1

 was obtained in variety BINA dhan-10 

and the lowest number of effective tillers hill
-1 

was recorded in variety BRRI dhan28 

(Table 2). The highest panicle length was obtained in the variety BINAdhan-10 and 

the lowest panicle length was obtained in BRRI dhan28 (Table 2). The highest 

number of grains panicle
-1

was obtained in variety BINA dhan-10 and the lowest 

number of grains panicle
-1

was obtained in BRRI dhan28 (Table 2).  Numerically the 

highest 1000-grain weight was obtained from the variety BINA dhan-10. The lowest 

1000-grain was obtained from the variety BRRI dhan28 (Table 2). It was observed 

that grain yield was highest in variety BINA dhan-10 and the lowest grain yield was 

found in the variety BRRI dhan28 (Table 2). The highest straw yield was obtained in 

variety BINA dhan-10 and the lowest straw yield was obtained from the variety 

BRRI dhan28 (Table 2). 

The differences in plant length might be due to the variation in varietal characters and 

heredity. Similar trend also reported by (Islam et al., 2012 and Tyeb et al., 2013). 

Differences in panicle height among genotypes were also stated by (Kabir et al., 

2004). Differences in no. of effective tillers per hill among the genotypes were found 
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by (Tyeb et al., 2013). Grains per panicle also showed variation among the genotypes 

reported by (Niu et al., 2001). Grain yield and straw yield also showed variation due 

to varietal differences. Similar result was also reported by (Akando, 2007; Gawali et 

al., 2015). They reported that grain and straw yield of wheat was affected by 

genotypes. In our present study harvest index was showed variation between the 

genotypes. Similar trend was also reported by (Sultana et al., 2012) 

Effect of planting geometry 

Different planting geometry showed significant differences on yield and yield 

contributing characters of Boro rice except panicle length, no. of grain per panicle. 

Similar results were also reported (Salma et al., 2017). It suggested that panicle 

length, grain per panicle had no significant variation by planting geometry. The 

tallest plant was obtained from the spacing 40 cm × 40 cm which was statistically 

identical to plant height gained from spacing 25 cm × 25 cm and plant height gained 

from spacing 30 cm × 30 cm. The shortest plant height was observed in spacing 25 

cm × 15 cm which was statistically identical with plant height observed from spacing 

35 cm × 35 cm (Table 2). The highest plant height was attained with the spacing of 

25 cm X 20 cm (Islam et al., 2014). However, other reports (Salma et al., 2017) 

suggested that the spacing of 25 cm × 15 cm plant height was maximum which is 

more or less similar to the present study.  The highest number of effective tillers hill
-1

 

was obtained from 40 cm × 40 cm row spacing and the lowest one from the spacing 

of 25 cm × 15 cm (Table 2). The highest number of total tillers per hill, highest 

number of effective tiller per hill was found by spacing 25 cm × 15 cm (Salma et al., 

2017; Islam et al., 2014), which was inverse to the current findings. Numerically the 

highest 1000-grain weight was recorded from 25 cm × 15 cm spacing which was 

identical of spacing 25 cm × 25 cm, 30 cm × 30 cm. The lowest 1000 grains weight 

was recorded from 40 cm × 40 cm spacing which was statistically identical with 

1000-grain weight observed from spacing 35 cm × 35 cm (Table 2). Thousand seed 

weight was maximum when 25 cm × 20 cm spacing was followed (Islam et al., 

2014); which is consonance with the current study. The highest grain yield was 

obtained from the spacing 25 cm × 15 cm and the lowest one was obtained from the 

spacing 40 cm × 40 cm (Table 2). This report is similar to (koireng et al., 2019; 

Salma et al., 2017; Islam et al., 2014). The highest yield might be due to highest plant 

height and highest thousand grain weight in spacing 25 cm × 15 cm. The highest 

straw yield was obtained from the spacing 25 cm × 15 cm and the lowest one was 

obtained from the spacing 40 cm × 40 cm (Table 2). The highest harvest index was 

obtained from the spacing 25 cm × 15 cm which was identical with others spacing 

and the lowest harvest index was at 40 cm × 40 cm spacing which was identical of 

spacing 30 cm × 30 cm, 35 cm ×35 cm (Table 2). Similar findings for straw yield and 

harvest index were reported earlier (Salma et al., 2017; Islam et al., 2014). 
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Table 2. Effect of variety, planting geometry and their interaction on yield and yield contributing characters of Boro rice 

Variety/planting 

geometry/Interacti

ons 

Plant 

height 

(cm) 

No. of 

total 

tillers 

hill-1 

No. of 

effective 

tillers 

hill-1 

No. of 

non-

effective 

tillers 

hill-1 

Panicle 

length 

(cm) 

No. of 

grain 

panicle-1 

No. of 

sterile 

grains 

panicle-1 

1000 grain 

wt. (gm) 

Grain 

yield 

(t ha-1) 

Straw 

yield 

(t ha-1) 

Biological 

yield 

(t ha-1) 

Harvest 

index (%) 

V1 83.93 b 10.07 b 7.55 b 2.51 a 21.86 b 102.10 b 11.88 a 21.44 b 5.70 7.77   13.48 b 42.32 

V2 89.75 a 11.42 a 9.08 a 2.33 b 22.60 a 105.10 a 11.47 b 26.10 a 7.75 10.46 18.22 a 42.53 

Sx 0.906 0.104 0.069 0.053 0.222 0.821 0.141 0.274 0.116 0.120 0.086 0.140 

Level of sig. ** ** ** * * ** * ** ** ** ** NS 

CV (%) 4.67 4.33 3.72 9.82 4.46 3.54 5.39 5.15 3.48 3.30 2.43 1.47 

S1 82.67 c 8.87 d 6.03 e 2.83 a 22.08 105.71 11.29 25.19 a 7.56 a 10.07 a 17.63 a 42.86 a 

S2 88.38 ab 12.00 b 9.82 b 2.18 c 22.25 104.27 11.46 24.26 ab 7.00 b 9.88 b 16.88 b 42.69 a 

S3 87.58 ab 10.05 c 7.57 c 2.47 b 22.23 104.00 11.76 23.92 ab 6.51 c 9.80 c 16.31 c 42.40 ab 

S4 85.29 bc 9.63 c 6.93 d 2.69 ab 22.24 102.95 11.88 23.23 bc 6.22 cd 9.16 d 15.38 d 42.22 ab 

S5 90.29 a 13.16 a 11.25 a 1.91 d 22.36 101.18 11.99 22.25 c 5.47 e 7.58 e 13.05 e 41.96  b 

Sx 1.43 0.164 0.110 0.084 0.351 1.30 0.223 0.433 0.101 0.117 0.136 0.221 

Level of sig. ** ** ** ** NS NS NS ** ** ** ** * 

CV (%) 4.67 4.33 3.72 9.82 4.46 3.54 5.39 5.15 3.48 3.30 2.43 1.47 

V1xS1 78.25 8.67  f 5.75 g 2.92 21.75 104.57 11.33 22.50 6.37e 8.56 d 14.94 e 42.67 

V1xS2 85.92 10.25 d 7.97 d 2.28 21.91 103.31 11.49 22.13 6.03 ef 8.15 de 14.19 f 42.55 

V1xS3 85.25 10.17  d 7.58 d 2.59 21.89 102.82 12.04 21.89 5.82 fg 7.93 ef 13.76 fg 42.33 

V1xS4 82.17 9.67 de 6.86 e 2.81 21.80 101.02 12.26 20.67 5.56 g 7.64 f 13.21 g 42.15 

V1xS5 88.08 11.58 c 9.63 c 1.95 21.94 98.80 12.29 20.00 4.72 h 6.55 g 11.28 h 41.89 
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Variety/planting 

geometry/Interacti

ons 

Plant 

height 

(cm) 

No. of 

total 

tillers 

hill-1 

No. of 

effective 

tillers 

hill-1 

No. of 

non-

effective 

tillers 

hill-1 

Panicle 

length 

(cm) 

No. of 

grain 

panicle-1 

No. of 

sterile 

grains 

panicle-1 

1000 grain 

wt. (gm) 

Grain 

yield 

(t ha-1) 

Straw 

yield 

(t ha-1) 

Biological 

yield 

(t ha-1) 

Harvest 

index (%) 

V2xS1 87.08 9.08 ef 6.32 f 2.75 22.40 106.85 11.24 27.88 8.75 a 11.56 a 20.31 a 43.05 

V2xS2 90.83 13.75 b 11.67 b 2.08 22.58 105.23 11.43 26.40 8.38 b 11.19 ab 19.58  b 42.82 

V2xS3 89.92 9.92d 7.56 d 2.36 22.57 105.18 11.49 25.95 8.00 c 10.84 b 18.85  c 42.47 

V2xS4 88.42 9.60 de 7.00 e 2.58 22.68 104.88 11.50 25.79 7.42 d 10.14 c 17.56 d 42.28 

V2xS5 92.50 14.75 a 12.87 a 1.88 22.79 103.56 11.68 24.50 6.22 e 8.58 d 14.81 e 42.02 

Sx 2.02 0.232 0.155 0.119 0.496 1.84 0.315 0.612 0.117 0.150 0.192 0.313 

Level of sig. NS ** ** NS NS NS NS NS ** ** ** NS 

CV (%) 4.67 4.33 3.72 9.82 4.46 3.54 5.39 5.15 3.48 3.30 2.43 1.47 

In a column, figures with same letter (s) or without letter do not differ significantly, whereas, figures with dissimilar letter differ significantly, ** 

P<0.01, * P<0.05, NS = Not significant, V1 = BRRI dhan28, V2 = BINA dhan-10 ,S1 = 25cm x 15cm, S2 = 25cm x 25cm, S3 = 30cm x 30cm, S4 = 

35cm x 35cm, S5 = 40cm x 40cm 
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Interaction effect of variety and planting geometry 

Different interaction between planting geometry and variety showed significant 

differences on yield and yield contributing characters of Boro rice except plant 

height, panicle length, no. of grain per panicle, thousand seed weight and harvest 

index. These results are at per with the previous study (Salma et al., 2017). It 

revealed that the plant height and harvest index due to interaction of variety and 

spacing showed non- significant variation. The highest number of effective tillers 

hill
-1

was obtained in BINA dhan-10 with the interaction of spacing 40 cm × 40 cm, 

whereas the lowest number of effective tillers hill
-1

 was obtained in BRRI dhan28 

with the interaction of spacing 25 cm × 15 cm (Table 2). The highest grain yield was 

recorded in variety BINA dhan-10 with the spacing 25 cm × 15 cm on the other hand 

the lowest grain yield was obtained in BRRI dhan28 with the interaction of spacing 

40 cm × 40 cm (Table 2). The highest grain yield was found when BR 25 rice variety 

was cultivated with the spacing of 25 cm × 15 cm (Salma et al., 2017), which is 

consonance with the present findings. The highest straw yield was obtained in BINA 

dhan-10 with the spacing 25 cm × 15 cm which was statistically identical with 

spacing of 25 cm × 25 cm in variety BINA dhan-10 and the lowest straw yield was 

recorded in BRRI dhan28 with the interacting spacing of 40 cm × 40 cm (Table 2). 

This result of straw yield and is at per with (Salma et al., 2017; Islam et al., 2014). 

They reported that highest straw yield and biological yield was obtained when variety 

BR 25 was cultivated with the spacing of 25 cm × 15 cm.  

CONCLUSION 

Different genotypes and different planting geometry can influence the growth and 

yield performance of Boro rice. Based on the present study it can be concluded that 

BINA dhan-10 may be grown under 25 cm × 15 cm in order to get maximum grain 

yield for Boro rice cultivation. 
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GRAIN YIELD STABILITY OF MAIZE (Zea mays L.) 

HYBRIDS USING AMMI MODEL AND GGE BIPLOT 
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ABSTRACT 

Six maize hybrids; Khumal Hybrid-2, KML-5(A) × KYM-33, KML-8(A) × 
KYM-33, KWM-91 × KWM-93, KWM-92 × KWM-93, Super-951 were 
evaluated in a randomized complete block design (RCBD) with three 
replications at Bhotechaur (Sindhupalchowk), Mandan Deupur 
(Kavrepalachowk), and Khumaltar (Lalitpur), Nepal to identify stable and 
superior hybrids. Hybrids were found significant (p<0.01) for grain yield. 
The effects of environment and genotype × environment (G × E) 
interactions on grain yield were found to be significant (p<0.01). The 
combined analysis showed that KWM-91 × KWM-93 produced the 
highest grain yield (8.89 t ha

-1
) across all locations, followed by KWM-92 

× KWM-93 (8.60 t ha
-1

), which was at par with each other.  The hybrids; 
KWM-92 × KWM-93 (bi=0.84, CV=18.54%, SD=1.59) and KWM-91 × 
KWM-93 (bi=1.16, CV=22.37 %, SD=1.99) were found to be more stable, 
with regression coefficient (bi) nearly equal to unity (1) and grain yields 
above the grand mean yield. The GGE biplot revealed that KWM-91 × 
KWM-93 was the most responsive hybrid for Mandandeupur and 
Bhotechaur environments; whereas, KWM-92 × KWM-93 was for the 
Khumaltar environment. Hybrid KWM-91 × KWM-93 was the most stably 
yielding hybrid among all hybrids. This study suggests that KWM-91 × 
KWM-93 can be promoted for cultivation in mid hills of Nepal. 

Keywords: Multi-environments, Maize hybrids, Stability, Yield 

INTRODUCTION 

With an area of 9,40,886 ha and a yield of 26,53,243 t, maize (Zea mays L.) is 

Nepal's second most important cereal crop (MoALD, 2020). It makes up 3.15% of 

national GDP and 9.5% of agricultural GDP. It contributes 24.97% of overall cereal 

production and covers 27.39% of total food crop land (MoALD, 2020). The yield 
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potential of enhanced cultivars differs significantly from the national average yield. 

To increase yield potential even more, maize breeding efforts are focusing on 

producing high-yielding hybrid maize types. A mix of genetic and environmental 

factors determines the grain output. The Nepal Agricultural Research Council 

(NARC) has been instrumental in increasing maize productivity in Nepal. The 

current production capacity is insufficient to meet the demands of the country's rising 

population and assure food security. 

One of the most essential responsibilities in the maize breeding program is to 

evaluate maize hybrids in various environments in order to generate high-yielding 

cultivars. To find and select the most stable and adaptable genotypes across a wide 

range of habitats, the genotypes should be screened in multiple environments 

spanning distinct ecological domains. Maize is a crop of great diversity that may be 

cultivated in many different agroecological zones (Ferdu et al., 2002). In all areas 

where they were adapted, the enhanced cultivars produced high and reliable yields 

(CIMMYT, 1991). Grain yield is influenced by genetics, environment, and 

management approaches, as well as their interplay (Messina et al., 2009). The 

interaction of these two explanatory variables provides insight into genotypes that are 

appropriate for specific situations. The impact of the environment is usually a 

significant factor in overall variation (Blanche et al., 2009). 

Maize hybrid grain yields were affected by soil and climate conditions (Huang et al., 

2017). The genotype (G) of the cultivar, the environment (E) in which it is cultivated, 

and the interaction between G and E (G × E) determine the level of performance of 

any feature. The occurrence of a strong genotype × environment (G×E) interaction 

poses a substantial difficulty in terms of genetic basis for phenotypic manifestation 

and makes selection challenging. GGE biplot analysis provides a framework for 

determining target testing areas and distinguishing high yielding and stable 

genotypes. 

The GGE biplot is created by plotting the first two principal components (PC1 and 

PC2) produced from the environment-centered data's singular value decomposition. 

The effective evaluation of a stable genotype, which might be employed for 

cultivation, is aided by knowledge of G×E. The testing of genotypes for yield 

stability under changing environmental circumstances has become a necessary aspect 

of any breeding program. The AMMI model combines ANOVA for the main effects 

of the genotypes and the environment together with principal components analysis 

(ACP) of the genotype-environment interaction (Zobel et al., 1988; Gauch and Zobel, 

1996). The AMMI stability value (ASV) can be determined using the AMMI model 

(IPCA1 and IPCA2) (Purchase et al., 2000). This ASV is comparable to Shukla, 

Eberhart, and Russell's genotype stability techniques (Purchase et al., 2000). The 

yield-stability statistic (YSi) could also be used to recommend varieties (Kang, 1993; 

Pazdernik et al., 1997). Kang (1993) proposed a superior stability index (I) that is 

free of all of the aforementioned flaws (Rao and Prabhakaran, 2005). For yield 
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stability, a new approach known as genotype selection index (GSI) is also used, that 

took into account the AMMI stability value and mean yield (Farshadfar, 2008). 

AMMI has been used to analyze GEI in maize (Badu-Apraku et al., 2012). The 

objective of these experiments was to identify high-yielding, stable hybrid maize. 

MATERIALS AND METHODS 

Plant materials and experimental sites 

Khumal Hybrid-2, KML-5(A) × KYM-33, KML-8(A) × KYM-33, KWM-91 × 

KWM-93, KWM-92 × KWM-93, and Super-951 are maize hybrids obtained at the 

National Plant Breeding and Genetics Research Centre, Khumaltar, Lalitpur. These 

studies were conducted in Bhotechaur (Sindhupalchowk), Mandan Deupur 

(Kavrepalachowk), and Khumaltar (Lalitpur), Nepal in 2020 and 2021 from March to 

September. Mandan Deupur is located at 85.66
0
 E longitude, 27.67

0
 N latitude. It has 

arid and poor quality soil. Average annual rainfall at Mandan Deupur 

(Kavrepalanchok) is 2595 mm. Bhotechaur is located at 85°30'53.4"E longitude, 

27°47'40.2"N latitude and 1532 m altitude. It has loam soil. Average annual rainfall 

at Bhotechaur (Sindhupalchowk) is 2500 mm. Khumaltar is located at 85
0
2’E 

longitude, 27
0
4’ N latitude and 1350 m altitude. It has clayey loam soil. The average 

annual temperature is 17.8
0
C and average annual rainfall is 1150 mm. The climate is 

semi-temperate (Sherchand, 1998).    

Experimental design and cultural practices 

With three replications, the experiment was set up in a randomized complete block 

design. Plots were divided into four rows of five meters each, with a 60 cm × 25 cm 

gap between them (row to row × plant to plant). One week before sowing, 6 t ha
-1

 of 

well-decomposed farmyard manure was integrated into the soil, and 180:60:40 kg 

N:P2O5:K2O [(nitrogen (N), phosphorus (P), and potassium (K)] ha
-1

 was 

administered via Urea, Diammonium Phosphate, and Muriate of Potash (MOP). 

During final land preparation, a half-dose of N, a full dose of P2O5, and a full dose of 

K2O were used as a base dose. 

The remaining half dose of N was split in halves and given 45 and 90 days after 

seeding. During the maize season, two hand weeding and hoeing sessions were 

performed. The first weeding was performed 18 days after sowing, and the second 36 

days after that. At three key growth stages, the crop was irrigated: knee-high, 

tasseling, and milking. 

Data Collection and Observations 

Data were collected for grain yield. The following formula (Eq.1) was used to 

compute grain yield (kg ha
-1

) at 12% moisture content using fresh ear weight  

      (1) 
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Where, 

F.W. = Fresh weight of ear in kg per plot at harvest 

HMP = Grain moisture percentage at harvest 

DMP = Desired moisture percentage, i.e.  12% 

NPA = Net harvest plot area, m
2 

S = Shelling coefficient, i.e. 0.8 

This grain yield (kg ha
-1

) was then converted back to grain yield (t ha
-1

). 

Statistical analysis 

To investigate differences among entries for the grain yield, data from each location 

was treated to Analysis of Variance (ANOVA) individually, and then pooled across 

locations to identify the G × E interaction. The significant G × E were used for 

stability analysis of Eberhart and Russell model (1966).  A stable genotype with unit 

response was defined as one with a unit regression coefficient (bi=1) and a deviation 

that did not deviate significantly from zero (S
2
di=0). As described by Eberhart and 

Russell (1966), the behavior of the cultivars was assessed by the model (Eq. 2)  

Yij = m + biIj + dij +   (2) 

where Yij = observation of the i-
th
 (i = 1, 2, ..., g) cultivar in the j-

th
 (j = 1, 2, ...n) 

environment, m = general mean, bi = regression coefficient, Ij = environmental index 

obtained by the difference among the mean of each environment and the general 

mean  the regression deviation of the i-
th
 cultivar in the j-

th
 

environment and eij = residual error. dij=j - interaction of i-
th
 genotype in the j-

th
 

environment. 

Tukey HSD test was used to evaluate the mean comparisons between genotypes at 

5% levels of significance. RCBD was used to calculate variance components for the 

ANOVA using the Statistical Tool for Agricultural Research (STAR 2.0.1) (IRRI, 

2021). GEAR software version 4.1 was used to perform the stability investigation 

(Pacheco et al., 2015). 

RESULTS AND DISCUSSION 

Grain yield at various environments 

At Bhotechaur, Mandan Deupur, and Khumaltar, the maize hybrids had significantly 

different grain yields (p<0.01) (Table 1). The genotypes differed significantly 

(p<0.01) for grain yield over the locations. KWM-92 × KWM-93 had the highest 

grain production of 6.80 t ha
-1

 under the Bhotechaur conditions, followed by KWM-

91 × KWM-93 (6.67 t ha
-1

). KWM-92 × KWM-93 (9.83 t ha
-1

) yielded significantly 

more grain than KWM-91 × KWM-93 (9.50 t ha
-1

) under the Khumaltar conditions. 

https://docs.google.com/forms/d/e/1FAIpQLSd-bV_X8f6_V8pROUwIY7j_zEc0SM9wDpQgKa5707jp4Wy3mA/viewform
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These findings were similar to those of Kafle et al. (2020), Shrestha (2016), Shrestha 

et al. (2019), Adhikari et al. (2018), Bastola et al. (2021), Dhakal et al. (2018), and 

Prasai et al. (2015), who observed significant differences in grain yield between 

maize genotypes. The genetic makeup of maize genotypes differed, resulting in 

differences in grain yield across the locations. Maize grain yield is the most 

important and intricate quantitative attribute, as it is controlled by several genes. 

Variations in maize production could be due to both environmental and genetic 

variables in different environments. 

Table 1. Grain yield (t ha
-1

) of maize hybrids across three locations (Bhotechaur, 

Mandan Deupur and Khumaltar) 

Hybrids Bhotechaur Khumaltar Mandan Deupur Average 

Khumal Hybrid-2 4.16c 5.71c 7.71b 5.86b 

KML-5(A) × KYM-33 4.50bc 6.83bc 8.50ab 6.61ab 

KML-8(A) × KYM-33 4.50bc 8.67ab 7.03b 6.73ab 

KWM-91 × KWM-93 6.67ab 9.50a 10.50a 8.89a 

KWM-92 × KWM-93 6.80a 9.83a 9.17ab 8.60a 

Super-951 4.50bc 5.50c 7.83b 5.95b 

Mean 5.19 7.68 8.46 7.11 

CV (%) 15.04 10.06 9.9 11.27 

HSD (0.05) 2.2129 2.189 2.373 1.974 

P value,  G 0.0043 0.0001 0.0059 <0.001 

E - - - <0.001 

G × E - - - 0.004 

Different letters represent significant differences based on Tukey HSD test at P<0.05  

The genotypic variation and genotypes and environment interaction were found to be 

significant in the pooled analysis of variance for grain yield (Table 1 and 2), 

indicating that differences in mean grain yield across locations could be due to 

differences in soil types, altitude, sowing date, sunshine hours and rainfall, humidity 

during the growing season. The maximum grain yield (8.89 t ha
-1

) was achieved by 

KWM-91 × KWM-93, followed by KWM-92 × KWM-93 (8.60 t ha
-1

) in a pooled 

analysis (Table 1). The presence of significant GE interaction in this research 

indicated that genotype yield performance varied between environments. In this 

investigation, the relative contributions of GE interaction effects for grain yield were 

similar to those found in previous studies (Saied, 2010; Tariku et al., 2013). 

The grain yields of the hybrid genotypes differed significantly among the locations, 

according to the combined mean square analysis (Table 2). As a result of the 
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significant mean square analysis for location, it was discovered that the genotypes' 

genetic potentials were influenced by the environment as a result of the diversity in 

the environment.  

Table 2. ANOVA results showing level of significance for the genotype × 

environment interaction for grain yield at three locations  

Sources of variation df Sum Square Mean Square F Value 

Replication 2 0.959 0.479 0.75 

Genotype 5 78.168 15.633 24.36*** 

Environment 2 104.816 52.408 81.67*** 

Genotype × Environment 10 21.367 2.136 3.33** 

Error 34 21.818 0.641 

 ***Significant at P<0.001; **Significant at P<0.01 

GGE Biplot analysis  

Genotypes with better mean yield across test conditions and absolute performance 

stability are desirable for broad selection (Yan and Rajcan 2002; Yan and Kang 2003; 

Farshadfar et al., 2012). An ideal genotype produces the best yield in all of the 

environments studied and performs well. Yan and Kang (2003) and Akcura et al. 

(2011) define the ideal genotype as having the highest average value of all genotypes 

and being absolutely stable in that it does not exhibit any genotype by environment 

interaction, allowing for broad adaptation. The closest genotype to the optimum 

genotype was KWM-91 × KWM-93 (G1) (Figure 1). It's preferable to have a 

genotype that's closer to the "ideal." Because they are close to ideal genotypes, the 

KWM-91 × KWM-93 (G1) was the most suitable genotype among the others (Figure 

1).  

As a result, this genotype should be recommended for distribution as a variety to help 

boost maize production in Nepal's mid-hill environment. The genotypes' mean yield 

performance, as well as their rank across settings, revealed that they have a lot of 

variance around the mean yield. This result is similar to result obtained by Sharifi et 

al (2017). 

PC1 and PC2 accounted for 83.66% and 14.85% GGE sum of squares, respectively, 

and explained 98.51% of the overall variance in this study, according to GGE biplot 

analysis (Fig. 1, 2 and 3). A “which won where” graph depicts the distribution of 

prospective mega-environments. The vertex genotypes were KML-5(A) × KYM-33, 

Super-951, KWM-91 × KWM-93 (G1), KWM-92 × KWM-93 (G5), KML-8(A) × 

KYM-33 (G3), Khumal Hybrid-2 (G2) and Super-951, as shown in the biplot (Fig. 

3). In accordance with Yan (2002)'s findings, the genotype(s) vertex in certain sectors 

may have a greater or highest yield than other parts in all environments. 
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The genotypes on the vertices are the furthest from the biplot origin and are thought 

to be the most responsive in one or all environments (Yan and Tinker, 2006). The 

mega-environments are separated by lines perpendicular to the polygon. For the 

Khumaltar, Bhotechaur, and Mandan Deupur sites, the hybrid genotype KWM-92 × 

KWM-32 was identified as a high yielding genotype. KWM-91 × KWM-93 was the 

most responsive hybrid for Mandandeupur and Bhotechaur environments; whereas, 

KWM-92 × KWM-93 was found most responsive in the Khumaltar environment. 

Badu-Apraku et al. (2008) and Badu-Apraku and Lum (2010) used the GGE biplot 

tool to identify early maturing maize cultivars suited for Striga-infested and Striga-

free environments, as well as determine their stability performance across  

environments. Similarly, Oyekunle et al. (2017) employed the GGE biplot analysis to 

evaluate the performance of early-maturing maize hybrids and pinpoint ideal test 

sites in West Africa. 
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Figure 1. Comparison of maize hybrids with the ideal genotype, G1: KWM-91 × 

KWM-93, G2: Khumal Hybrid-2, G3: KML-8(A) × KYM-33, G4: Super-

951, G5: KWM-92 × KWM-93 and G6: KML-5(A) × KYM-33 
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Figure 2. GGE biplot showing ranking of maize hybrids for mean yield and stability. G1: 

KWM-91 × KWM-93, G2: Khumal Hybrid-2, G3: KML-8(A) × KYM-33, G4: 

Super-951, G5: KWM-92 × KWM-93 and G6: KML-5(A) × KYM-33 
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Figure 3. Polygon view of GGE biplot showing the identification of winning hybrid maize 

varieties with respect to the environments. G1: KWM-91 × KWM-93, G2: Khumal 

Hybrid-2, G3: KML-8(A) × KYM-33, G4: Super-951, G5: KWM-92 × KWM-93 

and G6: KML-5(A) ×KYM-33 
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Stability analysis using Eberhart and Russell model  

Finlay and Wilkinson (1963) employed a variety of stability measurements in the 

past, including linear regression slopes as a measure of stability. In assessing 

genotype stability, Eberhart and Russell (1966) emphasized the importance of 

considering both linear and nonlinear components in Genotype × Environment 

Interaction. The name "stable variety" has been applied to a variety that performs 

consistently in all environments, according to this model. As a result, the stable 

variety has a high mean (Xi), unit regression (bi=1.0), and the smallest deviations 

from regression (S
2
di=0). The adaptiveness of the tested genotypes over the 

evaluated environments is explained by the coefficient of regression (bi). Varieties 

with a b-value close to unity and a greater mean grain yield have a better average 

stability. 

A genotype with low mean, bi<1 and with non-significant S
2
di do not respond well to 

improved environmental conditions, and hence could be considered specifically 

suited to poor environments (Eberhart and Russell, 1966). In terms of stability, 

genotypes with a high mean, bi>1, and non-significant S
2
di are regarded below 

average. In favorable environments, such genotypes produce well, while in 

unfavorable conditions, they produce poorly. As a result, they are well-suited to a 

variety of environments (Eberhart and Russell, 1966). 

Table 3. Mean grain yield (t ha
-1

) and stability parameters for six maize hybrids 

across three locations  

GEN Mean Sd CV (%) bi S
2
di R

2
 

KWM-91 × KWM-93 8.89 1.99 22.37 1.16 -0.21 1.00 

Khumal Hybrid-2 5.86 1.78 30.30 0.97 0.60 0.87 

KML-8(A) × KYM-33 6.73 2.10 31.22 0.99 2.88 0.65 

Super-951 5.95 1.71 28.76 0.87 1.23 0.75 

KWM-92 × KWM-93 8.60 1.59 18.54 0.84 0.72 0.82 

KML-5(A) × KYM-33 6.61 2.01 30.39 1.15 0.10 0.96 

Mean 7.11 

     CV=Coefficient of variation, bi = regression coefficient, Sd = Standard deviation,  

S2di = the deviations from regression, R2 = coefficient of determination (Eberhart and Russell 1966). 

Thus, genotypes KWM-91 × KWM-93 and KML-5(A) × KYM-33 have regression 

coefficient (bi>1) which were relatively more responsive to improving environment, 

whereas genotypes KWM-92 × KWM-93, Super-951, KML-8(A) × KYM-33, and 

Khumal Hybrid-2 have regression coefficient (bi<1) which are relatively less 

responsive to improvement in environmental conditions (Table 5). Similar results 

were found by Seife, and Tena, (2020). The regression coefficient nearer to unity 
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indicating their stable performance over all the environments. The genotypes KWM-

91 × KWM-93 (bi=1.16, CV=22.37%, R
2
=1.0, GM=8.89 t ha

-1
) and KWM-92 × 

KWM-93 (bi=0.84, CV=18.54%, R
2
=0.82, GM=8.60 t ha

-1
) were found to be more 

stable with grain yields above the grand mean yield (Table 3). According to Petersen 

(1988) and Finlay and Wilkinson (1963), genotypes with regression slope (b) 

significantly greater than unity are better adapted to high yielding environments 

(favorable environment), while genotypes with regression slope significantly lower 

than unity are better adapted to low yielding environments (unfavorable 

environment). 

AMMI Analysis 

The genotype accounted for the majority of the total variation (89.54%), whereas 

location accounted for only 51.29%. The first principle component axis (PCA 1) of 

the interaction captured 92.48% of the interaction sum of squares according to 

AMMI analysis (Table 4). The second principle component axis (PCA 2), in turn, 

explained 7.51% of the GEI sum of squares. PCA1 had a significant mean square at 

P=0.01, however PC2 had a non-significant mean square at 0.01 and contributed 

100% of the entire GEI. Almohammedi et al. (2019) reported similar findings. 

Table 4. Partitioning of the sum of squares (SS) and mean of squares (MS) from the 

AMMI analysis of six  maize hybrids yield performance evaluated across 

three environments. 

 Parameters DF SS MS F value P value PORCENT PORCENAC 

ENV 2 104.81 52.40 82.82 0 51.29 51.29 

GEN 5 78.16 15.63 24.70 0 38.25 89.54 

ENV × GEN 10 21.36 2.13 3.37 0.00341 10.45 100 

PC1 6 19.761 3.29 5.13 0.00076 92.48 92.48 

PC2 4 1.60 0.401 0.625 0.647 7.51 100 

PC3 2 0 0 0 1 0 100 

Residuals 36 22.77 0.632 
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Figure 4. Biplot of the first interaction principal component axis (IPCA1) versus mean 

yields. 

The AMMI biplot depicts the relationships between the first interaction principal 

component axis (IPCA1) and genotype and environment means (Fig. 4), with the 

biplot accounting for up to 100% of the total sum of squares. The sum of squares for 

genotype, environment, and PCA 1 was 38.25%, 51.29%, and 92.48% (Table 4). 

 

Figure 5 Biplot of the first interaction principal component axis (IPCA1) versus the second 

interaction principal component axis (IPCA2) for maize hybrids 
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The IPCA 1 versus IPCA 2 biplot (i.e., AMMI 2 biplot) (Fig. 5) depicts the 

magnitude of genotype-environment interaction. The genotypes and environments 

that are the furthest away from the origin are the least stable. When genotypes and 

environments are in the same sector, they interact positively; when they are in 

opposite sectors, they interact negatively (Osiru et al., 2009). 

The first two AMMI components' genotypic and environmental scores are used to 

create a biplot (Vargas and Crossa, 2000). Furthermore, when IPCA1 was plotted 

against IPCA2, Purchase (1997) observed that the genotypes that scored closest to the 

center of the biplot (Figure 5) were the most stable. As a result, Figure 5 indicated 

that G1 (KWM-91 × KWM-93) was the most stable, and hence was closer to the 

biplot's center. Almohammedi et al. (2019) reported similar findings. 

CONCLUSION 

The genotype × environment interaction (GEI) and mean squares of environments (E) 

were both significant in the analysis of variance. Significant differences in grain yield 

amongst hybrid maize genotypes within environments indicated that there was a lot 

of variation. Result shows, maize genotypes KWM-91 ×KWM-93 and KWM-92 × 

KWM-93 produced better grain yields and were more adaptable to favorable 

environmental conditions. Maize hybrids differed in terms of yield stability in 

different environments. GGE biplot and AMMI stability analysis revealed that 

KWM-91 × KWM-93 was the more stable and superior genotype. This study 

suggests that farmers can grow this genotype for higher production in Bhotechaur, 

Mandan Deupur, Khumaltar and other similar environments. 
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ABSTRACT 

Being a maize producing region, cultivation of hybrid and improved 
maize varieties in the spring season is very low in Baitadi district. In 
order to examine the performances of different maize varieties, five 
maize varieties including both open-pollinated (i.e. Arun-2, Arun-4 and 
Rampur composite) and hybrid varieties (i.e. Rajkumar and Rampur 
Hybrid-10) were tested using Randomized Complete Block Design 
(RCBD) in spring season during February to August, 2020 at Dasarathch 
and municipality-1, Baitadi. The highest days to emergence of seedlings 
was in Rampur Hybrid-10 (30 days) and the lowest days to emergence 
was in Arun-2 (23 days) and Arun-4 (23 days), respectively. The plant 
height was significantly higher in Rajkumar (156.4 cm), whereas the leaf 
area index were significantly higher in Arun-2 (4.36 cm). Similarly, the 
phenological behavior like days to 50% tasseling (112 days) and silking 
(119 days) were significantly earlier in Arun-4. Likewise, yield attributing 
characteristics like cob length, cob diameter, number of rows/cobs, 
number of kernels/rows, shelling%, thousand grain weight (TGW) were 
found significantly higher in hybrid maize varieties as compared to open-
pollinated varieties. Grain yield was found significantly higher in hybrids 
Rajkumar recording yield of 5.32 Mt ha

-1
 closely followed by Rampur 

Hybrid-10 (4.75 Mt ha
-1

) whereas open-pollinated Rampur composite, 
Arun-2 and Arun-4 recorded grain yield of 4.58 Mt ha

-1
, 3.99 Mt ha

-1
 and 

2.33 Mt ha
-1

 respectively. The results indicated that hybrid varieties were 
promising and should be promoted for general cultivation in the hills area 
of Nepal.  

Keywords: Performance, Far-western hills, Variety, Grain yield 
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INTRODUCTION 

Maize (Zea mays L.) is one of the most important staple crop in the world. Globally it 

is a widely grown cereals which contribute to food security in most of the developing 

countries. In Nepal, it is considered as the second most important crop in terms of 

area and production (Karki et al., 2015). The cereal crops contribute about 49.41% to 

Agriculture Gross Domestic Product (AGDP), whereas, maize alone contributes 

6.66% to AGD (MOALD, 2017). It is cultivated in 957,650 ha of land with total 

production of 2,835,674 Mt and productivity of 2.96 Mt ha
-1 

(AICC, 2021). Out of 

the total maize area, Terai occupies 18.95%, mid-hills 72.28% and high-hills 8.76% 

(MOALD, 2017). Further, improved maize seed covers 850,420 ha of land with the 

total production of 2,231,425 Mt and yield of 2.624 Mt ha
-1

 in contrast to the total 

land coverage of 900,288 ha with the total production of 2,300,121 Mt and the yield 

of 2.555 Mt ha
-1 

(MOALD, 2017). 

In hills, maize is the  principle food crop where maize grain are used as food, feed 

and seed, and stover is used as animal fodder (Lamichhane et al., 2015). In the hills 

area, maize is cultivated only in rainy season results in lagging behind the national 

productivity. The technologies developed based on maize and recommended for the 

farmers to date are not fully adopted (Kc et al., 2015). Nearly half the area under 

maize is planted with traditional varieties i.e., home saved seeds, which are 

continuously at the risk of degenerating due to open pollination of the maize 

(Ghimire et al., 2016). Due to unavailability of high yielding genotypes of maize 

suitable to agro-climatic condition of Far-western development region (Prasai et al., 

2015), farmers are reluctant to use improved seed varieties and most of them use 

local varieties without the replacement of seed for many years. The use of high-

quality improved seeds increases the crop yield by 20-30% (SQCC, 2013). But 

farmers in Nepal still rely on local cultivars with low seed replacement rate of maize 

in Nepal about 11.3% (Pokhrel, 2013). Only some farmer access to the extension 

worker and timely availability of seeds adopts the improved varieties and remaining 

majority portion of farmers have been growing local cultivars (Pandey et al., 2019). 

Baitadi district lies in hills of Nepal with suitable climate for growing maize. Maize 

is cultivated in the area 5786 ha with the total production of 10414 Mt and yield of 

1.8 Mt ha
-1

 in the year 2018/19 while the productivity of the improved maize 

varieties is 2.4 Mt ha
-1

 and that of local varieties is 1.51 Mt ha
-1 

(PMAMP, 2019). 

PMAMP maize zone, Baitadi is focusing to commercialized, self-reliant and increase 

the maize production area with high price to the farmers to uplift their livelihood 

(PMAMP, 2019). But still there is no cultivation of maize in all the season. 

Therefore, this study was conducted in Baitadi in order to know about the 
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performance and adoption of the high yielding hybrid and improved varieties in the 

spring season and further to increase the preferences of farmers to cultivate maize in 

spring season. 

MATERIALS AND METHODS 

Experimental site 

This study was conducted in Dasarathch and municipality-1, Baitadi in spring season 

during February to August, 2020. This location is subtropical zone of Nepal with 

three distinct seasons namely: rainy monsoon (June-October), cool winter 

(November-February), and mild spring (March-May). The weather data during study 

period are presented in Fig. 1. 

 

Figure 1. Weather data during the growing period of maize at Baitadi, Nepal, 2020 

Experimental details 

The experiment was carried out in randomized complete block design (RCBD) with 

four replications and five treatments. The treatments consisted of five different maize 

varieties i.e., Arun-2, Arun-4, Rampur composite (open-pollinated), Rajkumar and 

Rampur Hybrid-10 (hybrid). Individual plot size was 4.2m × 2m and seeds were 

sown at spacing of 60cm × 25cm and all plots were fertilized with 120:60:40 kg 

NPK/ha full dose of di-ammonium phosphate (DAP) and murate of potash (MOP) at 

basal dose and 3 equal split doses of nitrogen i.e., at the time of sowing, at knee high 

stage and tasseling stage. 
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Table 1. Information regarding maize varieties under study 

Maize 
Variety 

Released 
Year O

ri
g
in

 

Parentage 

Plant 
Height 

(cm) 

Maturity 
days 

Yield 
Potential 

(Mt ha
-1

 ) 

Recommended 
areas 

Varietal 
characteristic 

S
ee

d
 c

o
lo

r 

Arun- 2 1982(203
9 B.S) 

C
IM

M
Y

T
(M

ex

ic
o

) 

UNCAC-
242*Philippi

nes DMR 

140-200 80-90 3.0 Terai, Inner Terai 
and lower hills 

Dwarf plant 
height, non-

lodging, reddish 

color of shelled 

cob L
ig

h
t 

y
el

lo
w

 

Arun-4 2015(207

2 B.S.) 

N
ep

al
 

Formed using 

elite 

introduced 

germplasm 
and local 

landraces 

143-247 113-115 4.2 Mid-western to 

Eastern Terai, inner 

Terai and mid-hills; 

winter and spring 
season in Terai and 

inner Terai, and 

summer season in 

mid-hills 

Kernel flint type, 

short plant height 

and internodes 

green not swollen. 

Y
el

lo
w

 

Rampur 
Composite 

1975(203
2 B.S.) 

T
h

ai
la

n
d
 Thai 

Composite-

1*Suwan-1 

210-220 115-130 4.42 Terai, inner Terai 
and lower hill 

Tolerance to 
Downy mildew, 

tight husk cover 

O
ra

n
g

e 

y
el

lo
w

 

Data recording, measurements and analysis  

The observations on emergence, plant height, Leaf Area Index (LAI), days to 50% 

tasseling, days to 50% silking and yield was taken. Five representative plants from 

each plot were randomly selected for the observation and measured with the help of 

measuring tape. LAI is defined as the green leaf area per unit ground surface area 

(LAI = leaf area / ground area, m
2
 / m

2
). According to Montgomery (1911), the 

general equation to estimate the individual leaf area of maize as 

Leaf Area (LA) = A*L*W, where A = Leaf Shape Coefficient, L= Length and W = 

Width. The coefficient was conventionally assumed 0.75 for maize leaf. 

For the measurement of yield and yield attributing character, three rows were 

selected from each plot and from those five representative cobs were taken for the 

observations of cob length, cob diameter, kernel rows/cob, kernels/cob, test weight 

and grain yield, dried (around 15% moisture) and shelled (80% shelling). Data 

regarding thousand grains weight were recorded by counting randomly selected 1000 

grains from each sub plot and weighed with electronic balance. The shelling 

percentage was calculated as (Biru, 1976): 

100
 (kg) yield Cob

(kg) yieldGrain 
 percentage Shelling   

Whereas, grain yield was calculated on hectare basis by using following formulae 

(Biru, 1976):  
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Where,  

FEW = Filled Ears Weight (Kg)   SP = Shelling percentage (%) 

GC = grain moisture content at harvest (%)  NHA = net harvested area (m
2
) 

Data were first tabulated in Microsoft Excel (MS- Excel), then Analysis of variance 

(ANOVA) for all data was computed using R-studio computer software package. All 

the analyzed data were subjected to Duncan's Multiple Range Test (DMRT) for mean 

comparison at 5% level of significance. 

RESULTS AND DISCUSSION 

Varietal effect on emergence 

The emergence of different maize varieties was significant (p<0.05). It was recorded 

that the highest days to emergence was found in Rampur Hybrid-10 (30 days) and 

little earlier in Arun-2 (23 days), Arun-4 (23 days), Rajkumar (24 days) and Rampur 

composite (26 days) respectively (Table 2). 

Table 2. Days to emergence @ 80% of different maize varieties under Spring Season 

at Baitadi, 2020 

Treatments Days to emergence @ 80% 

Arun-2 23
a 

Arun-4 23
a 

Rampur composite 26
a 

Rajkumar 24
a 

Rampur Hybrid-10 30
b 

LSD (0.05) 4.38 

SEm (±) 1.41 

CV% 11.45 

P-value 0.014* 

Grand Mean 24.8 

Note: The common letter (s) within the column indicate non-significant difference based on Duncan 

Multiple Range Test (DMRT)  

According to (JICA, 2016), a range of 21-27˚    mp    u    s su   b   fo      b      

g ow   of m  z  p     w     2 ˚   s   qu     fo  g  m     o  bu   u   g     m  z  

s    sow  p   o   . .,   b u   ,     m x mum   mp    u   w s   ˚      m   mum 

w s  ˚  w  c  w s  ow              quired and after sowing there was heavy rainfall 
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with hailstorm that hinders the emergence as well as growth of maize. It has been 

reported that there are negative effects of low temperature on germination; 

germination being nil below 10°C (Wijewardana et al., 2016). In addition, once the 

seed begins to germinate, a significant change in soil temperature can cause problems 

for mesocotyl growth (Elmore, 2012). 

Varietal effect on Biometrical observations 

Plant height 

Plant height was found non-significant at 30 Days after sowing (DAS) whereas it was 

significantly influenced by maize varieties at 60, 90, 120 DAS. It was significantly 

higher in Rajkumar (66.4 cm) and Arun-2 (65.15 cm) at 60 DAS and at 90 DAS 

(93.88 cm) and 120 DAS (154.6 cm), it was significantly higher in Rajkumar 

respectively (Table 3).  

Table 3. Plant height of maize of different maize varieties during spring at Baitadi, 2020 

Treatments 
Plant height (cm) 

30DAS 60DAS 90DAS 120DAS 

Arun-2 10.31 58.58
ab 

84.48
ab 

132.0
ab 

Arun-4 9.84 65.15
a 

84.78
ab 

111.1
bc 

Rampur composite 10.51 41.28
bc 

67.85
bc 

104.4
bc 

Rajkumar 10.05 66.4
a 

93.88
a 

154.6
a 

Rampur hybrid-10 8.69 25
c 

62.86
c 

88.0
c 

LSD (0.05) Ns 18.42 17.05 26.74 

SEm (±) 0.29 7.95 5.79 11.55 

CV% 12.97 23.32 14.05 15.01 

P-value 0.32 0.002** 0.0097** 0.0017** 

Grand Mean 9.88 51.28 78.77 118.02 

Note: The common letter(s) within the column indicate non-significant difference based on Duncan 

Multiple Range Test (DMRT)  

Difference of plant height was found in different varieties. This was due to the fact 

that the plant height is a genetically as well as environmentally controlled factor so 

the height of different varieties remain different (Kunwar and Shrestha, 2014). Not 

only genetic factor, environmentally the plant height of maize was influenced and it 

could not be neglected. The reason behind decrease in plant height due to 

environmental factors are as a result of low soil moisture and low soil temperature 

during growing period. The environmental stress at vegetative growth stage reduced 

vegetative traits slightly (Sabiel et al., 2014). Under heat and drought stress condition 

during spring season may be the reason for lower plant height thus reduce the 
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transpiration and therefore reduce the demand for moisture during drought stress at 

growth (Zhang et al., 2016). Also, the temperatures encountered with early planting 

tend to reduce plant height mainly by decreasing internode length and less so by 

reducing leaf numbers (Swanson and Wilhelm, 1996).  

Leaf Area Index (LAI) 

The LAI at 30 DAS was non-significant but significant at 60, 90 and 120 DAS as 

influenced by different varieties. At 60 DAS (0.24) and 120 DAS (4.36), LAI was 

significantly higher in Arun-2. However, at 90 DAS the LAI was significantly higher 

in both Arun-2 (3.13) and Rajkumar (3.02) (Table 4). 

Table 4. Leaf Area Index (LAI) of different maize varieties during spring at Baitadi, 2020 

Treatments 
Leaf Area Index (LAI) 

30DAS 60DAS 90DAS 120DAS 

Arun-2 0.013 0.239
a 

3.134
a 

4.355
a 

Arun-4 0.012 0.164
bc

 1.827
bc 

2.668
c 

Rampur composite 0.016 0.181
bc 

2.431
ab 

3.295
bc 

Rajkumar 0.014 0.218
ab 

3.015
a 

3.99
ab 

Rampur Hybrid-10 0.010 0.146
c 

1.355
c 

2.443
c 

LSD (0.05) Ns 0.05 0.79 2.18 

SEm (±) 0.001 0.017 0.34 0.368 

CV% 22.62 18.13 21.89 17.07 

P-value 0.098 0.014* 0.0015** 0.0019** 

Grand Mean 0.013 0.190 2.35 3.35 

Note: The common letter(s) within the column indicate non-significant difference based on Duncan 

Multiple Range Test (DMRT)  

Recently developed maize hybrids (Rampur Hybrid-10) have upright leaves allowing 

lighter to penetrate the leaf canopy and thus lower leaf area (Lambert et al., 2014). 

Initial slow growth of maize seedling was probably due to lower early spring 

temperature (Amgain, 2011). 

Varietal effect on Phenological observation 

Flowering is an important factor contributing to grain formation in maize. Phenology 

was found significant (p<0.001) to different maize varieties (Table 5). The anthesis-

silking interval (ASI) DAS as comparatively shorter period in Rajkumar (4.5 days) 

and longer period in Arun-4 (7.5 days). Delayed emergence due to cold, wet 

conditions lengthens the duration of maize. The duration to reach tasseling and 

silking in spring maize was longer than that in summer maize because spring maize 
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had a slower early growth as it was staggered with the low initial temperature until 

mid-April (Khanal et al., 2019). 

Table 5. Crop phenology of different maize varieties during spring at Baitadi, 2020 

Treatments 

 

Phenology 

Days to 50% tasseling Day to 50% Silking ASI 

Arun-2 114
b 

120
ab 

6.25
c 

Arun-4 112
a 

119
a 

7.5
d 

Rampur Composite 121
d 

126
c 

5.75
bc 

Rajkumar 117
c 

122
b 

4.5
a 

Rampur Hybrid-10 128
e 

133
d 

5.25
ab 

LSD (0.05) 2.17 2.23 0.90 

SEm (±) 2.87 2.61 0.50 

CV, % 1.19 1.17 9.99 

P-value <0.001 *** <0.001 *** <0.001*** 

Grand Mean 118.2 124.05 5.85 

Note: The common letter(s) within the column indicate non-significant difference based on Duncan 

Multiple Range Test (DMRT)  

Varietal effects on yield and yield attributes 

Table 6. Yield attributing character of different maize varieties at Baitadi, 2020 

Treatments No. of cob 

plant
–1 

(No.) 

Cob 

Length 

(cm) 

Cob 

Diameter 

(cm) 

No. of 

row cob
-1

 

No. of 

Kernel 

row
-1

 

Arun-2 1.02
b 

14.75
ab 

4.37
ab 

13.7
a 

21.45
b 

Arun-4 1.00
b 

13.35
b 

3.42
c 

12.4
bc 

18.20
c 

Rampur composite 1.15
b 

14.59
ab 

4.31
b 

11.6
c 

20.45
bc 

Rajkumar 1.10
b 

15.86
a 

4.59
a 

14.1
a 

24.65
a 

Rampur Hybrid-10 1.92
a 

14.42
b 

4.45
ab 

12.9
ab 

22.90
ab 

LSD (0.05) 0.16 1.33 0.23 1.23 2.50 

SEm (±) 0.17 0.40 0.21 0.45 1.09 

CV, % 8.51 5.91 3.52 6.16 7.55 

P-value <0.001*** 0.02* <0.001*** 0.006** 0.001** 

Grand Mean 1.24 14.59 4.23 12.94 21.53 

Note: The common letter(s) within the column indicate non-significant difference based on Duncan 

Multiple Range Test (DMRT)  
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Number of cobsplants
-1 

 

The numbers of cobs/plant of different maize varieties are presented in Table 6 and 

was very highly significant (p<0.001). The highest no of cob was found in Rampur 

Hybrid-10 (1.92) which is almost double than other varieties but most of them were 

sterile. Some researchers have shown that higher number of cobs is obtained in 

hybrid maize (Khanal et al., 2019). 

Cob length 

Cob length of different maize varieties were significant (p<0.05) (Table 6). Cob 

length was significantly higher in Rajkumar (15.86 cm) which was at par with 

Rampur Composite (14.59 cm) and Arun-2 (14.75 cm). Arun-4 (13.35 cm) and 

Rampur Hybrid-10 (14.42 cm) showed the lowest cob length. 

Cob diameter 

Cob diameter of different maize varieties is presented in Table 6 and was highly 

significant (p<0.001). The highest cob diameter was observed in Rajkumar (4.59 cm) 

which was at par with Rampur Hybrid-10 (4.45 cm) and Arun-2 (4.37 cm) while 

lowest diameter was in Arun-4 (3.42 cm). 

Number of grain rowscob
-1 

 

The numbers of grain rows/cob of different maize varieties are presented in Table 6 

and was significant (p<0.01) with varieties. The highest grain row per cob were 

obtained in Rajkumar (14.1) and Arun-2 (13.7) which at par with Rampur Hybrid-10 

(12.9) and the lowest grain rows per cob (11.6) which at par with Arun-4 (12.4) were 

obtained. 

Number of kernels grain row
-1 

 

The number of kernels/grain row of different maize varieties are presented in Table 6 

and was significant (p<0.01). The number of kernels per row was highest in 

Rajkumar (24.65) which at par with Rampur Hybrid-10 (22.9) and the lowest 

kernels/row was in Arun-4 (18.2) which was at par with Rampur composite (20.45).  

Sterility percentage 

The sterility percentage of different maize varieties which was significant (p<0.01) is 

presented in Table 7 and was found significantly higher in Arun-4 (19.26%) and 

Arun-2 (15.72%) while lowest in Rampur Hybrid-10 (10.39%). 

Shelling percentage 

Shelling percentage of different maize varieties are presented in Table 7 and was 

significant (p<0.05). Shelling percentage was highest (63.08%) in Rajkumar which 

was at par with Rampur composite (55.48%). Lowest shelling percentage (51.62%) 

was recorded in Arun-2. 
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Table 7. Yield and yield attributing character of different maize varieties at Baitadi, 

2020 

Treatments 
Sterility

% 
Shelling% TGW 

Grain 

yield (t ha-

1) 

Biological 

yield 

(t ha-1) 

Harvest 

index (%) 

Arun-2 15.72b 51.62b 195ab 3.99b 21.8a 18.12b 

Arun-4 19.56b 52.01b 152.5b 2.33c 13.99b 16.85b 

Rampur composite 11.30a 55.48ab 212.5a 4.58ab 19.38a 23.84a 

Rajkumar 11.30a 63.08a 212.5a 5.32a 20.11a 26.52a 

Rampur Hybrid-10 10.39a 53.13b 231.25a 4.75ab 20.8a 22.90a 

LSD (0.05) 3.99 7.95 46.46 1.08 4.05 4.50 

SEm (±) 1.74 2.11 13.36 0.51 1.37 1.81 

CV, % 19.01 9.37 15.02 16.69 13.67 13.51 

P-value 0.001** 0.05* 0.03* 0.0006*** 0.001** 0.003** 

Grand Mean 13.65 55.06 200.75 4.19 19.23 21.65 

Note: The common letter(s) within the column indicate non-significant difference based on Duncan 

Multiple Range Test (DMRT)  

Thousand grain weight 

Thousand grain weights (g) of different maize varieties are presented in Table 7 and 

was significant (p<0.05). The higher thousand grain weight was observed in Rampur 

Hybrid-10 (231.25 g), Rajkumar (212.5 g) and Rampur composite (212.5 g) and the 

lower thousand grain weight obtained in Arun-4 (152.5 g).  

Varietal effects on Yield 

Grain yield 

The mean data of research finding indicated that significantly (p<0.001) highest grain 

yield (5.32 t ha
-1

) obtained in Rajkumar which was at equivalence with Rampur 

Hybrid-10 (4.75 Mt ha
-1

) and Rampur composite (4.58 t ha
-1

). The result is in 

agreement with (Devkota et al., 2020) and lowest grain yield (2.33t ha
-1

) obtained in 

Arun-4. Grain and biological yield were lower in Arun-4 variety.  Raut, et al., (2017) 

reported that there were highly significant differences for grain yield and yield 

attributing traits among genotypes which strongly support the present finding. Hybrid 

maize produced higher yield than open pollinated variety (Ghimire et al., 2016). 

Maize as being subtropical crop is sensitive to low temperature at early growth stages 

and the performance of hybrid maize in terms of growth attributes was poor at low 

temperature in field experiment (Ahmad et al. 2014). Further, in spring crop 

temperature becomes high at reproductive stages which are not desirable and 
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exposure to such temperature promotes pollen desiccation resulting in yield losses 

while in early stages seedlings are weakened and grain yield is reduced (Bano et al., 

2015). Due to the low temperature from sowing to the long vegetative growth stages 

of different maize varieties resulted in less dry matter and less photosynthate 

formation thus decrease in yield of varieties (Amgain, 2011). 

Biological yield 

Biological yield (t ha
-1

) of different maize varieties is presented in Table 7 and was 

significant (p<0.01). The highest biological yield produced by Arun-2 (21.80 t ha
-1

) 

and Rampur Hybrid-10 (20.86 t ha
-1

) and the lowest biological yield (13.99 t ha
-1

) 

produced by Arun-4.  

Harvest index 

Harvest index of different maize varieties are presented in Table 7 and was 

significant with harvest index (p<0.01). The highest harvest index was found in 

Rajkumar (26.52%) and Rampur composite (23.84%) and lowest harvest index was 

found in Arun-4 (16.85%). 

Among abiotic stresses, low temperature is a sever threat for spring maize in early 

growth stages which resulted in reduced crop growth rate and thus the growth 

duration is prolonged (Bano et al., 2015). The occurrence of extreme environmental 

condition during the growing period of maize thereby, affects growth duration, plant 

size, dry matter accumulations, assimilation reserves and partitioning to grains (Bello 

et al., 2014).  

 

Relationship between yield attributes and grain yield 

      

Figure 2. Relation between grain yield       Figure 3. Relation between grain yield 

and ASI                          and cobs/plant 
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Figure 4. Relation between grain yield      Figure 5. Relation between grain yield 

and kernels/cob                         and TGW 

Fig. 2 indicates the equation of linear regression analysis between grain yield and 

ASI among all the varieties grown. It represents negative correlation of ASI with the 

total grain yield of different maize varieties. It explained about 56.9% variations in 

grain yield is accounted by ASI of maize varieties.  

The equation of linear regression analysis (Fig. 3, 4 and 5) showed that trend of grain 

yield with no of cobs/plant, no of kernels/row and TGW respectively. It showed that 

all the attributes were positively correlated with yield of maize varieties. Regression 

analysis had shown number of ASI, kernels/row and TGW have important role in 

variation in yield contributed about 56.9%, 46.3%, and 45.05% respectively. 

Similarly, number of cobs/plants had attributed 12% variation in grain yield 

respectively. 

CONCLUSION 

Among five different maize varieties cultivated in spring season at Baitadi, Rajkumar 

(5.32 t ha
-1

) has higher yield followed by Rampur Hybrid-10 (4.75 t ha
-1

) among 

hybrids and Rampur composite (4.58 t ha
-1

) has the highest yield among open 

pollinated varieties. Thus, this research suggested the farmers of Baitadi district to 

cultivate Rajkumar variety as hybrid and Rampur composite as open pollinated in 

spring season to increase the productivity of maize. 

REFERENCES 

Ahmad, I., Maqsood, S., Basra, A. and Wahid, A. (2014). Exogenous application of ascorbic 

acid, salicylic acid and hydrogen peroxide improves the productivity of hybrid maize at 

low temperature stress. International Journal of Agriculture and Biology, 16: 25-830. 

AICC. (2021). Krishi and Livestock Diary. Hariharbhawan, Lalitpur: Ministry of Agriculture 

and Livestock Development, Agriculture Information and Communication Center. 

 

y = 0.297x - 2.2001 
R² = 0.4628 

0 
1 
2 
3 
4 
5 
6 

15 20 25 30 G
ra

in
 Y

ie
ld

 (
M

t 
h

a-
1

 )
 

No of kernels/row 

Grain Yield (Mt ha-1 ) 

Linear (Grain Yield (Mt ha-1 )) 

y = 0.0209x - 0.0094 
R² = 0.4505 

0 
1 
2 
3 
4 
5 
6 

125 175 225 275 G
ra

in
 Y

ie
ld

 (
M

t 
h

a-
1

 )
 

TGW 

Grain Yield (Mt ha-1 ) 

Linear (Grain Yield (Mt ha-1 )) 



EVALUATION OF OPEN-POLLINATED AND HYBRID MAIZE in NEPAL 135 

Amgain, L. (2011). Accumulated heat unit and phenology of diverse maize varieties as 

affected by planting dates under Rampur condition, Nepal. Agronomy Journal of 

Nepal, 2: 111-120. 

Bano, S., Aslam, M., Saleem, M., Basra, S. and Aziz, K. (2015). Evaluation of maize 

accessions under low temperature stress at early growth stages. The Journal of Animal 

& Plant Sciences, 25(2): 392-400. 

Bello, O.B., Olawuyi, O.J., Abdulmaliq, S.Y., Ige, S.A., Mahamood, J., Azeez, M.A. and 

Afolabi, M.S. (2014). Yield and disease reactions of quality protein maize varieties in 

the Southern Guinea Savanna Agro-Ecology of Nigeria. Sarhad Journal of  

Agriculture, 30(1): 53-66. 

Biru, A. (1976). Agronomy research manual. Part II. In Information for special trial for 

particular crops. 

Devkota, S., Karn, R., Jha, R.K., Marasini, D. and Sah, S.K. (2020). Evaluation of open 

pollinated and hybrid maize varieties in Dhading district of Nepal. Journal of 

Agriculture and Natural Resources, 3(1): 160-169. 

Elmore, R. (2012). Influence of Soil Temperature on Corn Germination and Growth. Iowa 

State University of Science and Technology.  

Ghimire, S., Sherchan, D., Andersen, P., Pokhrel, C., Ghimire, S. and Khanal, D. (2016). 

Effect of variety and practice of cultivation on yield of spring maize in terai of Nepal. 

Agrotechnology, 5(2): 1-6. 

JICA. (2016). Maize Farming Techniques Manual. Sindhupalchowk, Chautara: District 

Agriculture Development Office, Ministry of Agriculture Development, Government 

of Nepal. 

Karki, T., Kc, G., Shrestha, J. and Jadav, J. (2015). Tillage and planting density affect the 

performance of maize hybrids in chitwan, Nepal. Journal of Maize Research and 

Development, 1(1): 10-20. 

Kc, G., Karki, T., Shrestha, J. and Achhami, B. (2015). Status and prospects of maize research 

in Nepal. Journal of Maize Research and Development, 1(1): 1-9. 

Khanal, P., Karn, R., Budhathoki Chhetri, P., Karki, S., and Sah, S. K. (2019). response of 

maize varieties to sowing dates in inner Terai region, Dang, Nepal. Malaysian Journal 

of Halal Research Journal, 2(2): 27-31. 

Kunwar, C.B. and Shrestha, J. (2014). Evaluating Performance of Maize hybrids in Terai 

Region of Nepal. World Journal of Agricultural Research, 2(1): 22-25. 

Lambert, R.J., Mansfield, B.D. and Mumm, R.H. (2014). Effect of leaf area on maize 

productivity. Maydica, 59(1): 58-64. 

Lamichhane, J., Timsina, K.P., RanaBhat, D.B. and Adhikari, S. (2015). Technology adoption 

analysis of improved maize technology in western hills of Nepal. Journal of Maize 

Research and Development, (1):146-152. 

MOALD. (2017). Statistical Information on Nepalese Agriculture, 2016/17. Singha Durbar, 

Kathmandu, Nepal: Ministry of Agricultural Development, Monitoring, Evaluation and 

Stastistics Division, Agri Stastistics Section. 

NMRP. (2015). Characteristics of Maize Varieties Developed and Released in Nepal (1966-

2015). Rampur, Chitwan: Government of Nepal, Nepal Agriculture Research Council. 



136 Bista et al. 

Pandey, K., Shrestha, B., Naharki, K. and Kunwar, C.B. (2019). Assessment of maize 

production and adoption of improved maize seeds in Tanahun district of Nepal. 

International Journal of Applied Sciences and Biotechnology, 7(2): 279-288. 

PMAMP. (2019). Annual Progress and Technical Manual, 2018/19. Baitadi, Nepal: Ministry 

of Agriculture and Livestock, Government of Nepal. 

Pokhrel, T. (2013). Impact of maize varieties disseminated in Chitwan, Nepal. Economic 

Journal of Nepal, 42(6): 45-53. 

Prasai, H.K., Kushwaha, U.K., Joshi, B.P. and Shrestha, J. (2015). Performance evaluation of 

early maize genotypes in Far western hills of Nepal. Journal of Maize Research and 

Development, 1(1): 106-111. 

Raut, S.K., Ghimire, S.K., Kharel, R., Kuwar, C. B., Sapkota, M. and Kushwaha, U.K. 

(2017). study of yield and yield attributing traits of Maize American. Journal of Food 

Science and Health, 3(6): 123-129. 

Sabiel, S.A., Abdelmula, A.A., Bashir, E., Sun, Y., Baloch, S.K., Yang, Y. and Bashir, W. 

(2014). Genetic variation of plant height and stem diameter traits in maize (Zea mays 

L.) under drought stress at different growth stages. Journal of Natural Sciences 

Research, 4(23): 116-122. 

SQCC. (2013). National Seed Vision 2013-2015. Hariharbhawan, Lalitpur, Nepal: 

Government of Nepal, Ministry of Agricultural Development, National Seed Board 

Seed Quality Control Centre. 

Swanson, S. and Wilhelm, W. (1996). Planting date and residue rate effects on growth, 

partitioning, and yield of corn. Agronomy Journal, 88(2): 205-210. 

World Weather Online. (2020). Retrieved from World Weather Online.  

Zhang, B., Xu, D., Liu, Y., Li, F., Cai, J. and Du, L. (2016). L. Multi-scale evapotranspiration 

of summer maize and the controlling meteorological factors in north China. 

Agricultural and Forest Meteorology, 216: 1-12. 

 



SAARC J. Agric., 19(2): 137-155 (2021) DOI: https://doi.org/10.3329/sja.v19i2.57677 

EFFECT OF SPATIAL ARRANGEMENTS ON YIELD AND 

COMPETITION OF JUTE (Corchorus olitorius L.) AND 

MUNGBEAN (Vigna radiata L. wilczek) IN INTERCROPPING 

A.K. Chakraborty
*
, A.K. Ghorai, N.M. Alam, S. Roy and R. Saha 

ICAR-Central Research Institute for Jute and Allied Fibres, Barrackpore 

Kolkata, West Bengal 

ABSTRACT 

Low profitability from jute farming, declining jute area and negligible 
pulse area are the rising concerns of farmers of Indo-Bangla 
subcontinent. This paper evaluated the extent of yield competition in jute-
mungbean intercropping with varying spatial geometry under alternate 
single row (SR) and double row (DR) planting. Two 2-year field 
experiments were conducted independently for the two systems of 
plantings involving jute (cv NJ 7010) and mungbean (cv TMB-37) 
arranged in systematic designs for 3×3×3 spacing and plant density 
combinations with three replications. Yield competition was assessed 
using indices. Intercropping was found productive and profitable 
compared to sole cropping. Land equivalent ratios (LER) and area × time 
equivalent ratios (ATER) always exceeded unity. Jute equivalent yield 
(JEY) increased in the range of 4.9-45.3% and 30.7-51.1% over sole jute 
fibre yield and mean monetary advantage index exceeded 27100 and 
31800 ₹ ha

-1
 for SR and DR planting, respectively. Economic advantage 

was higher for spacing combinations of 40 cm (row to row) × 6.5-8 cm 
(jute to jute in a row) × 10-12 cm (mungbean to mungbean in a row) in 
SR planting and for DR system it was at a band-to-band spacing of 11 
cm with plant densities of 40-50 m

-2
 for jute and 25-30 m

-2
 for mungbean. 

Dense and intimate planting of jute reduced mung seed yield due to light 
stress. DR planting seemed more advantageous. 

Keywords: Competition Indices, Corchorus olitorius, Jute-mungbean 
intercropping, Spatial arrangement, Systematic design, Vigna radiata 

INTRODUCTION 

Intercropping is the practice of growing two or more crops simultaneously on the 

same piece of land, where at least a portion of their respective production cycle 

overlap and crops are planted in sufficient closeness to offer competition for 
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resources to each other (Hiebsch and McCollum, 1987). It is a prevalent practice 

among small holder subsistence farmers in tropical and sub-tropical latitudes 

(Dasgupta and Roy, 2016) and it can address the rising concerns on economic return, 

nutrition and climate change (Li et al., 2019). 

Jute, traditionally grown as rainfed sole crop, is the most affordable natural fibre and 

economically important crop of India and Bangladesh, sharing nearly similar agro-

climatic conditions and small land holding (Mandal, 2016; George, 2015). 

Constraints in jute fibre profitability have led to its alarming area shrinkage during 

previous two decades in India (Kumari et al., 2018).  

Extensive adaptation of legumes to several cropping systems has been studied widely 
(Li et al., 2019; Ofori and Stern, 1987). It is more suitable in low-input and labor-
intensive small-scale farming to ensure dependability of return in the event of crop 
loss, providing nutritious food and fodder and replenishing rich organic manure to 
soil (Altieri et al., 2012; Dasgupta and Roy, 2016; Rao and Willey, 1980). Shrinkage 
in acreages of these two crops started with the drive on production of more cereals 
(Dasgupta and Roy, 2016). Study on adaptation of mungbean in jute farming is 
emerging. India and Bangladesh are major importers of pulses with near-stagnated 
area and lesser possibility to increase in the future (Ali et al., 2012). Summer 
mungbean productivity of West Bengal, (0.893 t ha

-1
) and a potential seed yield of 

0.7 to 1.0 t ha
-1

 is easily attainable in jute-mungbean intercropping (Ghorai et al., 
2016). Recent advances in premature flowering resistant jute cultivars (Rahaman and 
Prasad, 2018) and development of short duration biotic stress resistant mungbean 
cultivars (Chadha, 2010) have opened the prospect of growing the crops together. In 
sole cropping, jute grows with a plant density of 35-50 m

-2
 and spacing of 25-30 cm 

× 7-8 cm. Whereas, summer sole mungbean (March-May) is cultivated with a plant 
density of 25-30 m

-2
 and spacing of 25-30 cm × 12-15 cm in West Bengal condition. 

As intercrop, mungbean effectively smother weeds in jute, reduce cost of weeding 
and add organic residue to soil (Ghorai et al., 2016). 

Productivity and efficiency of intercropping system depends, largely on the spatial 
geometry of the component crops (Natarajan, 1990). For evaluation of the 
competition effects with spatial geometry and density (plants per unit area), 
experiments even with one species is challenging to randomization. The problem 
becomes more difficult with two or more crop species. To overcome the difficulties, 
systematic designs had been implemented (Snaydon, 1991; Mead, 1990; Natarajan, 
1990; Thattil and Costa, 1988; Willey and Rao, 1980; Mead and Stern, 1980; Huxley 
and Maingu, 1978). 

This study evaluated the nature and extent of competition of jute (cv NJ 7010) and 
mungbean (cv TMB-37) in intercropping system under varied spatial arrangements. 
In a three-way systematic design, crops were planted in two types of row 
arrangements, (a) alternate single row (SR), i.e., 1:1 row system and (b) alternate 
double row (DR), i.e., 2:2 row system with14 cm wide two rows of either of the 
crops forming a narrow strip or a band. In this innovative study we aimed to achieve 
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a reasonably full fibre yield as in sole jute, the main crop, along with some additional 
seed yield of mungbean. We hypothesize that information from this study will 
encourage to extensively integrate the practice of intercropping of mungbean with 
jute farming and will give impetus to study different aspects of jute-mungbean 
intercropping.  

MATERIALS AND METHODS 

Experimental site 

The study was performed at the research farm of the Indian Council of 

Agricultural Research - Central Research Institute for Jute and Allied Fibres, 

Barrackpore, West Bengal, India (22
o
45'N, 88

o
25'E; 9.69 m above mean sea 

level). The soil was Gangetic alluvium order inceptisol, having pH 7.23 (1:2.5 

w/v), organic carbon 5.50 g kg
-1

, medium in fertility. The climate was humid 

tropical and it received an average annual rainfall of 1383.2mm. The trial was 

conducted between the third weeks of March to July of 2016 to 2018. Table 1 

presents the weekly mean weather records of last 30 years (1989-2018) during the 

pre-monsoon summer months (March-May), coinciding with the production cycle 

of mungbean and rainfall distribution during 2016-2018. In 2016, the total rainfall 

was nearer to its long-term mean, with uneven distribution. In contrast, it was 

very low in 2017 and well distributed and excess in 2018. 

Table 1. Long-term weekly weather record and rainfall distribution pattern of 2016-

18 during the growing season of summer mungbean 

Standard 

Meteorological 

Week (SMW) 

Average of 30 years (1989-2018) 2016 2017 2018 

RH (%) 

(morning) 

RH 

(%) 

(noon) 

Max 

Temp 

(oC) 

Min 

Temp 

(oC) 

Rainfall 

(mm) 

Rainfall 

(mm) 

Rainfall 

(mm) 

Rainfall 

(mm) 

10 92.8 42.5 31.9 18.1 1.9 0.0 23.8 0.0 

11 93.4 44.0 32.6 19.3 3.3 0.0 1.2 0.0 

12 93.3 46.6 34.0 21.5 9.9 24.0 2.4 0.0 

13 91.9 50.1 33.8 22.4 13.0 0.0 0.0 16.8 

14 91.6 50.9 34.5 23.2 8.7 0.0 1.0 44.4 

15 90.0 49.0 35.5 23.7 13.9 0.0 0.0 8.0 

16 89.9 52.5 35.8 24.9 8.9 0.0 0.0 29.2 

17 88.9 54.9 35.7 24.4 15.3 0.0 0.0 52.4 

18 88.0 56.8 35.3 24.8 21.8 9.8 13.2 57.0 

19 88.9 58.2 35.6 25.5 25.2 87.0 1.4 40.0 

20 89.7 60.7 35.5 25.0 32.0 76.4 4.4 41.2 

21 90.6 64.0 35.0 25.4 33.7 29.6 8.0 39.0 

22 89.4 62.1 35.2 26.2 46.9 34.4 91.2 84.2 

23 90.4 67.6 34.9 26.1 39 0.0 7.8 8 

Total         273.5 261.2 154.4 420.2 
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Treatment combinations 

Factorial treatment combinations for alternate single row planting (SR) and 

layout 

Let I, J and M denote, respectively, the three factors, inter-row spacing (cm), intra-

row jute plant spacing (cm) and intra-row mungbean plant spacing (cm), each at 3 

levels (35, 40, 45), (5.0, 6.5, 8.0) and (8, 10, 12), respectively. The 3×3×3 factorial 

treatment combinations are (35, 5, 8), (35, 5, 10), (35, 5, 12), . . ., (45, 8, 12) and 

corresponded to T1, T2, T3, . . ., T27, respectively. Table 2 listed the treatment 

combinations and the range of plant densities. 

For a replicate, the layout took a typical form as in Figure 1(a). In a replicate, 18×6.5 

m
2
 area was split breadthways into 3 segments of width 2.28, 2.18 and 2 m, 

accommodated equal number of jute and mungbean rows in a segment, for 

systematically allocating the 3 levels of inter-row spacing (35, 40, 45 cm) in 

ascending or descending order. Within a segment, the 3 levels of intra-row jute 

spacing are arranged systematically in ascending or descending order, forming 3 sub-

segments, each of length 6 m. Again, within a 6 m long sub-segment receiving a 

particular level of intra-row jute spacing, 3 sub-sub-segments of length 2 m each, 3 

intra-row mungbean spacing levels are allotted systematically in a manner such that 

the adjacent sub-segments within a segment looks a mirror image of the other for 

mungbean intra-row spacing combinations. Each factor of spacing varied 

independently of the other. 
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Figure 1. Layout of a three-way systematic design. ○: jute, : mungbean. (a) 

Alternate single row (SR) arrangement: is = inter-row spacing; jt = intra-

row spacing of jute; mu = intra-row spacing of mungbean; (b) Alternate 

double row (DR) arrangement, 14 cm wide two rows form a narrow strip or 

a band. Factor levels: i'S = inter-band spacing; j't = jute plant density; m'u = 

mungbean plant density, where s, t, u = 1, 2, 3.  

Factorial treatment combinations for the alternate double row planting (DR) 

and its layout 

Let  ,   and   denote, respectively, the 3 factors of inter-band spacing (cm), jute plant 

density (ha
-1

) and mungbean plant density (ha
-1

) each at 3 levels (11, 14, 17), (3, 4, 5) 

and (2, 2.5, 3). The 3×3×3 factorial treatment combinations are (11, 3, 2), (11, 3, 2.5), 

(11, 3, 3),..., (17, 5, 3), corresponded to T'1,T'2, T'3,... T'27. Table 3 listed the treatment 

combinations and the range of intra-plant spacing combinations.  

For a replicate, the layout for DR system took a typical form as in Figure 1(b). Itis 

similar to that of SR, except the inter-band spacing and plant density respectively 

replaced the factors of inter-row spacing and intra-plant spacing of component crops 

in SR.  

Management of crops and data recording 

A basal fertilizer dose (10:26:26 of N:P:K at the rate of 250 kg ha
-1

) was applied 

during sowing. Jute (cv NJ 7010) and mungbean (cv TMB-37) seeds were line sown 

in East-West direction, at 2-3 cm and 4-6 cm soil depth, respectively, on the third 

week of March and was irrigated (50 mm). Designed spacing combinations or plant 

stands were maintained after final thinning. Sole jute plot was top dressed with N 

fertilizer at the rate of 20 kg ha
-1

 at 21 DAS and 40 DAS. Top dressings of N-

fertilizer were withheld for intercropped plots until the final pod-picking day.   
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Table 2. Treatment combinations with inter-row spacing and within-row plant spacing levels, corresponding plant 

densities, biological yield of jute fibre and mungbean seed, jute equivalent yield (JEY), land equivalent ratio 

(LER), area × time equivalent ratio (ATER), relative crowding coefficient (K), aggressivity (A) and monetary 

advantage indices (MAI) in jute-mungbean intercropping system under alternate single row (SR) planting. 

Treatm

ent 

No. 

  

  

Inter-

row 

spacin

g (cm) 

Intra-

jute 

Spacing 

(cm) 

  

Intra-

mungbe

an 

spacing 

(cm) 

Plant density  

(l ha-1) 

  

Av Jute  

Yield  

(q ha-1) 

  

Av  

Mungbea

n 

Yield  

(q ha-1) 

JEY  

(q ha-1) 

  

  

LER 

ATER 

Relative Crowding 

Coefficient 
Aggressively (A) 

MAI 

(₹ ha-1) 

 

 Jute 
Mungbe

an 
LJ LM L KJM KMJ K AJ AM 

1 35 5 8 5.69 3.56 26.75bc 4.19m 33.59 0.881c 0.262m 1.142mno 1.039 7.38 0.35 2.62 0.619 -0.619 13375 

2 35 5 10 5.69 2.84 26.63bc 4.69lm 34.28 0.877c 0.293lm 1.170klmn 1.053 7.10 0.41 2.94 0.584 -0.584 15879 

3 35 5 12 5.69 2.37 27.50ab 5.32jkl 36.17 0.905bc 0.332jkl 1.237ijk 1.106 9.57 0.50 4.75 0.573 -0.573 22173 

4 35 6.5 8 4.38 3.56 27.50ab 6.13hij 37.5 0.905bc 0.383hij 1.288ghij 1.136 9.57 0.62 5.93 0.523 -0.523 26822 

5 35 6.5 10 4.38 2.84 27.50ab 6.76h 38.52 0.905bc 0.422h 1.327fgh 1.16 9.57 0.73 6.98 0.483 -0.483 30399 

6 35 6.5 12 4.38 2.37 29.50a 8.26fg 42.97 0.971a 0.516fg 1.487ab 1.282 33.71 1.06 35.89 0.456 -0.456 44990 

7 35 8 8 3.56 3.56 23.32def 5.57ijk 32.4 0.768fgh 0.348ijk 1.115no 0.977 3.30 0.53 1.76 0.420 -0.420 10729 

8 35 8 10 3.56 2.84 23.26def 8.94ef 37.84 0.765gh 0.559ef 1.324fgh 1.102 3.26 1.27 4.13 0.207 -0.207 29612 

9 35 8 12 3.56 2.37 27.69ab 9.07def 42.48 0.912bc 0.566def 1.478ab 1.253 10.30 1.31 13.46 0.345 -0.345 43989 

10 40 5 8 4.98 3.11 28.25ab 4.63lm 35.8 0.930b 0.289lm 1.219jkl 1.104 13.29 0.41 5.41 0.641 -0.641 20600 

11 40 5 10 4.98 2.49 28.57ab 5.38ijkl 37.34 0.940ab 0.336ijkl 1.276hij 1.143 15.76 0.51 7.97 0.604 -0.604 25893 

12 40 5 12 4.98 2.07 28.19ab 6.63h 39 0.928b 0.414h 1.342efgh 1.178 12.89 0.71 9.11 0.514 -0.514 31829 

13 40 6.5 8 3.83 3.11 25.00cd 5.01klm 33.16 0.823d 0.313klm 1.136mno 1.012 4.65 0.45 2.11 0.511 -0.511 12660 

14 40 6.5 10 3.83 2.49 25.00cd 7.82g 37.76 0.823d 0.488g 1.311gh 1.118 4.65 0.95 4.44 0.335 -0.335 28682 

15 40 6.5 12 3.83 2.07 27.50ab 8.57efg 41.48 0.905bc 0.535efg 1.441bc 1.228 9.57 1.15 11.01 0.370 -0.370 40627 

16 40 8 8 3.11 3.11 24.69cd 8.69ef 38.87 0.813de 0.543ef 1.356defg 1.14 4.34 1.19 5.16 0.270 -0.270 32616 

17 40 8 10 3.11 2.49 25.01cd 9.32cde 40.21 0.823d 0.582cde 1.405cde 1.174 4.65 1.39 6.48 0.241 -0.241 37122 

18 40 8 12 3.11 2.07 27.50ab 10.19b 44.13 0.905bc 0.637b 1.542a 1.289 9.57 1.75 16.76 0.269 -0.269 49640 



COMPETITION AND ECONOMICS OF JUTE-MUNGBEAN INTERCROPPING SYSTEMS 143 

 

Treatm

ent 

No. 

  

  

Inter-

row 

spacin

g (cm) 

Intra-

jute 

Spacing 

(cm) 

  

Intra-

mungbe

an 

spacing 

(cm) 

Plant density  

(l ha-1) 

  

Av Jute  

Yield  

(q ha-1) 

  

Av  

Mungbea

n 

Yield  

(q ha-1) 

JEY  

(q ha-1) 

  

  

LER 

ATER 

Relative Crowding 

Coefficient 
Aggressively (A) 

MAI 

(₹ ha-1) 

 

 Jute 
Mungbe

an 
LJ LM L KJM KMJ K AJ AM 

19 45 5 8 4.42 2.76 23.00def 5.44ijkl 31.88 0.757gh 0.340ijkl 1.097o 0.962 3.12 0.51 1.61 0.417 -0.417 9012 

20 45 5 10 4.42 2.21 23.38def 6.07hij 33.27 0.770fgh 0.379hij 1.149lmno 0.998 3.34 0.61 2.04 0.391 -0.391 13733 

21 45 5 12 4.42 1.84 24.69cd 9.88bcd 40.81 0.813de 0.617bcd 1.430bc 1.185 4.34 1.61 7.00 0.196 -0.196 39268 

22 45 6.5 8 3.4 2.76 23.44def 6.19hi 33.54 0.772fg 0.387hi 1.158lmno 1.005 3.38 0.63 2.13 0.385 -0.385 14662 

23 45 6.5 10 3.4 2.21 23.57def 6.76h 34.58 0.776efg 0.422h 1.198klm 1.03 3.46 0.73 2.52 0.354 -0.354 18239 

24 45 6.5 12 3.4 1.84 24.44cde 6.63h 35.25 0.805def 0.414h 1.219jkl 1.054 4.12 0.71 2.91 0.390 -0.390 20242 

25 45 8 8 2.76 2.76 23.13def 10.07bc 39.56 0.761gh 0.629bc 1.390cdef 1.141 3.19 1.69 5.41 0.132 -0.132 35549 

26 45 8 10 2.76 2.21 21.38f 11.44a 40.05 0.704i 0.715a 1.419bcd 1.135 2.38 2.51 5.95 -0.011 0.011 37838 

27 45 8 12 2.76 1.84 22.25ef 9.07def 37.05 0.733hi 0.566def 1.299ghi 1.074 2.74 1.31 3.58 0.166 -0.166 27252 

Mean           25.5 7.28 37.39 0.840 0.455 1.295 1.114 7.53 0.95 6.67 0.385 -0.385 27180 

CV           9.61 29.19                     
 

Mean followed by same letter are not significantly different based on DMRT (p=0.05) 
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Table 3. Treatments with Inter-band spacing and plant densities of jute and mungbean, corresponding within-row plant 

spacing levels, biological yield of jute fibre and mungbean seed, jute equivalent yield (JEY), land equivalent 

ratio (LER), area × time equivalent ratio (ATER), relative crowding coefficient (K), aggressivity (A) and 

monetary advantage indices (MAI) in jute-mungbean intercropping system under alternate double row (DR) 

planting. 

Treatm

ent 

No. 

  

  

Inter- 

band  

Spaci

ng  

(cm) 

Plant Density  

(l ha-1)  

Intra-

jute 

Spaci

ng 

(cm) 

  

Intra-

mungbea

n 

spacing 

(cm) 

Av Jute  

Yield  

(q ha-1) 

Av  

Mungbean 

Yield 

 (q ha-1) 

JEY  

(q ha-1) 

LER 

ATER 

Relative crowding 

coefficient 

Aggressively 

(A) 

MAI 

(₹ ha-1) 
Jute 

Mungb

ean 
LJ LM L KJM KMJ K AJ AM 

1 11 3 2 14.3 21.5 16.94d 10.13ab 36.02 0.652j 0.633ab 1.284ab 1.04 1.87 1.72 3.22 0.04 -0.04 29469 

2 11 3 2.5 14.3 17.2 17.13cd 10.32a 36.57 0.659ij 0.645a 1.303ab 1.055 1.93 1.81 3.50 0.03 -0.03 31472 

3 11 3 3 14.3 14.3 17.50bcd 9.94abc 36.23 0.673hij 0.621abc 1.295ab 1.055 2.06 1.64 3.37 0.10 -0.10 30470 

4 11 4 2 10.8 21.5 19.82abcd 8.69abc 36.19 0.762cdefghi 0.543abcdefgh 1.305ab 1.096 3.20 1.19 3.80 0.44 -0.44 31329 

5 11 4 2.5 10.8 17.2 20.57abcd 9.94abc 39.3 0.791abcdefg 0.621abc 1.412a 1.173 3.78 1.64 6.20 0.34 -0.34 42415 

6 11 4 3 10.8 14.3 20.26abcd 9.44abc 38.04 0.779bcdefg 0.590abcd 1.369ab 1.141 3.52 1.44 5.06 0.38 -0.38 37909 

7 11 5 2 8.6 21.5 20.07abcd 9.76abc 38.44 0.772cdefgh 0.609abc 1.381ab 1.146 3.38 1.56 5.27 0.32 -0.32 39268 

8 11 5 2.5 8.6 17.2 20.44abcd 9.38abc 38.11 0.786bcdefg 0.586abcde 1.372ab 1.146 3.67 1.42 5.20 0.40 -0.40 38267 

9 11 5 3 8.6 14.3 19.88abcd 9.58abc 37.93 0.764cdefgh 0.598abcd 1.363ab 1.132 3.24 1.49 4.84 0.33 -0.33 37337 

10 14 3 2 12.7 19.0 18.82abcd 9.94abc 37.55 0.724fghij 0.621abc 1.345ab 1.105 2.62 1.64 4.29 0.20 -0.20 35620 

11 14 3 2.5 12.7 15.2 18.94abcd 8.63abc 35.2 0.728efghij 0.539abcdefgh 1.268ab 1.06 2.68 1.17 3.14 0.38 -0.38 27466 

12 14 3 3 12.7 12.7 18.63abcd 9.01abc 35.59 0.716ghij 0.563abcdefg 1.279ab 1.062 2.53 1.29 3.25 0.31 -0.31 28682 

13 14 4 2 9.5 19.0 19.50abcd 8.75abc 35.99 0.750defghij 0.547abcdefgh 1.297ab 1.086 3.00 1.21 3.62 0.41 -0.41 30470 

14 14 4 2.5 9.5 15.2 21.19abcd 8.19abc 36.62 0.815abcdefg 0.512cdefghij 1.327ab 1.129 4.40 1.05 4.61 0.61 -0.61 33331 

15 14 4 3 9.5 12.7 20.57abcd 7.57abc 34.82 0.791abcdefg 0.473fghijk 1.264ab 1.081 3.78 0.90 3.39 0.64 -0.64 26894 

16 14 5 2 7.6 19.0 21.75abcd 7.38abc 35.65 0.837abcd 0.461fghijk 1.298ab 1.12 5.12 0.86 4.38 0.75 -0.75 30256 

17 14 5 2.5 7.6 15.2 22.88ab 6.57bc 35.25 0.880ab 0.410jk 1.290ab 1.132 7.32 0.70 5.09 0.94 -0.94 29326 

18 14 5 3 7.6 12.7 21.51abcd 6.63bc 33.99 0.827abcdef 0.414ijk 1.241b 1.081 4.78 0.71 3.38 0.83 -0.83 24391 

19 17 3 2 11.6 17.4 18.94abcd 7.94abc 37.68 0.777bcdefgh 0.496defghijk 1.273ab 1.179 6.92 0.98 6.81 0.76 -0.76 37623 

20 17 3 2.5 11.6 14.0 18.82abcd 8.38abc 34.07 0.728efghij 0.523bcdefghi 1.252b 1.025 2.37 1.10 2.60 0.36 -0.36 23246 
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Treatm

ent 

No. 

  

  

Inter- 

band  

Spaci

ng  

(cm) 

Plant Density  

(l ha-1)  

Intra-

jute 

Spaci

ng 

(cm) 

  

Intra-

mungbea

n 

spacing 

(cm) 

Av Jute  

Yield  

(q ha-1) 

Av  

Mungbean 

Yield 

 (q ha-1) 

JEY  

(q ha-1) 

LER 

ATER 

Relative crowding 

coefficient 

Aggressively 

(A) 

MAI 

(₹ ha-1) 
Jute 

Mungb

ean 
LJ LM L KJM KMJ K AJ AM 

21 17 3 3 11.6 11.6 21.57abcd 9.07abc 35.9 0.724fghij 0.566abcdef 1.290ab 1.072 2.62 1.31 3.42 0.31 -0.31 29827 

22 17 4 2 8.7 17.4 21.63abcd 8.63abc 37.82 0.829abcde 0.539abcdefgh 1.369ab 1.161 4.86 1.17 5.68 0.58 -0.58 37695 

23 17 4 2.5 8.7 14.0 19.88abcd 7.25abc 35.29 0.832abcde 0.453ghijk 1.285ab 1.11 4.94 0.83 4.10 0.76 -0.76 28968 

24 17 4 3 8.7 11.6 22.88ab 7.63abc 34.25 0.764cdefgh 0.477efghijk 1.241b 1.057 3.24 0.91 2.95 0.58 -0.58 24605 

25 17 5 2 7.0 17.4 23.19a 6.38c 34.89 0.880ab 0.399k 1.279ab 1.125 7.32 0.66 4.85 0.96 -0.96 28110 

26 17 5 2.5 7.0 14.0 22.44abc 7.07abc 36.5 0.892a 0.441hijk 1.333ab 1.163 8.24 0.79 6.51 0.90 -0.90 33761 

27 17 5 3 7.0 11.6 16.94d 7.26abc 36.1 0.863abc 0.453ghijk 1.317ab 1.142 6.30 0.83 5.22 0.82 -0.82 32115 

Mean           20.22 8.45 36.3 0.863 0.453 1.311 1.106 4.06 1.18 4.36 0.50 -0.50 31829 

CV           12.13 20.28                     
 

Mean followed by same letter are not significantly different based on DMRT (p=0.05) 
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Adequate plant protection measures were taken for mungbean. Mungbean pods were 

picked in 3 dates in between 55-75 DAS. After final pod harvest, mungbean plants 

were left in the field for in-situ decomposition and jute plants were harvested at 120 

DAS. Crop yields, plant height, pod count and light flux reading were recorded. 

Calculation of competition indices were done separately for SR and DR systems.   

Competition indices 

Competition in jute-mungbean intercropping systems were assessed using indices of 

land equivalent ratio (Willey, 1979), area × time equivalency ratio (Hiebsch and 

McCollum, 1987), jute equivalent yield (Lal and Ray, 1976), relative crowding 

coefficient (de Wit, 1960; Willey, 1979), coefficient of aggressivity (McGilchrist, 

1965; Willey and Rao, 1980), and monetary advantage index (Ali and Mishra, 1993).     

Land equivalent ratio (LER) 

LER is defined as 

                                                                  

Where, YJI and YMI are the yields of jute fibre and mungbean seed in intercropping; 

and YJS and YMS are the corresponding yields in sole cropping, respectively.  

Area × time equivalency ratio (ATER) 

ATER is the weighted sum of partial LERs of the component crops, weights being 

the proportionate production cycle days of the corresponding component crops. It is 

defined as 

                                

Where,  and    are the duration of production cycle (days) for jute and mungbean, 

respectively and max (  ,  ) is the maximum duration of an intercropping system 

(days).  

Jute equivalent yield (JEY) 

JEY converts mungbean seed yield to jute equivalent yield in terms of the prevailing 

price. In intercropping condition, JEY is calculated using the formulae: 

                     

Where, PJ and PM are the price (₹ q
-1

) of jute and mungbean, respectively, during the 

time of the study. 

Relative crowding coefficient (K) 

The coefficient K is calculated by 

          

Where,     and     are the relative crowding coefficients of jute intercropped with 

mungbean and mungbean intercropped with jute, respectively and measured using the 

formulae 
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and     

       

             
 

Where,    and    are the sown proportion of jute and mungbean in intercropping, 

respectively.  

Coefficient of aggressivity (A) 

It measures how much the relative yield of one crop is greater than that of the other 

by the formulae 

                    and                      

Where,    and    are partial aggressivity coefficients of jute and mungbean and    , 

    are the sown proportion of jute and mungbean in intercropping, respectively.  

Monetary advantage index (MAI) 

MAI provides information on the economic advantage of the intercropping system 

and calculated as 

MAI = Value of combined intercrop yield × (LER - 1) / LER 

Statistical Analysis 

A conventional analysis of variance (ANOVA) may not be valid for systematic 

designs, since many effects have been confounded due to systematic arrangement and 

restricted randomization of treatment combinations. Nevertheless, an ANOVA can be 

used as a preliminary diagnostic tool to give some indication of the significance or 

otherwise of the effects of the factors and their interactions (Willey and Rao, 1980; 

Thattil and Costa, 1988). In the present study, ANOVA was performed on yield data 

and LER values. Student t-test and Duncan’s multiple range tests (DMRT) were 

performed to test mean differences using SAS 9.3 software. 

RESULTS AND DISCUSSION 

Yield attributing characters 

There was no significant change in jute plant height due to intercropping. In contrast, 

a significant (p<0.05) increase in average mungbean plant height was observed at 55 

DAS with 29.6 cm in sole crop and 37 cm in SR, whereas it was 45.6 cm in sole crop 

and 51.33 cm in DR. At 45 DAS, jute canopy caused 6% to 23.66% reduction in 

solar radiation on mungbean canopy at 10:30 h with a mean reduction of 13.07%; 

whereas, at 12:30 h, the mean reduction was 2.45%. The three stages of pod picking 

contributed about 30%, 50% and 15% of the total seed yield, respectively. Results for 

DR planting were straightforward in comparison to SR. Shading from taller jute plant 

canopy may have induced elongation of mungbean plants and affected seed yield. 

These results conformed to earlier studies on mungbean plant height and shading 

effect (Roy et al., 2015). 
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Comparative yield advantages 

In the Analysis of Variance for SR planting, all the main effects and 2- and 3- factor 

interactions were significant (p<0.05) on jute fibre yield, mungbean seed yield, LJ, 

LM and L, with one exception of the effect of J×M interaction on L. Whereas, in DR, 

only two main effects, inter-band spacing (I') and jute plant density (J'), had highly 

significant effect (p<0.05) on fibre yield, mungbean seed yield, LJ and LM. Dense and 

intimate planting of jute had more competitive effect on mungbean seed yield. 

Yield 

In sole cropping, jute fibre yield was 30.38 and 26.00 q ha
-1

in SR and DR, 

respectively; and mungbean seed yield was 16.00 q ha
-1

. Sole crop recorded higher 

yield than in intercropping (Table 2 and 3). Thus, sole crops-maintained supremacy 

over intercropping systems and may be due to the absence of interactional crop 

competition in the sole cropping environment, balanced fertilization and limited 

disturbance to the habitat (Banik et al., 2000).  

In SR system, jute fibre yield varied between 21.38 and 29.50 q ha
-1

 with overall 

mean of 25.50 q ha
-1

 and mungbean seed yield varied between 4.19 and 11.44 q ha
-1

 

with overall mean of 7.28 q ha
-1

. These results conformed to an earlier limited study 

in jute-mungbean intercropping with alternate row planting (Ghorai et al., 2016). 

Uneven distribution of rainfall was mainly responsible for overall low fibre yield in 

SR planting.  In general, jute fibre yield was low in wider spacing of 40 - 45 cm × 8 

cm, due to low plant density of jute and increased with narrower spatial 

arrangements. It attained maximum of 29.50 q ha
-1

 in T6. In contrast, mungbean seed 

yield showed a reverse trend to that of jute spacing. It was low in narrow intra-jute 

spacing of 5-6.5 cm and recorded higher seed yield with wider spacing combinations 

of 40-45 cm (row to row) × 8 cm (jute to jute in a row) × 12 cm (mung to mung in a 

row) for T18, T25 and T26. 

Yield reduced for both the crops in intercropping, in mungbean more so, though seed 

yield was higher in double row (DR) compared to the single row (SR) planting. In 

DR planting, intercropped jute fibre yield varied between 16.94 -23.19 q ha
-1

 with an 

overall mean of 20.22 q ha
-1 

and seed yield varied between 6.38 - 10.31 q ha
-1

 with an 

overall mean of 8.49 q ha
-1

. Seed yield increased sharply with increase in intra-

mungbean spacing. In general, fibre yield in DR system was significantly (p<0.05) 

low for lower jute plant density of 30 m
-2

 and for inter-band spacing of 11 cm. Fibre 

yield increased as density or inter-band spacing increased, though with decelerated 

rates. Whereas mungbean yield did not show significant variation with changes in 

mungbean density levels. Seed yield was significantly (p<0.05) higher for low jute 
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plant density of 30 m
-2

. These results indicated yield trade-offs with varied intimacy 

and densities of the component crops.  

Jute plants exhibited signs of N deficiency during 50-70 DAS as plants stunted and 

leaves turned pale yellowish-green chlorosis that subsided later on. It might be 

attributed to the causes of suspension of the N topdressings. Substantial reduction of 

intercropped mungbean seed yield seems to be mainly due to the shading effect of 

taller jute canopy at critical stage of pod maturity. Similar results on chickpea seed 

yield loss were recorded in wheat-chickpea (Banik et al., 2006). Better performance 

of mungbean had also been reported in 3:2 row arrangement maize-mungbean 

intercropping (Roy et al., 2015) and may be due to more light perception facilitated 

by grouping of low-canopy mungbean in band (Natarajan, 1990) and minimization of 

interspecific crop competition (Ofori and Stern, 1987). 

Jute equivalent yield (JEY)  

Under SR planting, JEY values were more than 39.00 q ha
-1

 in T6, T9, T15, T17, T18, 

T21, T25 and T26 having wider spacing of 35-40 cm × 6.5-8.0 cm × 10-12 cm and 45 

cm × 8 cm × 8-10 cm. It attained maximum for T18 (40, 8, 12). JEY increased in the 

range of 4.9 to 45.3% over sole jute fibre yield and 22.0 to 68.9% over sole 

mungbean seed yield. Similar trends have been reported with 1:1 row arrangement in 

jute-mungbean intercropping (Ghorai et al., 2016). 

Under DR planting, JEY values were higher for treatments T'5 to T'9. Increase in JEY 

was in the range of 30.73 to 51.14% over sole jute fibre yield and 12.69 to 30.28% 

over sole mungbean seed yield. Similar trend of increased maize equivalent yield has 

been reported in maize-pigeonpea with 4:2 row proportion (Lingaraju et al., 2008). 

JEY values in intercropping were always higher (p<0.05) over sole yield of either of 

crops, irrespective of planting arrangements (Table 2 and 3). The higher relative price 

of mungbean seeds contributed substantially to offset the decrease in intercropped 

jute fibre yield and outperformed the sole fibre yield and of sole seed yield. Relative 

price of jute fibre and mungbean seed were 1:1.63, 1.59 and 1:1.89, for the years 

2016, 2017 and 2018, respectively(https://farmer.gov.in/mspstatements.aspx). 

Land equivalent ratio (LER) 

Partial LER values for jute (LJ) were always greater than that of mungbean (LM). 

Values varied inversely to each other and both were less than unity. Total LER values 

always exceeded unity in intercropping, irrespective of row arrangement (Fig. 2                

and 3). 
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Figure 2. Land equivalent ratios at different inter-row spacing (17.5, 20.0 and 22.5 

cm) under altrnate single row (SR) planting as influenced by intra-row 

jute and mungbean spacing variations. LJ and LM are partial LERs for 

jute and mung, respectively and L is the total LER 

In SR arrangement, LJ values varied in the range of 0.704 to 0.971, with an overall 

mean of 0.840 and LM ranged between 0.262 and 0.715 with an overall mean of 

0.455. Whereas, total LER (L) for intercropping varied between 1.097 and 1.542 with 

an overall mean of 1.295. In general, LJ values were low for low jute plant density of 

28 to 30 m
-2

, increased with increase in jute plant density of 31 to 50 m
-2

, attained a 

maximum of 0.9712 for the plant density of 44 m
-2

in T6; but decreased with further 

increase in density. In contrast, LM values varied reversely to that of LJ. These 

indicated that intercropping is always advantageous though components did not fully 

share the limiting resources. Similar results were reported in goundnut-cereal 

intercropping (Ghosh, 2004) and in cereal-legume intercropping (Bedoussac et al., 

2015). 

In DR planting, LJ values varied between 0.651 and 0.892, with an overall mean of 

0.780 and LM values ranged from 0.400 to 0.645 with an average of 0.531. Whereas, 

total LER (L) for intercropping varied between 1.227 and 1.412 with an overall mean 

of 1.311. In general, with jute plant density of 40-50 m
-2

 and inter-band spacing of 14 

and 17 cm, mean LJ values were more than 0.79 but mean LM values were less than 

0.50. In contrast, LM values were high with low jute plant density. With 11 cm inter-

band spacing, LM values were more than 0.59 with a jute plant density of 30 m
-2

. It 

indicated that by increasing jute population, intercropped fibre yield approached 

nearer to sole jute yield, but it reduced mungbean seed yield by 50% or more of its 

sole yield. Whereas, with less dense and less intimate planting of jute, LM increased. 

This may be due to interception of more solar radiation to mungbean and reduced 

inter-specific competition in alternate band planting. 
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Figure 3. Land equivalent ratios at different inter-band (11, 14 and 17 cm) spacing 

under altrnate double row (DR) planting as influenced by within-row jute 

and mungbean spacing variations. LJ and LM are partial LERs for jute and 

mung, respectively and L is the total LER 

Area × time equivalent ratio (ATER) 

In SR planting, with the exception of three treatments, ATER values for all the other 

24 combinations exceeded unity. Whereas, in DR planting ATER values always 

exceeded unity. In SR planting average ATER value is 1.114. Values were more than 

1.22 for treatments T6, T9, T15, and T18 having 35-40 cm x 6.5-8 cm x 12 cm spacing 

combinations.  In DR planting, ATER values ranged from 1.025 to 1.179 with a 

mean of 1.107, indicating 2.5 to 17.9% advantage with jute-mungbean intercropping 

system over sole cropping.  

Competitive ability indices 

Competitive ability is a measure of the ability of one of the crops to harness limiting 

resources, when grown in mixtures with another component, compared to its ability 

to utilize those resources when grown in pure stands (Snaydon, 1991). 

Relative crowing coefficient (K) 

In both the row arrangements, KJM>1.0 and were always higher than corresponding 

values of KMJ. These indicated jute as highly dominant and competitive species of the 

two (Table 2 and 3). Combined K values were always >1.0, indicating definitive 

yield advantages due to intercropping. Narrower range of K values in DR indicated 

that the degree of competition in DR was lesser compared to SR system. Grouping of 

crops in band arrangements might have eased the intensity of competition (Natarajan, 

1990). These results conformed to studies in groundnut-cereal (Ghosh, 2004) and 

wheat-chickpea intercropping (Baniket al., 2006).  
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Aggressivity (A) 

In the two row arrangements, AJ values were always positive with one exception of 

T27 in SR planting. AJ values increased either with the increase in jute plant density 

or with decrease in inter-row / inter-band spacing. In contrast, AM values were always 

negative with one exception of T27 in SR. Positive values of AJ indicated that jute 

was the dominant species. Higher AJ values indicated that the intensity of dominance 

increased with dense and intimate planting of jute; values lessened progressively as 

jute planting were thinner and less intimate; and attained the lowest value with 

spacing of 45 cm × 8 cm × 8-12 cm, where jute plant density was at its lowest of 28 

m
-2

.   

Similarly, in DR planting, with jute plant density of 50m
-2

, higher values of AJ 

indicated that the intensity of dominance increased with dense and intimate planting 

of jute. It was at its low for low jute plant density of 3 l ha
-1

 and inter-band spacing of 

11 cm. 

Monetary advantage index (MAI) 

The higher the MAI value, the more profıtable is the cropping system (Ghosh 2004). 

Economic feasibility of jute-mungbean intercropping systems were analyzed using 

MAI. MAI values varied between 9012 and 49640 ₹ ha
-1

 with an overall mean of 

27180 ₹ ha
-1

 in SR planting (Table 2). Monetary advantages were more than 30000 ₹ 

ha
-1

 in in 11 treatments with spacing combinations of 35-40 cm x 6.5-8 cm x 10-12 

cm and 45 cm x 5-8 cm x 10-12 cm. In some of these treatments, contribution from 

mungbean was marginal with substantial contribution from jute fibre, or vice versa. 

For T6, T9, T15 and T18, contribution from both the crops were substantial. 

In DR planting, MAI values varied between 23246 and 42415 ₹ ha
-1 

with an overall 

mean of 31829 ₹ ha
-1

(Table 3).In treatments T'2 to T'9, the contribution from 

mungbean seed yield was substantial with moderate contribution from jute fibre; 

whereas, for the treatments T'10, T'13, T'14, T'16, T'19, T'22, T'26 and T'27, the 

contributions from jute was substantial and that of mungbean was marginal. Narrow 

range of variation in MAI values for DR planting indicated stable benefit. These 

results conformed to the results of higher MAI in groundnut/cereal fodder 

intercropping whenever LER and K values were higher (Ghosh, 2004). 

CONCLUSION 

Traditional sole jute farming in tropical and subtropical areas of India and 

Bangladesh are facing challenges of low profitability and area shrinkage. In the wake 

of Green Revolution, cereals had also taken over the usual growing areas of many 

traditional crops including pulses along the jute tracts of these two nations and 

reduced mungbean area and production. Advances in knowledge and technology 

aided in successful realization of jute-mungbean intercropping. This study indicated 

that jute-mungbean intercropping is potent to address the rising concern on economic 
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return and nutrition. Irrespective of 1:1 or 2:2 row arrangements, jute-mungbean 

intercropping system is always superior to sole cropping in productivity and 

economic return. Intercropping is potent to overcome profitability constraints in jute 

farming and encourages vertical area expansion of mungbean to secure protein 

nutrition to jute farmers, predominantly small and marginal farmers of India and 

Bangladesh. Double row planting is more advantageous to stabilize yield, income and 

crop management. With little prudence in crop management strategies, adoption of 

this intercropping system might be a potent and sustainable solution to arrest jute area 

decline and increase of mungbean area and production, along jute tracts of Indo-

Bangla subcontinent. It would bring desirable protein security and numerous other 

benefits as well. This study would give impetus to investigate other aspects of jute-

mungbean intercropping.   
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ABSTRACT 

In the present study, 9 bacterial and 6 fungal endophytes were isolated 
from surface sterilized leaf, stem and root samples of the medicinal plant 
- Andrographis paniculata (Kalmegh). The endophytes were screened for 
plant growth promoting traits (IAA, phosphate solubilization and N2 
fixation), enzymes (cellulase and amylase) and antimicrobial compounds 
against 3 potent human pathogens- E. coli, Staphylococcus sp. and 
Vibrio sp. The majority of the isolated endophytes produced the 
phytohormone - IAA (ranging 2-45µg/ml), and 1 endophyte solubilized 
phosphate and fixed N2. All the fungal endophytes possessed cellulase 
and amylase activity. In the preliminary screening, 4 bacterial and 4 
fungal endophytic isolates extract showed antagonistic activity against 
the 3 potent human pathogens which are known causative agents of 
urinary tract, skin and gastrointestinal tract infections, respectively. The 
endophytes of A. paniculata exhibiting broad and specific antimicrobial 

activity make them ideal candidates in medical purposes. 

Keywords: Andrographis paniculata, Endophytes, Medicinal plant, PGP, 

Phytohormones 

INTRODUCTION 

After their discovery by Darnel Germany in 1904 (Freeman, 1904), the endophytes 

has revolutionized the field of plant microbe interaction. Endophytes are ubiquitous 

species of bacteria, fungi and actinomycetes (Chanway et al., 1996) that originates in 

the rhizospheric region and after gaining entry into the root interior by different 

mechanisms like cell wall hydrolysis, water flow, via wounds and tumour (Hallman, 

1997; Siciliano et al., 1998), establish a mutualistic and symbiotic association with 

the host plant (Quispel et al., 1992).  The endophytes are host specific (Dastogeer et 

al., 2018) and colonize different plant parts such as root, stem, leaves, apical bud etc. 

(Ulrich et al., 2008) without doing any substantial harm to their host (Kado et al., 
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1992), but provide their host with a ton of benefits in the form of plant nutrients 

(Chen et al., 1995), phytohormones (Shi et al., 2009), enzymes (Uzma et al., 2016) 

pest and pathogen resistance and stress tolerance (Yaish et al., 2015) etc.  

The endophytes aid in various plant growth promoting (PGP) abilities to the host 

plant in form of phytohormones such as indole 3 acetic acid, gibberellins, cytokinins 

(Ali et al., 2017); mineral nutrient assimilation such as N2 fixation and phosphate 

solubilization etc. Apart from the plant synthesized phytohormones, the endophyte 

produce phytohormones like indole 3 acetic acid (IAA) in a L-tryptophan dependent 

pathway which imparts additive growth promoting abilities to the host (Bal et al., 

2013), by enhancing cell elongation, cell division and promoting tissue 

differentiation etc (Taghavi et al., 2009). Atmospheric nitrogen (N2), is a limiting 

nutrient element to plant due to their inability to fix it, hence, the plants have to rely 

upon the rhizospheric microorganisms and chemical fertilizers for N2 supply. 

Recently, the endophytes are emerging as beneficial alternative source of N2 

(Muangthong et al., 2015), because the plant interior with low partial O2 pressure and 

sufficient N2 accessibility, serve as a homely niche for N2 fixation (James and 

Olivares, 1998). The endophyte fixed N2 is required for plant growth and 

development without any persistent environmental hazards in the form of 

underground water contamination and greenhouse gas emission, as evident in 

chemical fertilizers. Phosphorus (P) is an essential primary nutrient element in the 

form of ATP, sugar and nucleotides in plants (Saber et al., 2005) as well as for 

secondary metabolic processes like terpenoid biosynthesis, isopentenyl 

pyrophosphate, precursor of andrographolide (Vickery and Vickery, 1986; Dubay et 

al., 2003), bioactive compounds of medicinal plant Salvia miltiorrhiza (Lu et al., 

2013), and Lens culinaris (Sarker and Karmoker, 2011). The application of chemical 

P fertilizers although increased the essential oil content of Mentha piperita 

(Sulandjari et al., 2007) and sunflower (Bahl et al., 2000), but they contain maximum 

amount of soluble inorganic phosphate, which gets immobilized and unavailable to 

the plants. Alternatively, rhizobacteria were also used for phosphate mobilization and 

increased upland crop yields (Goldstein et al., 1986). But nowadays, P solubilization 

by endophytes is well documented in crop plants like wheat (Jha and Kumar, 2009) 

and rice (He and Zhu, 1998) via release of protons, chelating agents and organic 

acids (Hussain et al., 2013) which helps in plant growth and development, pathogen 

resistance efficiently. 

Apart from various primary and secondary metabolites, antioxidants, anticancer 

agents (Gunatilaka et al., 2006), the endophytic fungi also serves as potential sources 

of industrially relevant enzymes with valuable roles in biotechnology. They produce 

hydrolases like pectinase, lipase, proteinase, amylase, laccase, xylanase etc. 

extracellularly to resist pathogen invasion and nutrient acquisition from the host 

(Sunitha et al., 2013) which are available to the mankind with industrial and 

biomedical potentialities (Strobbel et al., 2003). 
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In a study by Farnsworth et al. (1990), it is observed that an estimation of WHO has 

clearly reported that approx. 80% population of the developing countries use 

traditional medicinal plants for primary health care needs, which is also getting in 

demand in developed countries due to their non-toxicity, abundance and affordable 

costs. Microorganisms have had promising use since decades as disease control 

agents. Recently endophytes of medicinal plants are also gaining importance in 

medical applications such as antibiotics, antivirals, antidiabetic and anticancer agent 

etc. production (Guo et al., 2010). The endophytes of medicinal plants, 

G.mangostana of Indonesia (Radji et al., 2014), Catharanthus roseus 

(Mukhopadhyay and Adhikari, 2020) etc. are shown to have diverse antimicrobial 

activity and resisted the growth of potential human pathogens. 

Andrographis paniculata (commonly known as Kalmegh) is extensively used in 

India, China and South East Asia as a household medicine. Studies have reported that 

this herb has promising results in the treatment of fatal diseases like meningitis, acute 

hepatitis, influenza, malaria etc (Rao et al., 2014) and is widely used in the 

prevention of gastrointestinal, respiratory and urinary tract infections (Xu et al., 

2006; Zhang et al., 2009). However, very little studies have focused on the abilities 

of the endophytes of Andrographis paniculata to resist against pathogenic infections 

(Arunachalam et al., 2010; Gusmaini et al., 2013). 

Our current study focuses on the isolation of endophytes from medicinal plant - 

Andrographis paniculata and exploring their potential for plant growth promoters, 

extracellular enzymes and antimicrobial compounds. 

MATERIALS AND METHODS 

Collection of plant materials 

Intact healthy Andrographis paniculata plant samples were collected from the local 

area and taken aseptically to the laboratory. 

Surface Sterilization and Isolation of endophytes 

From the plant samples, 1g each of stem, root and leaf was taken and thoroughly 

washed in running tap water and Tween 20 solution by vigorous shaking. This was 

followed by washing with sterile distilled water, and finally dipped in 70% ethanol 

for 3-5 minutes. Further, the roots were treated with 1% sodium hypochlorite solution 

for 2 minutes and rinsed 2-3 times with sterile Milli-Q water following (Sucuia and 

Cornea, 2019). The sterilized samples were then ground to prepare slurry and various 

dilutions were prepared with 0.85% sterile saline water. From the prepared dilutions, 

0.1 ml was dispensed on Nutrient agar and Czapek Dox agar plates and incubated at 

37 °C for 24 h. After the incubation period, the endophyte colonies were selectively 

isolated and further examined by staining and microscopic analysis. 
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Screening of bacterial isolates for PGP trait analysis  

IAA production 

The bacterial isolates were aseptically inoculated into 20 ml of IAA media (NaNO3 

0.2%, K2HPO4 0.1%, Na2HPO4 0.2%, MgSO4 0.01%, CaCO3 0.2%, Glucose 1%) 

supplemented with 0.5% (v/v) of L- tryptophan and incubated for 10 days at 28°C. 

After 10 days, the isolates were centrifuged at 3000 rpm for 20 min and the 

supernatant was analyzed for IAA production following Gordon and Weber, 1951 by 

using freshly prepared Salkowski reagent and assessed for the development of red 

colour as positive result. Standard graph was plotted from known concentration of 

IAA and the amounts of IAA produced by the isolates were measured at 530 nm by 

spectrophotometeric analysis.  

Phosphate Solubilization 

The endophytic bacterial isolates were screened for phosphate solubilization by 

inoculating into Pikovskaya medium (containing dextrose 10gm, Tricalcium 

phosphate 5gm, (NH4)2SO4 0.5 gm, NaCl 0.2 gm, MgSO4 0.1 gm, KCl 0.2 gm, FeSO4 

0.002 gm, Yeast Extract 0.5 gm, MnSO4 0.002 gm, Agar-20 gm, distilled water 

1liter) and incubated at 30°C for 7 days (Pikovskaya, 1948). Finally, the media plates 

were observed for the formation of clear halo around the colony due to the utilization 

of tricalcium phosphate present in the medium.  

Nitrogen Fixation 

The bacterial isolates were inoculated into slants of Glucose N2 free mineral media 

(containing glucose-10 gm, K2HPO4 1gm, MgSO4 0.20 gm, CaCO3 1gm, NaCl 0.2 

gm, FeSO4 0.10 gm, Na₂MO₄-0.005 gm, Agar-10 gm, distilled water 1 liter) 

containing bromothymol blue solution and incubated at 30°C for 7 days and were 

observed for the appearance of prussian blue colour as indicative of nitrogen fixation 

by the isolates. 

Screening of fungal isolates for Extracellular Enzyme production  

Cellulase Activity 

The fungal isolates were assessed for cellulase activity by streaking on CMC Agar 

media (containing K2HPO4 1 gm, MgSO4 0.5 gm, NaCl 0.5 gm, FeSO4 0.01 gm, 

MnSO4 0.01 gm, NH₄NO₃-0.03 gm, CMC 10 gm, Agar-20 gm, distilled water 1 liter) 

and incubated for 5 days. After fungal growth appearance, the plates were flooded 

with 0.1% Congo red solution for 15 mins with gentle shaking and then de-stained 

with 1M NaCl solution for 15 minutes. Appearance of clear zones around fungal 

colony indicates cellulase activity. 

Amylase Activity 

The fungal isolates were assessed for amylase activity by inoculating on Starch Agar 

media (Beef Extract 3 gm, Soluble Starch 10 gm, Agar 20 gm, distilled water 1 liter) 

and incubated for 24 – 48 h. After incubation, the plates were flooded with 1% 
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Gram’s iodine solution and observed for the appearance of a clear zone of hydrolysis 

around the fungal growth. 

Screening of endophytic bacteria and fungi for production of antimicrobials 

The endophytic bacterial and fungal isolates from Andrographis paniculata were 

cultured in 5 ml Nutrient broth and Sabouraud Dextrose broth medium respectively at 

32°C for 5 days (allowing them to reach stationary growth phase) in a rotary shaker 

(150 rpm), followed by centrifugation at 8000 rpm for 8 mins. The culture filtrate 

was used for the screening of antimicrobial activity by agar-diffusion technique on 

Luria-Bertani agar media that was previously seeded with test pathogens - E. coli, 

Staphylococcus sp. and Vibrio sp. Sterile broth was set as control. Formation of any 

inhibition zone was recorded. 

RESULTS AND DISCUSSION 

From the surface sterilized Andrographis paniculata, a total of 100 endophyte cfu 

were observed, of which the highest endophytic consortia were isolated from leaf 

tissue (47cfu), followed by the root (33 cfu) and stem tissue (20 cfu). This signified a 

diverse number of residing endophytes in A. paniculata leaves. Out of 100 

endophytic cfu, morphologically distinct 9 bacterial and 6 fungal isolates were 

considered for further evaluation of their potential roles in the host plant 

physiological processes (Table 1).  

Table 1. Endophytes isolated from Andrographis paniculata 

Plant 

specimen 

Endophyte 

Type 

Leaf Stem Root Total Microscopic 

Characterization 

Andrographis 

paniculata 

Bacterial 3 3 3 9 Gram (+) rods, few are 

gram (-) 

Fungal 3 2 1 6 Fungal hyphae 

identified to be 

Alternaria sp. 

The bacterial endophytic isolates were microscopically characterized as gram 

positive rods, which are consistent with those found in the Cassia tora L. (Kumar et 

al., 2015) and the fungal endophytic isolate was identified to be Alternaria sp.  Also, 

Aspergillus sp. is identified as endophytes in Andrographis paniculata (Elfita et al., 

2015). 

In the current study, efforts were made to observe the PGP properties of bacterial 

endophytes of Andrographis paniculata i.e., IAA production, N2 fixation and 

phosphate solubilization (Table 2).  
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Table 2. Plant Growth Promoting (PGP) Traits of Endophytic Bacterial Isolates of  

A. paniculata 

Endophyte 

isolate 

IAA Production 
Phosphate 

Solubilization 
N2 fixation Ability Concentration 

(µg/ml) 

1) APL1-B - - - - 

2) APL2-B + 2 - - 

3) APL3-B + 12 - + 

4) APS1-B - - - - 

5) APS2-B + 31 + - 

6) APS3-B - - - - 

7) APR1-B + 15 - - 

8) APR2-B + 3 - - 

9) APR3-B + 45 - - 

Out of 9 isolates, 6 were found to produce IAA, the main auxin in higher plants. The 

root isolate, APR3-B was shown to produce maximum IAA (45µg/ml), followed by 

the stem isolate, APS2-B (31µg/ml) after 10 days incubation with 0.5% L-

tryptophan. This signifies their additive roles in promoting plant root and shoot 

growth, water and mineral uptake etc. (Liu et al., 2010). No IAA detected in isolates 

in absence of L-tryptophan suggests that the endophytes synthesize IAA in L-

tryptophan dependent indole-3 pyruvic acid (IPA) pathway (Lee et al., 2004). This 

observation may be interpreted as the endophytes may be deficient of the tryptophan 

biosynthetic pathway and relies upon the host plant for the amino acid L-tryptophan, 

the extra amount is converted to IAA by the endophyte for efficient plant growth 

promotion. This signifies a mutually beneficial plant-microbe interaction. Phosphate 

solubilization by the endophyte, Achromobacter xylosoxidans is well documented in 

wheat (Jha and Kumar, 2009). In our study, 1 stem isolate, APS2-B was shown to 

solubilize P on Pikovskaya medium, as indicated by a clear halo around the colony is 

another PGP trait observed in the endophytic isolates. Inorganic P in chemical 

fertilizers gets immobilized in the soil and is unavailable to the plants. However, P 

solubilization by rhizospheric microorganisms is well reported (He et al., 2010). The 

endophytes are also found to be capable of solubilizing the soil P reserve via 

production of organic acids and extracellular polysaccharides and releasing them into 

soil (Goldstein et al., 1995). This makes them ideal candidates for the utilization of 

soil P reserve by the plants thus enhancing the crop yields. The highest P solubilizing 

endophytes reported seems to be Streptomyces sp. (Hamdali et al., 2008), Bacillus 

sp., Pseudomonas putida etc (Rajkumar et al., 2006). This solubilized P is further 

utilized in secondary metabolite biosynthesis like andrographolide in Andrographis 
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paniculata (Vickery and Vickery, 1986). In addition to this, 1 leaf isolate, APL3-B 

was found to be capable of fixing atmospheric N2 in glucose N2 free minimal media, 

as indicated by prussian blue coloration. This is another PGP trait conferred by the 

endophytes towars plant growth and development processes. Till date, rhizospheric 

microorganisms are well known for their capability of atmospheric N2 fixation 

(Igiehon et al., 2018), the sole natural source of N2, which is an important 

macronutrient of plants. The endophytes also fix atmospheric N2 by nitrogenase 

activity which is encoded by the nifH gene (Tonooka et al., 2008) making them ideal 

for the supply of plant N2 source. The capability of isolates, APL3-B and APS2-B 

with diverse PGP traits make them agriculturally potential endophytes. 

Beside PGP traits, preliminary screening of Andrographis paniculata fungal 

endophytic isolates for enzyme production (cellulase and amylase) was also carried 

out. Among 6 isolates, all were positive for the production of extracellular enzymes 

viz. cellulase and amylase (Table 3), which confers their potential role in plant 

pathogen resistance. Various plant pathogens attack plant tissues which are 

outcompeted and inhibited by the residing endophytic fungi with aid of different 

extracellular lytic enzymes like chitinase, protease, cellulase etc. production (Choi et 

al., 2005) which breaks down the plant pathogen cell wall constituting chitin, 

modified cellulose, starch as storage material (de Bashan et al., 2005).  

Table 3. Enzyme Production Assessment of Fungal Endophytic Isolates of  

A. paniculata 

Endophytic Isolate Cellulase Activity Amylase Activity 

1) APL1-F + + 

2) APL2-F + + 

3) APL3-F + + 

4) APS1-F + + 

5) APS2-F + + 

6) APR1-F + + 

The bacterial endophytes like Bacillus and Pseudomonas sp. induce chitinase 

expression which reduces the disease severity of plant pathogen - Xanthomonas 

axonopodis (Rajendran, 2006). These enzymes producing fungal endophytes can also 

be used as biotechnological sources for industrially and medically important enzymes 

(Promputtha et al., 2007). 

The antimicrobial potential of Andrographis paniculata endophytic extracts were 

also evaluated against 3 test pathogens - E.coli, Staphylococcus sp. and Vibrio sp. 
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Out of the 9 bacterial isolates, 4 isolates (APL1-B, APS2-B, APS3-B and APR3-B) 

were found to inhibit the test pathogens; of which the stem isolate, APS3-B 

significantly showed broad spectrum antimicrobial activity against E.coli, 

Staphylococcus sp. and Vibrio sp. 4 out of 6 fungal endophytic isolates namely, 

APL1-F, APS1-F, APS2-F and APR1-F were also inhibiting the test pathogens, and 

the latter 3 of them were found to significantly inhibit both Staphylococcus sp. and 

Vibrio sp. (Table 4).  

Table 4. Antimicrobial Activity of Endophytes of A. Paniculata 

Isolates E. coli Staphylococcus sp. Vibrio sp. 

Bacterial Zone of Inhibition (in mm) 

APL1-B 15 - - 

APL2-B - - - 

APL3-B - - - 

APS1-B - - - 

APS2-B - 13 - 

APS3-B 16 13 14 

APR1-B - - - 

APR2-B - - - 

APR3-B - 10 - 

Fungal  

APL1-F - - 17 

APL2-F - - - 

APL3-F - - - 

APS1-F - 10 11 

APS2-F - 10 12 

APR1-F - 11 13 

E. coli is the leading cause of community acquired urinary tract infection (UTI) 

among 1/3
rd

 of women population (Minardi et al., 2011). The phytochemicals 

extracted from Andrographis paniculata are capable of inhibiting uropathogenic E. 

coli strains (Sahare and Shinde, 2014) because they contain various essential oils and 

bioactive compounds with high sensitivity against E.coli (Gupta and Shukla, 2017). 

Contrarily, our study showed that A. paniculata leaf and stem endophytes (APL1-B 

and APS3-B) were strongly combating E.coli growth which can be used as an 

alternative against antibiotics in UTI treatment because the frequent use of antibiotics 

can cause vaginal and intestinal dysbiosis. Various species of Staphylococcus are 

opportunistic pathogens which causes a wide range of infections from mild skin 
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lesions (Foster et al., 1996) to severe necrotizing pneumonia, bacteremia, 

endocarditis etc. (Oliveira, 2018). Studies reported that A. paniculata leaf extracts 

can effectively inhibit Staphylococcus sp. at low MIC by oxidative damage via 

downregulating superoxide dismutase (Hussain and Mustakim, 2017). Our study 

showed that most of the A. paniculata endophytic bacterial (APS2-B, APS3-B, 

APR3-B) and fungal isolates (APS1-F, APS2-F, APR1-F) have inhibitory activity 

against Staphylococcus sp. which is consistent with results of Arunachalam et al., 

2010. Vibrio sp., the etiological agent of cholera, gastroenteritis and fulminant sepsis 

(Morris, 2003) is reported to be potentially inhibited by A. paniculata extracts. This 

is due to the presence of andrographolide, which is reported to have antiquorum 

sensing potential in Vibrio harveyi, thus inhibiting biofilm formation and bacterial 

virulence (Mary et al., 2017). Our study showed that A. paniculata endophytes, 

mainly fungal endophyte extracts have maximum inhibitory zones against Vibrio sp. 

Our investigation suggested that apart from A. paniculata phyto-extracts, the 

endophytes can also be used for medical purposes as they have broad and specific 

antimicrobial activity. Currently, endophytes are reported to be used in 

pharmaceutical purposes for the discovery of diverse human therapeutic agents like 

antibiotics, antimycotics, anti-carcinogenics etc. (Guo et al., 2008). 

CONCLUSION 

In conclusion, the endophytes of the medicinal plant -Andrographis paniculata are novel 

and diverse. They exhibit diverse PGP traits that help in the improvement of growth and 

development of A. paniculata and serve as a bioresource of medically important 

enzymes, which helps the plants in pathogen resistance. They also exhibit potential 

antagonistic effects against potential human pathogens causing skin, gastrointestinal, and 

urinary tract infections. Thus, the endophytes are promising sources of bioactive 

compounds in agricultural, biotechnological and pharmaceutical fields. 
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ABSTRACT 

The experiment was conducted during the period from November 2015 to 
June 2016 at the Laboratory of Biochemistry Department, Sher-e-Bangla 
Agricultural University (SAU) and Soil Science Laboratory of Bangladesh 
Agriculture Research Institute (BARI), to find out the effect of different 
wheat (Triticum aestivum L.) genotypes on proximate composition. Six 
wheat genotypes, i.e., BARI Gom 25, BARI Gom 26, BARI Gom 27, 
WYCYT (E-15) (Line), WYCYT (E-16) (Line) and PAVON-76 (Local) were 
used as a treatment for the experiment. The highest weight of 1000 grains, 
dry matter content, carbohydrate content, protein content, lipid content, 
ash content were recorded from BARI Gom 26 (46.45 g), BARI Gom 27 
(92.53%), WYCYT (E-16) (69.59%), BARI Gom 27 (10.08%), BARI Gom 
26 (2.20%), BARI Gom 26 (2.38%), respectively. Nevertheless,  the lowest 
weight of 1000 grains, dry matter content, carbohydrate content, protein 
content, lipid content, ash content were recorded from PAVON-76 (Local) 
(39.25 g), WYCYT (E-15) (Line) (90.43%), BARI Gom 26 (64.87%), 
WYCYT (E-16) (Line) (9.5%), WYCYT (E-16) (Line) (1.74%), WYCYT (E-
16) (Line) (1.86%), respectively. 

Keywords: Genotypes, Nutrient composition, Wheat 

INTRODUCTION 

Wheat (Triticum aestivum L.) is the most important cereal crop available all over the 

world and in even higher demand in recent years due to its superior health benefits. It 

occupies 17 percent of the total cultivated land in the world and it is the staple food 

for 35 percent of the world’s population (IDRC, 2019). The total world wheat 

production was 771.7 million metric tons in the year 2017 and China is the top 

wheat-producing country in the world (FAOSTAT, 2019). Bangladesh is a sub-

tropical country where wheat is the second largest cereal crop and grown in a short 

winter spell that being in November and ends in the first week  
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of March in southwestern part and third week of March in the northern region. At 

present, about 415,339 hectares of land in Bangladesh are covered by wheat, with the 

annual production of 13,11,473 metric tons in the year 2017 (FAOSTAT, 2019). 

Wheat belongs to the genus Triticum, of the family Poaceae also known as 

Gramineae. It originated in Southwest Asia, Tigris and Euphrates river valley, in the 

area known as the Fertile Crescent (Smith and Wayne, 1995). The area and yield of 

wheat have been increasing dramatically based on the demand of over increasing 

population of Bangladesh during the last two decades. 

Wheat Research Centre (WRC) and Bangladesh Agricultural Research Institute 

(BARI) have released 30 improved wheat varieties. But many of those  were not 

adequately adopted by farmers. Inadequate knowledge, lack of specifically adapted 

varieties and inadequate extension efforts are an important reason for this. Wheat is 

grown under a wide range of climatic and soil conditions and it grows well in clay 

loam soils. It is a crop of Rabi season (winter season), requires dry weather in 

Bangladesh. Well distributed rainfall between 40 and 110 cm is suitable for wheat’s 

growth. Almost 100-120 days are required from sowing to harvest in Bangladesh. 

Wheat is a rich source of carbohydrate and also contain protein, fat, ash, fiber, 

vitamins as well as mineral such as sodium, potassium, calcium, magnesium, iron, 

phosphorus, copper, zinc and manganese (Kumar et al., 2011). Wheat is unique 

among cereals. It contains gluten which has the characteristic of being elastic when 

mixed with water and retains the gas developed during dough fermentation. The 

wheat flour containing a large amount of protein and high quality of gluten is used 

for normal bread. The lower amount of protein in wheat is mostly used for 

confectionery or cakes (Caballero et al., 2007). Wheat produced in different parts of 

the world differ greatly in their intrinsic protein qualities and quantities; the quantity 

is influenced mainly by environmental factors. But the quality of protein is mainly a 

heritable characteristic (Bordes et al., 2008). 

Wheat is one of the most important cereals cultivated worldwide. Wheat flour is used 

to produce bread, noodles, pasta and a wide range of other food products (Tosi et al., 

2011). Characteristics of wheat in terms of physiological characteristics and also 

mineral contents depend on cultivar and other environmental factors and the 

interaction between cultivar and environment (Panozzo and Eagles, 2000). 

Firstly, two Mexican varieties (‘Sonora 64’ and ‘Penjamo 62’) were tested in the 

northern part of Bangladesh (BARI, 2010) and their spectacular performance 

encouraged scientists to introduce more wheat varieties (BARI, 1993).The 

physicochemical characteristics and related nutritional values are the utmost 

necessity of wheat consumers. The objective of the study was to evaluate the 

physicochemical parameters of different wheat genotypes. 
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MATERIALS AND METHODS 

Experimental location 

To find out the effect of different wheat genotypes on proximate composition, a 

laboratory experiment was conducted from during November 2015 to June 2016. The 

experiment was carried out at the Laboratory of Biochemistry Department, Sher-e-

Bangla Agricultural University (SAU) and Soil Science Laboratory of Bangladesh 

Agriculture Research Institute (BARI). 

Experimental material 

Four (4) released and two (2) advanced lines of wheat were used as experimental 

materials for study. Genotypes are BARI Gom 25, BARI Gom 26, BARI Gom 27, 

WYCYT (E-15) (Line), WYCYT (E-16) (Line) and PAVON-76 (Local). Wheat 

genotypes were used as treatment in the experiment are presented in Figure 1. 

Brief Description of wheat genotypes 

i. BARI Gom 25: It is semi-dwarf and height with high yielding variety 

evolved by Bangladesh Agriculture Research Institute (BARI) in 2010. Gains 

are glossy and larger in size. 

ii. BARI Gom 26: It is a semi-dwarf in height with high yield potential variety 

evolved by BARI in 2010. Grains are amber in color, bright and larger in 

size. 

iii. BARI Gom 27: It is a high yielding, short stature variety evolved by BARI in 

2012. Grains are white amber in color and medium in size. 

iv. WYCYT (E-15) (Line): It is an advanced line of Wheat variety and evolved 

by BARI. 

v. WYCYT (E-16) (Line): It is another advanced line of Wheat variety and 

evolved by BARI. 

vi. PAVON-76 (Local): It is a local variety evolved by BARI in 1979 and 

cultivated in the different Wheat-growing areas of Bangladesh. 

Data Collection 

The chemical analysis was done at the Laboratory of Biochemistry Department, 

Sher-e-Bangla Agricultural University (SAU) and Soil Science laboratory of 

Bangladesh Agriculture Research Institute (BARI). 

Determination of 1000 grains weight 

After threshing, a random sample of fully grown 1000 seeds were counted and 

weighed at 14% moisture content. The collected one thousand wheat grains were 

weighed by using a digital electric balance and expressed in gram (g). 
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BARI Gom 27 WYCYT (E-15) 

 

 

WYCYT (E-16) PAVON-76 

Figure 1. Photograph showing wheat genotypes were used as treatment in the experiment 
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Determination of Dry matter 

A clean dish was placed in an oven at 105
0
C overnight. After cooling the dish in 

desiccators was weighed. After taking the sample in the dish, the dish was weighed. 

Then it was placed in the oven at 105°C for 24 h. With sample after cooling the dish 

in desiccators was weighted. Again, the dish was placed in the oven at 105°C for 2 

hours. It was cooled in desiccators and weighed again. Repeated drying, cooling and 

weighing until the weight became constant. The dried sample was stored in an 

airtight dish. The moisture content of the sample was calculated and dry matter was 

determined by subtracting  the moisture content from fresh samples. The estimated 

dry matter was expressed as percent (%). 

Proximate composition 

The oven-dried wheat was grinded in a grinder and filtered with a suitable strainer. It 

was necessary to dry the sample in the oven at 105°C overnight. Then the wheat 

grains sample was ready for measuring proximate composition. The content of 

available total carbohydrate, total protein, total lipid, total ash and total crude fiber 

were estimated as g per l00 g dried sample as described by Raghuramulu et al. 

(2003). 

Statistical Analysis 

The recorded data for each character from the experiments were statistically analyzed 

to find out the significant difference of different wheat genotypes in respect of 

proximate composition. The mean values of all the characters were calculated and 

analysis of variance of characters under the study was performed by the ‘F’ (variance 

ratio) test. The significant difference of the treatment means was calculated by 

Duncan’s Multiple Range Test (DMRT) at 5% level of probability. 

RESULTS AND DISCUSSION 

Weight of 1000 grains 

Weight of 1000 grains of wheat genotypes were found statistically significant. It 

revealed that the highest weight of 1000 grains were recorded from BARI Gom 26 

(46.45 g), which was statistically similar to BARI Gom 25 and WYCYT (E-15) 

(Line), and closely followed by BARI Gom 27, whereas, the lowest weight of 1000 

grains were recorded from PAVON-76 (Local) (39.25 g), which was statistically 

similar to WYCYT (E-16) (Line) (41.45 g) genotypes (Table 1). Generally, the 

weight of grains is a genetical character. It is controlled by the genetic makeup of the 

genotypes. Different genotypes produced different size and weight of grains. Apart 

from management practices genetic make-up influences weight of 1000 grains. Al-

Musa et al. (2012) reported that among the BARI varieties, BARI Ghom-26 produced 

a higher weight of 1000 grains (49.38 g). Mohsen et al. (2013) observed that that the 

effect of cultivars was significant for all wheat parameters, including 1000 grains 

weight. 
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Moisture 

Statistically significant variation was recorded in terms of moisture content due to 

three released, two advanced lines and one local wheat genotypes. The highest 

moisture content was found from WYCYT (E-15) (Line) (9.64%), which was 

statistically similar to PAVON-76 (Local), WYCYT (E-16) (Line) and BARI Gom 

25. On the other hand, the lowest moisture content was found from BARI Gom 27 

(7.54%) which was statistically similar to BARI Gom 26 (7.90%) (Table 1). 

Dry matter 

Different wheat genotypes showed statistically significant variation for dry matter 

content. The highest dry matter content were observed from BARI Gom 27 (92.53%), 

which was statistically similar to BARI Gom 26 (92.17%), while the lowest dry 

matter content was found from WYCYT (E-15) (Line) (90.43%) which was 

statistically similar to PAVON-76 (Local), WYCYT (E-16) (Line) and BARI Gom 

25, respectively (Table 1). Mahmoud et al. (2015) reported high values of dry matter 

(87.37 g/100g FW) in different genotypes of wheat. 

Table 1. Weight of 1000 grains, moisture and dry matter content of different released 

variety, advanced lines and local variety of wheat 

Name of Wheat 

genotypes 

Weight of 1000 seeds (g) Moisture (%) Dry matter (%) 

BARI Gom 25 45.78 a 9.03 a 91.04 b 

BARI Gom 26 46.45 a 7.90 b 92.17 a 

BARI Gom 27 42.98 bc 7.54 b 92.53 a 

WYCYT (E-15) (Line) 44.38 ab 9.64 a 90.43 b 

WYCYT (E-16) (Line) 41.45 cd 9.17 a 90.90 b 

PAVON-76 (Local) 39.25 d 9.35 a 90.72 b 

LSD (0.05) 2.617 0.837 1.075 

CV (%) 3.51 5.89 4.29 

Significance level ** ** ** 

In a column means having similar letter(s) are statistically identical and those having dissimilar letter(s) 

differ significantly as per 0.05 level of probability. 

Carbohydrate 

Statistically, significant variation was recorded in terms of carbohydrate content due 

to different wheat genotypes. The highest carbohydrate content was observed from 

WYCYT (E-16) (Line) (69.59%), which was statistically similar to WYCYT (E-15) 

(Line) and PAVON-76 (Local), respectively and followed by BARI Gom 25, 

whereas the lowest carbohydrate content was found from BARI Gom 26 (64.87%),  
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followed by BARI Gom 27 (Table 2). Carbohydrate is the main component in wheat 

grain (54-72% of dry grain weight) and it affects the texture of baked products. It 

consists of 20-25% of the linear molecule, amylose and 75-80% of complex and 

highly branched molecule amylopectin (Stone et al., 2009). 

Protein 

Statistically, significant variation was recorded due to different wheat genotypes in 

terms of protein content. The highest protein content were found from BARI Gom 27 

(10.08%) which was statistically similar to BARI Gom 26 and followed by BARI 

Gom 25, whereas the lowest protein content was recorded from WYCYT (E-16) 

(Line) (9.5%) which was statistically similar to WYCYT (E-15) (Line) and PAVON-

76  (Local), respectively (Table 2). Protein is an essential constituent that determines 

the bread-making quality (Pomeranz, 1987; Shewry, 2009). Protein content in fully 

matured wheat grain varied from 10-20% (Shewry et al., 1994) and assumed that 

10% protein content in wheat grains. 

Lipid 

Lipid content exhibited statistically significant variation due to different wheat 

genotypes. The highest lipid content was recorded from BARI Gom 26 (2.20%) 

which was statistically similar to BARI Gom 27 and closely followed by PAVON-76 

(Local). The lowest lipid content was observed from WYCYT (E-16) (Line) (1.74%) 

which was statistically similar to WYCYT (E-15) (Line) and BARI Gom 25, 

respectively (Table 2). Wieser (2007) reported high values of lipid (2.18%) in 

different genotypes of wheat. 

Ash 

Different wheat genotypes varied significantly in terms of ash content. The highest 

ash content was recorded from BARI Gom 26 (2.38%), which was statistically 

similar to BARI Gom 27, PAVON-76 (Local) and BARI Gom 25, while the lowest 

ash content was recorded from WYCYT (E-15) (Line) (1.86%), which was 

statistically similar by WYCYT (E-16) (Line) (Table 2). Mahmoud et al. (2015) 

reported high values of ash content (3.08 g/100g FW) in different genotypes of 

wheat. 

Crude fiber 

Crude fiber showed statistically significant differences in terms of content due to 

different wheat genotypes. The highest crude fiber content was recorded from BARI 

Gom 26 (15.09%) which was statistically similar to BARI Gom 27 and BARI Gom 

25, respectively and followed by WYCYT (E-15) (Line). On the other hand, the 

lowest crude fiber content was recorded from WYCYT (E-16) (Line) (13.33%) 

which was statistically similar by PAVON-76 (Local) genotypes (Table 2). Wieser 

(2007) reported that high-value crude fibers (15.22%) in different genotypes of 

wheat. 
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Table 2.  Carbohydrate, protein, lipid, ash and crude fiber content of different 

released variety, advanced lines and local variety of wheat 

Name of Wheat 

genotypes 

Carbohydrate 

(%) 

Protein 

(%) 

Lipid (%) Ash 

(%) 

Crude fiber 

(%) 

BARI Gom 25 67.43 bc 9.71 ab 1.81 cd 2.06 a 14.84 abc 

BARI Gom 26 64.87 d 9.87 ab 2.20 a 2.38 a 15.09 a 

BARI Gom 27 66.30 c 10.08 a 2.02 ab 2.36 a 14.91 ab 

WYCYT (E-15)  68.102 ab 10.05 a 1.80 cd 1.86 b 14.22 bc 

WYCYT (E-16) 69.59 a 9.5 b 1.74 d 1.97 b 13.33 c 

PAVON-76 (Local) 68.56 ab 9.78 ab 1.88 bcd 2.17 a 13.80 c 

LSD (0.05) 1.475 1.449 0.246 0.343 1.351 

CV (%) 4.07 5.77 3.28 3.10 3.97 

Significance level ** * * ** * 

In a column means having similar letter(s) are statistically identical and those having dissimilar letter(s) 

differ significantly as per 0.05 level of probability. 

CONCLUSION 

A nutritional analysis is important for breeders to evolve more nutrient rich Wheat 

genotypes. Further analysis of different wheat genotypes should be done to know 

their nutritional value. Chemical composition and nutritional traits give the future 

strategy for the nutritionist, health advisor and dietician to know how to develop best 

use of the wheat. 
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ABSTRACT 

An aggravated salt concentration in soil restricts to intensify the crop 
productivity. In a salinity tolerance test, five Allium sativum cultivars viz. 
BARI Rashun-1, BARI Rashun-2, BARI Rashun-3, BARI Rashun-4 and 
Local (Natore local) were comapared subjecting four level of salt stress 
viz. 0, 4, 8 and 12 dS m

-1
. Total dry matter (TDM) (g) plant

-1
, bulb yield 

and yield supporting traits of all cultivars were depressed with 
successively induced salt. But, TDM productions, yield and yield 
supporting traits were less degraded in BARI Rashun-4 and BARI 
Rashun-3 at 12 dSm

-1
 salinity and had a stronger ability to continue 

constant osmotic potential maintaining the uttermost K
+
/Na

+
 ratio. The 

variety BARI Rashun-4 showed higher activity of antioxidant enzyme and 
less cell membrane damage at 12 dSm

-1 
salt level. BARI Rashun-3 and 

BARI Rashun-4 were considered as a relatively saline tolerant due to 
higher antioxidant enzyme synthesis, ion homeostasis and less 
degradation of yield. 

Keywords: Ascorbate peroxidase, Catalase, Peroxidase, Reactive 

oxygen species 

INTRODUCTION 

Salinity stress is a major inanimate problem that harms the agriculture by 

deteriorating the productive capacity all over the earth (Arif et al., 2020). It was 

computed that, almost 20% soil and even about partly of the earth’s total arable land 

have been damaged by salt (Velmurugan et al., 2020). An extrapolation revealed that, 

global annual cost would be 27.3 billion US$ due to hamper of crop manufacture in 

salt induce soil (Qadir et al., 2014). Therefore, identifications of salt tolerant cultivars 

would be a great endeavor to feed rising population of the world. Salt has a 
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detrimental influence on crop intensification and productivity, which is 

interconnected to metabolic and physiological activities. Owing to the onset of 

osmotic, ionic and dietary imbalances, metabolic and physiological behaviors of 

crops are still being disrupted (Gerona et al.,2019). Osmotic stress arises in high salt 

concentration areas due to Na
+
 and Cl

-
 absorption, which lowers the osmotic potential 

and inhibits water flow (Hamouda et al., 2016) and thereby causes dehydration that 

accelarates the osmotic effect to the internal tissue and ions concentration. Plant 

physiological changes as a result of salinity, including the changes in photosynthetic 

pigment accumulation, diffusion rate, leaf water potential ability, K
+
, Ca

2+
 and Mg

2+
 

content (Ferdous et al., 2018) and causes a chain of responses like the stomatal 

closure and therefore a restricted CO2 fixation (Hirdi et al., 2016).  

Salinity accelarates the manufacture of reactive oxygen species (ROS), which are 

highly toxic to the cell and disturb cell redox homeostasis, finally causes oxidative 

stress. Therefore, plant cells are equipped with well evolved to accumulate the 

proteolytic and non-proteolytic antioxidant enzymes like catalase (CAT), peroxidase 

(POD), ascorbate peroxidase (APX) which is strong quencher and scavenger of ROS. 

Yield and its related traits are inversely related to abiotic stress during plant growth, 

such as salt (Zorb et al., 2019). Many previous extensive literatures have been 

expressed that extreme salt stress has a depressing effect on crop morphological 

performances such as root-shoot length, leaf area, biomass production and among 

other things. Salinity affects growth differently in different species and to a lesser 

extent, in different variants within a species. Garlic (Allium sativum) is a highly 

nutritive crop; it contains large number of important enzymes, antioxidants and 

vitamins (Mohamed and Akladious, 2014; El-Saadony et al., 2017). Further, Garlic is 

a valuable spice used in a variety of dishes all over the world for its pungent taste as a 

seasoning or condiment. Garlic is also used to treat several of diseases, including 

incurable stomach and intestinal dysentery, typhoid, cholera, and lung diseases 

according to Ayurvedic and Unani medicine. Garlic clove’s aqueous extracts 

substantially lower cholesterol levels. Garlic cultivars have become more susceptible 

to abiotic stress as a result of the rapid loss of genetic diversity caused by cultivar 

substitution. So, the foremost objective of this research was to examine the escalation 

and physiochemical responses of native and high yielding Allium sativum cultivars to 

diverse salinity stress and mean while to explore the association among salt tolerance. 

By understanding physiological aspects of garlic's reaction to salinity stress, 

researchers may be able to create salt-tolerant cultivars.  
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MATERIALS AND METHODS 

Pot house research was carried out following Randomized Complete Block Design 

(RCBD) with six replications. Clove of Garlic (Allium sativum) varieties viz. BARI 

Rashun-1, BARI Rashun-2, BARI Rashun-3, BARI Rashun-4 and Natore local were 

planted in pots on 26 November, 2020. Five cloves of each variety were planted in 

plastic pots filled with soil and well decomposed farm yard maure at 4:1 volume ratio 

with a small five perforation system at the pots base for faciliting drainage. Each pot 

contained approximately 12 kg soil. Pots soils were nourished by fertilizer according 

to (FRG, 2018). Before the salt treatments, water and fertilizers were provided to all 

pots to achieve uniform soil conditions. The tested crops were subjected to different 

level of salinity stresses viz.  0 (control), 4, 8 and 12 dSm
-1

 respectively by adding 

unpurified sea salt solution. The application of salt solution was started from 30 Days 

after emergence (DAE) with an increment of 5, 10 and15 dSm
-1

 for 4, 8 and 12 dSm
-1

 

salinity level respectively in every 7-10 days intervals and continued up to reach a 

desire concentration of salinity level. During the crop growing and harvesting period 

physiological and agronomic parameters were measured.  

Physiological parameters  

Chlorophyll synthesis (mg g
-1

) in leaf was measured according to Arnon (1994). In 

brief, 0.5 g leaf sample was ruined in 80% acetone for 48 hours under dark condition. 

The pigment density was measured with UV-1800 spectrophotometer using 

wavelength 663nm for Chlorophyll a and 645 nm for Chlorophyll b. At 60 days after 

emergence, Na
+
 and K

+
 ion was measured following the protocol of Rohman et al. 

(2019). Relative water content was measured with protocol of Ben Ahmed et al. 

(2011) by using following formula: 

                              
     

     
     

Where, FW=Fresh weight (g), DW=Dry weight (g), TW=Turgid weight (g) 

The level of lipid peroxidation (MDA) was expressed as nmol g
-1 

fresh weight and 

assayed was performed according to Wu et al. (2003). In briefly, 1.5 ml leaf extract 

and 2.5 ml reaction solution (5% Trichloroacetic acid and 0.6% thiobarbituric acid) 

was mixed together and heated at 95°C for 15 minutes. The absorbance of the 

supernatant was recorded at 532 nm. The proline content was measured according to 

method of Bates et al. (1973).   

Antioxidant enzyme 

Antioxidant ezymes such as Catalase (CAT), Peroxidase (POD), and Ascorbate 

peroxidase (APX) were measured according to Wu et al. (2003). In brief, Catalase 

activity was measured out in a 3ml reaction volume containing 2.8 ml of 50 mM 

Tris-HCl buffer, 100 µl of enzyme extract and 100 µl of 300 mM H2O2 using UV 

spectrophotometer. Activity was determined at 240 nm wavelength, which measures 
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the decrease in absorbance for 30 second. POD activity was carried out in a 3ml 

reaction volume containing 2.7 ml of 50 mM Tris-HCl buffer, 100 µl of enzyme 

extract and 100 µl of 1.5% Guaicol, 100 µl of 300 mM H2O2 using UV 

spectrophotometer. Activity was determined at 470 nm wavelength, which measures 

the decrease in absorbance for 60 second. APX activity was assayed  using  50 mM 

Tris-HCl bufferand activity was determined at 290 nm for 60 second.  

Agronomic observation 

Agronomic parameters of Garlic cultivars like total dry matter weight (g plant
-1

), 

yield contributing and bulb yield indices were measured, regardless of salinity level. 

Total dry mater weight (g plant
-1

) measurement was started from 60 DAE, at 10 days 

intervals. Plants sample were divided into leaf and bulb categories. The separated 

parts were dried in an oven for 72 hours at 70
o
C and dry weight was recorded.  

Statistic analysis 

Data analysis was performed using computer based software “R” developed by R 

core team (2019) for interpretation of results. Least significant different values were 

calculated at 0.05 probability level wherever the F-test was significant. 

RESULTS AND DISCUSSION 

Total dry matter (TDM) 

TDM production varied significantly by Garlic cultivars at 70, 85, and 100 days after 

planting (DAP) and at harvest, regardless of salinity levels (Table 1). At 70 DAP; 

variety BARI Rashun-2 produced the maximum TDM (4.76 g plant
-1

) at control 

condition while the local variety produced the minimum (2.60 g plant
-1

) at 12 dSm
-1

 

salinity. At 85 DAP (7.33 g plant
-1

, 90 DAP (7.56 g plant
-1

) and at harvest (9.40 g 

plant
-1

) significantly maximum TDM was produced by the variety BARI Rashun-4 

under control (no salinity) condition. TDM of the BARI Rashun-2, BARI Rashun-3 

and BARI Rashun-4 was reduced by 43.7, 28.8and 19.5%, respectively at harvest 

under 12 dSm
-1

 salinity compared to 8 dSm
-1

. Salinity is an ecological bottleneck to 

express genetic potentiality of crops. In this study, growths of garlic cultivars were 

significantly affected by an elevated level of salt stress. This reduction of plant 

growth and biomass potential under salt stress may be faciliated by reduction of 

water uptake by plant and excessive salt in plant body with transpiration stream 

causes wound to cells (Nassar et al., 2020), nutrient uptake (Parvin et al., 2019) and 

finally inhibiting cell division and elongation (Ahmad et al., 2018). In our stidy, 

BARI Rashun-4 showed the best growth at an elevated level of salinity (12 dSm
-1

) 

through the reduction of minimum dry mater over the control and considered as 

saline tolerant cultivars.  
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Table 1. Total dry matter (g plant
-1

) production by Garlic cultivars under salinity 

levels 

Salinity levels Varieties 
TDM (g plant-1) 

70 DAP 85 DAP 100 DAP At harvest 

0 dSm-1 

BARI Rashun-1 3.54 i 4.95 d 5.80 cd 6.35 ef 

BARI Rashun-2 4.76 a 4.65 e 5.70 c-e 8.97 a 

BARI Rashun-3 3.30 l 6.44 b 6.35 b 9.12 a 

BARI Rashun-4 3.81 h 7.33 a 7.56 a 9.40 a 

Natore Local 2.16 r 3.41 gh 5.41 de 6.74 c-e 

4 dSm-1 

BARI Rashun-1 3.35 j 4.14 f 5.48 c-e  6.96 cd 

BARI Rashun-2 4.63 c 3.46 gh 5.25 e 7.00 c 

BARI Rashun-3 3.28 m 5.69 c 5.97 bc 7.96 b 

BARI Rashun-4 4.36 d 6.51 b 5.31 de 8.12 b 

Natore Local 2.10 s 2.85 j 5.16 ef 6.00 fg 

8 dSm-1 

BARI Rashun-1 3.28 m 3.97 f 4.70 fg 5.00 h 

BARI Rashun-2 4.68 b 3.30 h 3.89 h 6.70 c-e 

BARI Rashun-3 3.33 k 5.00 d 4.69 fg 6.53 de 

BARI Rashun-4 4.21 e 5.51 c 4.67 fg 7.08 c 

Natore Local 2.86 p  1.90 m 1.98 k 2.93 j 

12 dSm-1 

BARI Rashun-1 3.00 o 2.10 l 2.62 j 2.33 k 

BARI Rashun-2 4.00 f 2.62 k 3.20 i 3.77 i 

BARI Rashun-3 3.10 n 3.11 i 3.82 h 4.65 h 

BARI Rashun-4 3.99 g 3.50 g 4.23 gh 5.70 g 

Natore Local 2.60 q 1.87 m 1.93 k 1.10 k 

LSD(0.05)  1.08 0.20 0.54 0.44 

CV (%)  3.05 2.79 6.97 4.32 

Yield and yield contributing characters 

All yield contributing characters were reduced significantly when the average root 

zone of crop varieties gradually exceeded to an augmented salinity level (Table 2). 

The variety BARI Rashun-3 generated the maximum single bulb weight (5.91 g) at 

the severe salinity (12 dSm
-1

) followed by the variety BARI Rashun-4. Different 

salinity levels had an impact on bulb length and diameter. BARI Rashun-4 had the 

longest bulb length of 22.22 mm and the largest bulb diameter of 24.98 mm at 12 ds 

m
-1

. With increased salinity, bulb development and yield reduced considerably (Table 

1). At 12 ds m
-1

 salinity level, the bulb yield (g) of five plants was severely reduced 

(71.6%) compared to the control. At 8 ds m
-1

 of salinity, the reduction percentages 
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were 68.3, 63.3, 51.8 and 41.9% in case of BARI Rashun-1, BARI Rashun-2, BARI 

Rashun-3 and BARI Rashun-4, respectively over control. At highest salinity (12 ds 

m
-1

); BARI Rashun-3 (60.8%) and BARI Rashun-4 (61.9%) showed good tolerance 

with ≥ 60% yield reduction over control (Table 2). In this study, salinity stress had a 

significant impact on the agronomic traits of Allium sativum. Single bulb weight, 

bulb size was significantly affected at an elevated salt stress which may be accredited 

to inability of the plants to synthesis of phtosynthetic pigments and ionic imbalance. 

In accordance with present study Ashraf (2009) found that, yield supporting 

parameters and yield reduction was accelarated due to reductions of leaf chlorophyll 

concentrations and ionic imbalance. 

Table 2. Yield contributing parameters of Garlic varieties under different salinity 

levels 

Salinity 

levels 

Varieties Single bulb 

weight (g) 

Bulb 

length 

(mm) 

Bulb diameter 

(mm) 

Bulb yield of 

five plants (g) 

0 dSm
-1

 

BARI Rashun-1 14.96  a 28.81 a-c 33.45  a 74.8 a 

BARI Rashun-2 12.74  b 31.14 a 30.46 b 63.7 b 

BARI Rashun-3 13.33  b 30.16 ab 33.52 a 66.6 b 

BARI Rashun-4 15.56  a 27.96 b-d 34.02 a 77.7 a 

Natore Local 11.11  c 26.30 c-f 30.50 b 55.6 c 

4 dSm
-1

 

BARI Rashun-1 7.64   ef 26.45 c-e 26.72 cd 33.0 ef 

BARI Rashun-2 7.36   f 24.470 e-g 25.55 c-f 36.8 e 

BARI Rashun-3 9.54   d 26.53 c-e 30.65 b 38.1 e 

BARI Rashun-4 9.02  de  24.13 e-g 24.10 e-g 47.4 d 

Natore Local 5.61   gh 21.87 g-i 23.49 f-h 28.1 fg 

8 dSm
-1

 

BARI Rashun-1 4.74   hi 21.67 g-i 22.89 gh 23.7 gh 

BARI Rashun-2 4.68  h-j 25.17 d-f 25.10 j 23.4 g-i  

BARI Rashun-3 6.42  fg 25.44 d-f 27.72 c 32.1 ef 

BARI Rashun-4 6.60   fg 20.95 hi 26.25 c-e  45.1 d  

Natore Local 3.66   i-k 19.87 i 20.31 ij 18.3 h-j 

12dSm
-1

 

BARI Rashun-1 2.27   k 20.05 i 18.52 ij 11.4 j 

BARI Rashun-2 3.31   jk 16.33 j 20.96 hi 16.6 ij 

BARI Rashun-3 5.91  gh 23.59 f-h 22.90 gh 26.1 fg 

BARI Rashun-4 5.23  gh 22.22 g-i 24.98 d-g  29.6 fg 

Natore Local 2.46  k 15.95 j 14.68 k 12.3 j 

LSD0.05  1.39 2.80 2.55 6.91 

CV (%)  5.50 7.07 6.06 11.00 
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Potassium and Sodium ion in leaf tissue 

With augmented salt stress from 4 to 12 ds m
-1

, potassium (K
+
) concentration 

increased 10.5, 15.9, 17.5, 18.3 and 14.3% in BARI Rashun
-1

, BARI Rashun-2, BARI 

Rashun-3, BARI Rashun-4, and Natore local, respectively (Fig. 1). Regardless of 

genotypes, the sodium (Na
+
) content in leaf tissue was considerably lower in the non-

salt than the salt conditions. In salt stress, elevation was more pronounced in BARI 

Rashun-1 (158.5 and 34.0%) and BARI Rashun-2 (145.9 and 63.0%) at 12 dSm
-1

 

salinity than that of 4 dSm
-1

 and 8 dSm
-1

, respectively. The variety BARI Rashun-4 

uptake the lowest Na
+
 (1090 ppm) under 12 dSm

-1 
salinity which were 95.7 and 

24.0% higher than 4 ds m
-1

 and 8 ds m
-1

 respectively. At 12 ds m
-1

 salinity, the 

highest K
+
/Na

+
 was observed in BARI Rashun-4 (4.45) followed by the variety BARI 

Rashun-3 (4.20) but it was statistically similar with each other. Ion like Na
+
, K

+
 and 

Ca
+
 and their K

+
/Na

+
 and Ca

+
/Na

+ 
ratios are considered an important indicator for 

tolerance screening (Khorshidi et al., 2009). Tolerant genotypes prevent salt from 

entering the roots transport less salt to the plant's aerial components. In our study, 

simultaneously increase Na
+
 and decrease K

+
 in shoots of BARI Rashun-1, BARI 

rashun-2 and local cultivar was found at 12 ds m
-1

 salinity but the changes in Na
+
 and 

K
+
 were less accentuated in the latter two species that considered as more salt-

tolerant. In earlier literature stated that high levels of K
+
 ion in young expanding 

tissue are associated with salt tolerance in many plant species (Bandeh-Hagh et al., 

2008). In this study, BARI Rashun-4 showed the considerable K
+
/Na

+ 
ratio at 12 ds 

m
-1

. 

Effect of salt stress on physiological activity 

Malondialdehyde increase indicates the rate of lipid peroxidation and oxidative 

damage. The MDA levels were elevated to 63.2, 64.9, 20.0, 14.0 and 85.2% in BARI 

Rashun-1, BARI Rashun-2, BARI Rashun-3, BARI Rashun-4 and Natore local 

cultivars, respectively, at 12 ds m
-1

 salt, as compared to unstressed plants (Fig. 2).  
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Figure 1. Accumulations of (a) Na
+
, (b) K

+
 and (c) K

+
/Na

+
 ration by Garlic cultivars 

under varying salinity level 
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Figure 2. (a) Malondiyldihyde (MDA) and (b) proline level of Garlic cultivars under 

varying salinity level 

The variety BARI Rashun-4 accumulated maximum level of proline, which ranged 

from 0.78 mg g
-1

 in the control to 1.60 mg g
-1

 with 12 ds m
-1

 of salt. BARI Rashun-4 

accumulated 92, 88, 21.2 and 113.3% higher proline than BARI Rashun-1, BARI 

Rashun-2, BARI Rashun-3 and Natore local, respectively, at 12 ds m
-1

 salt stress 

(Fig. 2). Lipid peroxidation indicated by MDA contents, happening during the 

oxidation of polyunsaturated fatty acids, can be categorized as an indicator for 

oxidative damage of stresses (Yin et al., 2011). Our results showed MDA content 

was increased remarkably under saline conditions. Among the cultivars, BARI 

Rashun-3 and BARI Rashun-4 had the lowest leaf MDA contents and highest 

synthesis of proline under 12 ds m
-1

 saline conditions. Under, 12 dS m
-1
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variety BARI Rashun-1 and BARI Rashun-4 showed 7.40 and 3.70% higher 

chlorophyll a (Chl a) content compared to the control. Although, Chlorophyll b (Chl 

b) concentration decreased for all cultivars at 12 dS m
-1

 salinity over the control (no 

salinity) but total chlorophyll (Chl a+b) concentration was increased 6.75% in 
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variety BARI Rashun-1 and 2.66% in BARI Rashun-4 (Fig. 3). Leaf water potential 

in stressed plant was comparatively lower than the control plants (Fig.4). Water 

potentiality of the cultivars was reduced from 1.78 to 6.13% due to the severity of 

salt stress. BARI Rashun-4 had the highest water potentiality, with the lowest 

(3.50%) dehydration, whereas Natore local had the lowest, with the highest (9.13%) 

dehydration at 12 dS m
-1

 salt over control. Our results revealed that, salinity had a 

significant positive impact on photosynthetic pigment like Chl (a) and total 

chlorophyll accumulation in BARI Rashun-1 and BARI Rashun-4 at 12 ds m
–1

 

salinity over control. These variations were due to genetic potentiality towards the 

salt stress. Our results were also similar with previous conducted studies on crop 

plants like sesame and sunflower by Bazrafshan and Ehsanzadeh (2014) and Rivelli 

et al. (2010) respectively.  

 

 

 

Figure 3. Photosynthetic pigments (a): Chl a; (b): Chl b; (c): Chl(a+b) 

accumulations by Garlic cultivars under varying salinity stress 

Effects of salt stress on Antioxidant enzymes activity: In the present study, the 

activity of antioxidant enzymes like CAT, POD and APX were measured in all tested 
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Figure 4. Antioxidant enzymes catalase (a), Peroxidase dismutase (b), Ascorbate 

peroxidase (c), Relative water content (d) of garlic cultivars under varying 

salinity stress 

Activities of CAT in BARI Rashun-3 and BARI Rashun-4 had reached the maximum 
level, particularly treated with 12 ds m

-1
 of salt and was significantly higher than that 

of other salt stressed, which had increased by 52.7 and 64.8% compared with control. 
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(20.0%), Natore local (33.3%) in compared to 4 dS m
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cultivars. To manage with oxidative damage under stress condition, plants have 
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system showed that BARI Rashun-4 & BARI Rashun-3 is more tolerant than other 
cultivars. Based on all phenotypic results of the current study, it is suggested that the 
tolerance of the Garlic may due to higher concentration of antioxidants enzymes 
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CONCLUSION 

Results revealed that higher antioxidant activity like CAT, POD, APX, proline and 

lower lipid peroxidation as well as higher yield was observed in BARI Rashun-4 and 

BARI rashun-3 at 12 ds m
–1

 salinity level. Besides, these varieties also showed the 

maximum K
+
/Na

+
 ratios at higher salinity levels which indicated their tolerancy 

against salinity. 
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ABSTRACT 

Cauliflower (Brassica oleracea var. botrytis L.) is one of the most popular 
vegetable crops. An experiment was conducted to study the response of 
late season varieties of cauliflower to different sources of nitrogen on 
growth, yield and postharvest quality at Rampur, Chitwan, Nepal during 
October 2018 to March 2019. Four late season varieties of cauliflower 
viz. NS 106, Snow Moon, Yukon, and Candid Charm and three different 
sources of nitrogen viz. 100% Nitrogen (N) through Farm yard manure, 
50% N through FYM and 50% N through urea, and 100% N through 
urea. The two-factor experiment was laid in RCBD with three replications 
and twelve treatment combinations. All the recorded growth, yield and 
postharvest quality parameters were significantly higher and statistically 
similar in NS 106 and Yukon and significantly lower in Candid Charm. 
Similarly, significantly higher plant height, canopy diameter, leaf number, 
curd height, economic yield and biological yield were recorded in 50% N 
through FYM and 50% N through urea. Significantly lower plant height, 
canopy diameter, leaf number, economic yield and biological yield, 
titrable acidity and significantly higher days to curd maturity, vitamin C 
and dry matter content of leaf and curd, and TSS content were recorded 
in 100% N through FYM. Results revealed that for higher and 
postharvest quality of cauliflower during late season at Rampur, Chitwan 
Yukon or NS 106 both varieties were superior along with 50% N through 
FYM and 50% N than those of the other varieties. 

Keywords:  Cauliflower, Farm yard manure, Nitrogen, Postharvest, Yield 

INTRODUCTION 

Cauliflower (Brassica oleracea L. var. botrytis L.) is one of the most important 

vegetables and has highest share (14.6%) in the total vegetable crop production as 

well as highest share (13%) in the total vegetable cultivated area of Nepal. It covers 

an area of 450 ha with a total production of 6719 t and average yield of 14.93 t/ha 
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Chitwan (MoALD, 2019). Cauliflower productivity is highly influenced by the 

genetic characteristics of the cultivar, planting time, growing temperature and applied 

fertilizers used (Chatterjee and Mahanta, 2013). Farmers are always in search of 

suitable varieties with desirable traits for better productivity, quality and resistance to 

important insect pests and diseases (Poudel et al., 2018). The late season varieties of 

cauliflower from November to March have long duration for curd maturity, low yield 

and poor post-harvest quality due to increase in temperature. The shortcoming of our 

local varieties is long duration i.e. 120-140 days for its maturity (HRD, 2013). So, the 

farmers are facing problems of having unattractive curd, poor taste, and low yield 

during late winter season. 

The productivity of late season cauliflower is not satisfactory in Nepal due to 

unavailability of appropriate variety, poor soil fertility and imbalanced fertilization 

(Dhakal et al., 2014). Integrated use of organic manures and inorganic fertilizers is 

very essential not only for obtaining higher yield and better quality but also to 

maintain soil health and sustainability for longer period (Mallareddy and Rani, 2007). 

Increase in the cost of chemical fertilizers particularly that of nitrogen, coupled with 

concerns about pollution have focused attention on the use of combined application 

of nutrients through organic and inorganic sources in crop production. FYM is a very 

good organic fertilizer and powerful growth promoter over the conventional 

composts and a protective farm input, which increases the physical, chemical and 

biological properties of soil. So, this study was carried out to find the effects of 

different sources of nitrogen on yield and quality of different late season varieties of 

cauliflower in Rampur. 

MATERIALS AND METHODS 

The experiment was conducted during the period from October 2018 to March 2019 
at the Horticulture Farm of Agriculture and Forestry University Rampur, Chitwan 
Nepal. The altitude of the experimental site is about 256 m above mean sea level and 
geographically situated at 27° 37' to 27° 46' North latitude and 83° 35' to 84° 48' East 
longitude. The climate of the experimental site is humid subtropical. The soil of the 
experimental field was acidic in nature pH 5.4. Monthly average data were collected 
from National Maize Research Program (NMRP), Rampur, Chitwan from October 
2018 to March 2019.  

The two-factor experiment was laid out in RCBD with three replications. Individual 
experimental plot area was 3 m × 2.5 m (7.5 m

2
), which comprised 25 plants. Spacing 

i.e., row to row distance of the cauliflower was 50 cm and plant to plant distance 60 
cm. There were total 900 plants including the border plants. Net experimental plot 
area was 270 m

2 
while gross plot area for experimental plot was 390.5 m

2
. Four late 

season varieties of cauliflower viz. NS 106, Snow Moon, Yukon, and Candid Charm 
and three different sources of nitrogen 100% Nitrogen (N) through Farm yard 
manure, 50% N through FYM and 50% N through urea, and 100% N through urea 
were used for this experiment. 
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The recommended dose of NPK and FYM for cauliflower is 200:120:80 kg/ha and 30 

ton/ha (Agriculture diary, 2075). The recommended amount of nitrogen was applied 

through three different sources i.e., 100% N through FYM (N1-100% N-FYM), 50% 

nitrogen through FYM and 50% through urea (N2-50% N-FYM and 50% N -urea) and 

100% N from   urea (N3-100% N- urea).  FYM sample was analyzed and N content was 

(0.9%). The well decomposed FYM, whose nitrogen content was known, was applied 

double assuming that only 50% of N would be mineralized for the N availability in the 

first season according to the treatment just one week before transplanting of the 

seedlings. The observation was recorded at 25, 40, 55 days after transplanting (DAT) and 

harvesting day and then mean was calculated. Out of total requirement of nitrogen, 

nitrogen given through FYM was applied two weeks before transplanting of seedlings 

and nitrogen given through urea was applied in two split doses. 

Growth  

Plant height was measured from the ground level to the growing point. Stem diameter 

was measured with the help of Vernier's Calliper at harvesting day. Green, 

photosynthetically active leaves were considered as effective leaf number. Length of 

longest leaf in the plant was measured from the base of the leaf tip and width of the 

leaf was also measured. Diagonal length and width at top surface of the plant 

representing the plant coverage was measured from the selected five plants and the 

mean was calculated. 

Yield  

 Days to curd initiation and days to curd maturity were recorded. Fresh weight of 

leaves and stem from five selected plants was recorded. The percent dry matter 

content was calculated by using following formula. 

DM =   Ws - Ds × 100 

                 Ws 

       Where, DM = Dry matter (%) 

       Ws = Curd sample (gm) 

       Ds= Oven dry sample (gm) 

Economic yield was considered as the total yield of the curd with inner 3-4 jacket 

leaves excluding the roots, stem and leaves immediately after the harvest. The total 

yield of curd along with roots and leaves immediately after harvest was recorded as 

the biological yield.  

Quality  

The physiological loss in weight of randomly selected five curds from each 

experimental plot was examined by keeping curds in room condition (20 ± 3 
0
C and 

60 ± 5%) for a week. The physiological loss in weight (PWL) was calculated using 

following formula: 
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            Initial wt. of sample – Final wt. of sample  

 PWL (%) =                      × 100 

                        Initial weight of sample 

 Similarly, the spoilage loss was calculated to assess the keeping quality of the curd 

after harvest by using following formula: 

                                     Weight of spoiled curds  

  Spoilage loss (%) =                         × 100  

      Original weight of curds  

Total soluble solids (TSS) and pH of each sample was measured by hand 

refractometer (ERMA Inc., Tokyo, Japan) and digital pH meter, respectively.  

Vitamin C content of the ripe fruit was measured by volumetric method (Sadasivsm 

and Manickam, 1991). 

Amount of ascorbic acid (mg/100g sample) =
                  

                              
 

                  Where, V1= amount of dye consumed during the titration 

           V2= amount of dye consumed when the supernatant was titrated with 

4% oxalic acid 

 Percent titratable acidity was calculated by using the following formula. 

Titrable acidity (%) = 
                            

                 
    

Statistical analysis 

Data were systematically arranged on Microsoft Excel and GenStat and analysis of 

variance was calculated along with other analysis. Means were compared using 

Duncan’s Multiple Range Test (DMRT) at 0.05 and 0.01 levels of significance.  

RESULTS AND DISCUSSION 

Response of late season varieties of cauliflower and different sources of nitrogen 

on growth 

Plant height, leaf length, leaf breadth, leaf number and canopy diameter were 

significantly influenced by different late season varieties of cauliflower and source of 

nitrogen at different stages of growth (Table 1 and 2). Statistically higher plant 

height, leaf length and breadth were found in NS 106 and Yukon, whereas the lower 

plant height, leaf length and breadth, canopy diameter and number of leaves were 

recorded in Candid Charm. The results of this study are similar to the results of 

Maurya et al. (2008), who reported a greater number of leaves from combined 

application of FYM and inorganic fertilizer than inorganic fertilizer alone in broccoli. 
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Significantly higher plant height, leaf length and breadth, canopy diameter and 

number of leaves per plant were recorded in nitrogen provided through 50% N-Urea 

and 50 %-FYM which might be due to readily available nutrients from urea at early 

stage while at the later stage of growth it might be due to continuous supply of 

nutrients for longer period to the plant from FYM. 

Table 1.  Plant height, leaf length, leaf breadth as influenced by late season varieties of 

cauliflower and different sources of nitrogen at Rampur, Chitwan 2018/19 

Treatments       25 DAT 40 DAT 55 DAT Final Harvest 

Factor A: 

(Varieties) 

PH LL LB PH LL LB PH LL LB PH LL LB 

NS 106 26. 47a 22.22ab 11.16ab 47.67a 43.42a 22.11a 59.87a 56.06a 28.01a 69.91a 64.29a 30.46a 

Snow Moon 23. 44b 19.90c 10.54bc 39.73b 39.03b 20.24b 54.76b 52.46b 25.99b 66.22b 61.74b 28.45b 

Yukon  27.62a 23.54a 12.09a 47.80a 43.67a 22.13a 61.55a 58.19a 28.82a 71.71a 65.28a 31.88a 

Candid Charm  23.89b 20.42bc 9.93c 42.01b 35c 17.92c 51.66c 48.14c 24.25c 61.21c 56.23c 25.77c 

SEM 0.84 0.88 0.52 1.41 1.42 0.76 1.25 1.26 0.83 1.38 1.2 0.85 

LSD0.05 1.73 1.83 1.07 2.92 2.95 1.57 2.60 2.61 1.72 2.87 2.48 1.76 

F-test ** * * ** ** ** ** ** ** ** ** ** 

Sources of nitrogen 

100% N-FYM 24.22b 21.72a 10.07b 42.23b 37.27c 18.29c 52.35c 48.77c 23.19c 59.57c 54.70c 24.27c 

50% N-urea 

and 50% N-

FYM 

26.01a 21.89a 11.38a 44.92a 43.47a 22.53a 60.61a 57.50a 30.49a 73 .07a 67.58a 33.37a 

100% N- urea  25.84a 21.69a 11.33a 45.76a 40.11b 20.96b 57.92b 54.87b 26.63b 69.16b 63.38b 29.77b 

SEM 0.72 0.76 0.45 1.22 1.23 0.66 1.08 1.09 0.72 1.20 1.04 0.74 

LSD0.05 1.50 1.58 0.96 2.53 2.55 1.36 2.25 2.26 1.49 2.49 2.15 1.53 

F-test * NS * * ** ** ** ** ** ** ** ** 

CV, % 7 8.4 10 6.7 7.5 7.8 4.7 5 6.6 4.4 3.9 6.2 

Grand mean  25.4 21.8 10.9 44.3 40.3 20.6 57 53.7 26.8 67.9 61.9 29.1 

*PH= plant height, LL= leaf length, LB= Leaf breadth,  
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Table 2. Canopy diameter, number of leaves as influenced by late season varieties 

of cauliflower and different sources of nitrogen at Rampur, Chitwan 

2018/19 

Treatments              25 DAT        40 DAT                55 DAT Final Harvest 

FactorA: 

(Varieties) 

Canopy 

diameter 

Number  

of leaves 

Canopy 

dimeter 

Number  

of leaves 

Canopy 

diameter 

Number  

of leaves 

Canopy 

diameter 

Number  

of leaves 

NS 106 29.37a 7.69a 57.12a 10.78a 62.25a 14.67a 71.73a 12.80a 

Snow Moon 26.57b 6.97c 50.61b 9.49b 57.95b 13.38bc 66.55b 11.89b 

Yukon  30.55a 7.42ab 56.93a 11.04a 62.39a 14.47bc 72.64a 12.78a 

Candid Charm  24.46b 7.06c 45.08b 9.02b 53.49c 12.44c 61.98c 10.69c 

SEM 1.20 0.18 2.02 0.45 1.97 0.55 2.05 0.41 

LSD0.05 2.50 0.38 4.20 0.81 4.08 1.14 4.26 0.85 

F-test ** * ** ** ** ** ** ** 

Factor B: Sources of Nitrogen 

100% N-FYM 26.07b 7.83a 48.36b 8.88b 53.37c 12.92b 60.92c 9.97b 

50% N-urea and 
50% N-FYM 

28.51a 7.28a 56.70a 10.83a 63.82a 14.18a 75.64a 13.15a 

100% N- urea  28.64a 7.20a 52.25b 10.53a 59.86b 14.12a 68.11b 13a 

SEM 1.04 0.16 1.75 0.39 1.70 0.48 1.78 0.35 

LSD0.05 2.16 0.33 3.64 0.81 3.53 0.99 3.69 0.73 

F-test * NS ** ** ** ** ** ** 

CV, % 9.2 5.3 8.2 9.5 7.1 8.5 6.4 7.2 

Grand mean  27.74 7.3 52.44 10.1 59 13.37 68.2 12 

Response of late season varieties of cauliflower and different sources of nitrogen 

on yield 

The shortest period for curd initiation (64.32 days) was observed in NS 106 while the 

longest period (75.25 days) was recorded in Candid Charm. Similarly, days to curd 

initiation were significantly longer (73.54 days) in 100% N-urea which was 

statistically similar to 50% N through FYM and 50% N through urea. Significantly 

longer period (97 days) to curd maturity was observed in Candid Charm and it was 

statistically similar with Yukon. Significantly shorter period (84.62 days) to curd 

maturity was recorded in NS 106 and it was statistically similar with Snow Moon. 

Days to curd maturity were significantly longer (97.52 days) in 100% N through 

FYM. The highest curd diameter of 21.84 cm was recorded in NS 106, which was 

statistically similar to Yukon, and the lowest curd diameter of 16.77 cm was recorded 

in Candid Charm and 12.60 cm at harvest. Likewise, the highest curd height of 13.36 

cm was recorded in NS106 while the lowest curd height of 9.41 cm was recorded in 
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Candid Charm. Similarly, at harvest, the highest curd diameter of 21.86 cm and curd 

height of 12.78 cm were recorded in 50% N through urea and 50% N through FYM 

while the lowest curd diameter (17.40 cm) and curd height (10.25 cm) was recorded 

in 100% N through FYM. The highest leaf weight (0.14 kg) was from recorded in 

Yukon was statistically similar to Snow moon. The highest total leaf weight (1.38 kg) 

per plant was observed 50% N-urea and 50% N-FYM whereas similar effect on total 

leaf weight was obtained in 100% N through FYM and 100% N through urea. This 

study is in supported by Chitrakar (2004), who found application of 50% RDF and 

50% FYM resulted early head initiation, early head maturity as compared to 100% 

RDF (100:50:50 kg NPK/ha). 

Table 3. Curd initiation days, curd maturity days, curd diameter, curd height, total 

leaf weight as influenced by varieties and sources of nitrogen at Rampur, 

Chitwan 2018/19 

Treatments  Curd 

initiation 

(days) 

 Curd 

maturity 

(days) 

Curd 

dimeter (cm) 
Curd 

height 
Total leaf 

weight (Kg) 

Factor A: Varieties 

NS 106  64.32
c 

84.62
c 21.84

a
 13.36

a
 1.181

a
 

Snow Moon 67.86
bc 

89.70
bc 

18.90
b
 11.16

b
 1.056

b
 

Yukon  71.12
ab 93.03

ab 
20.91

a
 12.68

a
 1.20

a
 

Candid Charm  75.25
a 97

a 
16.77

c
 9.26

c
 0.90

c
 

SEM  2.14 2.07 0.763 0.53 0.0555 

LSD0.05 6.18 6.07 1.58 1.11 0.1150 

F-test  * ** ** ** ** 

Factor B: (Sources of nitrogen of nitrogen) 

100% N- FYM 65.82
b 

97.52
a 

17.40
c
 10.25

c
 0.72

c
 

50%N-urea and 

50 % N-FYM  

69.55
ab 

85.82
b 21.86

a
 12.78

a
 1.38

a
 

100% N-urea 73.54
a 

85.92
b 

19.57
b
 11.81

b
 0.72

c
 

SEM  1.5 1.79 0.66 0.48 0.0480 

LSD0.05 5.44 5.26 1.370 0.99 0.0996 

F-test  * ** ** ** ** 

CV%  9.23 6.82 8.3 11.58 9.3 

Grand mean  69.63 91.08 19.61 9.8 1.084 
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The highest dry matter of the curd (11.48%) and leaf (15.53%) was recorded in NS 

106 and the lowest dry matter of the curd (11.72%) and leaf (8.7%) was observed in 

Candid Charm. The highest dry matter (16.18%) of leaf was recorded in 100% N 

through FYM and lower (11.07%) in 100% N-urea. Similarly, the highest dry matter 

of curd (11.28%) was recorded in 100% N through FYM. Mamatha (2006) reported 

highest dry matter content in onion bulbs with application of organic FYM. The 

increased dry matter accumulation with organics was attributed to the appreciable 

magnesium content in them (Singh, 2007). 

The highest economic yield (41t/ha) was recorded in Yukon which was statistically 

similar to NS 106 (39.92 t/ha). Likewise, the lowest economic yield (27.49 t/ha) was 

recorded in Candid Charm. The highest economic yield (40.51 t/ha) was obtained 

from 50% N through urea and 50% N through FYM and lower from 100% N through 

FYM. The longest root length of 23.52 cm was recorded in Yukon which was 

statistically similar with NS 106 while significantly lower root length of 18 cm was 

recorded in Candid Charm. Similarly, the highest root weight (0.072 kg) and the 

longest root length (25.66 cm) was observed in nitrogen provided through 100% N 

through FYM. The lower yield with inorganic fertilizers alone could be due to 

reduction in adequate supply of mineral nutrients because of fixation. Kumar (2013) 

have reported that integration of organic and inorganic fertilizers application 

significantly increased the yield in broccoli over inorganic fertilizers alone. These 

results are in accordance with the findings of Singh (2002) in cabbage, Manivanan 

and Singh (2004) in broccoli. 

Response of late season varieties of cauliflower and different sources of nitrogen 

on postharvest quality 

NS 106 and Yukon gave the higher values of TA (0.29%). Similarly, TA was found 

significantly higher in 100% through N urea (0.30%) and lower in 100% N through 

FYM (0.23%). NS 106 and Yukon provided values TSS (4.11 and 4.04 ºBrix), 

respectively. The highest pH was recorded in NS 106 and Yukon (7.01 and 6.96). 

TSS content was recorded highest in 100% N through FYM. Vitamin C content was 

significantly higher (56.46 mg/100) in NS 106 and (57.16 mg/100) in 100% N 

through FYM and lower in 100% N through urea (50.71). The highest vitamin C 

content with FYM could be due to the essential elements present in it which 

enhanced vitamin C synthesis. In case of organically managed soil, plants are 

generally exposed with comparatively lower amount of nitrogen and several plant 

nutrients are released slowly over time. Therefore, organic crop would be expected to 

maintain lower vitamin C and less protein as reported by Bahadur et al. (2003) in 

broccoli. 
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Table 4. Dry matter percentage of leaf and curd, economic yield, biological yield, 

root length and root weight as influenced by cauliflower varieties and 

sources of nitrogen at Rampur, Chitwan 2018/19 

Treatments Dry 

matter 

% of 

leaf 

Dry 

matter 

% of 

curd 

Economic 

yield (t/ha) 
Biological 

yield (t/ha) 
Root 

length       

(cm) 

Root 

weight 

(Kg) 

Factor A: Varieties 

NS 106 15.53
a
 11.48

a
 39.92

a
 80.05

a
 23.30

a
 0.068

a
 

Snow Moon 12.91
bc

 7.78
b
 32.38

b
 70.67

b
 20.62

b
 0.056

b
 

Yukon 14.44
ab

 10.27
ab

 41.00
a
 82.91

a
 23.52

a
 0.069

a
 

Candid Charm 11.72
c
 8.70

b
 27.49

c
 60.53

c
 18

c
 0.049

b
 

SEM 0.8 0.84 2.08 3.6 0.005 1.24 

LSD0.05 2.4 2.4 4.31 7.48 2.56 0.012 

F-test * * ** ** ** ** 

Factor B: (Sources of nitrogen)   

100% N- FYM  16.18
a
 11.28

a
 29.26

c
 60.27

c
 16.86

c
 0.052

b
 

50%N-urea and 

50% N-FYM  

13.70
b
 9.51

ab
 40.51

a
 83.96

a
 25.66

a
 0.727

a
 

100% N-urea  11.07
c
 7.79

b
 35.82

b
 76.39

b
 21.57

b
 0.573

b
 

SEM  0.70 0.72 1.80 3.12 1.24 0.005 

LSD0.05 2.08 2.13 3.73 6.47 2.22 0.010 

F-test  ** ** ** ** ** ** 

CV% 18 26 12.5 5 12.3 0.061 

Grand mean  13.64 9.56 35.20 73.5 21.4 20.20 

Physiological weight loss of curds after 7 days of storage was recorded significantly 

higher (32.26%) in Snow Moon and was statistically similar in NS 106 and Yukon. 

Moreover, PLW of curds after 7 days of storage was significantly higher (27.67%) in 

100% N through urea. Spoilage loss of curds after seven days of storage was 

recorded the significantly higher in Candid Charm (44.22%) whereas lower and 

statistically similar spoilage loss was observed in NS 106 and Yukon. Moreover, 

spoilage loss of curds was recorded significantly higher in 100 % N- urea (43.33%). 

More physiological weight loss from 100% urea may be attributed to soft tissues with 

high moisture content which in turn renders cauliflower to higher storage loss in 

cauliflower (Srinivas, 1990). 
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Table 5. Titrable acidity, Vitamin C, TSS, pH, physiological weight loss and 

spoilage loss as influenced by varieties and sources of nitrogen at Rampur, 

Chitwan 2018/19 

Treatments TA (%) Vitamin 

C (mg/100) 

TSS pH Physiological 

weight loss (%) 

   Spoilage loss 

% 

Factor A: (Varieties)     

NS 106  0.29a 56.46a 4.11a 7.01a  26.28bc 38.89bc 

Snow Moon  0.25b 51.63b    3.44b 6.35b 32.26a 41.56ab 

Yukon  0.29a 54.38ab     4.04a 6.96a 29.15ab 37c 

Candid Charm  0.22c 53.22bc    3.12b 6.46b 23.67c 44.22a 

SEM  0.015 1.6 0.262 0.12 1.78 1.28 

LSD0.05 0.031 3.32 0.543 0.248 5.22 3.78 

F-test  ** ** * ** * ** 

Factor B: (Sources of nitrogen)    

100% N-FYM  0.23c 57.16a 4.21a 6.65a 27.67ab 37.42b 

50% N- urea 

and 50% N-
FYM  

0.26b 55.22b 3.70b 6.91a 24.81b 40.17ab 

100% N- urea  0.30a 51.57b 3.12c 6.52b 30.97a 43.67a 

SEM  0.013 1.39 0.227 0.103 1.54 1.11 

LSD0.05  0.027 2.88 0.47 0.215 4.52 3.26 

F-test  ** ** ** * * ** 

CV, %  12.3 6.3 15.1 3.8 19.20 9.53 

Grand mean  0.26 53.92 3.68 6.7 27.18 40.41 

CONCLUSION 

From this study it is concluded that higher growth, yield and postharvest quality of 

late season cauliflower in Rampur Chitwan condition was found in NS106 and 

Yukon variety. Integration of organic manure (FYM) and inorganic source of 

nitrogen fertilizer (urea) in combination of 50% FYM and 50% urea performed the 

synergetic effect on better vegetative growth and higher yield with better postharvest 

quality of the cauliflower in Rampur, Chitwan condition. 
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ABSTRACT 

Fifteen varieties of mungbean were evaluated for resistance against 
major insect pests i.e., leaf folder (Cnaphalocrocis medinalis), flea beetle 
(Phyllotreta nigripes), thrips (Megalurothrips distalis), gram pod borer 
(Helicoverpa armigera) and legume pod borer (Maruca vitrata). 
Screening was done on the basis of incidence of insect pests from first 
incidence upto harvest. Statistically significant variation on recorded data 
was observed at different days after sowing. The lowest leaf folder 
population was recorded on variety BARI Mung-4 (1.08 larvae per plot) 
while the highest (2.05) on variety BARI Mung-6. The flea beetle 
population was the lowest on variety BARI Mung-4 (1.67 flea beetles per 
plot) while the highest (3.04) was recorded on variety BARI Mung-6. The 
lowest population of thrips was observed on variety BARI Mung-4 (1.43 
thrips per 10 opened flowers) and the highest population (2.67) was 
observed on variety BINA Moog-7. The lowest gram pod borer 
population was observed on variety BARI Mung-4 (1.03 caterpillars per 
plot) while the highest gram pod borer population was observed on 
variety BARI Mung-6 (2.24). The lowest population of legume pod borer 
was observed on variety BINA Moog-4 (1.18 larvae per plot) while the 
highest population (2.75) was recorded on variety BARI Mung-6. Among 
the tested varieties, BARI Mung-4 was proven comparatively the least 
pest infested and highest resistant variety. On the contrary, BARI Mung-
6 showed least resistance. Rest of the varieties expressed moderately 
resistance to major insect pests. The results showed that none of the 
tested varieties was completely resistant to major insect pests.  
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INTRODUCTION 

Mungbean (Vigna radiata) belonged to the family Fabaceae and sub-family 

Papilionaceae, is an important legume crop grown widely in Bangladesh. It is a 

popular crop in Bangladesh not only as a food crop but also as a fodder crop. The 

agro-ecological conditions of this country suit its cultivation. It is grown in three 

seasons in a year in Bangladesh and more than 70% mungbean area is concentrated 

in the three southern districts viz. Patuakhali, Barisal and Noakhali within AEZ 13 

and 18, and Patuakhali alone occupies about 30% area (Mondol et al., 2013). It is an 

important source of protein and several essential micronutrients (Bakr et al., 2004). 

Besides providing protein in the diet, mungbean can also fix atmospheric nitrogen 

through symbiotic relationship with soil bacteria and improve the soil fertility (Yadav 

et al., 1994). 

Mungbean is one of the most promising pulse crops in Bangladesh and there are 

many constraints for its low yield. Among many constraints, insect pest is considered 

to be the important one. The relative abundance of different species of insect pest of 

mungbean is not identical in all seasons. The severity of damage is related with the 

abundance of different insect pests and environmental conditions. Several insect pests 

have been reported to infest mungbean and damage the seedlings, leaves, stems, 

flowers, buds, pods causing considerable losses (Sehgal and Ujagir, 1988; Karim and 

Rahman, 1991). Depending on the growing season, management practices and crop 

variety the abundance and infestation level of insect pests of mungbean existed 

separately.  

Among major insects leaf folder (Cnaphalocrocis medinalis), flea beetle (Phyllotreta 

nigripes), thrips (Megalurothrips distalis), gram pod borer (Helicoverpa armigera) 

and legume pod borer (Maruca vitrata) are the most susceptible and devastating to 

the climatic condition of Bangladesh. In mungbean, the larvae of leaf folder feed on 

the lower surface of leaves when they are young and as they grow, they feed on the 

edges of leaves and roll inwards up to the mid rib into a trumpet shape fastened by 

means of silken thread and feed on leaf tissues. The larvae remain inside the roll and 

feed outside the marginal portion of the leaves. Severe infestation results in complete 

defoliation of the plant or even plant may die. Heavy infestation of flea beetle in 

mungbean causes leaves to dry up and the plant growth is rendered with few pods. It 

feeds on the cotyledons, making the severe innumerable round holes on leaves of 

young plants and ultimately dried the older damaged leaves. Thrips has become the 

most serious pest of mungbean. It is associated mostly with the damage of tender 

buds and flower of mungbean (Lal, 1985). Severe infestation of thrips resulted flower 

shedding causing significant yield loss (Chhabra and Kooner, 1985; Lal, 1985). In the 

field, gram pod borer and legume pod borer are considered to be a major insect pest 
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in Bangladesh. This insect is highly devastating to pods. The larvae bore into the 

young pods, remain there and feed on the seeds inside. Pod borers often cause serious 

problem resulting severe loss of the crop (Bakr, 1998). Apart from mungbean, this 

pest is also reported to be a serious pest of pigeon pea in India (Patnaik et al., 1986). 

However, the major constraint for poor yields is the wide array of insect pests, which 

attack the plants from seedling to maturity. Keeping these factors in views, the 

present study was conducted with fifteen varieties of mungbean to screen the 

varieties with resistance against major insect pests.   

MATERIALS AND METHODS 

Cultivation of mungbean 

The study was conducted during late Rabi season in 2016 at farmers’ field of 

southern region under the agroecological zone (AEZ) 13 (Ganges Tidal Flood Plain). 

The experimental site was at Patuakhali sadar upazila under Patuakhali district in 

Bangladesh which is located in between 22°14' and 22°29' North latitudes and in 

between 90°12' and 90°28' East longitudes (BANGLAPEDIA: National 

Encyclopedia of Bangladesh, 2015). This area is adjacent to the Bay of Bengal and 

lies at 0.9 to 2.1 metre above mean sea level (Iftekhar and Islam, 2004). Particularly 

in the areas of southern region, mungbean crop could be grown in late Robi (winter 

period) from mid January to mid February. The winter period is short due to close 

proximity to the Bay of Bengal. The seeds of the mungbean varieties namely viz., 

BARI Mung-1, BARI Mung-2, BARI Mung-3, BARI Mung-4, BARI Mung-5, BARI 

Mung-6, BINA Moog-4, BINA Moog-5, BINA Moog-6, BINA Moog-7, BINA 

Moog-8, BU Mug-1, BU Mug-2, BU Mug-4 and Patuakhali local Mung for screening 

against major insect pestswere sown on 19 January with making rows maintaining 

spacing (30 cm × 10 cm). The experiment was laid out in a Randomized Complete 

Block Design (RCBD) with 3 replications. Each replication represented a block 

which was divided into 15-unit plots. The individual plot (4.0 m × 2.5 m) was made 

ready as per treatment design. 15 varieties were randomly allotted to the plot. The 

fertilizers were applied as per Krishi Projukti Hatboi (BARI, 2011). The sources of 

N, P2O5 and K2O were Urea, triple super phosphate (TSP) and Muriate of Potash 

(MoP) were applied @ 50-85-35 kg/ha, respectively. Whole amount of urea, the 

entire amounts of TSP and MoP were applied in the field uniformly during the final 

land preparation. The fertilizers were then mixed properly with the soil by spading 

and individual unit experimental plots were leveled. All intercultural operations were 

done when necessary to ensure normal growth and development of crops. None of 

the insecticides was applied to protect the crop from the infestation ofinsect pests. 

Data collection 

Data on the number of leaf folder, flea beetle, thrips, gram pod borer and legume pod 

borer were recorded at different days after sowing (DAS). Population of insect pests 

was recorded at an interval of 7 days commencing from first incidence during 

https://en.wikipedia.org/wiki/Bay_of_Bengal
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different growth stages of the crop. All plants from each unit plot were observed 

individually and the number of leaf folder, flea beetle, gram pod borer and legume 

pod borer were recorded at early in the morning (6.30-9.00 AM). The population was 

counted by visual eye method and with the help of magnifying glass from each unit 

plot. The population data for leaf folder and flea beetle were collected five times at 

different (18, 25, 32, 39, 46) days after sowing (DAS). Similarly, the data on the 

population of gram pod borer and legume pod borer were collected three times at 

different (51, 58, 65) days after sowing (DAS). In case of the population of thrips, 

this population were recorded three times at different (32, 39, 46) days after sowing 

(DAS). Thrips population was assessed from 10 opened flowers which were 

randomly collected from five plants of the plot avoiding border rows and central four 

rows. Then the collected flowers were opened on the white paper board and counted 

the thrips.   

Statistical analysis 

Data were analyzed statistically through ANOVA using Web Agri Stat Package. The 

insect population data were subjected to square root (√x + 0.5) transformation before 

statistical analysis. Treatment means were compared by critical difference (CD) 

values at 5% level of significance.  

RESULTS AND DISCUSSION  

Population of leaf folder on different varieties at different days after sowing  

From the Table 1, population of leaf folder (Cnaphalocrocis medinalis) on the tested 

mungbean varieties varied from 0.71 to 1.46, 0.88 to 1.86, 1.34 to 2.91, 0.88 to 2.11 

and 0.88 to 1.94 at 18, 25, 32, 39 and 46 days after sowing (DAS), respectively and 

the results differed significantly. Similarly, mean number of leaf folder showed 

variation from 1.08 to 2.05 among the tested varieties. The number of leaf folder per 

plot was the lowest (1.08) on BARI Mung-4 followed by BINA Moog-4 (1.10) which 

was statistically identical to that of BINA Moog-5 (1.10) whereas the highest (2.05) 

was on BARI Mung-6 followed by BINA Moog-7 (1.89), BARI Mung-5 (1.61) and 

BARI Mung-3 (1.41). Leaf folder was of little importance but at present it has 

assumed alarming proportion on mungbean. Our present findings are in accordance 

with the results reported by Islam et al., (2021) who have screened 15 mungbean 

varieties under natural infestation of leaf folder and none was found to be resistant 

against leaf folder. 
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Table 1. Performance of different mungbean varieties against leaf folder per plot at   

days after sowing (DAS) 

Varieties 
Number of leaf folder per plot at  

Mean 18 DAS 25 DAS 32 DAS 39 DAS 46 DAS 

BARI Mung-1 0.88 c 1.29 bcd 1.65 cd 1.27 bcd 1.17 bc 1.25 def 

BARI Mung-2 0.71 c 1.17 bcd 2.06 bcd 1.65 abcd 1.05 bc 1.33 def 

BARI Mung-3 0.71 c 1.27 bcd 2.20 abc 1.81 abc 1.05 bc 1.41 cd 

BARI Mung-4 0.88 c 1.05 cd 1.72 bcd 0.88 d 1.05 bc 1.08 f  

BARI Mung-5 1.00 bc 1.56 abc 2.00 bcd 2.04 ab 1.46 ab 1.61 bc 

BARI Mung-6 1.46 a 1.86 a 2.91 a 2.08 ab 1.94 a 2.05 a 

BINA Moog-4 0.71 c 1.05 cd 2.23 abc 1.17 cd 1.00 bc 1.10 ef 

BINA Moog-5 0.88 c 0.88 d 1.34 d 1.35 abcd 0.88 c 1.10 ef 

BINA Moog-6 0.71 c 1.17 bcd 1.94 bcd 1.17 cd 0.88 c 1.17 def 

BINA Moog-7 1.34 ab 1.86 a 2.90 a 2.11 a 1.22 bc 1.89 ab 

BINA Moog-8 0.88 c 1.34 abcd 2.26 abc 1.29 abcd 1.05 bc 1.36 cde 

BU Mug-1 0.71 c 1.65 ab 2.39 abc 0.88 d 0.88 c 1.30 def 

BU Mug-2 1.00 bc 1.17 bcd 2.40 abc 1.34 abcd 1.05 bc 1.39 cd 

BU Mug-4 0.88 c 1.46 abc 1.86 bcd 1.18 cd 1.00 bc 1.28 def 

Patuakhali local 

Mung 
1.05 abc 0.88 d 2.48 ab 1.05 cd 1.05 bc 1.30 def 

CV (%) 29.78 25.27 22.15 35.27 29.03 12.00 

CD (0.05) 0.45 0.55 0.79 0.84 0.54 0.28 

Means having dissimilar letter(s) differ significantly at 0.05 level of probability. CD- Critical Difference 

Population of flea beetle on different varieties at different days after sowing  

From the Table 2, population of flea beetle (Phyllotreta nigripes) on the tested 

mungbean varieties varied from 0.88 to 2.04, 1.56 to 2.67, 2.27 to 3.91, 2.10 to 3.93 

and 1.39 to 2.68 at 18, 25, 32, 39 and 46 days after sowing (DAS), respectively and 

the results differed significantly. Similarly, mean number of flea beetle showed 

variations from 1.67 to 3.04 among the tested varieties. Population of flea beetle was 

the lowest (1.67) on BARI Mung-4 followed by BINA Moog-4 (1.93) and BARI 

Mung-3 (1.96) whereas the highest (3.04) on BARI Mung-6 which was statistically 

similar to that of BINA Moog-7 (3.01) followed by BINA Moog-6 (2.29), BARI 

Mung-1 (2.28). The results of the present investigation were similar to the finding of 

Islam et al., (2021) who reported that, among the tested varieties none of the variety 

showed complete resistance against flea beetle. 
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Table 2. Performance of different mungbean varieties against flea beetle per plot at 

days after sowing (DAS)  

 

Varieties 

Number of flea beetle per plot at     

Mean 
18 DAS 25 DAS 32 DAS 39 DAS 46 DAS 

BARI Mung-1 1.56 abc 2.30 abc 2.55 bcd 2.94 cdef 2.04 abcd 2.28 bc 

BARI Mung-2 1.52 abc 1.74 cd 2.49 cd 3.53 abc 1.95 bcd 2.24 bc 

BARI Mung-3 1.05 bc 1.72 cd 2.76 bcd 2.45 efg 1.84 bcd 1.96 bcd 

BARI Mung-4 0.88 c 1.56 d 2.27 d 2.26 fg 1.39 d 1.67 d  

BARI Mung-5 1.17b c 1.95 bcd 3.12 abc 3.58 abc 1.39 d 2.24 bc 

BARI Mung-6 2.04 a 2.67 a 3.33 ab 3.93 a 2.68 a 3.04 a 

BINA Moog-4 0.88 c 1.68 d 3.02 bcd 2.10 g 1.96 abcd 1.93 cd 

BINA Moog-5 1.27 bc 1.76 cd 3.01 bcd 2.42 efg 2.04 abcd 2.10 bc 

BINA Moog-6 1.68 ab 1.77 cd 2.52 bcd 3.36 abcd 2.15 abc 2.29 b 

BINA Moog-7 2.02 a 2.43 ab 3.91 a 3.81 ab 2.53 ab 3.01 a 

BINA Moog-8 1.05 bc 1.76 cd 2.45 cd 3.22 abcd 1.77 cd 2.05 bc 

BU Mug-1 1.17 bc 1.76 cd 2.59 bcd 2.79 defg 2.18 abc 2.10 bc 

BU Mug-2 1.18 bc 1.86 bcd 2.27 d 3.21 abcd 2.33 abc 2.17 bc 

BU Mug-4 1.17 bc 1.74 cd 2.62 bcd 2.80 defg 2.26 abc 2.12 bc 

Patuakhali 

local Mung 
1.27 bc 1.77 cd 2.27 d 3.13 bcde 2.03 abcd 2.09 bc 

CV (%) 31.92 18.69 18.04 14.29 21.06 9.79 

CD (0.05) 0.71 0.59 0.83 0.72 0.72 0.37 

Means having dissimilar letter(s) differ significantly at 0.05 level of probability, CD- Critical Difference 

Population of thrips on different varieties at different days after sowing  

From the Table 3, population of thrips (Megalurothrips distalis) on the tested 

mungbean varieties varied from 1.46 to 2.70, 1.77 to 3.08 and 1.05 to 2.24 at 32, 39 

and 46 days after sowing (DAS), respectively and the results differed significantly. 

Similarly, mean number of thrips showed variations from 1.43 to 2.67 among the 

tested varieties. The highest population of thrips (2.67) was observed on BINA 

Moog-7 followed by BARI Mung-5 (2.29) and BINA Moog-5 (2.21) which was 

statistically similar to that of BARI Mung-6 (2.19) and BU Mug-2 (2.16). But the 

lowest population of thrips (1.43) was found on BARI Mung-4 followed by BARI 

Mung-1 (1.69) and BARI Mung-2 (1.93) which was significantly similar to that of 
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Patuakhali local Mung (1.93). Similar consistent results have also been reported by 

Nadeem et al. (2014) who has screened ten cultivars of mungbeanviz., MH 3153, MH 

5251, MH 5254, MH 5255, MH 34143, MH 34144, MH 34164, MH 34241 and two 

check varieties i.e., NM 2006 (Check 1), AZRI 2006 (Check 2) for resistance against 

thrips and none was found complete resistant which was similar to the findings of 

Khattak et al., (2004). 

Table 3. Performance of different mungbean varieties against thrips per 10 opened 

flowers at days after sowing (DAS)  

Varieties 
Number of thrips per plot at 

Mean 
32 DAS 39 DAS 46 DAS 

BARI Mung-1 1.74 bc 1.93 cd 1.17 d 1.69 cd 

BARI Mung-2 2.03 b 2.32 bcd 1.47 bcd 1.93 bc 

BARI Mung-3 2.04 b 2.32 bcd 1.56 abcd 1.97 bc 

BARI Mung-4 1.46 c 1.77 d 1.05 d 1.43 d 

BARI Mung-5 2.11 b 2.66 ab 2.11 ab 2.29 ab 

BARI Mung-6 2.08 b 2.73 ab 1.64 abcd 2.19 b 

BINA Moog-4 1.86 bc 1.86 d 2.00 abc 1.19 bc 

BINA Moog-5 2.11 b 2.51 abc 2.03 abc 2.21 b 

BINA Moog-6 1.94 bc 2.69 ab 1.46 bcd 2.02 bc 

BINA Moog-7 2.70 a  3.08 a 2.24 a 2.67 a 

BINA Moog-8 1.95 bc 2.61 ab 1.44 bcd 2.00 bc 

BU Mug-1 2.04 b 2.67 ab 1.56 abcd 2.08 bc 

BU Mug-2 1.86 bc 2.59 ab 2.03 abc 2.16 b 

BU Mug-4 2.04 b 2.40 bcd 1.56 abcd 2.00 bc 

Patuakhali local Mung 1.86 bc 2.60 ab 1.35 cd 1.93 bc 

CV (%) 15.83 15.71 26.27 12.14 

CD (0.05) 0.53 0.64 0.72 0.55 

Means having dissimilar letter(s) differ significantly at 0.05 level of probability, CD- Critical Difference 

Population of gram pod borer on different varieties at different days after 

sowing  

From the Table 4, population of gram pod borer (Helicoverpa armigera) on the tested 

mungbean varieties varied from 0.88 to 2.20, 1.22 to 2.48 and 0.88 to 2.04 at 51, 58 

and 65 days after sowing (DAS), respectively and the results differed significantly. 

Similarly, mean number of gram pod borer showed variations from 1.03 to 2.24 

among the tested varieties. Population trend of gram pod borer was the lowest (1.03) 
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on BARI Mung-4 followed by (1.19) BARI Mung-3 which was statistically similar to 

that of BINA Moog-4 (1.22) whereas the highest population was (2.24) on BARI 

Mung-6 followed by BINA Moog-7 (1.93) and BINA Moog-5 (1.88). The present 

study is in agreement with that of Shafique et al., (2009) who observed the varieties 

for resistance against chickpea pod borer (Helicoverpa armigera) infestation in a 

field and none of the tested genotypes showed complete resistant against chickpea 

pod borer. 

Table 4. Performance of different mungbean varieties against gram pod borer per 

plot at days after sowing (DAS) 

 

Varieties 

Number of gram pod borer per plot at  

Mean 51 DAS 58 DAS 65 DAS 

BARI Mung-1 1.27 bcd 1.82 bc 1.44 abcde 1.45 cd 

BARI Mung-2 1.00 cd 1.44 cd 1.27 bcde 1.24 cde 

BARI Mung-3 1.00 cd 1.56 bcd 1.00 e 1.19 de 

BARI Mung-4 0.88 d 1.34 cd 0.88 e 1.03 e 

BARI Mung-5 1.10 cd 1.87 bc 1.47 abcde 1.48 cd 

BARI Mung-6 2.20 a 2.48 a 2.04 a 2.24 a 

BINA Moog-4 1.05 cd 1.22 d 1.39 abcde 1.22 de 

BINA Moog-5 2.04 ab 1.76 bcd 1.86 abc 1.88 b 

BINA Moog-6 1.17 cd 1.65 bcd 1.17 cde 1.33 cde 

BINA Moog-7 1.74 abc 2.08 ab 1.95 ab 1.93 ab 

BINA Moog-8 1.05 cd 1.56 bcd 1.87 abc 1.49 cd 

BU Mug-1 1.29 bcd 1.65 bcd 1.10 de 1.35 cde 

BU Mug-2 1.27 bcd 1.64 bcd 1.56 abcde 1.49 cd 

BU Mug-4 1.29 bcd 1.68 bcd 1.77 abcd 1.58 bc 

Patuakhali local Mung 1.27 bcd 1.74 bcd 1.19 cde 1.50 cd 

CV (%) 35.27 20.17 29.95 14.36 

CD (0.05)  0.77 0.57 0.74 0.35 

Means having dissimilar letter(s) differ significantly at 0.05 level of probability. CD- Critical Difference 

Population of legume pod borer on different varieties at different days after 

sowing  

From the Table 5, population of legume pod borer (Maruca vitrata) on the tested 

mungbean varieties varied from 0.88 to 2.39, 1.56 to 3.75 and 0.71 to 2.11 at 51, 58 

and 65 days after sowing (DAS), respectively and the results differed significantly. 

Similarly, mean number of legume pod borer showed variations from 1.18 to 2.75 
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among the tested varieties. Population of legume pod borer was the lowest (1.18) on 

BINA Moog-4 which was statistically similar to that of (1.21) BARI Mung-3 

followed by (1.58) BINA Moog-3 whereas, the highest (2.75) was observed on BARI 

Mung-6 which was statistically similar to that of BINA Moog-7 (2.40) followed by 

BARI Mung-5 (2.28) and BARI Mung-4 (1.89). The findings of the present study are 

also supported by the findings of Sandhya Rani et al., (2014) who monitored 110 

different genotypes including 10 released varieties as check under field condition 

against pod borer and no genotype was found as resistant to Maruca vitrata. 

Table 5. Performance of different mungbean varieties against legume pod borer per 

plot at days after sowing (DAS) 

 

Varieties 

Number of legume pod borer per plot at  

Mean 51 DAS 58 DAS 65 DAS 

BARI Mung-1 1.34 c 2.79 abcd 1.05 cd 1.73 c 

BARI Mung-2 1.29 c 2.46 cde 1.29 cd 1.68 cd 

BARI Mung-3 1.05 c 1.86 de 0.71 d 1.21 d 

BARI Mung-4 1.17 c 3.14 abc 1.35 bcd 1.89 bc 

BARI Mung-5 2.11 ab 3.39 abc 1.35 bcd 2.28 ab 

BARI Mung-6 2.39 a 3.75 a 2.11 a 2.75 a 

BINA Moog-4 0.88 c 1.56 e 0.71 d 1.18 d 

BINA Moog-5 1.27 c 3.12 abc 1.05 cd 1.81 bc 

BINA Moog-6 1.17 c 2.57 abcde 1.17 cd 1.64 cd 

BINA Moog-7 1.57 bc 3.69 ab 1.95 ab 2.40 a 

BINA Moog-8 1.10 c 2.59 abcde 1.05 cd 1.58 cd 

BU Mug-1 1.29 c 3.14 abc 1.05 cd 1.83 bc 

BU Mug-2 1.27 c 2.52 bcde 1.44 bc 1.74 c 

BU Mug-4 1.17 c 2.63 abcde 1.05 cd 1.62 cd 

Patuakhali local Mung 1.35 c 3.02 abcd 0.88 cd 1.75 c 

CV (%) 33.64 25.41 32.07 17.10 

CD (0.05) 0.76 1.20 0.66 0.51 

Means having dissimilar letter(s) differ significantly at 0.05 level of probability, CD- Critical Difference  

CONCLUSION 

Result of the present findings lead towards a conclusion that among fifteen tested 

varieties none showed to be completely resistant against major insect pests (leaf 

folder, flea beetle, thrips, gram pod borer and legume pod borer). Rather, higher 

yields are obtained by cultivating these tested varieties through proper management 
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against insect pests in the southern districts of Bangladesh which can play an 

important role in enhanced domestic production. 
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ABSTRACT 

Grey Blight of Mustard caused by Alternaria sp. is one of the most 
important diseases of oil producing crop of Bangladesh causing heavy 
yield loss which is approximately 30-40%.  In this study the effectiveness 
of selected botanicals, chemicals and their combined effects were 
assessed to manage this disease. Fourteen treatments including control 
were evaluated viz. T1= Control, T2= Trichoderma harzianum 
suspension, T3= Autostin 50 WDG, T4= Rovral 50 WP, T5= Dithane M-
45, T6= Amistar Top 325 SC, T7= Neem leaf extract, T8= Allamanda leaf 
extract, T9 = Lantana leaf extract, T10= Datura leaf extract, T11= Neem 
leaf extract+ Rovral, T12= Datura leaf extract + Amistar Top, T13= 
Lantana leaf extract + Dithane M- 45 and T14= Allamanda leaf extract + 
Autostin. Among the chemicals, the lowest disease incidence (%), 
disease severity (%), disease severity index (%) and pod infection (%) 
was found in T5 treatment (Dithane M-45) which was 55.91%, 22.09%, 
32.16% and 6.72%, respectively, at 70 and 75 DAS, respectively. While 
among the botanicals, the lowest disease incidence (%), disease severity 
(%), disease severity index (%) and pod infection (%) was found in T9 
treatment (Lantana leaf extract) which was 65.05%, 28.89%, 37.96% and 
13.79%, respectively, at 70 and 75 DAS, respectively. In case of 
combined treatments, the lowest disease incidence (%), disease severity 
(%), disease severity index (%) and pod infection (%) was found in T13 
treatment (Lantana leaf extract + Dithane M-45) which was 59.14%, 
26.32%, 38.20% and 12.30%, respectively, at 70 and 75 DAS 
respectively. While the highest disease incidence (%), disease severity 
(%), disease severity index (%) and pod infection (%) was found in T1 
treatment (Control) which was 79.20%, 37.54%, 67.38% and 34.63%, 
respectively, 70 and 75 DAS, respectively. Among the treatments yield 
and yield attributers were found better in T5 (Dithane M-45), T9 (Lantana 
leaf extract) and T13 (Lantana leaf extract + Dithane M-45). From the 
results on different parameters studied, the treatment Lantana leaf 
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extract (T9), Dithane M-45 (T5) and their combined treatment (T13) can be 
used for management of grey blight mustard after few field trialing in 
consecutive year. 

Keywords: Mustard, Alternaria blight, Bio-chemical management, 

combined effects, severity index.  

INTRODUCTION 

Mustard (Brassica spp.) is the major oil seed crop of Bangladesh yielding 36.83% of 

total oilseed production from 64.6% of the total area coverage (BBS, 2020). At 

present about 0.31 million hectares of land are covered to mustard cultivation in 

Bangladesh with yield of mustard seed in order of 0.35 million tons per year (BBS, 

2020). It is cultivated almost all over the world. The average production of the world 

is 2.04 t ha
-1

 (FAO, 2015), whereas in Bangladesh is 0.5 t ha
-1

. It is a cold loving crop 

that is mainly cultivated in Rabi season in Bangladesh. The weather condition 

suitable for this crop is low temperature and scanty rainfall. Many factors are 

associated with the poor yield of mustard in Bangladesh. Diseases have been 

identified as one of the major factors (Ahmed, 1992). It suffers from about 14 

diseases (fungus, 9, virus, 2, bacteria, 1, nematode, 1 and parasitic plant, 1) in 

Bangladesh (Anonymous, 2007). Among these diseases grey leaf blight, downy 

mildew and the parasitic plant are the most important (Anonymous, 2007). Grey leaf 

blight caused by Alternaria brassicae/ Alternaria brassicicola is widely distributed 

and the most serious and devastating disease of rapeseed-mustard. Most of the 

Alternaria species are saprophytes and ubiquitous in the environment (Simmons, 

1992). The pathogens are greatly influenced by weather with the highest disease 

incidence reported in wet seasons and areas with relatively heavy rainfall (Meena et 

al., 2010). The characteristic symptom is the development of circular spots on leaves 

and pods with concentric ring. Later on, spots coalesce and ultimately the leaves 

become blighted. The disease may cause 25% yield reduction at severe condition of 

infection (Anonymous, 2001).   

Protection of seedpod from Alternaria blight infection should, therefore, be the most 

important aim for higher yield of mustard. The most economical and environmentally 

safe method of controlling the disease is use of resistant varieties. Information on 

resistance source is not available, although some sort of tolerance may be available. 

There is no information available on the resistance sources. Chemicals are being 

successfully used in controlling the disease (Meah et al., 1988; Howlider et al., 

1985). But using excessive chemicals is discouraged as it is harmful for the 

environment and the residual effect can cause decay to human health. Non-chemical 

methods of disease control may include use of biological agents, botanicals, 

adjustment in cultural practices etc.  

Different medicinal leaf extract which has antifungal effect such as neem, alamanda, 

lantana, datura etc can be used as botanicals and Trichoderma harzianum can be used 
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as biological agent. They can be successfully applied as an ecofriendly alternative of 

chemicals for the management of grey blight of mustard. Using the botanicals as 

foliar spray and biological agent as soil treatment can successfully control the 

pathogen attack. The combined treatment of chemicals and botanicals also shows 

satisfying result which also reduces the use of chemicals only in case of grey blight 

disease management in mustard. The purpose of this study was to find out the most 

effective botanical, chemical or their combined treatment to manage the disease in 

the possibly most effective way.  

MATERIALS AND METHODS  

Identification of the disease and evaluating the efficacy of selected bio-chemicals  

Identification of the disease was done mainly through visual observation of typical 

symptoms of grey blight like development of circular spots on leaves & pods with 

concentric ring and elongated lesion on stem. Later on spots coalesce and ultimately 

the leaves become blighted. The disease incidence (%), disease severity (%) and 

disease severity index (%) of grey blight of Mustard was recorded by counting 

infected plants, infected leaves and estimating infected leaf area at 50, 60 and 70 days 

after sowing (DAS). The pod infection (%) was recorded by counting the infected 

pods at 55, 65 and 75 (DAS). To evaluate the efficacy of the selected bio-chemical 

treatments for disease management, the following parameters were undertaken: 

number of infected plant/plot, number of infected leaf/plant, infected leaf area/ leaf, 

number of infected pod/ plant, fresh yield/plot (kg ha
-1

), dry yield/plot (kg ha
-1

), fresh 

grain weight (gm/plot), dry grain weight (gm/plot) and 1000-seed weight/plot (gm). 

Collection and preparation of selected Bio-Chemicals  

Neem leaf, Allamanda leaf, Lantana leaf and Datura leaves were used as botanicals. 

Botanicals were collected from Sher-e-Bangla Agricultural University, Dhaka. Fresh 

leaves were collected and weighed 100 gm per botanical. The leaves were washed 

and chopped into small pieces. To prepare the extract the chopped leaves were 

blended with electric blender and sieved through strainer. Hundred ml leaf extract of 

each botanical was added into one litre distilled water maintaining ratio 1:10 for 

foliar spray. Autostin (Carbendazim), Dithane M-45(Mancozeb), Amistar Top 

(Azoxystrobin+Difenoconazol) and Rovral (Ipridione) were selected as chemical 

fungicides maintaining dose 0.3%, 0.3%, 0.1% and 0.2%, respectively. The 

chemicals were handled maintaining proper precautions through wearing hand 

gloves, goggles, face mask and apron. Each chemical was weighed according to the 

mentioned dose and carefully incorporated into water to prepare the spray solution. 

The Trichoderma harzianum suspension was prepared @ 20 ml/liter. The suspension 

was measured and mixed thoroughly with water then preserved in cool temperature 

and darkness. 
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Calculation of diseases related parameters 

The disease incidence and severity of grey blight was recorded by counting the 

infected plants on the basis of symptoms appearance, and by counting the infected 

leaves per plant, respectively. The disease severity index was calculated by 

measuring the infected leaf and the pod infection by counting the spots on infected 

pod. For collection data on above mentioned parameters, in total fifteen (15) plants 

per plot (6 m
2
) were selected randomly and red tagged was used for indication. The 

selected plants were inspected every morning to note the appearance of the symptoms 

starting from the following day of sowing.   

 Percent disease incidence was calculated by the following formula:  

                                         Number of infected plant 

% Disease Incidence =  -----------------------------------------  X 100         

                                         Number of total inspected plant 

Percent disease severity was calculated by the following formula:  

                                       Number of infected leaf per plant 

% Disease Severity =   ----------------------------------------------   X 100 

                                       Number of total inspected leaf per plant 

Percent disease severity index was calculated by the following formula:  

                                                 Leaf area infected 

% Disease Severity Index =  -----------------------------    X 100                                      

                                                Total leaf area 

Percent pod infection was calculated by the following formula:  

                                Number of infected pod per plant 

% Pod Infection =  --------------------------------------------    X 100 

                                 Total number of pod per plant 

Statistical analysis  

The data were statistically analyzed using computer based software Statistix-10. 

Treatment means were compared by DMRT (Duncan’s Multiple Range Test). To 

determine the relationship between percent disease incidences, severity, severity 

index and pod infection with yield for each of the treatments correlation and 

regression study were done.  

RESULTS AND DISCUSSION 

Effect of different treatments on disease incidence (%) at 50, 60 and 70 days 

after sowing  

The effect of selected treatments on percent disease incidence for grey blight of 

mustard was recorded and the disease incidence ranged from 43.0-59.02%, 45.16-

69.35% and 55.91-79.20% at 50, 60 and 70 DAS, respectively (Table 1). From the 
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study, it was found that among treatments, the lowest disease incidence was recorded 

in T5 (Dithane M-45) and the highest in T1 (control) at all observation. Among the 

chemical treatments, the lowest disease incidence was found in T5 (Dithane M-45) 

followed by T3(Autostin) where the highest disease incidence was recorded in T4 

(Rovral). Among the botanical treatments, the lowest disease incidence was found in 

T9 (Lantana leaf extract) followed by T10 (Datura leaf extract) while the highest 

disease incidence was recorded in T7 (Neem leaf extract). Among the combined 

treatments, the highest disease incidence was recorded in T11 (Neem + Rovral), where 

the lowest disease incidence was found in T13 (Lantana+ Dithane M-45). From these 

results it was also revealed that the T2 treatment (Trichoderma harzianum 

suspension) was showed the moderate disease incidence and gave best performance 

for controlling grey blight disease of mustard. Prasad et al. (2003) conducted an 

experiment to determine the losses due to Alternaria blight (Alternaria brassicae) 

under protected and unprotected conditions. The protected plots were sprayed with 

0.25% mancozeb starting from 40 days after sowing and 3 subsequent sprays at 15-

day intervals. The disease appeared 45 days after sowing. Treatment with mancozeb 

reduced disease incidence in all the genotypes. There was a 72.6 and 59.0% reduction 

in disease severity for RN 490 and the lowest disease intensity (17.8 and 16.1%) was 

recorded in the protected plots compared to the unprotected plots (39.6 and 32.5%) in 

both the years. Singh and Singh (2006) conducted a field experiment to develop 

spray schedule(s) for the management of blight caused by Alternaria brassicae and 

A. brassicicola, and white rust caused by Albugo candida appling three consecutive 

sprays of Mancozeb 75 WP (0.2%) at fortnightly intervals, beginning at the disease 

initiation resulted in the lowest leaf blight incidence and pod blight intensity. 

Effect of different treatments on disease severity (%) at 50, 60 and 70 DAS  

The data recorded on the effect of selected treatments on percent disease severity for 

grey blight of mustard and ranged from 11.89-16.84%, 18.49-21.77% and 22.09-

37.54% at 50, 60 and 70 DAS, respectively (Table 2).  It was observed that the 

treatments varied significantly from each and other. Among the selected treatments, 

the lowest disease severity was found in T13 (Lantana + Dithane M-45) at 50 DAS but 

less disease severity was found in T2 (18.49%, 26.08%, Trichoderma harzianum 

suspension) at 60 and 70 DAS and the highest disease severity was recorded in T1 

(control) at all observations. Among the chemical treatments, the lowest disease 

severity was recorded in T5 (Dithane M-45) at all observations. The highest disease 

severity was recorded in T4 (15.26% Rovral) at 50 DAS, but at 60 DAS, the highest 

disease severity was found in T3 (20.92%, Autostin) and at 70 DAS it was higher in 

T6 (29.27%, Amistar top).  Among the botanical treatments, the lowest disease 

severity was recorded in T9 (Lantana leaf extract, 12.57%, 19.44% and 28.89%,) at 

all observations and the highest disease severity was found in T8 (Allamanda leaf 

extract, 12.99%, 20.21% at 50, 60 DAS. But at 70 DAS, the highest disease severity 

was found in T7 (Neem leaf extract, 34.37%).  Among the combined treatments, the 
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lowest disease severity was found in T13 (Lantana + Dithane M-45) at all observations 

and the highest disease severity was recorded in T11 (14.42%, 32.01%) at 50 and 70 

DAS, but it was found higher in T12 (Datura + Amistar top, 20.74%) at 60 DAS. 

Results are also agreed with previous research reports. Chattopadhyay and Bagchi 

(1994) reported that the lowest severity and the highest yields were obtained 

following four foliar sprays with Mancozeb (0.2%) at intervals of 15 days, starting 

from 30 days after sowing. Three sprays at 45, 60 and 75 days after sowing gave the 

highest benefit ratios (3.9 and 3.88). 

Table 1. Disease incidence (%) under different treatments at 50, 60 and 70 DAS  

Treatments 
Disease incidence (%) 

50 DAS 60 DAS 70 DAS 

T1 (Control)   59.02 
a  

 69.35 
a  

 79.20 
a  

 

T2 (Trichoderma harzianum suspension)   47.29 
cd

   52.69 
bcd 

  63.63 
bcd 

  

T3 (Autostin 50 WDG)   47.31 
cd

   52.60 
bcd

   56.63 
d  

 

T4 (Rovral 50 WP)   51.34 
abcd

 56.45 
abcd

 67.92 
abcd  

 

T5 (Dithane M-45)   43.00 
d  

 45.16 
d  

 55.91 
d  

 

T6 (Amistar Top 325 SC)   49.20
bcd

   53.76 
bcd

   61.47 
bcd  

 

T7 (Neem leaf extract)   56.83 
ab

   56.99 
abcd 

  73.48 
ab 

  

T8 (Allamanda leaf extract)   54.32
abc 

  67.20 
ab 

  72.40 
abc

   

T9 (Lantana leaf extract)   46.81 
cd

   51.06 
cd  

 65.05 
bcd  

 

T10 (Datura leaf extract)   50.91
abcd

 54.30 
bcd

 67.64 
abcd 

  

T11 (Neem leaf extract+ Rovral)   57.55 
ab

   60.21 
abc  

 68.18 
abcd 

  

T12 (Datura leaf extract + Amistar Top)   51.54
abcd

   56.99 abcd   67.70 
abcd 

  

T13 (Lantana leaf extract + Dithane M- 45)   49.41
bcd

   55.73 
abcd 

  59.14 
cd 

  

T14 (Allamanda leaf extract + Autostin)   54.84
abc

   61.82 
abc

   67.02
 abcd  

 

CV (%)   10.64   15.66   12.41   
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Table 2. Disease severity (%) under different treatments at 50, 60 and 70 DAS  

Treatments 
 Disease severity (%) 

50 DAS 60 DAS 70 DAS 

T1 (Control)   16.84 
a  

 21.77 
a  

 37.54 
a  

 

T2 (Trichoderma harzianum suspension)   12.72 
cd 

  18.49 
d  

 26.08 
bcd 

  

T3 (Autostin 50 WDG)   13.82 
bcd

   20.92 
ab

   23.83 
cd  

 

T4 (Rovral 50 WP)   15.26 
ab 

  20.20 
abcd

   26.14 
bcd 

  

T5 (Dithane M-45)   12.77 
cd  

 19.17 
bcd  

 22.09 
d  

 

T6 (Amistar Top 325 SC)   13.30 
bcd  

 20.29 
abcd

   29.27 
abcd 

  

T7 (Neem leaf extract)   12.63 
cd 

  19.50 
bcd  

 34.37 
ab

   

T8 (Allamanda leaf extract)   12.99 
cd  

 20.21 
abcd 

  32.84 
abc

   

T9 (Lantana leaf extract)   12.57 
cd

   19.44 
bcd 

  28.89 
abcd  

 

T10 (Datura leaf extract)   12.73 
cd 

  20.05 
abcd  

 29.44 
abcd  

 

T11 (Neem leaf extract+ Rovral)   14.42 
bc 

  20.10 
abcd

   32.01 
abc 

  

T12 (Datura leaf extract + Amistar Top)   13.75 
bcd 

  20.74 
abc 

  30.67 
abcd

   

T13 (Lantana leaf extract + Dithane M- 45)   11.89 
d  

 18.66 
cd  

 26.32 
bcd  

 

T14 (Allamanda leaf extract + Autostin)   12.97 
cd 

  19.73 
abcd

   27.17 
bcd 

  

CV (%)   9.55   6.44   19.79   

Effect of different treatments on disease severity index (%) at 50, 60 and 70 DAS  

The effect of selected treatments on percent disease severity index for grey blight of 

mustard was estimated and ranged from 18.40-43.45%, 27.87-49.35%, 32.16-67.38% 

at 50, 60 and 70 DAS, respectively (Table 3). Among the set treatments, minimum 

disease severity index was recorded in T2 (Trichoderma harzianum suspension, 

18.40%) followed by T5 (Dithane M-45, 19.19%) at 50 DAS, but at 60 and 70 DAS, the 

lowest disease severity index was found in T5 (Dithane M-45) and maximum was 

recorded in control plot (T1) at all observations. Among the chemical treatments, the 

lowest disease severity index was recorded in T5 (Dithane M-45) at all observations and 

the highest disease was found in T3 (28.78%, Autostin) at 50 DAS while the highest in 

T4 (41.60% and 47.74%) at 60 and 70 DAS, respectively. In case of botanical 

treatments, the lowest disease severity index was found in T9 (Lantana leaf extract) at 

all observations and the highest disease severity index was recorded in T8 (Allamanda 

leaf extract) at 50 DAS but at 60 and 70 DAS, disease severity index was found higher 

in T7 (34.23%, Neem leaf extract) and T10 (48.45%, Datura leaf extract). Among the 

combined treatments, the lowest disease severity index was found in T13 (Lantana+ 

Dithane M-45) at all observations. The highest disease severity index was recorded in 

T12 (Datura + Amister top) at 50 DAS, but at 60 and 70 DAS, it was found higher in T11 
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(Neem+ Rovral, 35.38% and 49.10% respectively). Results are also agreed with 

reported results regarding the disease severity index (%)/ leaf area diseased (% LAD) 

of mustard.  Alam (2007) reported that the effect of different treatments on leaf area 

diseased (% LAD) was found to be significant at different days after sowing (DAS) in 

response to the application of different chemicals fungicides and botanicals. Percent 

leaf area diseases (LAD) of mustard (SAU Sarisha-1) increased gradually with the 

advancement of crop growth. At 85 DAS, the highest percent leaf area diseased 

(18.45%) was found at T1 (control) treatment and the lowest leaf area diseased (2.59%) 

was recorded from the Rovral treated plots followed by Allamanda, Dithane M-45, 

Bavistin, Ridomil MZ-72 and Garlic treated plots.   

Table 3. Disease severity index (%) under different treatments at 50, 60 and 70 DAS  

Treatments 
Disease severity index (%) 

50 DAS 60 DAS 70 DAS 

T1 (Control)   43.45 
a  

  49.35 
a  

 67.38 
a  

 

T2 (Trichoderma harzianum suspension)   18.40 
d  

 30.38 
bc  

 46.50 
bcd

   

T3 (Autostin 50 WDG)   28.78 
bc 

  36.30 
bc  

 44.58 
bcd 

  

T4 (Rovral 50 WP)   26.63 
bcd 

  41.60 
ab 

  47.74 
bc 

  

T5 (Dithane M-45)   19.19 
cd 

  27.87 
c  

 32.16 
e  

 

T6 (Amistar Top 325 SC)   24.20 
bcd 

  32.40 
bc

   39.23 
cde 

  

T7 (Neem leaf extract)   29.09 
bc

   34.23 
bc

   45.49 
bcd 

  

T8 (Allamanda leaf extract)   29.90 
b  

 30.50 
bc

   44.74 
bcd 

  

T9 (Lantana leaf extract)   27.84 
bcd 

  28.71 
bc  

 37.96 
de  

 

T10 (Datura leaf extract)   28.08 
bcd  

 32.76 
bc

   48.45 
bc

   

T11 (Neem leaf extract+ Rovral)   30.16 
b  

 35.38 
bc

   49.10 
b  

 

T12 (Datura leaf extract + Amistar Top)   32.81 
b  

 33.85 
bc  

 41.22 
bcde 

  

T13 (Lantana leaf extract + Dithane M- 45)   25.59 
bcd 

  28.80 
bc 

  38.20 
de

   

T14 (Allamanda leaf extract + Autostin)   28.98 
bc 

  34.01 
bc

   45.20 
bcd  

 

CV (%)   21.94   22.66   12.65   

Effect of different treatments on pod infection (%) at 55, 65 and 75 DAS  

The effect of selected treatments on percent pod infection was recorded and ranged 

from 0.65-2.97%, 1.73-7.25% and 6.72-34.63% at 55, 65 and 75 DAS (Table 4), 

respectively. From the study, it was recorded that among set treatments, the lowest 

pod infection was found in T5 (Dithane M-45) where the highest was recorded in T1 

(Control) at all observations. Among the chemical treatments, Dithane M-45 (T5) was 

gave the best result, which was statistically similar with T6 (Amistar top) and T4 

(Rovral). Among the botanical treatments, the lowest pod infection was found in T9 
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(Lantana leaf extract) at 55 and 75 DAS whereas it was recorded the lowest in T8 

(Allamanda leaf extract) at 65 DAS. The highest pod infection found in T8 

(Allamanda leaf extract) at 55 and 75 DAS whereas it was found higher in T9 

(Lantana leaf extract) at 65 DAS.  Among the combined treatments, the highest pod 

infection was recorded in T11(Neem + Rovral) at 55 and 65 DAS but at 75 DAS, it 

was found higher in T11 (Neem leaf extract + Rovral). From these results it was also 

revealed that the T2 treatment (Trichoderma harzianum suspension) was gave the 

moderate result in terms of pod infection (%) and showed the best performance for 

controlling grey blight disease of mustard. Almost similar observation was reported 

by Godika et al. (2001), when they conducted a field experiment to evaluate the 

efficacy of different chemical fungicides viz. Mancozeb, Ridomil MZ 

(mancozeb+metalaxyl), Captan, Rovral (iprodione), Bayletan [triadimefon], and 

Copper oxychloride, against Alternaria blight (Alternaria brassicae) and observed 

that all the fungicides significantly controlled the disease, but their efficacy varied.  

Table 4. Pod infection (%) under different treatments at 55, 65 and 75 DAS                                                           

Treatments 
Pod infection (%) 

55 DAS 65 DAS 75 DAS 

T1 (Control)   2.97 
a  

 7.25 
a  

 34.63 
a  

 

T2 (Trichoderma harzianum suspension)   1.31 
bc  

 2.92 
bc  

 19.68 
bc 

  

T3 (Autostin 50 WDG)   1.14 
bc 

  2.75 
bc 

  17.21bc   

T4 (Rovral 50 WP)   1.02 
bc

   2.30 
bc

   12.78 
cd  

 

T5 (Dithane M-45)   0.65 
c  

 1.73 
c  

 6.72 
d  

 

T6 (Amistar Top 325 SC)   0.88 
bc 

  1.78 
c  

 9.56 
cd  

 

T7 (Neem leaf extract)   0.94 
bc

   3.23 
bc  

 16.85 
bcd

   

T8 (Allamanda leaf extract)   1.73 
abc  

 2.79 
bc 

  23.05 
b  

 

T9 (Lantana leaf extract)   1.18 
bc 

  4.59 
b  

 13.79 
bcd  

 

T10 (Datura leaf extract)   1.57 
bc

   3.50 
bc 

  18.55 
bc

   

T11 (Neem leaf extract+ Rovral)   1.40 
bc

   2.53 
bc 

  19.54 
bc

   

T12 (Datura leaf extract + Amistar Top)   1.23 
bc

   2.75 
bc 

  13.82 
bcd

   

T13 (Lantana leaf extract + Dithane M- 45)   1.21 
bc 

  2.39 
bc 

  12.30 
cd 

  

T14 (Allamanda leaf extract + Autostin)   1.96 
ab 

  3.60 
bc 

  17.41 
bc

   

CV (%)   56.25   46.19   36.08   

Effect of different treatments on yield and yield contributing parameters in 

mustard against grey blight disease  

The effect on grain yield of mustard under different treatments were summarized and 

significant variation was found in fresh and dry condition (Table 5). In case of fresh 
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weight, among the treatments. the highest grain yield (1357.3 gm/plot) was recorded 

in T13 (Lantana + Dithane M-45) followed by T5 (Dithane M-45, 1347.7 gm/plot) and 

T9 (Lantana leaf extract, 1318.9 gm/plot), whereas the lowest yield was found in T1 

(Control, 998.4 gm/plot). In dry condition, maximum grain yield was obtained in 

combined treatment T13 (Lantana + Dithane M-45, 1136.3 gm/plot), while minimum 

grain yield was found in T1 (control, 811.7 gm/plot). Shrestha et al. (2005) also 

reported that Mancozeb (Dithane M-45) and Iprodione (Rovral) had effectively 

reduced grey blight disease in the sprayed plots and increased seed yield by 48% and 

130%, respectively.  1000-seed weight was significantly affected by grey blight 

disease of mustard under different treatments. Among the treatments, T9 treatment 

(Lantana Leaf extract) was gave the best results (5.16 gm) for 1000-seed weight, 

which was significantly different from all other treatments. The lowest 1000- seed  

Table 5. Grain yield of Mustard under different treatments  

Treatments 
Fresh wt. 

(gm/plot) 

Dry wt. 

(gm/plot) 

1000-seed 

weight (gm) 
Wt. (t ha

-1
) 

T1 (Control)   998.4 
d
 811.7 

e
 3.15 

e
 1.34

 f
 

T2 (Trichoderma harzianum 

suspension)   

1152.5  
abcd

 

990.1 
abcde

 4.55 bc 

1.65 
abcde

 

T3 (Autostin 50 WDG)   1035.5 
cd

 905.1 
de

 4.15 
d
 1.52

 ef
 

T4 (Rovral 50 WP)   1115.7 
bcd

 978.4 
bcde

 4.41 cd 1.71 
abcde

 

T5 (Dithane M-45)   1347.7 
a
 1114.7 

ab
 5.03 

a
 1.89 

a
 

T6 (Amistar Top 325 SC)   1214.1 
abc

 1089.1 
abc

 4.93 
a
 1.81 

ab
 

T7 (Neem leaf extract)   1028.0 
cd

 910.4 
cde

 4.09 
d
 1.56 

cdef
 

T8 (Allamanda leaf extract)   1300.0 
ab

 1122.3 
ab

 4.92 
a
 1.78 

abcd
 

T9 (Lantana leaf extract)   1318.9 
ab

 1172.4 
a
 5.16 

a
 1.84 

ab
 

T10 (Datura leaf extract)   1029.6 
cd

 969.1 
bcde

 4.55 bc 1.62 
bcde

 

T11 (Neem leaf extract+ Rovral)   1254.1 
ab

 1072.8 
abcd

 4.90 
a
 1.79 

abc
 

T12 (Datura leaf extract + Amistar 

Top)   

1113.9 
bcd

 996.3 
abcd

 4.83 ab 

1.54 
def

 

T13 (Lantana leaf extract + Dithane 

M- 45)   

1357.3 
a
 1136.3 

ab
 5.00 

a
 

1.86 
ab

 

T14 (Allamanda leaf extract + 

Autostin)   

1181.6 
abcd

 910.9 
cde

 4.26 cd 

1.5 
ef
 

CV (%)   10.70 10.78 4.38 4.97 

weight (3.15 gm) was found in control treatment (T1). Results agreed with report by 

Singh and Singh (2006), they reported that the highest, seed yield and 1000-seed 

weight under all the dates of sowing were found in two consecutive sprays with 
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Mancozeb followed by a third spraying with Ridomil MZ 72 (0.25%). Among the 

treatments, the highest yield (1.89 t ha
-1

) was recorded in T5 (Dithane M-45) and the 

lowest yield (1.34 t ha
-1

) was found in control treatment (T1). Results from this study 

almost similar with report by Godika et al. (2001), they reported that the highest yield 

of mustard was found in Rovral (2.1 t ha
-1

), followed by Mancozeb (Dithane M-45) 

and Ridomil MZ, each recording a yield of 1.9 t ha
-1

. 

Relationship between grain yield with percent diseases incidence, severity, 

severity index and pod infection 

Different treatments that were used in the present study regarding grain yield (t ha
-1

) 

and disease incidence (%), disease severity (%), disease severity index (%) and pod 

infection (%). In case of relationship between grain yield (t ha
-1

) and disease 

incidence (%), it was revealed that grain yield was decreased with increased of 

disease incidence. The highest grain yield (1.89 t ha
-1

) was found in T5 (Dithane M-

45) where the disease incidence was recorded the lowest (55.91%) at 70 DAS. On the 

other hand, the lowest grain yield (1.34 t ha
-1

) was found while the disease incidence 

was recorded the highest (79.20%) in control treatment (T1) at 70 DAS as depicted in 

the figure 1.  In case of relationship between grain yield (t ha
-1

) and disease severity 

(%), it was revealed that grain yield was decreased with increased of disease severity. 

The highest grain yield (1.89 t ha
-1

) was found in T5 (Dithane M-45) where the 

disease severity was recorded the lowest (22.09%) at 70 DAS. On the other hand, the 

lowest grain yield (1.34 t ha
-1

) was found while the disease severity was recorded the 

highest (37.54%) in control treatment (T1) at 70 DAS as depicted in the figure 2. In 

case of relationship between grain yield (t ha
-1

) and disease severity index (%), it was 

revealed that grain yield was decreased with increased of disease severity index. The 

highest grain yield (1.89 t ha
-1

) was found in T5 (Dithane M-45) where the disease 

severity index was recorded the lowest (32.16%) at 70 DAS. On the other hand, the 

lowest grain yield (1.34 t ha
-1

) was found while the disease severity index was 

recorded the highest (67.38%) in control treatment (T1) at 70 DAS as depicted in the 

figure 3. In case of relationship between grain yield (t ha
-1

) and pod infection (%), it 

was revealed that grain yield and seed quality was decreased with increased of pod 

infection. The highest grain yield (1.89 t ha
-1

) was found in T5 (Dithane M-45) where 

the pod infection was recorded the lowest (6.72%) at 75 DAS. On the other hand, the 

lowest grain yield (1.34 t ha
-1

) was found while the pod infection was recorded the 

highest (34.63%) in control treatment (T1) at 75 DAS as depicted in the figure 4. 

Results of relationship study are found to be similar with some previous reports. In a 

field trial, Howlider et al. (1991) used 5 fungicides (Dithane M-45, Thiovit, Delan, 

Topsin M and Cupravit) at 3 doses in controlling Alternaria blight of mustard. Five 

sprays were applied with first spray at 40 days’ growth stage maintaining an interval 

of 8 days. Dithane M-45 was proved the best with reduction of 73 % in leaf spot 

severity and siliqua spotting corresponding to obtain an increase of 30% seed yield. 

Chattopadhyay and Bagchi (1994) also reported that the severity of leaf blight of 

mustard, caused by Alternaria brassicae, was negatively correlated with seed yield. 
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Figure 1. Relationship between disease             

incidence (%) at 70 DAS and 

yield (t ha
-1

) 

Figure 2. Relationship between disease 

severity) (%) at 70 DAS and 

yield (t ha
-1

). 

 

   

Figure 3.  Relationship between disease            

severity index (%) at 70 DAS 

and yield (t ha
-1

). 

Figure 4.  Relationship between pod 

infections (%) at 75 DAS and 

yield (t ha
-1

). 

CONCLUSION  

From the study it may be concluded that among the botanical treatments, lantana leaf 

extract (T9) gave better results and among the chemical fungicides, Dithane M-45 

(T5) performed the best. In combined effect of the treatments, Lantana leaf extract + 

Dithane M-45 (T13) also gave the satisfactory results to manage the grey blight 

disease of mustard in a field trial. Treatments gave the best result regarding the 

diseases related parameter also showed better performance in growth promoting 

characters, yield and yield attributes. From the findings on different parameters 

studied, the treatment Lantana leaf extract (T9), Dithane M-45 (T5) and their 

combined treatment (T13) can be used in further field trials and then may be 

recommended for management of grey blight mustard.  

0 

0.5 

1 

1.5 

2 

0 

10 

20 

30 

40 

T0
 

T2
 

T4
 

T6
 

T8
 

T1
0

 

T1
2

 

Y
ie

ld
 (

to
n

/h
a)

 

D
is

e
as

e
 s

e
ve

ri
ty

 (
%

) 

Treatment 

0 

0.5 

1 

1.5 

2 

0 

20 

40 

60 

80 

T0
 

T2
 

T4
 

T6
 

T8
 

T1
0

 
T1

2
 

Y
ie

ld
 (

to
n

/h
a)

 

D
is

e
as

e
 s

e
ve

ri
ty

 
in

d
e

x(
%

) 

Treatment 

0 

0.5 

1 

1.5 

2 

0 

10 

20 

30 

40 

T0 T2 T4 T6 T8 T10 T12 

Y
ie

ld
 (

to
n

/h
a)

 

P
o

d
 in

fe
ct

io
n

(%
) 

Treatment 



BIO-CHEMICAL MANAGEMENT OF MUSTARD GREY BLIGHT  231 

ACKNOWLEDGEMENT 

Technical assistance from members of Molecular Biology and Plant Virology 

Laboratory (MBPVL), Department of Plant Pathology and all work forces of Sher-e-

Bangla Agricultural University, Dhaka-1207, Bangladesh, was greatly appreciated. 

First author also acknowledged to Ministry of Science and Technology for PhD 

Scholarship. 

REFERENCES  

Ahmed, H.U. (1992). Diseases of oilseed crops in Bangladesh. Paper presented in the 2nd 

Biennial conference of the Bangladesh Phyto-pathological Society.   

Alam, K.H.H. (2007). Management of grey blight of mustard through some selected 

treatments. MS Thesis, Dept. of Plant Pathology, Sher-e-Bangla Agricultural 

University, Dhaka. 

Anonymous. (2001). Production Technology of Oil crops. Oilseed Research Center (ORC), 

Bangladesh Agricultural Research Institute (BARI), Joydebpur. Pp.4-26. 

 Anonymous. (2007). Oilseed Crop Diseases and Control. Oilseed Research Center (ORC), 

Bangladesh Agricultural Research Institute (BARI), Joydebpur. Pp.7.   

BBS. (2020). Year Book of Agricultural Statistics of Bangladesh, 2019-20. Statistics 

Division, Ministry of Planning, Dhaka.   

Chattopadhyay, A.K. and Bagchi, B.N. (1994). Relationship of disease severity and yield due 

to leaf blight of mustard and spray schedule of mancozeb for higher benefit. Journal of  

Mycopathological Research, 32(2): 83-87. 

FAO. (2015). Production for different crops in the world.  

Godika, S., Jain, J.P. and Pathak, A.K. (2001). Evaluation of fungitoxicants against Alternaria   

blight and white rust diseases of Indian mustard (Brassica juncea). Indian Journal of 

Agricultural Sciences, 71(7): 497- 49. 

Howlider, M.A.R., Meah, M.B., Uddin, M.J. and Rahman, A. (1991). Effect of fungicides on   

         Alternaria blight, yield and seed quality of mustard. Bangladesh Journal of Agricultural   

Sciences, 18(1):127-132.  

Howlider, M.A.R., Meah, M.B., Uddin, M.J. and Rahman, M.A. (1985). Effect of fungicides 

in reducing intensity of Alternaria blight of mustard. Bangladesh Journal of 

Agricultural   Sciences, 10(4): 4146.   

Meah, M.B., Howlidar, M.A.R., Uddin, M.J. and Rahman, A. (1988). Effect of fungicide 

spray at different time and frequencies on Alternaria blight of mustard. Thailand 

Journal of Agricultural   Sciences, 21:101-107.  

Meena P D, Gupta R, Rani A, Sharma, P. and Singh, D. (2016). Effect of summer 

temperatures on survival of Alternaria brassicae in infected Indian mustard (Brassica 

juncea) debris and thermal death point variations amongst geographical isolates. 

Journal of Oilseed Brassica, 7(1): 45-51.  

 



232 Kabir et al 

Prasad, R., Saxena, D. and Chandra, S. (2003). Yield losses by Alternaria blight in promising 

genotypes of Indian mustard. Indian Phytopathology, 56(2): 205-206. 

Shrestha, L., Munk, and Suresh, B. (2005). Control of Alternaria leaf blight disease caused by 

Alternaria brassicae in mustard (Brassica juncea). Nepal Agricultural Research 

Journal, 6: 62-72. 

Simmons, E.G. (1992). Alternaria taxonomy: current status, viewpoint, challenge. In: 

Alternaria biology, plant diseases and metabolites, eds. by J. Chelkowski and A. 

Visconti, Pp. 1-35. Elsevier Science Publishers, Amsterdam, Netherland.   

Singh, R.B. and Singh, R.N. (2006). Spray schedule for the management of Alternaria blight 

and white rust of lndian mustard (Brassica juncea) under different dates of sowing. 

Indian Journal of Agricultural Sciences, 76(9): 575-579. 

 



SAARC J. Agric., 19(2): 233-243 (2021) DOI: https://doi.org/10.3329/sja.v19i2.57684   

DIETARY COMPOSITION AND FUNCTIONAL PROPERTIES 

OF SELECTED WATERMELON SEEDS AVAILABLE IN 

BANGLADESH 

J.A. Japu
1
, S. Ahmed

2
, M.A. Hossain

1
, T. Ahmed

1
 and M.S. Ali

3*
 

1
Department of Applied Food Science and Nutrition 

 
2
Department of Food Processing and Engineering 

  
3
Department of Applied Chemistry and Chemical Technology 

Faculty of Food Science and Technology 

Chattogram Veterinary and Animal Sciences University, Khulshi, Chattogram, Bangladesh 

ABSTRACT 

This study was carried out to investigate the nutritional composition and 
functional properties of two varieties of watermelon seeds and compare 
these properties between these seeds for harnessing them for 
consumption as food. The dried seeds of the two types of watermelon 
were evaluated by using a standard method for different characteristics 
such as nutritional, phytochemical and functional properties to perceive 
the potential benefits of that seed. The result of nutritional composition 
and phytochemical compound analysis obtained for the two varieties 
(Crimson red and Charleston gray) of watermelon seed indicated that 
both varieties of watermelon seed were rich in energy 
(469.60±0.01Kcal/100g, 408.85±0.01Kcal/100g), crude fat 
(36.61±0.01%, 30.65±0.01%), crude protein (27.21±0.01%, 
22.51±0.01%), fiber (21.55±0.01, 29.85±0.01%) and phytochemical 
compound such as crude alkaloid (14.05±0.006%, 10.56±0.006%) 
respectively. The study result showed that, the crude fat, crude protein, 
energy and crude alkaloid were found to be high in the amount in the 
Crimson red seed than Charleston gray seed. Whereas the crude fiber 
was the high amount in the Charleston gray seed compared to the 
Crimson red seed. Functional properties may impact the behavior of food 
protein during processing, formulation and storage. The functional 
properties such as water absorption capacity, oil absorption capacity, 
emulsion activity, emulsion stability, foam activity, and foam stability 
were analysed of two varieties of watermelon seeds. The present 
research study revealed that both the two varieties of watermelon seed 
are characterized with good functional properties which indicate that the 
watermelon seeds can be incorporated in the formulation of food for 
consumption and use for industrial purposes.  
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INTRODUCTION 

Bangladesh has a favorable environment to cultivate different types of crops such as 

paddy, wheat, pea, soybean, sunflower, mustard, etc., and also several kinds of fruits 

such as olive, jackfruit, mango, watermelon etc. (Hoque et al., 2015). Watermelon 

(Citrullus lanatus) is a very common tasty and juicy fruit in Bangladesh that belongs 

to the family of Cucurbitaceae. It is an important crop during the hot season to meet 

the demand for water as it contains 90 percent of water. It also contains vitamins (A, 

B, C) and minerals. Watermelon is produced in different areas of Bangladesh. There 

are cultivated different indigenous varieties of watermelon such as sugar baby, 

Charleston gray, Crimson red etc. in our country (Rabbany et al., 2013). The seed of 

watermelon is considered as highly nutritious. It is an excellent source of fat, protein, 

minerals such as Mg, K, P, Fe, Zn, Na, Ca, Cu, vitamins (A, B) and other 

phytochemical compounds (Braide et al., 2012). The watermelon seed has an 

economic advantage. The seeds are ground into flour and used in the preparation of 

sauces and snacks. The oil obtains from watermelon seed is used in cooking food and 

manufacture of cosmetics products (Jensen et al., 2011). Watermelon seed is rich in 

protein; it constitutes nine essential amino acids along with glutamic acid, lysine and 

tryptophan. The seed of watermelon contains a low amount of carbohydrates but a 

high amount of calories. For the athlete, roasted watermelon seed can be a best 

choice as a supplement. The seed is also a good source of different types of fats like 

monounsaturated fat, polyunsaturated fat and omega-6 fatty acid which assist in the 

retrenchment of high blood pressure. Polyunsaturated fat help in reducing blood 

cholesterol level and cut down the risk of heart disease and type 2 diabetes. The seeds 

are very useful to cure illness, restoration of health and improve our memory. 

Protein-energy malnutrition is one of the leading nutritional health problems among 

children. So for removing malnutrition and mineral deficiency, it is the best option 

that increases the use of unconventional seeds and cereals like grains as a good 

source of protein and minerals (Virginia and Ajit, 2014). Functional properties such 

as water absorption capacity, oil absorption capacity, emulsion activity, emulsion 

stability, foam stability, foam capacity, bulk density are the idiosyncratic 

physiochemical properties that affect the protein content of food products during 

manufacturing and storage of food. Fruit and fruit seed are excellent natural sources 

of nutritional elements. These natural elements are plant origins and play a vital role 

in maintaining human health, especially in the prevention of disease, growth and 

development of our bodies. In the modern era, the demand for phyto-nutrients which 

are found in the seed of fruits and vegetables is increasing due to public awareness 

regarding their health (Naz et al., 2013). 

Considering the health and economic benefits of unutilized watermelon seed, present 

research work was aimed to evaluate the chemical composition and functional 



DIETARY COMPOSITION OF WATERMELON SEED 235 

properties of two varieties of locally grown watermelon seed available in 

Bangladesh. 

MATERIALS AND METHODS 

Sample collection  

Two varieties of watermelon seed such as Crimson red (black color ) and Charleston 

gray (brown color ) were collected from the local seed supplier of Chattogram, 

Bangladesh. Each type of variety was collected from the same lot of seed supplier.  

Processing of watermelon seed 

The collected watermelon seed was taken in a dry and clean steel tray. The dirt, 

foreign materials, immature seed were removed from the fresh matured seed and 

thoroughly cleaned. The watermelon seed was placed on a cabinet dryer for drying at 

60ºC for 24 h. Then the dried seed was ground by using an electrical grinder to 

convert the seeds into powder form. The husk was separated from seed powder. The 

seed powder was packed in polyethylene bags and stored in a vacuum plastic 

container. 

Determination of proximate composition  

The proximate composition of watermelon seed powder such as moisture, ash, 

protein, fat, fiber was determined in triplicate by following the AOAC method 

(AOAC, 2005). The total carbohydrate was estimated by subtracting method 

(Pearson, 1976). The energy value of the seed was calculated according to the 

formula as reported earlier (Nile and Khobragade, 2009). All proximate contents 

were expressed in percentage. 

Carbohydrate content 

Carbohydrate was estimated by subtracting the percentage amount of moisture, ash, 

protein, ash and crude fiber from 100 according to subtracting method. Carbohydrate 

was calculated by the following formula (Pearson, 1976). 

% Carbohydrate = 100 – (% Moisture + % Ash + % Protein + % Fat + % Crude 

fiber)   

Energy value 

Energy value was calculated by the following formula: 

Energy value (Kcal/ 100g) = (4× % Carbohydrate) + (9 × % Fat) + (4× % Protein) 

Determination of phytochemical compounds 

Crude alkaloid was determined according to the method as described earlier 

(Harborne, 1998). Saponin was estimated  by following the standard protocol  

(Obadoni and Ochuko, 2002). 



236 Japu et al. 

Crude alkaloids content 

Approximately 2.5 g of watermelon seed powder was mixed with 100 ml of 10% 

acetic acid in ethanol. The mixture was incubated at 25ºC for 4 h and then percolated 

the solution. The filtrate was placed in a hot water bath to thicken it up to one-fourth 

of the actual amount. Then the concentrated NH4OH was added drop by drop for 

precipitation. The precipitates were collected and rinsed with NH4OH. Then it was 

allowed to filtration. Finally, the weight of dried alkaloid was taken and estimated by 

the following formula. 

 

Saponin content 

About 5g of watermelon seed powder was added with 50 mL of 20% aqueous 

ethanol. The mixture was placed in a hot water bath for heating at 55ºC for 4 h and 

filtrate the solution. The residual was turning out with 50 ml 20% ethanol solution. 

The concentration of extracts was decreased to about 10 ml by heating on hot water 

bath at 90ºC. Then it takes into a separating funnel and mixed with 20 ml of diethyl 

ether and agitated the solution. The hydrous was restored when the ether layer was 

substituted. The clarification system was resolved by adding 15 ml of n-butanol and 

washed the n- butanol extracts were rinsed two times with 10 ml 5% NaCl. The 

residual mixture was placed on a water bath and allowed to dry to obtain a constant 

weight. Then, the saponin content was estimated as a percentage by using the 

following formula. 

 

Determination of functional properties 

The water absorption capacity of the watermelon seed powder was determined 

(Phillips et al., 1988). The oil absorption capacity was evaluated according to the 

standard method (Sosulski, 1962; Njintang et al., 2001). The emulsion activity and 

stability were estimated (Naczk et al., 1985). The foam capacity and foam stability 

were determined by following the standard protocol (Coffmann and Garciaj, 1977). 

Water absorption capacity (WAC) 

Approximately 2g of seed powder (M0) was taken in Sorvall ST 8R centrifuge 

machine (Thermo Fisher Scientific, Germany) tube and added 20 mL distilled water 

and agitated for 30 min. Then the solution was placed on a hot water-bath at 37 ºC for 

30 minutes and it was centrifuged at 5000 rpm at 10 minutes. Then the obtained 

sediment (M2) was weighed, and it was allowed to dry at 105ºC  to constant weight 

(M1). The water absorption capacity was estimated by the following formula. 
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% WAC =  

Oil absorption capacity (OAC) 

About 1g of sample (M0) was mixed with 10 ml of soybean oil and agitated the 

mixture for 30 min., then centrifuged the mixture for 10 min at 4500 rpm and taken 

the weight of obtaining sediment (M1). The oil absorption capacity was determined 

by following formula.    

                                                      % OAC =  

Emulsion activity (EA) 

About 3g of seed powder was mixed with 25 mL distilled water and blended for 30 s. 

Then 50 mL oil were added to it and allowed for homogenization. Then centrifuged 

the emulsion at 1500 rpm for 5 minutes and determined the emulsion layer. The 

emulsion activity was determined by the following formula. 
 

 
 

Emulsion stability (ES) 

The emulsion stability was determined after heating the emulsion contained in the 

calibrated centrifuged tube at 85 ºC for 15 minutes in a water-bath, allowed to cool 

for few minutes and again centrifuged at 1500 rpm for 5 minutes. Emulsion activity 

was determined by the following formula. 

 

Foam capacity and foam stability (FC and FS) 

Around 5g of seed powder sample was taken in a 250 mL cylinder. The volume of 

seed powder was recorded, and 100 ml of distilled water was mixed with the sample. 

Then, the mixture was shaken few minutes to obtain foam and recorded the foam 

volume and foam stability was estimated by recording the foam capacity at 10, 30 

and 60 minutes intervals. The foam capacity and stability were evaluated by the 

following formula.     
 

 

    %FS =  
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Statistical analysis 

All data obtained from the estimation of proximate composition, phytochemical 

compound and functional properties of watermelon seed powder were imported in 

Microsoft Excel 2007 spreadsheet for statistical analysis. Statistical data analysis was 

carried out by using IBM SPSS STATISTICS 25. Data were estimated for statistical 

significance by using the independent sample ‘t’ test for the comparison of mean 

values, where n = 3 obtained from the triplicate test for each sample. The statistical 

data analysis was conducted at a 5% level of significance. All results were expressed 

as a mean ± SD (Standard deviation). 

RESULTS AND DISCUSSION 

Proximate composition 

The present research study evaluated the nutritional composition and functional 

properties of the Crimson red and Charleston gray varieties watermelon seed to attain 

a scientific basis for the potential use of watermelon seed in the formulation of food 

products, manufacturing of medicine and industrial purpose. In this study, the 

moisture content was found for the two varieties of watermelon seed as 3.65 % for 

Charleston gray and 3.71% for Crimson red (Table 1). The difference in moisture 

content between the two varieties was significant (p <0.05). This result was similar to 

that of studies reported by Mehra et al. (2015) and Egbuonu (2015). This moisture 

content was lower than that reported by Akusu and Kiin-Kabari (2015); Tabiri et al. 

(2016); Hannah and Krishnakumari (2015) and Jacob et al. (2015) who found the 

moisture content range of 7.1 to 9.59%. The disparity observed in the result might be 

due to differences in varieties, drying process, and methods of analysis etc. Moisture 

content is considered an important factor for storage quality of product because high 

moisture facilitates the rapid growth of microorganism which ultimately spoils the 

product. 

Table 1. Proximate composition of watermelon seed  

Proximate Parameters (%) 
Sample (Watermelon Seed) 

P value 
Charleston gray Crimson red 

Moisture 3.65±0.01 3.71±0.01
 

>0.05 

Ash 2.61±0.01 3.11±0.01
** 

< 0.001 

Crude Protein 22.51±0.01 27.21±0.01
** 

< 0.001 

Crude Fat 30.65±0.01 36.61±0.01
** 

< 0.001 

Fiber 29.85±0.01 21.55±0.01
** 

< 0.001 

Carbohydrate 10.75± 0.01 7.85±0.01
** 

< 0.001 

**P< 0.01 
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The ash contents were 2.61% for Charleston gray and 3.11 % for Crimson red (Table 

1). This result showed that the ash content of the seed of Crimson red variety was 

found higher than the seed of Charleston gray. The result for ash content was 

consistent with the result reported by Egbuonu (2015); Tabiri et al. (2016);  Jacob et 

al. (2015) and Akusu and Kiin-Kabari (2015) who found the moisture content range 

of 2.48 to 3.63% respectively. 

The percentage of protein found in this analysis for the two varieties of watermelon 

seed was 22.51% for Charleston gray variety and 27.21% for the Crimson red 

variety. This analysis revealed that the Crimson red variety of watermelon seed 

contained a higher amount of protein than that of the Charleston gray variety. The 

protein percentage found in this study was compatible with that study reported by 

Akusu and Kiin-Kabari (2015) and Egbuonu (2015) who showed the protein 

percentage range of 21.46 to 25.33% and higher than that reported by Tabiri et al. 

(2016) and Mogotlane et al. (2018) who found the protein content range of 14.90 to 

17.75% and lower than the result (34.22%) reported by Mehra et al. (2015). The 

distinction observed might be due to differences in variety, geographical location, 

method of analysis, etc. 

The fat content of two varieties of watermelon seed was found 30.65% for the 

Charleston gray variety and 36.61% for the Crimson red variety. The result showed 

that both varieties of watermelon seed contained a high amount of fat or lipid but the 

fat content of the seed of crimson red variety was higher than Charleston gray 

variety. This result is consistent with Mogotlane et al. (2018) and Mehra et al. (2015). 

According to Mogotlane et al. (2018) and Mehra et al. (2015) the range fat content 

was 31.6 to 34.4% which was lower than the study result (45.66%) reported by 

Akusu and Kiin-Kabari (2015) and higher than the study result conducted by Tabiri 

et al. (2016) and Hannah and Krishnakumari (2015).  

The fiber and carbohydrate contents were found in this analytical study for two 

varieties of watermelon seed were 29.85% of fiber and 10.75% of carbohydrate for 

Charleston gray variety and 21.55% of fiber and 7.85% of carbohydrate Crimson red 

variety. This study revealed that the seed of Charleston gray variety contained a 

higher amount of fiber and carbohydrate than the Crimson red variety. The result 

found for carbohydrate content is similar to that study reported by Akusu and Kiin-

Kabari (2015), higher than that reported by Mogotlane et al. (2018) who showed the 

carbohydrate content range of 3.16 to 5.26% and lower than that studies reported by 

Mehra et al. (2015) and Egbuonu (2015) who revealed a range of 26.57 to 28.07 % of 

the carbohydrate content in watermelon seed flour. The fiber content obtained in this 

study was higher than that of analysed by Jacob et al. (2015); Akusu and Kiin-Kabari 

(2015) and Mehra et al. (2015) who reported a range of 0.1 to 6.4% of fiber content 

in watermelon seed. 

The energy value found for the two varieties of watermelon seed as 408.85±0.01 

Kcal/100g for the Charleston gray variety and 469.60±0.01 Kcal/100g for the 
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Crimson red variety (Figure 1). The result showed that the seed of the Crimson red 

variety contained a higher amount of energy than the seed of the Charleston gray 

variety. The energy value obtained in the present study was consistent with that study 

conducted by Hannah and Krishnakumari (2015) who found 465.68 Kcal /100 g for 

watermelon seed extract, lower than that analytical study reported by Egbuonu 

(2015); Mehra et al. (2015) who showed that a range of 531.15 to 574.58 kcal/ 100g 

energy value for watermelon seed and higher than the result reported by Tabiri et al. 

(2016) who found a range of 354.05 to 369.11 Kcal/ 100g. The disparity observed in 

the energy value of watermelon seed among the studies might be due to differences 

in varieties, geographical location, soil, method of analysis etc. 

Figure 1. Comparison of energy value between seeds of two watermelon  genotypes 

Phytochemical compound 

The crude alkaloid content in the seed of Crimson red variety was found higher 

(14.05±0.006 %) than the seed of Charleston gray (10.56±0.006 %) (Table 2). The 

saponin content (0.04%) was found the same in two varieties of watermelon seed. 

The difference in the value of the crude alkaloid content for the two varieties of seed 

was significant (p <0.05) and the value of saponin content was not significant 

(p>0.05). The result of this study was consistent with that study conducted by Mehra 

et al. (2015). 
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Table 2. Phytochemical compounds of watermelon seeds 

Phytochemical compound (%) 
Sample (Watermelon Seed) 

P value 
Charleston gray Crimson red 

Crude Alkaloid 10.56±0.006 14.05±0.006
** 

<0.001 

Saponin 0.04±0.006 0.04±0.006
 

1.000 

** P< 0.05 

Table 3. Functional properties of two watermelon genotypes 

Functional Parameter (%) 
Sample (Watermelon Seed) 

P value 
Charleston gray Crimson red 

Water absorption capacity 133.33±0.01 120.33±0.01
** 

< 0.001 

Oil absorption capacity 118.51±0.01 122.51±0.01
** 

< 0.001 

Emulsion activity 23.31±0.01 21.41±0.01
** 

< 0.001 

Emulsion stability 11.51±0.01 11.50±0.01
 

1.000 

Foam capacity 4.61±0.01 6.31±0.01
** 

< 0.001 

Foam stability 45.21±0.01 39.61±0.01
** 

< 0.001 

** P< 0.05 

Functional properties 

In the case of the Charleston gray seed the water absorption capacity (133.33±0.006 

%), emulsion activity (23.31±0.006 %) and foaming stability (45.21±.006 %) were 

found higher than the Crimson red seed (Table 3). On the other hand, the oil 

absorption capacity (122.51±0.006 %) and foam capacity (6.31±0.006 %) were 

higher in Crimson red seed than Charleston gray seed variety (Table 3). The 

difference in the value of the functional properties for the two varieties of seed, aside 

emulsion stability was significant (p <0.05). The functional properties are the 

intrinsic factors that are important for food processing and storage. The result for 

functional properties was in contrast to the study reported by Egbuonu (2015) and 

corresponded to that reported by Marie et al. (2015). The distinction observed might 

be due to differences in varieties of watermelon, agro-ecological condition, 

geographical location, climate, propagation method, method of analysis etc. 
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CONCLUSION 

The present study evaluated the nutritional, phytochemical and functional properties 

of two varieties of watermelon seed. The phytochemical compound analysis of the 

watermelon seed indicated that both varieties of seed contained a good amount of 

valuable phytochemical compounds such as crude alkaloid. The study result revealed 

that the two varieties of watermelon seed had good functional characteristics. This 

research study is an indication that the great potential opportunities for the utilization 

of the unutilized watermelon seed to develop as medicine, cosmetics, value-added 

product and dietary supplement instead of throwing them away as waste after 

consuming the fruit pulp. 
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ABSTRACT 

Breeding cool-season (C3) grasses with higher magnesium (Mg) content 

is a promising attempt for reducing grass tetany hazard in ruminants. 

Faster methods for plant mineral analyses could increase the number of 

individual plants screened for higher Mg content (High-Mg). This study 

evaluates the effectiveness of energy dispersive X-ray microanalysis 

(EDX) as well as energy reflectance X-ray spectrometry (XRF) for 

screening high-Mg grass genotypes. The approach was verified by using 

two tall fescue cultivars having known differences in magnesium (Mg) 

content, viz. HiMag (high-Mg cultivar) and Ky-31 (control cultivar). We 

assumed that cultivars with known variation in Mg concentrations could 

provide a test for the applicability of the new methodology in finding 

naturally occurring high and low Mg containing grass genotypes. Plants 

samples included a population of 8 plants consisting of four harvests for 

three years and were analyzed for Mg, calcium (Ca), and potassium (K) 

by EDX and ERF, and data were verified with atomic absorption 

spectrometry wet (AAS). While observing the frequency distribution for 

different nutrient concentrations, HiMag tall fescue showed higher Mg 

and lower K concentrations than that of Ky-31. There was positive linear 

relationship between AAS and EDX estimated Mg, Ca and K (r = 0.88, 

0.62 and 0.89, respectively), indicating close agreement between AAS 

and EDX estimation. Also, there was a positive linear relationship 

between AAS and XRF, as the r values were 0.87, 0.65 and 0.88 for Mg, 

Ca, and K, respectively. The tetany ration was established for EDX and 

XRF and the results were dependable with wet chemistry.  
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INTRODUCTION 

Throughout the world, grass tetany causes economic losses from death or reduced 

performance of livestock. Grass tetany triggered by nutritional imbalances and 

related with available K, Ca and Mg concentration in forages (Kemp and t' Hart, 

1957). Attempts to reduce or eliminate the incidence of grass tetany have been 

focused on selective breeding of forages for higher levels of Mg and lower tetany 

potential (Asay et al., 2001). As a consequence, Magnet Italian ryegrass, Mgwell 

orchardgrass, and HiMag tall fescue were bred as the high-Mg cultivars of Italian 

ryegrass, orchardgrass and tall fescue, respectively (Hides and Thomas, 1981; Saiga 

et al., 2002; Mayland and Sleper, 1993). There is a continued need to breed high-Mg 

cultivars since the malady of grass tetany causes considerable economic loss in 

agriculture. Forage breeding programs for improving mineral concentrations are 

labor and time intensive. More efficient methods for plant analyses for minerals e.g., 

potassium (K), calcium (Ca) and magnesium (Mg) associated with grass tetany are 

necessary. Mineral element analyses by conventional methods (e.g. Titrimetric, 

Flame photometric, Spectrophotometric, AAS) are costly, laborious and time 

consuming. If faster methods of mineral analyses could be introduced, family 

selections by forage breeders could be speeded up and the number of individuals 

screened could be increased (Sleper, 1979). 

Atomic absorption spectrometry is a standard and most popular technique for 

measuring plant nutrients. However, energy dispersive X-ray microanalyzer (EDX) 

analysis is a rapid method for measuring the chemical composition of plants using 

ashed samples. Recent research has used EDX for mineral analysis in ashed plant 

samples (Hodson and Sangster, 2002). Also, applicability of X-ray microanalysis 

(EDX) to screen orchardgrass individuals for Mg at the seedling stage has been 

suggested (Saiga et al., 2002). X-ray microanalysis can give the relative density of 

the selected mineral elements in ashed plant samples (Saiga and Izumi, 1997; Saiga 

et al., 1997), and thus the values could be used as general guideline for screening. 

Apart from this, energy reflectance X-ray spectrometry (XRF) data represent the 

actual mineral element concentration, but with easy sample preparation (Hutton and 

Norrish, 1977; Norrish and Hutton, 1977). On the other hand, AAS (wet chemistry), a 

widely used standard method for mineral analysis is expensive, time consuming, 

laborious and requires lots of attentions. This suggests that EDX and XRF should be 

efficient method for screening high-Mg genotype. Making comparisons of the EDX 

and XRF analysis data with AAS can confirm the use of these two methods for the 

screening of high-Mg plants. In the present study, efficacy of both the methods for 

mineral analyses was verified by using known high-Mg cultivar of tall fescue 

(Festuca arundinacea Schreb.), named as HiMag comparing with a control tall 

fescue cultivar Kentucky 31 (Ky-31). Apparently, the differences between these two 

tall fescue cultivars exists in their Mg content and this will emphasize the suitability 
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of EDX and XRF for determining forage Mg content. In addition to Mg 

concentrations of Ca and K were also measured as those elements are responsible for 

tetany risk in ruminant. 

MATERIALS AND METHODS 

Plant materials and growth conditions 

Two tall fescue (Festuca arundinacea Schreb.) cultivars consisting high-Mg and 

control cultivars namely, HiMag and Kentucky 31 (Ky-31), respectively, were used in 

this study. Germinated seeds of the cultivars were grown in small plastic box 

containing vermiculite for 70 days in a controlled environment of phytotron. The air 

temperature of the phytotron was maintained at 25℃ day/15℃ night, and the 

photoperiod was maintained at 14 h. Relative humidity was approximately 75% and 

the light intensity was 280-μmol photons m
-2

 s
-1

. Fifty seedlings of similar growth 

from each cultivar were transplanted in the experimental field (Uedai: Upper 

grassland: 39
o
41'59.81"N; 141

o
09'0.04"E) in Morioka of Iwate University, Morioka, 

Japan, in a distance of 30 by 40 cm to an area of 6m
2
. The soil was characterized as 

Umbric Andosol, pH 6.0, with exchangeable cations: K
+
, 1.22 cmolc/kg; Ca

2+
 22.10 

cmolc/kg; and Mg
2+

 4.37 cmolc/kg. 

Plant sampling and field management 

Eight plants from each cultivar were randomly selected for analysis and considered 

as experimental unit for four harvests. Plants were sampled (6 cm cutting height) at 

four sampling date of May 28 (Cut 1), June 16 (Cut 2); August 4 (Cut 3) and 

November 6 (Cut 4), while sampling height of the plants were in the range of 50-60 

cm and the plants were in vegetative stage without any heading. After collecting 

sample, leftover plants in the field were harvested and thrown away. Then dolomite 

(one metric ton/ha), nitrogen (140 kg/ha), P2O5 (280 kg/ha) and K2O (140 kg/ha) 

were applied to the field and left for regrowth for next sampling. Samples from 

different year (3yrs) and seasons (4 cuts/harvests) were collected to have much 

environmental influence in the mineral nutrient content of plant population. 

Nutrient analyses of plant samples 

Plant samples were dried at 70℃ for 48 hours, and ground to pass a 1 mm screen 

with a cyclone mill. This sample was used for determining Mg, Ca, and K by the 

three methods. A subsample of dried plant (0.5g) was digested with nitric-perchloric 

(2:1) acid mixture (Jackson, 1973) and concentrations of magnesium (Mg), calcium 

(Ca), and potassium (K) in the solutions were analyzed by the Atomic Absorption 

Spectrophotometer (Perkin Elmer 3300). Each sample was replicated three times and 

the results were expressed as concentration (% DM) of each cultivar. Dried plant 

subsamples (1.0g) were ashed in crucibles at 600℃ for 3 hours. Mineral density in 

the ashed shoot was determined by the energy dispersive X-ray (EDX) analyzer 



248 Sabreen et al. 

(JED-2140) attached with scanning electron microscope (JSM-5800LV) as described 

by Saiga and Izumi (1997) to investigate the mineral density in plants. The EDX 

analyzer was used in the scanning mode with the following conditions: raster size 

1×1 cm
2
 at ×90 magnification; emission current, 79μÅ; accelerating voltage, 15 kV; 

specimen working distance, 10 mm; tilt angle of 35º; detector to specimen distance, 

40 mm; and live time, 100s. Each sample was replicated three times by the EDX 

analyzer. The results obtained from EDX analyzer were converted to weight % basis. 

Each plant subsample of 0.5 to 1.0 g was pressed (with a coherent disc of 2.5 cm) by 

using 15 tons of pressure to form a pellet with a uniform surface (Rahman and Saiga, 

2007a). Experience has shown that some samples give trouble due to swelling if 

allowed to take up moisture from the air. The pellets should therefore be stored in a 

desiccator or prepared using plant powder which has been allowed to come to 

equilibrium with the atmosphere (Rahman and Saiga, 2007b). Magnesium, Ca, and K 

contents of both sides of the pellet were measured with a live time of 100s by energy 

reflectance X-ray fluorescence (XRF) spectrometry (JEOL Co., JSX-3200, Element 

Analyzer) as described by Hutton and Norrish (1977) and Norrish and Hutton (977). 

Each plant sample was replicated two times and the results were calculated as dry 

matter percentage (% DM). The results were presented with an average of four 

harvests.  

Calculation and statistical analysis 

Grass tetany (GT) index was calculated according to Kemp and ’t Hart (1957) based 

on average data obtained from three methods. Data for mineral element 

concentrations (as determined by three analytical methods) were used in developing 

multiple regression equations and calculating standard deviation (SD) and coefficient 

of variance (CV) by Microsoft Excel. The Tukey test was performed for comparison 

of means (SAS Institute, Cary, NC, USA). Average data for 3 years and 4 cuts with 8 

plants were employed in this study. 

RESULTS AND DISCUSSION 

Frequency distribution of Mg, Ca and K concentrations as determined by wet 

chemistry of eight tall fescue samples were presented in Fig 1. We assumed that 

cultivars with known variation in Mg concentrations could provide a test for the 

applicability of the new methodology in finding naturally occurring high and low Mg 

containing grass genotypes. Magnesium concentrations of HiMag tall fescue ranged 

from 0.30 to 0.54% DM, while that of Ky-31 ranged from 0.15 to 0.30% DM. 

Calcium concentrations among the populations did not vary distinctly. In the case of 

K concentrations, the opposite trend to Mg concentrations was observed. The K 

concentrations of HiMag tall fescue were lower than that of Ky-31. Potassium 

concentrations of HiMag tall fescue ranged from 1.3 to 2.5% DM while that of Ky-31 

ranged from 2.9 to 4.4%. Potassium concentrations in a large number of plants were 
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distributed from 1.6 to 2.2% DM for HiMag while that of Ky-31 was from 3.5 to 

3.8% DM. These results were in correspondence with previous findings (Wilkinson 

and Mayland, 1997; Sabreen et al., 2003; Sabreen and Saiga, 2004; Sabreen et al., 

2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Frequency distribution for Mg, Ca, and K 

concentrations of eighty plants of two tall fescue 

cultivars as determined by wet chemistry. 
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The known high-Mg cultivar HiMag tall fescue was compared with Ky-31 to test the 
effectiveness of EDX and XRF analysis for screening high-Mg genotypes. 
Considering wet chemistry as a standard method both EDX and XRF analysis data 
were verified. Statistical data and equation calibration statistics for elemental 
concentrations determined by various analytical methods were shown in Table 1.  

Table 1.  Statistical data (n = 96) for Mg, Ca and K concentrations (%DM) of two 

tall fescue cultivars as determined by AAS, EDX and XRF. 

Element Analytical method Forage Range  Mean SD
1
 CV (%)

2
 

Mg Wet chemistry High-Mg 0.165-0.540 0.306 0.10 32.66 

 
 

Ky-31 0.211-0.641 0.341 0.11 35.56 

 

EDX High-Mg 0.261-1.258 0.591 0.26 40.58 

 
 

Ky-31 0.299-1.321 0.348 0.29 41.24 

 

XRF High-Mg 0.145-0.697 0.298 0.14 38.48 

 
 

Ky-31 0.154-0.769 0.435 0.15 36.01 

Ca Wet chemistry High-Mg 0.144-0.421 0.264 0.07 26.50 

 
 

Ky-31 0.154-0.434 0.275 0.10 28.32 

 

EDX High-Mg 0.703-1.335 0.929 0.16 17.23 

 
 

Ky-31 0.777-1.446 0.909 0.14 15.21 

 

XRF High-Mg 0.218-0.649 0.369 0.10 25.16 

  
 

Ky-31 0.245-0.687 0.341 0.12 26.24 

K Wet chemistry High-Mg 1.347-4.472 2.880 0.92 31.94 

 
 

Ky-31 1.457-4.997 3.714 0.99 32.24 

 

EDX High-Mg 3.057-7.057 6.884 1.07 21.91 

 
 

Ky-31 3.554-7.152 6.485 1.12 22.14 

 

XRF High-Mg 1.559-5.289 3.166 0.97 30.64 

    Ky-31 1.614-5.352 4.655 0.98 31.21 

1Standard deviation; 2Coefficient of variance.  

Magnesium concentrations for high Mg fodder as determined by wet chemistry 

ranged from 0.165 to 0.540% DM (average 0.306% DM). Corresponding values for 

Ca and K were 0.144 to 0.421% DM (average 0.264 %DM), and 1.347 to 4.472% 

DM (average 2.880% DM). The corresponding EDX data for Mg, Ca and K 

concentrations were 0.591, 0.929 and 6.884 weight%, respectively. On the other hand, 

the corresponding XRF values for average Mg, Ca and K concentrations were 0.298, 

0.369 and 3.166 %DM, respectively. Means and standard deviations are listed to 

show the concentration level and variation among analytical methods. 
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Figure 2. Relationship between wet chemistry estimated Mg, Ca and K 

concentrations and EDX estimated Mg, Ca and K content for eight plants 

of two tall fescue cultivars  
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X-ray microanalysis allows the use of small amounts of plant sample without the 

destruction of the whole plant. Efficient use of X-ray microanalysis for screening 

high-Mg plants can shortened the time consumed for mineral analysis for improving 

mineral concentrations of forage plants. The relationship between wet chemistry and 

EDX estimated Mg, Ca and K concentrations were shown in Fig. 2. Correlation 

coefficients for Mg, Ca, and K were r = 0.88, 0.62, and 0.89, respectively. This 

indicates the positive linear relationship between wet chemistry and EDX estimated 

Mg, Ca and K. Thus, close agreement between wet chemistry and EDX estimation is 

apparent. Apart from this, the slope for Mg and Ca was deviated from one, even 

though that of K was close to one. The result suggests that by using the regression 

equations for Mg, Ca and K effective screening for high-Mg plants can be done, as 

the r values were high. 

The EDX estimated Mg, Ca and K is an indication of the proportion of these three 

mineral elements responsible for grass tetany. If the balance among these three 

elements is disturbed forage has increased possibility of causing grass tetany (Sleper 

et al., 1989). This emphasizes the importance of determining the proportion of these 

elements while screening high-Mg plants. The coefficient of variance inferred that 

even though EDX cannot estimate the exact mineral concentration this method is 

efficient enough to screen high-Mg genotypes if the difference within the population 

for Mg is large (Table 1). 

The relationship between wet chemistry and XRF estimated Mg, Ca and K was 

shown in Fig. 3. There was a positive linear relationship between wet chemistry and 

ERF, and the correlation coefficient (r) values were 0.87, 0.65 and 0.88 for Mg, Ca, 

and K, respectively. A good calibration equation should result in a slope very close to 

1.0, and this is the case for Ca (slope = 0.88) and K (slope = 0.92), while Mg had a 

slope of 0.60. These data indicate that the equations for Ca and K had accuracy (low 

bias) and precision and provided good estimates of validation samples (slope near 

1.0). However, the slope for Mg was deviated from one, the intercept is near zero. 

This may have been due to the distinct variation for Mg concentration between 

high-Mg (HiMag) and control (Ky-31) cultivar of tall fescue. High correlation 

coefficient value for Mg is (r = 0.87) indicates the applicability of XRF analysis for 

screening high-Mg plants. The efficiency and dependability of X-ray fluorescence 

(XRF) spectroscopy to analyze macro- and micronutrients in pea (Pisum sativum L.) 

seeds were performed by Bamrah et al. (2019). They observed that the R
2
 value was 

more than 0.85 for all studied elements except K (0.54). Based on the results they 

conferred that the using XRF for elements analysis is compatible with AAS method. 
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Figure 3. Relationship between wet chemistry estimated Mg, Ca and K 

concentrations and ERF estimated Ma, Ca and K content for eight plants 

for two tall fescue cultivars 
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The grass tetany (GT) index calculation was done as GT = K/Ca+Mg (Table 2) with 

average data for four cuts of eight plant for each cultivar reared for three years. The 

highest values for GT index were observed for AAS methods, followed by XRF and 

the lowest GT index were recorded for EDX. Irrespective of methods higher grass 

tetany index was recorded in Ky-31 compared to High-Mg cultivar.  

Table 2. Grass tetany index of two tall fescue cultivars
1
 

Analytical method Forage K/Ca+Mg SD
2
 CV, %

3
 

AAS High-Mg 1.91 0.25 11.87 

 

Ky-31 2.26 

  
     EDX High-Mg 1.85 0.27 13.17 

 

Ky-31 2.23 

  
     XRF High-Mg 1.88 0.25 12.36 

  Ky-31 2.24     

AAS High-Mg 1.91 0.03 1.60 

EDX High-Mg 1.85 

  XRF High-Mg 1.88 

  
     AAS Ky-31 2.26 0.02 0.68 

EDX Ky-31 2.23 

  XRF Ky-31 2.24     

1Average of eight plants for 4 cuts with 3 growing seasons;  

2Standard deviation; 3Coefficient of variance.  

 The ranges of variation of values of the coefficient of variation (CV) differ among the 

different methods (Table 1) for nutrients and their ratios (Table 2). Irrespective of 

grass cultivars CV for Mg, Ca and K measured by different methods can be arranged 

as EDX > XRF > AAS, AAS> XRF> EDX and AAS≥ XRF> EDX, respectively 

(Table 1). Regardless of grass cultivars the values of CV tetany index were arranged 

as EDX> XRF> AAS whereas irrespective of methods the value of CV can be 

arranged as High-Mg> Ky-31 (Table 2). The values of CV for Mg, Ca and K were 

higher than their ratio, K/Ca+Mg. The coefficient of variations for nutrient ratio were 

1.6% and 0.68% for High-Mg and Ky-31, respectively, for different methods (Table 

2).    

The coefficient of variation (CV) is close to zero suggests that there is a high 

precision of the sample's central tendency, i.e., the variability of the parameters 
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measured by different methods is very low. Even though the results from EDX and/or 

XRF were well suited with AAS method, nevertheless, it could be recommended that 

the more replications are required in the nutrients analysis with EDX and/or XRF 

which will give reasonably concord results with AAS. 

CONCLUSION 

For EDX analyzer the advantage is that less skill is required to ash and analyze the 

samples without destroying the whole plant. Additionally, XRF has advantage of 

requiring less time and expertise to grind and analyze the sample. Apart from this, 

mineral analyses by wet chemistry can be time consuming and expensive. Also, wet 

chemical analysis for a large number of samples can be tedious, thus increasing error in 

mineral analyses data. When samples are included in the calibration equations from years 

and population varied in mineral concentrations, the calibration was precise enough to 

screen high-Mg plants of tall fescue. Therefore, this study offers the promise of a rapid 

and relatively inexpensive means of screening forage plants for higher Mg content by 

using EDX and XRF. The next step in evaluating these techniques is to use samples, 

which include several high-Mg cultivars from various species. 

ACKNOWLEDGEMENT 

Authors are very grateful to Dr. M J Hodson (Oxford Brookes University, 

Headington, UK) for his valuable comments and critical reading of the manuscript. 

Thanks are extended to Dr. H F Mayland (USDA-ARS, Kimberly, Idaho, USA) for 

his kind cooperation and valuable suggestions during conducting the experiment. 

REFERENCES 

Asay, K.H., Mayland, H.F., Jefferson, P.G., Berdahl, J.D., Karn, J.F. and Waldron. B.L. (2001). 

Parent-progeny relationships and genotype x environment effects for factors associated 

with grass tetany and forage quality in Russian wildrye. Crop Science, 41: 1478-1484. 

Bamrah, R.K., Vijayan, P., Karunakaran, C., Muir, D., Hallin, E., Stobbs, J., Goetz, B., 

Nickerson, M., Tanino, K. and Warkentin T.D. (2019). Evaluation of x-ray fluorescence 

spectroscopy as a tool for nutrient analysis of pea seeds. Crop Science, 59: 2689-2700. 

Hides, D.H. and Thomas, T.A. (1981). Variation in the magnesium content of grasses and its 

improvement by selection. Journal of Science, Food and Agriculture, 32: 990-991. 

Hodson, M.J. and Sangster, A.G. (2002). X-ray microanalytical studies of mineral localization 

in the needles of white pine (Pinus strobes L.). Annals Botany, 89: 367-374. 

Hutton, J.T. and Norrish, K. (1977). Plant analyses by x-ray spectrometry. II Elements of 

atomic number greater than 20. X-ray Spectrometry, 6: 12-17. 

Jackson, M.L. (1973). Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., New Delhi. 

Kemp, A. and ’t Hart, M. L. (1957). Grass tetany in grazing milking cows. Netherlands 

Journal of Agricultural Science, 5: 4-17. 



256 Sabreen et al. 

Mayland, H.F. and Sleper, D.A. (1993). Developing a tall fescue for reduced grass tetany risk. 

Proceedings International Grassland Congress, Palmerston North, New Zealand and 

Australia 17: 1095-1096.  

Norrish, K. and Hutton, J.T. (1977). Plant analyses by x-ray spectrometry. I. Low atomic 

number elements, sodium to calcium. X-ray Spectrometry, 6: 6-11. 

Rahman, M.H. and Saiga, S. (2007a). The use of slurry for managing forage mixtures in 

temperate brown forest soils. Journal of Applied Sciences, 7: 687-694. 

Rahman, M.H. and Saiga, S. (2007b). Genetic variability in tetany potentiality of orchard 

grass as influenced by application of dairy manure and chemical fertilizer. 

International Journal of Soil Science, 2(1): 29-39.  

Sabreen, S., Saiga, S., Saitoh, H., Tsuiki, M. and Mayland, H.F. (2003). Performance of 

high-Mg cultivars of three cool-season grasses in nutrient solution culture. Journal of 

Plant Nutrition, 28: 589-605. 

Sabreen, S. and Saiga, S. (2004). Potassium level suitable for screening high magnesium 

containing grass seedlings under solution culture. Journal of Plant Nutrition, 27: 

1015-1027 

Sabreen, S., Saiga, S. and Tsuiki, M. (2004). X-ray microanalysis of high-Mg cultivars of 

three cool-season grasses grown hydroponically with different potassium treatments. 

Grassland Science, 49: 581-586. 

Saiga, S. and Izumi, K. (1997). Comparison of X-ray microanalysis methods in screening 

mineral concentration for orchardgrass (Dactylis glomerata L.) plants. Grassland 

Science, 43: 18-23. 

Saiga, S., Saitoh, H., Sabreen, S. and Tsuiki, M. (2002). Effectiveness of nutrient solution 

culture for detecting genetic variability in Mg concentration of orchard grass (Dactylis 

glomerata L.) Grassland Science, 48: 209-215. 

Saiga, S., Nishimura, Y. and Izumi, K. (1997). Application of X-ray microanalysis to evaluate 

mineral concentrations of different organs and growths in orchard grass (Dactylis 

glomerata L.). Grassland Science, 43: 111-116. 

Sleper, D.A. (1979). Plant breeding, selection and species in relation to grass tetany. In: Grass 

Tetany. ASA Special Publication No. 35. ASA, CSA, and SSSA, Inc., WI, USA. pp. 

63-77. 

Sleper, D.A., Vogel, K.P., Asay, K.H. and Mayland, H.F. (1989). Using plant breeding and 

genetics to overcome the incidence of grass tetany. Journal of Animal Sciences, 67: 

3456-3462.  

Wilkinson, S.R. and Mayland, H.F. (1997). Yield and mineral concentration of HiMag 

compared to other tall fescue cultivars grown in the southern piedmont. Journal of 

Plant Nutrition, 20: 1317-1331. 



SAARC J. Agric., 19(2): 257-270 (2021) DOI: https://doi.org/10.3329/sja.v19i2.57686 

OPTIMIZATION OF SLAUGHTER AGE OF JAMUNA 

BASIN LAMB BASED ON CARCASS TRAITS AND MEAT 

QUALITY  

M.A. Hossain
1
, M.M. Rahman

1
, M.W. Rahman

2
, M.M. Hossain

1
  

and M.A. Hashem
1*

 
1
Department of Animal Science  

2
Department of Rural Sociology 

Bangladesh Agricultural University, Mymensingh, Bangladesh 

ABSTRACT 

The aim of this study was to identify optimum slaughter age on carcass 
traits and meat quality of Jamuna basin lambs. Thirty lambs were divided 
into three age groups like T1 (6 months), T2 (9 months) and T3 (12 
months) having ten lambs of each treatment. Parameters studied were 
carcass traits, proximate component (DM, CP, EE, and Ash), 
physicochemical (Ultimate pH, cooked pH, cooking loss, drip loss, water 
holding capacity-WHC), sensory attributes (color, flavor, tenderness, 
juiciness, overall acceptability) and instrumental color values (L*, a* and 
b*). Hot carcass weight and dressing% were found significantly 
(p<0.001) higher in T3 than T1 and T2 treatments. Edible by products 
namely viscera, head, leg, pluck, neck, shoulder, rack, loin, kidney, 
heart, liver, lungs and shank from three treatments were found significant 
effect (p<0.001). Inedible by products viz. blood, skin and spleen were 
found significantly higher (p<0.001) with the advancement of age. Dry 
matter (DM) of T2 and T3 were found significantly lower (p<0.001) than T1 
treatment. Crude protein (CP) and ether extract (EE) were significantly 
increased (p<0.001) of advancement of age of lambs. Drip loss of T2 was 
found significantly lower and WHC of T2 was significantly (p<0.001) 
higher than other two treatments. Cooking loss and ultimate pH of T3 
were significantly (p<0.001) lower than other two treatments. Color, 
tenderness, juiciness and overall acceptability were significantly differed 
(p<0.001) and flavor was significantly differed (p<0.001). The 
instrumental color values L* decreased whereas a* and b* and chroma 
values were significantly (p<0.05) increased with the advancement of 
age of lambs. The saturation index was significantly (p<0.001) higher in 
6- and 12-months age than 9 months of age. It is revealed from the study 
that 12 months of slaughter age showed better in terms of productive 
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and meat quality traits. Therefore, 12 months of age may be 
recommended as optimum slaughter age for Jamuna basin lambs. 

Keywords: Carcass traits, Jamuna basin lambs, Physicochemical 

quality, Sensory traits, Slaughter age  

INTRODUCTION 

Sheep is one of the important small ruminant species which is widely distributed 

throughout the world providing meat and wool. This species is widely adapted to 

different climatic condition and is found all livestock production system (Berihulay, 

2019). Good nutrition and management play a significant role on sheep production 

(Sarker et al., 2017; Hossain et al., 2018a; Hossain et al., 2021).  During last twelve 

years sheep population increased 2.5 times, with annual growth rate of 5% (Rana et 

al., 2014; Murshed et al., 2014). Lamb is softer than chevon which easily digests 

(Haque et al., 2020). Sheep are tolerant to disease in the humid and sub-humid 

tropics. Sheep rearing is directly involved with poverty alleviation, employment 

generation and good quality nutrients supply. Most of the sheep are indigenous, with 

few crossbreds and are capable of bi-annual lambing and multiple births (Rashid et 

al., 2013; Hossain et al., 2018b). The characteristics of Jamuna basin lamb is small 

body size (male-18.25 kg, female-15.22 kg) which is widely distributed at Tangail, 

Sirajganj, Gaibandha, Sherpur, Jamalpur, Mymensingh and Dhaka specially, both 

sides of Jamuna River in Bangladesh. It has creamy white wool all over the body but 

head and belly contain black wool. Less wool found in legs and belly (Hashem et al., 

2020). It is a prolific variety of Bangladeshi lamb, female give birth twin lamb in 

most of the cases. The dietary nutrients usually energy and protein are the major 

important factors affecting meat production in goats and sheep (Sultana et al., 2010). 

Jamuna basin lambs achieved average daily gain (ADG) 46-55g in active growing 

phase and marketed for slaughter at 9-12 months of age weighing about 15-18 kg 

(Hashem et al., 2020). The body weight information can be used in determining the 

value of animals and efficiency of rearing (Sun et al., 2020). Sheep farming has been 

also significant in the development and economic growth in different developed 

countries. It provides a significant amount of mutton/ lamb in local meat market of 

Bangladesh as well as improves the rural livelihood. The color of mutton has a 

critical influence on consumer purchasing decisions (Mancini and Hunt, 2005). It is 

as an indicator of quality and freshness for consumers. Consumers treated red meat as 

fresher and higher quality, whereas pale, discolored, or darker meat is treated by 

consumers as poor quality (Hashem et al., 2013). The feeding habits of meat 

consumers were characterized by important changes last decade. They identify 

healthier foods and higher demands of quality products have led part of the market 

niche to consume meats of better nutritional and sensory quality (Costa et al., 2011). 

The lamb meat is the best options for consumers which are willing to pay for a high 

quality product; however, it fails in gaining market space due to the lack of 
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standardization and quality when it reaches to the consumer (Cirne et al., 2018). At 

present, Department of Livestock Services (DLS) is given special attention for sheep 

rising and farmers are now interested in sheep farming for lamb production. Only 

limited research is reported slaughter age determination in beef cattle in Bangladesh 

(Ali et al., 2013; Hosain et al., 2015). It is recognized that after certain age, growth 

rate of lamb is reduced, which is not economical to lamb producers. So, it is essential 

to establish an appropriate age to perform better response and avoid expensive fat 

deposition and bad flavor in the carcass for the attraction of consumer and ensure real 

market price. But no research works were carried out yet of determining optimum 

slaughter age on carcass characteristics, proximate, physicochemical traits, sensory 

attributes, and instrumental color values for village level lamb farming condition in 

Bangladesh. Therefore, the present study was conducted to identify the optimum 

slaughter age on carcass traits and meat quality under village level farming condition 

of Jamuna basin lambs.  

MATERIALS AND METHODS 

Experimental animals and management 

The study was carried out for three months during October 2019 to December 2019. 

Thirty Jamuna basin lambs were selected on the basis of different age, same 

management, feeding and vaccination with three treatment groups: T1 (6 months), 

and T2 (9 months) and T3 (12 months) having ten animals per group. The diet was 

supplied uniformly for all animals. Green grass and fresh water were supplied ad 

libitum with 1.5% concentrate feed containing 18% CP and 12 MJME/kg DM. Diets 

were formulated (Table 1) and provided to the lambs twice a day (Morning and 

evening).   

Table 1. Feed ingredient (%) of concentrate supplementation 

Item Amount % 

Wheat crushed 68.00 

Soybean meal 30.00 

Di-calcium phosphate (DCP) 0.50 

Vitamin-mineral premix 0.50 

Common salt 1.00 

Slaughter procedure and carcass sampling  

At the end of the growth and feeding trial, thirty lambs from ten each of the 

treatments were slaughtered. All the selected animals were fasted for 24 h and 

slaughtered according to the “Halal” method. The fasted live weights of the animals 

were recorded prior slaughtering, and individual hot carcass weights were recorded 

immediately after evisceration. Non-carcass components (skin, head, liver, spleen, 
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lung, shank, heart, kidneys, and viscera) were removed and measured weight. The 

digesta content of the stomach and intestinal tract were removed, and the empty tract 

was washed and weighed. Dressing% was calculated as hot carcass weight relative to 

fasted body weight. The 100-120g sample was taken from Longissimus dorsi (LD) 

area for proximate component, physicochemical traits, sensory attributes and 

instrumental color values analyses. Different parameters like live weight gain 

(LWG), carcass characteristics and meat quality of lambs were recorded. Live weight 

of each lamb was recorded at the onset of the trial and later on monthly basis. 

Concentrate feed of known weight was offered daily.  

Proximate components 

The proximate components regarding to dry matter (DM), ether extract (EE), crude 

protein (CP) and ash was carried out according to AOAC (2005). 

Sensory evaluation 

Different sensory attributes were examined in this study. Each meat sample was 

evaluated by a trained 8-member panel. The sensory questionnaires measured 

intensity on a 5- point balanced semantic scale for the attributes viz. color, flavor, 

tenderness, juiciness, and overall acceptability. Eight training sessions were held to 

familiarize the judges with the attributes to be evaluated and the scale to be used 

(Jahan et al., 2018: Saba et al., 2018). Prior to sample evaluation, all panelists 

participated in orientation sessions to familiarize with the scale attributes (color, 

flavor, juiciness, tenderness, overall acceptability) of meat using intensity scale. All 

samples were served in the petri dishes.  

Physicochemical properties measurement 

Drip loss 

Drip loss was measured following the procedure of Rahman et al. (2020). 

Approximately 20 g meat samples were cut from the collected sample, immediately 

weighed and hung in a covered plastic bag for 24 hours at 4°C. After 24 h, samples 

were removed, gently blotted dry and reweighed; drip loss was calculated as the 

percentage of weight loss. The difference in weight expressed to the drip loss and 

showed as the percentage of the initial weight.  

 

Cooking loss 

Cooking loss was measured according to Rahman et al. (2020). For the determination 

of cooking loss at 24 h post-mortem, approximately 20 g sample was cut 

perpendicularly to the fiber orientation from the meat sample. The thickness of the 

samples was standardized to approximately 2 cm. The samples were then placed in a 

plastic bag and immersed in boiling water with the sealed bag opening extending 

above the water surface (Rahman et al., 2020). The samples were cooked to an 
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internal temperature of 71°C for 30 minutes, whereas the temperature was recorded 

using a digital food grade thermometer. The meat samples were taken out and then 

cooled. After cooling the samples to room temperature, moisture was blotted, 

samples were weighed, and the cooking loss expressed as weight loss during cooking 

relative to the initial weight of the sample. The differences in weight before and after 

cooking were used to determine cooking loss (%).  

 

Raw pH measurement 

Meat pH value was measured 24 h after slaughter (ultimate pH) using a pH meter. 

The pH was measured by inserting electrode at three different points of the meat 

which was calibrated prior to use at pH 7.0 by pH meter (Hanna HI 99163). 

Triplicate measurements at 1 cm depth on the medial portion of meat were averaged. 

Cooked pH 

The samples were cooked to an internal temperature of 71°C for 30 minutes. Then 

the muscle samples were taken out, after that cooled at room temperature. After 

cooling sample pH was measured as the same way of raw sample. 

Water holding capacity (WHC) 

The WHC was measured according to the methodology of Choi et al. (2018). Thawed 

samples (1 g each) were wrapped in absorbent cotton and placed in a 1.5 ml 

centrifuge tube. The tubes with samples were centrifuged in a centrifuge separator 

(H1650-W Table top high speed micro centrifuge) at 10,000 RPM for 10 min at 4º C 

temperature, following which the samples were weighed. The WHC of the sample is 

expressed as the ratio of the sample weight after centrifugation to the initial sample 

weight, using the following formula: 

 

Instrumental color measurement  

Instrumental color measurement was carried out on meat from longissimus muscle. 

Color was measured at 24 h post-slaughter using Konica Minolta Chroma Meter (CR 

410, Konica Minolta Sensing, Inc., Osaka, Japan), a Miniscan Spectro colorimeter 

programmed with the CIE Lab, (International Commission on Illumination) L*, a*, 

and b* system, where L* represents lightness, a* redness and b* yellowness 

(CIELAB, 2014). The analysis was carried out on the medial surface (bone side) of 

the meat at 24 h post-mortem (Rahman et al., 2020). The colorimeter was calibrated 

using the specific whiteboard before measurement began. Each value was an average 

of three measurements from an area of the meat between 4–5 cm
2
 to get a 

representative evaluation of the samples. The L∗ value is the lightness component, 
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which ranges from 0 to 100 (from black to white); a∗ and b∗ both range from −60 to 

+60 with a∗ ranging from green if negative to red if positive and b∗ ranging from 

blue if negative to yellow if positive.  

Statistical analysis  

Data were analyzed by CRD with SAS software. DMRT test was used to determine 

the significance of differences among treatments means. 

RESUTS AND DISCUSSION 

Effect of different slaughter ages on carcass traits of Jamuna basin lambs 

The initial and final mean body weight of lambs were 4.64, 9.78; 7.90, 13.25, and 

10.57, 15.80
 
in three treatments, respectively (Table 1) had a significant effect 

(p>0.001). The ADG was 57.39, 59.80 and 58.15 g/d in all treatments, respectively 

which was non-significant (p>0.001). Hashem et al., (2020) showed ADG at 6, 9 and 

12 months aged lambs were 54.75, 53.59 and 48.81 g/d which were not similar to the 

present study. Hot carcass (kg) and dressing % were found significantly (p>0.001) 

increased with the increasing of age (4.35, 44.36; 6.00, 45.29, and 7.6, 48.15). These 

results differed to the findings of Claffey et al., (2018) where they stated that hot 

carcass (kg) and dressing % were 25.7 and 47.9 of 12 months aged lambs. Similar 

result was found by Polidori et al. (2017).  Worku et al. (2020) found similar 

significant effect of hot carcass and dressing % in their study. Dressing percentage is 

both yielding and value determining factor as an important parameter in the 

assessment performance of meat producing lambs. The mean of viscera and head 

were significantly decreased in all treatments whereas leg was significantly (p<0.001) 

increased in T1 and T2 except T3 treatment with the increasing of age. Pluck was 

significantly increased in T1 and T2 except T3 with the increasing of age had a 

significant effect (p<0.001). Blood of present study was significantly (p<0.001) 

increased whereas skin significantly decreased in T3 compared to T1 and T2 

treatments with the increasing of age. These results were supported by Huque et al. 

(2007).  Rack, kidney, liver, lung and spleen were found significantly increased with 

the increasing of age except loin and heart in T2. Rack and loin were not similar but 

liver and kidney of the present study were higher to the findings of Sultana et al. 

(2010). Spleen of the present study was almost similar but shank was differed to 

Sultana et al. (2010), where they showed that shank % was 1.2, 1.8 and 2.2 at 6, 9 

and 12 months of age, respectively. Moniruzzaman et al. (2002) stated that slaughter 

age had a significant effect on dressing percentage and meat quality. 
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Table 1. Effect of different slaughter ages on carcass traits of Jamuna basin lambs 

Parameters 
Treatment (Mean ± SE) 

Level of 

significance 

T1 T2 T3  

Initial body wt. (kg) 4.64
c
 ± 0.10 7.90

b
 ±0.09 10.57

a
 ±0.21 <.0001 

Final body wt. (kg) 9.78
c
 ± 0.08 13.25

b
 ± 0.01 15.80

a 
± 0.23 <.0001 

ADG (g) 57.39
a
 ± 1.14 59.80

a 
±1.48 58.15

a
 ± 1.75 NS 

% Of live weight basis 

Hot carcass wt. (kg) 4.35
c
 ± 1.14 6.00

b
 ± 0.05 7.6

a
 ± 0.21 <.0001 

Dressing wt.  44.36
b
 ± 0.04 45.29

b
 ± 0.01 48.15

a
 ± .86 <.0001 

Blood wt.  3.26
b
 ± 0.02 3.34

b
 ± 0.03 4.18

a
 ± 0.20 <.0001 

Skin wt.  12.62
a
 ± 0.10 12.74

a
 ± 0.10 9.79

b
 ± 0.52 <.0001 

Viscera wt.  23.43
a
 ± 0.39 22.76

a
 ± 0.17 14.36

b
 ± 0.21 <.0001 

Head wt.  8.67
a
 ± 0.07 6.30

b
 ± 0.04 5.52

c
 ± 0.08 <.0001 

Leg wt.  12.22
b
 ± 0.10 13.50

a
 ± 0.10 10.34

c
 ± 0.15 <.0001 

Half carcass wt. 

(kg) 

2.18
b
 ±0.09 3.00

b
 ± 0.08 3.8

a
 ± 0.43 <.0001 

Pluck wt.  5.30
c
 ±0.04 7.18

a
 ± 0.05 6.87

b
 ± 0.16 <.0001 

Neck wt.  3.93
b 
± 0.03 5.32

a 
± 0.04 3.64

c
 ± 0.05 <.0001 

Shoulder wt.  8.38
c
 ±0.07 11.35

a
 ± 0.08 8.66

b
 ± 0.13 <.0001 

Rack wt.  6.05
c
 ± 0.05 8.20

b
 ± 0.06 9.79

a
 ± 0.15 <.0001 

Loin wt.  3.56
b
 ±0.01 3.31

c
 ± 0.02 4.42

a
 ± 0.04 <.0001 

Shank wt.  2.82
b
 ±0.03 3.82

a
 ± 0.03 2.08

c
 ± 0.03 <.0001 

% Of hot carcass weight basis 

Kidney wt.  0.48
c
 ±0.00 0.67

b
 ± 0.01 1.74

a
 ± 0.05 <.0001 

Liver wt.  2.02
c
 ± 0.02 2.78

b
 ± 0.02 3.87

a
 ± 0.11 <.0001 

Heart wt.  0.62
b
 ±0.01 0.85

a
 ± 0.01 0.82

a
 ± 0.02 <.0001 

Lung wt.  1.12
b
 ±0.01 1.55

a
 ± 0.01 1.63

a
 ± 0.05 <.0001 

Spleen wt.  0.20
c
 ±0.00 0.29

b
 ± 0.00 0.74

a
 ± 0.02 <.0001 

Superscripts of the same letter in each row did not differ significant (p>0.05), T1= Six-month age, T2= 

Nine month age and T3=Twelve month age. 

Effect of different slaughter ages on proximate components of Jamuna basin 

lambs 

Table 2 shows that DM, CP and EE were found 24.72, 24.26, 27.54
 
and 15.91, 18.12, 

24.05 and 1.45, 1.77, 3.51
 
in T1, T2 and T3 treatments, respectively which was 
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significantly differed (p<0.001). The DM, CP and EE % in T3 were found 

significantly (p<0.001) higher compared to T1 and T2 treatments. From the study, 

lamb meat of older lambs showed a significant higher amount of fat and protein 

which was supported by Polidori et al. (2017).  The DM and EE of 12 month age of 

the present study was supported by Sultana et al., (2010) and Rajkumar et al. (2017) 

where they found higher DM and EE values in their study. The CP was estimated 

purely on fresh meat basis, where moisture % was higher compared to 12 months age 

group. Therefore, resulting in lower CP at 6 and 9 months aged lamb than 12 months 

age. The CP % was not supported to the findings of Worku et al. (2020). Ash % in T3 

was found lower than that of T1 and T2 treatments which was non-significant 

(p>0.05). These findings were not supported to Gashu et al. (2017) where they 

showed higher percentage of ash at 12 months aged lamb in their study.  

Table 2. Effect of different slaughter ages on proximate components of Jamuna basin 

lambs 

Parameters (%) 
Treatment (Mean ± SE) 

Level of 

significance 

T1 T2 T3  

DM 24.72
b
 ± 0.10 24.26

b
 ±0.27 27.54

a 
±0.12 <.0001 

CP 15.91
c
 ± 0.11 18.12

b
 ± 0.10 24.05

a
 ± 0.07 <.0001 

EE 1.45
c
 ± 0.05 1.77

b
 ± 0.10 3.51

a 
± 0.15 <.0001 

Ash 1.01
a
 ± 0.03 1.00

a
 ± 0.01 0.96

a 
± 0.04 NS 

Superscripts of the same letter in each row did not differ significant (p>0.05), T1 = Six month age, T2 = 

Nine month age and T3 = Twelve month age, DM = Dry matter, CP = Crude protein, EE = Ether extract. 

Effect of different slaughter ages on physicochemical traits of Jamuna basin 

lambs 

Table 3 shows that ultimate pH and cooked pH were found 6.29, 6.57; 6.09, 6.50 and 

5.95, 6.46 in all treatments, respectively in which cooked pH was significantly 

differed (p<0.05). Drip loss and coking loss % were found 5.61, 33.97; 3.09, 33.64 

and 3.16, 34.33 in three treatments, respectively which was significantly differed 

(p<0.001). Drip loss of the present study was not supported by Watanabe et al. (2018) 

where they showed lower drip loss (2.89 %). The WHC % was found 84.26, 91.50 

and 89.23 in three treatments, respectively which was significantly differed 

(p<0.001). Drip loss % was found acceptable ranges (0-4%) in T2 and T3 compared to 

T1 treatment. Drip loss is considered to be very important for palatability and the 

overall quality and acceptability meat to consumers. Ultimate pH was found optimum 

ranges (5.5-5.9) in T3 compared to T1 and T2 treatments. The ultimate pH from 

present study (T3) was supported and cooking loss differed to the findings of 

Watanabe et al. (2018).  Higher ultimate pH was found in T1 and T2 treatments. The 
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causes of higher pH might be due to withdrawal of feed for longer time, as well as 

transportation stress also occurred due to transport the lambs from a distant place for 

slaughtering. These feed and transportation stress will decrease the amount of 

glycogen present in muscle at slaughter; thereby resulting a higher ultimate pH. 

These differences of pH will be also occurred between and within different breeds. 

Due to increasing age 6 and 9 months are more susceptible than 12 months age. The 

lambs were transported about 90 km from Sherpur to Bangladesh Agricultural 

University (BAU) Market before slaughtered. Due to transportation stress glycogen 

has already been utilized. After keeping the meat sample preserved for 24 h at 4ºC, 

enough lactic acid could not be produced, thereby resulting higher ultimate pH was 

found in 6 and 9 months age of lambs. It is assumed that lower the age the pH was 

higher. The WHC is the ability of meat to hold all or part of its water, and one of the 

most important traits of meat quality. The WHC% was significantly ((p<0.00) higher 

in T2 than that of T1 and T3 treatments. The WHC and cooking loss of the present 

study differed to the findings of Cirne et al. (2018) where they stated that WHC and 

cooking loss were 58.3 and 41.95%, respectively.  

Table 3. Effect of different slaughter ages on physicochemical traits of Jamuna 

basin lambs 

Parameters 
Treatment (Mean ± SE)  

Level of 

significance 

T1 T2 T3  

Drip loss % 5.61
a 
± 0.12 3.09

b
± 0.03 3.16

b 
± 0.02 <.0001 

Cooking loss % 33.97
c
 ± 0.02 33.64

b
 ± 0.02 34.33

a
 ± 0.08 <.0001 

Ultimate pH 6.29
a
 ± 0.03 6.09

b
 ± 0.07 5.95

b
 ± 0.07 0.0020 

Cooked pH 6.57
a 
± 0.06 6.50

a
 ± 0.02 6.46

a 
± 0.06 NS 

WHC % 84.26
c
 ± 0.09 91.50

a
 ±0.24 89.23

b
 ± 0.07 <.0001 

Superscripts of the same letter in each row did not differ significant (p>0.05), T1= Six-month age, T2= 

Nine month age and T3=Twelve month age, WHC= Water holding capacity. 

Effect of different slaughter ages on sensory attributes of Jamuna basin lambs 

Sensory attributes is one of the important criteria of meat quality indicators estimated 

by the sense organ of eye, nose, mouth and taste bud of tongue. Color, flavor, 

tenderness, juiciness and overall acceptability were found variation from panel 

member to member during evaluation of meat quality. From Table 4, color and flavor 

were 4.10, 4.53; 4.69, 4.77, and 4.76, 4.84 in T1, T2 and T3 treatments, respectively in 

which color and flavor were significantly differed (p<0.001 and p<0.05). Tenderness, 

juiciness and overall acceptability were found 4.37, 4.25, 4.32;   4.80, 4.78, 4.76, and 

4.84, 4.82, 4.81 in three treatments, respectively which was significantly differed 

(p<0.001). Color and flavor were found higher in T3 treatment compared to T1 and T2 
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treatments. Tenderness and juiciness treatment were found higher in T3 compared to 

T1 and T2 treatments. Overall acceptability was found higher in T3 treatment 

compared to T1 and T2 treatments. Color, flavor, tenderness and juiciness were 

increased with the increasing age of lambs. Overall acceptability increased with the 

increasing of age. Tenderness, juiciness, flavor intensity and overall acceptability 

increased until 19 months of age (Kopuzlu et al., 2018) which was similar to the 

present study. Pethick et al. (2005) reported that there was no difference in the result 

of the tenderness and consumer tenderness on 12 months old lambs and 22 months 

old yearlings of Merino breeds. This result did not support to the present study.   

Table 4. Effect of different slaughter ages on sensory attributes of Jamuna basin lambs 

Parameters 
Treatment (Mean ± SE) 

Level of 

significance 

T1 T2 T3  

Color 4.10
b
 ± 0.07 4.69

a
 ± 0.05 4.76

a
 ±0.04 <.0001 

Flavor 4.53
b
 ± 0.10 4.77

a
 ± 0.05 4.84

a
 ± 0.03 0.0118 

Tenderness 4.37
b
 ± 0.09 4.80

a
 ± 0.05 4.84

a
 ± 0.03 <.0001 

Juiciness 4.25
b
 ± 0.06 4.78

a
 ± 0.05 4.82

a
 ± 0.03 <.0001 

Overall acceptability 4.32
b 
± 0.04 4.76

a
 ± 0.04 4.81

a
 ± 0.03 <.0001 

Superscripts of the same letter in each row did not differ significant (p>0.05), T1= Six month age, T2= 

Nine month age and T3=Twelve month age. 

Effect of different slaughter ages on instrumental color values of Jamuna basin 

lambs 

Table 5 shows that L*, a* and b* values were found 46.54, 13.84, 9.07; 44.31, 14.14, 

11.34, and 41.13, 18.08, 12.47 in three treatments, respectively which was 

significantly (p<0.05) differed. The meat color is the qualitative trait that most 

influences the choice of consumer to purchase or reject the product. The a* and b* 

value were found significantly (0.05) higher in T3 compared to T1 and T2 treatments. 

The L* value in T3 was found significantly (p<0.05) lower than T1 and T2 treatments. 

The a* and b* value significantly (p<0.05) increased with increasing the age of 

lambs. Polidori et al. (2017) stated that L* and b* value was decreased and a* value 

increased with increasing the age. These findings (L* and b* value) were not in 

accordance with the present study but the trend of a* value in their findings 

supported to the present study. Hue angle from 6 months aged lambs had 

significantly higher (p<0.001) than other two groups. The 12 months lambs had 

significantly higher (p<0.001) saturation index (SI) value than that of 6 and 9 months 

aged lambs which indicates more color intensity. This result was similar to Kopuzlu 

et al. (2018) where they stated that SI value increased with the increasing of age 
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Table 5.  Effect of different slaughter ages on instrumental color values of Jamuna 

basin lambs 

Parameters 
Treatment (Mean±SE)  

Level of 

significance 

T1 T2 T3  

L* 46.54
a
 ± 0.36   44.31

a
 ± 2.51  41.13

b
 ± 0.75 <0.0003 

a* 13.84
b
 ± 0.34 14.14

b
 ± 0.20 18.08

a
 ± 1.06 <0.0001 

b* 9.07
b
 ± 0.16 11.34

a 
±0.15 12.47

a
 ±1.17 0.006 

Hue angle 19.51
a
± 0.21 35.38

b
± 0.10 23.77

a
± 0.28 <0.0001 

Saturation index 

(chroma) 

17.41
b
± 0.81 17.39

b
± 0.54 22.03

a
± 0.65 <0.0007 

Superscripts of the same letter in each row did not differ significant (p>0.05), T1= Six month age, T2= 

Nine month age and T3=Twelve month age. 

CONCLUSION 

It is revealed from the study that 12 months of slaughter age showed better in terms 

of productive and meat quality traits which is proven from carcass traits, proximate 

components, physicochemical traits, sensory attributes and instrumental color values. 

Therefore, 12 months of age may be recommended as optimum slaughter age for 

Jamuna basin lambs. 
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ABSTRACT 

The study was envisaged to evaluate the effect of different levels of long 
coriander (Eryngium foetidum L.) leaf extract on the quality attributes of 
chicken meatballs. The chicken meat sample was collected from local 
market of Mymensingh. The sample was quickly shifted to “Animal 
Science Laboratory” and carried out for laboratory analyses after 
refrigerated at -20º C up to 90 days. Chicken meatball samples were 
divided into four treatment groups viz. control group (T0), 0.01% beta 
hydroxyl toluene (BHT) (T1), 0.5% long coriander leaves extract (T2), and 
1% long coriander leaves extract (T3). Days of intervals were 0, 30

 
and 

90 days. An ANOVA of a 4×3 factorial experiment in completely 
randomized design having three replications per treatment was used for 
data analyses. Sensory, proximate, physicochemical, biochemical and 
microbiological analyses were determined. Color, flavor, Juiciness, 
tenderness and overall acceptability increased significantly (p<0.05) in T2 
and T3 treatments but decreased at different days of intervals. Dry matter 
(DM), crude protein (CP), ether extract (EE) and ash content decreased 
significantly (p<0.05) in T2 and T3 treatments and increased with days of 
intervals. Raw pH and cooking loss were decreased significantly 
(p<0.05) in T2 and T3 treatments and decreased with increased days of 
intervals. Free fatty acid (FFA), peroxide value (POV) were decreased 
significantly (p<0.05) in T2 and T3 treatments and increased with days of 
intervals. Thiobarbituric acid reactive substances (TBARS) were 
significantly (p<0.05) constant in T0, T2 and T3 treatments. Total viable 
count (TVC), total coliform count (TCC) and total yeast-mold count 
(TYMC) decreased significantly (p<0.05) in T2 and T3 treatments. Hence, 
sensory, physicochemical, biochemical and microbial properties indicate 
that 1% long coriander leaves extract was the best among all treatment 
groups. So, 1% long coriander leaves extract may be recommended for 
chicken meatballs as enriched natural antioxidant. 
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INTRODUCTION 

Meat is an important food ingredient that acts as a contributor of high quality protein. 

Meat protein also plays an important physiological role in human body. It promotes 

iron absorption and prevents calcium losses (Akhter et al., 2009). Red meat contains 

high saturated fat that is not suitable for aged people or those who are prone to 

cardiovascular diseases or suffers from overweight. Chicken meat is lean and 

healthier as it contains more unsaturated fatty acids than other red meat. Therefore, 

the consumer’s demand goes to chicken meat products for overall acceptability and 

health friendly (Islam et al., 2018; Jamaly et al., 2017; Rima et al., 2019; Verma et 

al., 2012).  Different meat products such as meatballs, nuggets, sausage, and salami 

are also enriched source of meat protein and chicken meatballs are very popular meat 

products that have important nutritional contribution to human diet. Recently, 

chicken meatballs have gained more popularity as a fast food item in Bangladesh 

compared to other meat products. The breast meat of a chicken contains less than 3 g 

fat/100 g of meat, whereas red meat contains about on an average 5-7 g fat/100 g 

(Bithi et al., 2020). It also contains all essential amino acids, minerals, vitamins and 

other micro nutrients which are helpful for human life (Akhter et al., 2009). Fat is an 

important constituent of human nutrition and contribute to the flavor, tenderness, 

juiciness, appearance, texture and shelf life of meat products. Lipid oxidation is a 

complex process occurring in aerobic cells and reflects the interaction between 

molecular oxygen and polyunsaturated fatty acids (Bithi et al., 2020; Verma et al., 

2009). It enhances the production of rancid flavors and odors as well as reduces 

shelf-life, nutritional quality, and safety of food products (Rahman et al., 2017). 

Thus, the challenge for meat industry is to develop low-fat meat products without 

compromising sensory and texture characteristics (Bithi et al., 2020). To prevent or 

delay the autoxidation process, antioxidants have been utilized for many years in 

meat and meat products (Siddiqua et al., 2018). For this reason, there has been 

growing interest for natural antioxidant. Naturally occurring antioxidant compounds 

have been preferably used in meats because of their potential health benefits, high 

consumer acceptance and safety compared with synthetic preservatives (Siddiqua et 

al., 2018). The antioxidant properties of natural antioxidants of plant origin are 

mainly attributed to their phenolic contents, and their antioxidant action is similar to 

synthetic phenolic antioxidants. The incorporation of natural antioxidant in meat 

products improves the yield, texture, fiber contents, oxidative stability, nutritional 

value and reduced production cost besides their inherent functional properties 

(Siddiqua et al., 2018). Long coriander (Eryngium foetidum) leaf is naturally 

occurring antioxidants that have many functions as artificial antioxidants like 

butyrated hydroxyl anisole (BHA), beta hydroxyl toluene (BHT) etc (Bithi et al., 

2020). It can increase shelf-life of stored meat products such as meatballs without 



EFFECT OF CORIANDER LEAF EXTRACT ON CHICKEN MEATBALLS 273 

affecting qualities. The incorporation of long coriander leaf as a natural antioxidant in 

processed meat products is the possible solution. Consumers’ recent demand of low 

fat and high fiber meat products for their natural antioxidant activity, fiber and 

nutrients contents (Disha et al., 2020). Long coriander leaf has beneficial effects on 

human health owing to its functional properties such as regulating the activity of the 

large intestine. Recently consumers have started to focus on healthy foods, because of 

increase in diabetes, cancer, cardiovascular diseases and obesity. Long coriander leaf 

is employed in the treatment of diabetes, rheumatism, several anti-inflammatory, 

respiratory (cold, asthma, cough, sinusitis) and stomach disorders (Jaramillo et al., 

2011). The use of long coriander leaf in chicken meatball can solve these types of 

disease problem. Long coriander leaf having antioxidant activity has the ability to act 

against the free radicals with meatball (Singh et al., 2013). There is evidence of 

studies about such properties of long coriander leaf and it is an aromatic and 

medicinal herb used in ethno-medicine as a traditional spice for foods. There are 

many well-known phytochemicals like the flavonoids, phenolic acids, isoflavones, 

curcumin, isothiocyanates, and carotenoids which improve the shelf life of meat and 

meat products (Dhama et al., 2014). Any herbal extracts may be included upto 10% 

in meat and meat products prior to it‘s acceptable level of consumers to mitigate 

unpleasant flavor. It is evident that maximum literature found of 1% herbal extracts 

used to increase the shelf life of meat and meat products. From this point of view, 

0.01, 0.05 and 1% level of herbal extracts were selected for the present study. Hence, 

the experiment was conducted to examine sensory, proximate, physicochemical, 

biochemical and microbiological properties of chicken meatballs after addition of 

long coriander leaf extract and find out its appropriate level.  

MATERIALS AND METHODS 

The study was conducted during the period of January 2019 to June 2019 in the 

Department of Animal Science, Bangladesh Agricultural University, Mymensingh 

(BAU). The chicken meat sample was collected from local market of Mymensingh 

which was around one year of age. The meat sample was quickly shifted to the 

“Animal Science Laboratory” and carried out for sensory, proximate, 

physicochemical, biochemical and microbial analyses and refrigerated at (-20º C). 

Chicken meatballs 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, long coriander leaves extract, salt 

and sauces. There were four treatment groups, like T0 = (Control group), T1 = (0.01% 

BHT), T2 = (0.5% long coriander leaves extract), T3 = (1% long coriander leaves 

extract). When internal temperature of meat reached at 71º C then cooking was 

finished and it was checked by a food grade thermometer (Rahman et al., 2020). 

Samples were evaluated after cooking. Sensory qualities (Color, flavor, tenderness, 

juiciness and overall acceptability) were evaluated by a trained 6-members panel. 

After meat sample was used for sensory evaluation using a 5-point scoring method 
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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; Nasrin et al., 

2016). All samples were served in petri dishes. Sensory evaluation was accomplished 

at 0 day and repeated at 30 and 90 days. The DM, EE, CP and ash of meatballs were 

determined according to AOAC (2005). The pH of raw and cooked of meatballs was 

determined using a digital pH meter. The cooking loss of meatballs was also 

determined by a weighing balance and a hot water bath at 71° C for 30 minutes. The 

FFA, POV and TBARS value were determined by Sharma et al. (2012). The TVC, 

TCC and TYMC were determined according to Ikhlas et al. (2011). All determination 

was done in triplicate and mean value was reported. 

Statistical analysis 

Data were analyzed using 4x3 factorial experiment in completely randomized design 

(CRD) replicated three times per cell using SAS 9.1.3 version Statistical Discovery 

software, NC, USA. Duncan’s Multiple Range Test (DMRT) was used to determine 

the significance of differences among treatment means at values (p<0.05).  

RESULTS AND DISCUSSION 

Sensory evaluation 

The ranges for colors, flavor, tenderness, juiciness and overall acceptability for all 

groups and days of interval are presented in Table 1. The most preferable color, 

flavor, tenderness, juiciness and acceptability was observed from T0, T2, and T3; T2 

and T3; T2 and T3; T2 and T3 and T2 and T3 groups, respectively. These parameters 

were significantly (p<0.05) differed in all treatments. The most preferable color, 

flavor, tenderness, juiciness and overall acceptability were observed from 0 and 30; 

0; 0; 0 and 0 days, respectively which were significantly (p<0.05) differed. Data 

show that the lowest score was reduced to 4.00 at 90 days of storage irrespective of 

treatment groups. Color of meat products decrease with increasing storage period 

were reported by Disha et al. (2020) as a result quality was deteriorated with 

increasing of storage period. Deterioration of flavor during storage might be due to 

microbial growth, formation of FFA and oxidative rancidity. Similar results were 

reported by Islam et al. (2018). Flavor is one of the major causes of quality 

deterioration because it can negatively affect sensory attributes such as color, texture, 

odor and flavor as well as the nutritional quality of the product (Nunez and Boleman, 

2008). When meatballs were frozen, ice crystals form inside the cells of muscle tissue 

and puncture cell walls. Tenderness is interrelated to DM content of meatballs. With 

the increasing of storage period DM was increased consequently tenderness was 

decreased with days of intervals. The present study was related to the findings of 

Disha et al. (2020). Saba et al. (2018) also reported a decline rate in the juiciness 

scores of beet meatball during refrigerated storage. Overall acceptability decreased 

during storage because of decline in the sensory score of other parameters like 

appearance, flavor, and taste. Jahan et al. (2018) reported that overall acceptability 
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decreased significantly during storage period. There was found positive and 

significant interaction between treatment and days of interval for color, flavor, 

tenderness, juiciness and overall acceptability (Table 1). 

Table 1. Effect of long coriander leaf extract on sensory parameters in chicken 

meatballs 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

Color 

0 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00a±0.00 

p<0.0001 p<0.0001 p<0.0001 
30 5.00±0.00 4.00±0.00 5.00±0.00 5.00±0.00 5.00a±0.00 

90 4.00±0.00 4.00±0.00 4.00±0.00 4.00±0.00 4.00b±0.00 

Mean 4.67a±0.00 4.33b±0.00 4.67a±0.00 4.67a±0.00  

Flavor 

0 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00a±0.00 

p<0.0001 p<0.0001 p<0.0001 
30 4.00±0.00 4.00±0.00 5.00±0.00 5.00±0.00 4.50b±0.00 

90 3.00±0.00 3.00±0.00 4.00±0.00 4.00±0.00 3.50c±0.00 

Mean 4.00b±0.00 4.00b±0.00 4.67a±0.00 4.67a±0.00  

Tenderness 

0 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00a±0.00 

p<0.0001 p<0.0001 p<0.0001 
30 4.00±0.00 4.00±0.00 5.00±0.00 4.00±0.00 4.00b±0.00 

90 3.00±0.00 3.00±0.00 4.00±0.00 4.00±0.00 3.50c±0.00 

Mean 4.00b±0.00 4.00b±0.00 4.33a±0.00 4.33a±0.00  

Juiciness 

0 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00a±0.00 

p<0.0001 p<0.0001 p<0.0001 
30 4.00±0.00 4.00±0.00 4.00±0.00 4.00±0.00 4.00b±0.00 

90 3.00±0.00 3.00±0.00 4.00±0.00 4.00±0.00 3.50c±0.00 

Mean 4.00b±0.00 4.00b±0.00 4.33a±0.00 4.33a±0.00  

Overall  

acceptability 

0 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00a±0.00 

p<0.0001 p<0.0001 p<0.0001 
30 4.00±0.00 4.33±0.00 5.00±0.00 5.00±0.00 4.50b±0.00 

90 4.00±0.00 4.00±0.00 4.00±0.00 4.00±0.00 4.00c±0.00 

Mean 4.33b±0.00 4.33b±0.00 4.67a±0.00 4.67a±0.00  

T0 = control group, T1 = 0.01% BHT, T2 = 0.5% long coriander leaves extract, T3 = 1% long coriander 

leaves extract, DI=Day of intervals, Treat= Treatment, T*DI=Interaction of treatment and days of 

intervals. Same superscripts in different treatment groups and days of interval did not differ significantly 

(p>0.05), whereas different superscripts in different treatment groups and days of interval differ 

significantly (p<0.05) 

Proximate analysis 

The ranges for DM, CP, EE, and ash for all treatment groups and days of interval are 

presented in Table 2. The most suitable DM, CP, EE and ash content was observed at 

T3, control, control and T3 groups, respectively. The most suitable DM, CP, EE and 

ash content was observed at 0, 0, 90 and 0 days, respectively. Lowest amount DM 

content indicates this product is most preferable. The DM content was increased with 

increasing storage period because moisture loss was decreased with increasing 
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storage period. Data showed that highest amount of DM content was increased to 

52.56 in all treatments after 90 days of storage. These results were similar to Milon et 

al. (2016) of value added beef meatballs with DM content. Rahman et al. (2017) also 

reported of increase DM content with the increase of storage period for kalogira seed 

extract. The CP decreased significantly (p<0.05) in all treatments which was not in 

accordance with Saba et al. (2018) where they showed increased CP with 0.1, 0.2 and 

0.3% Maringa oleifera leaf extract mixed with beef meatball. The CP decreased 

significantly in wheat bran (WB) and dried carrot pomace (DCP) incorporated with 

chicken sausage (Yadav et al., 2018) which was similar to the present findings. The 

CP decreased with increased storage period which was supported to Saba et al. 

(2018). Lowest amount of EE content indicates this product is most preferable for 

consumers’ health. The EE content was decreased with increasing storage period. 

Data showed that highest amount of EE content was decreased to 8.30 % in all 

treatments after 90 days of storage. Islam et al. (2018) observed that decreased EE of 

mutton nuggets by incorporation of guava powder. The EE content of the products 

showed significantly (p<0.05) decreasing trend with increasing levels of 

incorporation of pumpkin in chicken sausages reported by Zargar et al. (2014). 

Zargar et al. (2017) reported that ash showed significant (p<0.05) decreasing trend 

with increasing levels of incorporation of carrot in chicken sausages.  Ash 

significantly decreased (p<0.05) in all treatments which was similar to Disha et al. 

(2020). Lowest amount of ash content indicates this product is most preferable for 

consumers’ health. Ash content was significantly (p<0.05) increased with the 

increased storage period. These results were in agreement with Saba et al. (2018). 

There was found positive and significant interaction between treatments and days of 

interval for DM, CP, EE and ash (Table 2). 

Physicochemical properties   

The ranges for raw pH, cooked pH and cooking loss for all treatment groups and days 

of interval are presented in Table 3. The most desirable raw pH, cooked pH and 

cooking loss were observed at T0, T2 and T3 and T3 groups, respectively. The highest 

amount of raw pH indicates this product is most preferable for consumers’ health 

than other treatment groups. Data showed a slight decrease in raw pH values for all 

treatment and an increase in the acidity values for all samples along with storage time 

during 90 days of storage as a result of increasing FFAs due to rancidity. Decreased 

of pH with incorporation of long coriander leaf may be attributed to the low pH of 

long coriander leaf extract which is rich in bioactive compounds. Similarly, 

decreased of pH was found by Disha et al. (2020) in chicken meatballs incorporated 

with lemon extract and Saba et al. (2018) in beef meatballs incorporated with bottle 

gourd leaf extract. Bacteria and mold have a tendency to increase with increasing 

storage time and they secrete components that affect the increasing raw pH. Data 

showed a slight increase in cooked pH values and a decrease in the acidity values for 

all samples along with addition of synthetic antioxidant and natural antioxidant as a 
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Table 2.  Effect of long coriander leaf extract on proximate components in chicken 

meatballs 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

DM (%) 

0 53.71±0.01 52.63±0.02 48.07±0.01 48.94±0.03 50.84c±0.01 

p<0.0001 p<0.0001 p<0.0001 
30 51.55±0.06 55.00±0.03 48.63±0.02 50.58±0.01 51.44b±0.03 

90 51.30±0.05 53.34±0.01 55.76±0.01 49.81±0.01 52.56a±0.02 

Mean 53.67b±0.01 52.18b±0.04 50.82c±0.01 49.78d±0.01   

CP (%) 

0 21.32±0.04 22.75±0.02 20.53±0.06 20.85±0.02 21.37a±0.03 

p<0.0001 p<0.0001 p<0.0001 
30 21.20±0.05 22.61±0.01 20.32±0.03 19.74±0.02 20.94b±0.02 

90 21.37±0.01 21.84±0.01 19.75±0.02 19.69±0.03 20.67c±0.01 

Mean 22.40a±0.01 21.30b±0.03 20.20c±0.03 20.09d±0.01   

EE (%) 

0 8.58±0.02 8.69±0.03 8.81±0.09 7.73±0.07 8.46a±0.05 

p<0.0001 p<0.0001 p<0.0001 
30 8.78±0.06 8.40±0.01 7.75±0.01 8.2±0.01 8.42a±0.02 

90 8.52±0.01 8.31±0.03 8.55±0.02 8.29±0.06 8.30b±0.03 

Mean 8.63a±0.03 8.47b±0.01 8.37c±0.04 8.09d±0.04 
 

Ash (%) 

0 1.72±0.01 1.88±0.01 1.65±0.01 1.14±0.01 1.46b±0.01 

p<0.0001 p<0.0001 p<0.0001 
30 1.64±0.02 1.42±0.01 1.58±0.02 1.20±0.01 1.58a±0.01 

90 1.69±0.03 1.60±0.02 1.62±0.02 1.41±0.02 1.60a±0.02 

Mean 1.69a±0.01 1.64b±0.01 1.62b±0.01 1.26c±0.01   

T0 = control group, T1 = 0.01% beta hydroxyl toluene (BHT), T2 = 0.5% long coriander leaves extract, 

T3 = 1% long coriander leaves extract, DI=Day of intervals, Treat= Treatment, T*DI=Interaction of 

treatment and Days of intervals. Same superscripts in different treatment groups and days of interval did 

not differ significantly (p>0.05), whereas different superscripts in different treatment groups and days of 

interval differ significantly (p<0.05) 

result of decreasing FFAs due to lower acidity.  Cooked pH was decreased with 

increasing storage period. The highest amount of cooked pH indicated this product is 

most preferable for consumers’ health than other treatment groups. These results 

were similar to Islam et al. (2018) who reported that storage time had a significant 

effect on pH values, which tended to decrease with storage time. Cooking loss 

significantly decreased (p<0.05) in all treatment groups which was similar to the 

findings of Disha et al. (2020). The lowest amount of cooking loss indicates this 

product is most preferable for consumers’ choices than other treatment groups. 

Cooking loss was decreased with increasing storage period. Cooking loss refers to the 

reduction in weight of meatballs during cooking process (Saba et al., 2018) which 

was similar to the present study. Major components of cooking losses were thawing, 

dripping and evaporation. Thawing loss refers to the loss of fluid in meatballs 

resulting from the formation of exudates following freezing and thawing (Saba et al., 

2018) which was similar to the present study. Drip loss is the loss of fluid from 

meatballs and water evaporation from the shrinkage of muscle proteins (actin and 

myosin) (Yu et al., 2005). Cooking yield is an important data that are used by the 
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meat industry to predict the behavior of their products during processing (Disha et al., 

2020).  There was found positive and significant interaction between treatments and 

days of interval for raw pH, cooked pH and cooking loss (Table 3) 

Table 3. Effect of long coriander leaf extract on physicochemical properties in 

chicken meatballs 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

Raw pH 

0 5.95±0.01 5.89±0.01 5.91±0.01 5.91±0.01 5.92
a
±0.01 

p<0.0001 p<0.0001 p<0.0001 
30 5.70±0.01 5.87±0.03 5.70±0.02 5.61±0.03 5.72

b
±0.02 

90 5.87±0.03 5.65±0.05 5.70±0.01 5.51±0.01 5.68
c
±0.02 

Mean 5.84
a
±0.01 5.80

b
±0.03 5.78

c
±0.01 5.68

d
±0.01 

 

Cooked 

pH 

0 6.05±0.01 6.05 ±0.01 6.04±0.01 6.05±0.01 6.05
a
±0.01 

p<0.0001 p<0.0001 p<0.0001 
30 6.04±0.01 6.02±0.01 6.10±0.02 6.03±0.02 6.05

a
±0.01 

90 5.86±0.01 6.06±0.01 6.01±0.02 6.06±0.01 5.99
b
±0.01 

Mean 5.98
b
±.01 6.04

a
±0.01 6.05

a
±0.02 6.05

a
±0.01  

Cooking 

loss (%) 

0 28.02±0.04 27.20±0.01 26.32±0.02 26.04±0.02 26.90
a
±0.02 

p<0.0001 p<0.0001 p<0.0001 
30 27.17±0.01 26.43±0.03 26.09±0.01 22.49±0.06 25.55

c
±0.02 

90 27.02±0.02 28.16±0.03 27.05±0.01 22.03±0.02 26.07
b
±0.02 

Mean 27.41
a
±0.02 27.26

b
±0.02 26.49

c
±0.01 23.52

d
±0.02 

 

T0= control group, T1 = 0.01%betahydroxyltolune (BHT), T2 = 0.5% long coriander leaves extract, T3 = 

1% long coriander leaves extract, DI=Days of intervals, Treat= Treatment, T*DI=Interaction of 

treatment and Days of intervals. Same superscripts in different treatment groups and days of interval did 

not differ significantly (p>0.05), whereas different superscripts in different treatment groups and days of 

interval differ significantly (p<0.05) 

Biochemical properties  

The ranges for FFA, POV and TBARS for all treatment groups and days of interval 

are presented in Table 4. Determination of FFA gives us information about stability 

of fat during storage. The FFA value was increased with increasing storage period. 

The most expectable FFA, POV and TBARS values was observed at T2; T3 and T0; T2 

and T3 treatment groups, respectively. With increasing of storage period, a significant 

(p<0.05) increase in FFAs was reported by Disha et al. (2020) which was similar to 

the present study. The significant (p<0.05) increased in FFA content of the products 

during storage might be increased due to growth of lipolytic microorganisms (Das et 

al., 2008). The FFAs are products of the enzymatic or microbial degradation of lipids 

reported by Das et al. (2012). The lowest amount of POV indicates this product is 

most preferable for consumers’ health. During storage, POV increased in all 

treatments. However, antioxidant treatments, generally, can minimize POV in the 

food sample during storage compared with the control. The lowest amount of 

TBARS value indicates the product is most preferable for consumers’ health. Yadav 

et al. (2018) found a significant increase in TBARS value of control and fibre 
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enriched sausage with an increasing storage period. There was positive and 

significant interaction between treatments and days of interval for FFA, POV and 

TBARS (Table 4). 

Table 4. Effect of long coriander leaf extract on biochemical parameters in chicken 

meatballs 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

FFA (%) 

0 0.32±0.01 0.36±0.01 0.31±0.01 0.31±0.01 0.33
c
±0.01 

p<0.0001 p<0.0001 p<0.0001 
30 0.33±0.01 0.38±0.01 0.31±0.01 0.34±0.01 0.34

b
±0.01 

90 0.34±0.02 0.42±0.01 0.31±0.02 0.34±0.01 0.36
a
±0.01 

Mean 0.33
b
±0.01 0.39

a
±0.01 0.31

c
±0.01 0.33

b
±0.01   

POV 
(meq/kg) 

0 3.86±0.01 3.89±0.02 2.74±0.01 2.43±0.02 3.23
c
±0.01

 

p<0.0001 p<0.0001 p<0.0001 
30 4.01±0.02 3.72±0.01 2.90±0.02 2.93±0.01 3.40

b
±0.01

 

90 4.63±0.01 3.91±0.03 2.71±0.02 2.91±0.01 3.54a±0.01 

Mean 4.12
a
±0.01

 
3.85

b
±0.02

 
2.79

c
±0.01

 
2.76

d
±0.01

 
 

TBARS (mg-
MA/kg) 

0 0.09±0.01 0.13±0.01 0.11±0.01 0.11±0.01 0.11
c
±0.01

 

p<0.0001 p<0.0001 p<0.0001 
30 0.12±0.02 0.15±0.01 0.13±0.01 0.11±0.01 0.13

b
±0.01

 

90 0.12±0.01 0.22±0.01 0.10±0.02 0.11±0.01 0.14
a
±0.01

 

Mean 0.11
bc

±0.01
 

0.17
a
±0.01

 
0.11

b
±0.01

 
0.11

c
±0.01

 
  

T0=control group, T1=0.01% beta hydroxyl toluene (BHT), T2=0.5% long coriander leaves extract, 

T3=1% long coriander leaves extract, DI=Day intervals, Treat= Treatment, T*DI=Interaction of 

treatment and days of intervals. FFA = Free Fatty Acid (%), POV= Peroxide value (meq/kg), TBARS= 

Thiobarbituric acid value (mg-MA/kg). Same superscripts in different treatment groups and days of 

interval did not differ significantly (p>0.05), whereas different superscripts in different treatment groups 

and days of interval differ significantly (p<0.05) 

Microbiological assessment  

The ranges for TVC, TCC and TYMC for all treatment groups and days of interval 

are presented in Table 5. The plate count in T0 group (6.52 logCFU/g) was 

significantly (p<0.05) higher than the treated samples. Less amount of TVC value 

indicates this product is most preferable for consumers’ health. The amount of TVC 

was increased with increasing storage period. The antioxidant compounds blocked 

the deteriorating of fat and helped to prevent the metabolism of fat by bacteria. As a 

result, bacterial growth was lower in chicken meatballs treated with antioxidants. 

Plant-derived spices are generally used in foods as flavorings and medicinal 

purposes. The mixtures of cinnamon (Cinnamomum verum) and clove (Syzygium 

aromaticum) oil were able to suppress the growth of major spoilage microorganisms 

in intermediate moisture foods (Matan et al., 2006). It was reported by Babatunde 

and Adewumi (2015) that plant extracts like garlic, ginger and roselle provided 

antioxidant and antimicrobial benefits to raw chicken patties during cold storage. 

Microbial load was reduced in treated samples than the control. The TCC in the 
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control sample (1.72 logCFU/g) was significantly (p<0.05) higher than four treatment 

groups. Less amount of TCC value indicates the product is most preferable for 

consumers’ health. Similar findings were observed by Singh and Immanuel (2014) of 

raw chicken meat emulsion incorporated with clove powder, ginger and garlic paste 

at refrigerated storage (4±1º C). The antioxidant compounds blocked the 

deteriorating of fat and helped to prevent the metabolism of fat by bacteria. Reddy et 

al. (2017) observed a significantly (p<0.05) lower coliform count in chicken meat 

patties incorporated with natural antioxidant extracts i.e., rosemary (RE) and green 

tea (GTE). The TYMC count in the control sample (1.53logCFU/g) was significantly 

higher than three antioxidant groups. These results were in accordance with Disha et 

al. (2020). Less amount of TYMC value indicates the product is most preferable for 

consumers’ health. During storage TYMC value was decreased which was similar to 

Saba et al. (2018). There was found positive and significant interaction between 

treatments and days of interval for TVC, TCC and TYMC (Table 5). 

Table 5. Effect of long coriander leaf extract on different microbe’s population in 

chicken meatballs 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

TVC (log 
CFU/g) 

0 6.53±0.03 5.93±0.01 5.80±0.01 6.40±0.20 6.17
b
±0.06

 

p<0.001 p<0.001 P<0.001 
30 6.24±0.02 6.33±0.01 6.10±0.01 6.06±0.02 6.18

b
±0.01

 

90 6.78±0.01 6.40±0.01 6.00±0.01 6.39±0.01 6.40
a
±0.01

 

Mean 6.52
a
±0.02 6.22

b
±0.01

 
5.97

c
±0.01

 
6.29

d
±0.07

 
 

TCC (log 
CFU/g) 

0 1.46±0.01 1.45±0.02 1.37±0.02 1.38±0.01 1.42
a
±0.01

 

p<0.001 p<0.001 P<0.001 
30 1.46±0.01 1.36±0.01 1.32±0.01 1.26±0.02 1.35

b
±0.01

 

90 1.46±0.01 1.45±0.01 1.38±0.01 1.02±0.04 1.33
c
±0.01

 

Mean 1.46
a
±0.01

 
1.42

b
±0.01

 
1.36

c
±0.01

 
1.22

d
±0.02

 
 

TYMC (log 
CFU/g) 

0 1.90±0.01 1.86±0.01 1.89±0.01 1.85±0.01 1.87
a
±0.01 

p<0.001 p<0.001 P<0.001 
30 1.67±0.01 1.44±0.02 1.52±0.02 1.35±0.01 1.50

b
±0.01 

90 1.57±0.03 1.51±0.01 1.24±0.02 1.01±0.01 1.33
c
±0.01 

Mean 1.72
a
±0.01

 
1.60

b
±0.01

 
1.55

c
±0.01

 
1.40

d
±0.01

 
 

T0 = control group, T1 = 0.01% beta hydroxyl toluene (BHT), T2 = 0.5% long coriander leaves extract, 

T3 = 1% long coriander leaves extract, DI=Day Intervals, Treat= Treatment, T*DI=Interaction of 

Treatment and Days of Intervals. Same superscripts in different treatment groups and days of interval 

did not differ significantly (p>0.05), whereas different superscripts in different treatment groups and 

days of interval differ significantly (p<0.05). 

 

CONCLUSION 

It is revealed from the study that chicken meatballs can be preserved for 90 days 

using different levels of long coriander leaf extracts. On the basis of sensory, 

proximate, physicochemical, biochemical and microbial properties indicates that 1% 
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long coriander leaf extract was more acceptable. So, it may be recommended that 1% 

long coriander leaf extract for formulation of value added chicken meatballs was 

used as enriched source of natural antioxidant. 
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ABSTRACT 

The study was conducted at Kamalganj Upazila of Moulvibazar district in 
Bangladesh during January to September 2015 to observe the diversity of 
plant species in the homestead area with their arrangement and to explore 
the relationships of plant diversity with the selected characteristics of the 
respondents. Face to face interview was performed with 135 respondents 
with the help of questionnaire. A total of 92 plant species, 45 vegetables 
species were recorded in the homestead of the study area. Out of different 
categories of plant species, 35 timber, 36 fruits and 21 medicinal and other 
plants were recorded. Most of fruit plants and medicinal and other plant 
species were found in front yard and backyard of homestead area. Timber 
trees were dominated at boundary side than any other side of 
homesteads. Diversity of fruit (0.79-0.99), timber (0.77-0.93) and 
medicinal plant species (0.77-0.96) were high in most of the unions. 
Mango Jackfruit, Papaya, Coconut were dominant fruit species. Acasia 
hybrid and Mehogony were dominant timber species. Coriander 
(Coriandrum sativum), Areca nut (Areca catechu), Tulsi (Ocimum 
americanum), Neem (Azadirachta indica), Bamboo (Bambusa sp), Pudina 
(Mentha spicata) and Bohera (Terminalia bellerica), were dominant 
medicinal and other plant species. There was a positive correlation 
between plant diversity with most of the selected characteristics of the 
respondents. Results conclude that plant diversity in homestead areas of 
Kamalganj upazila could be a good option for improving the livelihood of 
the respondents. 

Keywords: Homestead, Plant species diversity, Shannon-Weaver 

diversity index. 

INTRODUCTION 

Homestead can be defined as the land surroundings a house on which a mixture of 

annual and perennial plants are grown together with/without animals largely managed 
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by the household members for their own used or commercial purposes. It is one of the 

elaborate systems of indigenous agroforestry, mostly found in tropical and sub-tropical 

areas where subsistence land use system is predominated. Kumar and Nair (2004) 

defined it as a land use practice involving deliberate management of multipurpose trees 

and shrubs in intimate association with annual and perennial agricultural crops and 

invariably livestock within the compounds of individual houses, and the whole crop, 

tree-animal unit are being intensively managed by family labor. However, there is a 

consensus that the system is an intimate mix of diversified agricultural crops and 

multipurpose trees planted, maintained by members of the household and whose 

products are intended primarily for household consumption. In Bangladesh homestead 

agroforestry is referred to as ‘Bosotvita Bagan’ and is commonly considered as a 

small-scale enterprise established and maintained for household consumption, with 

additional household income through the sales of produce and environmental services 

(Alam, 2011). They constitute the most important source of food, fodder, wood, 

bamboo and other non-timber forest products in the country; attaining 15 to 25 times 

greater productivity than government administered forest lands (Miah and Hossain, 

2002). Hence, home gardens in Bangladesh may act as refuges for many native and 

rare plants. 

Homestead agroforestry systems attained international popularity because they 

represent good examples of sustainable and resilient farming systems (Kabir and 

Webb, 2008). A homestead is a unique combination of trees, shrubs, vegetables, 

livestock, animals, fishponds and human beings functioning as an ecosystem and 

maintaining the diversity of the life as well as the biological wealth. So, a rich 

homestead production system with plantations and other production enterprises 

provide immediate cash benefits as well as long term benefits for the farm families and 

thereby for the rural communities. Plant biodiversity is the variability between the 

plant kingdom and the ecosystem complex in which they occur. Plant diversity is 

defined as the variation among plant species, their varieties, and/or individual plant 

genotypes and phenotypes – underpins the productivity, resilience and adaptive 

capacity of agricultural systems (van de Wouw et al., 2010). This diversity is 

managed through farmers’ cultivation and selection practices, with local exchange 

and gene flow among landraces encouraging genetic variation, and continued 

cultivation leading to local adaptation (Bellon, 1996; Louette et al., 1997; Mercer and 

Perales, 2010). Bangladesh has 15.4 million homesteads occupying 0.3 million 

hectares of land (Abedin and Quddus, 1990). Homestead represents a land use system 

involving deliberate management of multipurpose trees and shrubs in intimate 

association with seasonal vegetables (Fernandes and Nair, 1990). From the 

conservation point of view, homesteads are the in-situ conservation sites of wide 

range of plant biodiversity. Some time homesteads contained rare and very important 

materials. Most of the homesteads of landlord houses contained improved cultivars of 

different fruits, forest, medicinal and other aesthetic plants, which are very much 

important from horticultural and breeding point of view. 
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Most of the homesteads of Kamalganj upazila comprising of hills and hillocks and 

there is a vast scope of producing fruits and vegetable to meet up the nutritional 

demand of the people of the surroundings. There is a pressing need to study, the 

diversity of plant species in the homestead area of Kamalganj upazila. With this view 

keeping in mind the present study was undertaken to observe the diversity of plant 

species and their relationship with the selective characteristics of the respondents in 

Kamalganj area. Considering the above facts, the study was undertaken to study the 

diversity of plant species in homesteads and its relationship with the selective 

characteristics of socio-economic condition of the respondents in Kamalganj upazila. 

MATERIALS AND METHODS 

The study was conducted in Kamalganj upazila of Moulvibazar district in Bangladesh 

during January to September, 2015. A total of 135 respondents were used for the study. 

Data were collected by using the individual questionnaire. Before going to make 

interview, each respondent was given a brief introduction about the nature and purpose 

of the study and the researcher assured them that, all information would be kept 

confidential. After the completion of each interview, each questionnaire was checked 

to be sure that information to each of the items had been properly recorded. After 

completion of collecting data from all the interview schedules were coded, compiled, 

tabulated and analyzed in accordance with objectives of the study. In this process, all 

responses in the interview schedule were given numerical coded values. Local units 

were converted into standard international units. Qualitative data converted into 

quantitative ones by means of suitable scoring. The Shannon-Weaver Diversity Index 

(H′) was used to measure the existing plant species diversity in the study area. The H′ is 

the direct method of determining the diversity among the plant species. The H′ ranges 

from 0 to 1, where 1 indicates the maximum diversity. The higher the diversity index, 

the more is the diverse the population. The H′ values ≥ 0.75 indicates the high 

diversity, H′= 0.50-0.75 indicates moderate diversity and H′ <0.50 indicates the low 

diversity (Jamago, 2000; Kete, 2001; Thuy, 2002; Uddin et al., 2006). 

Shannon-Weaver Diversity Index (H′) was calculated by using the following formula 

of Yu Li et al. (1996): 

 

Where, Pi is the proportion of the total number of entries belonging to the i
th
 class and n 

is the number of phenotypic classes of plant species. The relative frequencies for the 

different classes were used to calculate the diversity index. The H′ for each of the 

unions, different homestead areas and plant species was calculated by using Microsoft 

Excel. 
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RESULTS AND DISCUSSION 

Plant species diversity 

Diversified plant species were observed in the homestead area. Total 137 plant species 

were recorded from the study area of which 35 (25.55%) timber species, 36 (26.28%) 

fruit species, 45 (32.85%) vegetable species and 21 (15.33%) medicinal and other 

plant species. Vegetable species was dominant followed by fruit and timber species 

compare to medicinal and other plant species (Table 1). 

Table 1. Plant species found at Kamalganj upazila of Moulvibazar district during 2015 

Plant species No of existing plant species Percentage 

Timber tree 35 25.55  

Fruit tree 36 26.28   

Medicinal and other plants 21 15.33 

Vegetables 45 32.85 

Total 137 100 

Major timber, fruit, medicinal and other plant species 

A total of 92 different types of tree species (fruit timber, medicinal and other plants) 

were observed in the study area (Table 1). Among these 92 different tree species 

mangos, jackfruit, mahogony, acacia and coconut were found as dominant trees in the 

Kamalganj Upazila. These fruit trees can tolerate the drought condition and also meet 

up the demand for food, fuel and wood. Out of 35 timber tree species Mehogony 

(66.67%) followed by Acasia hybrid (62.96%) and Shegun (51.85%) were the 

dominant species in most of the respondents’ homestead area (Table 2). The 

topography of land and soil type is suitable for fruit and timber tree species and due to 

meet up the demand for food and fuel most of the respondents planted fruit and timber 

tree species in their homestead areas. Similar type of timber species diversity was 

observed by Sadaat (2007) in Gaibandha who observed total 21 timber species in his 

study area. The higher timber tree species was observed in the present study due to 

more suitability of the soil and topography of the study area and for growing 

diversified tree species by the respondents to meet up their demand for fuel and wood. 

Among the 36 fruit species Mango (92.69%), Jackfruit (85.19%), Papaya (74.07%), 

Coconut (59.26%), and lemon (51.85%) were dominant and found up to 51.85-92.59% 

in the study area (Table 2). More or less similar type of fruit species diversity was 

observed by Belali (2011) and he observed total 28 fruit species at Narayangonj area. 

Uddin et al (2002) reported that coconut was found in 98.63% household at Noakhali. 

While mango, banana, betel nut and date palm, were found at more than 60% 

homesteads of Noakhali. Abedin and Quddus (1990) found mango at 95% 

homesteads of Tangail and at above 67% homesteads of Ishurdi, Jessore, and 
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Rangpur. Alam et al. (1990) observed that mango, jackfruit, coconut and banana 

were available at more than 65% homesteads of Jessore.Due to higher demand and 

price of the commodities the respondents in the present study planted more diversified 

fruits rather than the mono fruit crop either lemon or pumelo. Because their perception 

is that the other fruits are more profitable than the lemon or pumelo in respect of price. 

Table 2.  Major timber, fruit, medicinal and other plant species found at Kamalganj 

upazila of Moulvibazar district during 2015 

Sl. 

No. 
Local Name 

English/ Common 

Name 
Scientific Name 

Respondents having tree 

species 

No. Percentage 

1.  Mehogony Mehogony Swietenia macrophiylla  90 66.67 

2.  Acasia hybrid Acasia hybrid Acacia hybrida 85 62.96 

3.  Shegun Shegun/Tick Tectona grandis 70 51.85 

Fruit Species 

1. Aam Mango Mangifera indica 125 92.59 

2. Kathal Jackfruit Artocarpus heterophyllus 115 85.19 

3. Pepe Papaya Carica papaya  100 74.07 

4. Kola Banana Musa  sapientum 85 62.96 

6. Narikel Coconut Cocos nucifera  80 59.26 

7. Jambura Pamelo Citrus grandis 75 55.56 

8. Lemon Lemon Citrus limon  70 51.85 

Medicinal and other plant species 

1. Dhania Coriander Coriandrum sativum 120 88.89 

2. Supari Areca nut  Areca catechu 105 77.78 

3. Tulsi Tulsi Ocimum americanum 100 74.07 

4. Neem Neem Azadirachta indica 92 68.15 

5. Bansh Bamboo Bambusa sp 90 66.67 

6. Pudina Mint Mentha spicata 80 59.26 

7. Bohera  Belaric myrobalan Terminalia bellerica  70 51.85 

Among the 21 medicinal and other plant species recorded in the studies area, 

Dhania/Coriander (88.89%), Areca nut (77.78%), Tulsi (74.07%), Neem (68.15%), 

Bamboo (66.67%) pudina (58.26%) and bohera (51.85%) were dominant and found in 

51.85-88.89% of the respondent’s house (Table 2). The diversity of medicinal plant 

species in the study area was lower compare to timber and fruit species. Mahogani, badhi 

and neem was found at 50% homesteads of the Noakhali district (Uddin et al., 2002. 

Abedin and Quddus (1990) found neem at 33% homesteads of Rajshahi and at 35% 

homesteads of Rangpur. Comparatively higher number of medicinal plant species 
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diversity was observed by Yasmin et al. (2010) at Tangail and they observed total 35 

medicinal plant species. The smaller number of medicinal plant species was observed 

in the present study due to that the respondents may not be aware about the importance 

of diversified medicinal plants in their daily life. They are inherited from their 

ancestors to use some specific medicinal plants in their daily life. Awareness program 

for planting and using more medicinal plants may be initiated in the study area for the 

improvement which would be more helpful for their better health  

As the same species was found at different respondents homestead, the total 

percentage was higher than 100 

Major vegetable species 

Different types of vegetables were found in the study area. A total of 45 vegetable 

species were recorded in the homestead of the study areas (Table 1). Out of 45 

vegetable species the dominants were Chili, Brinjal, Tomato, Cabbage, cauliflower, 

country bean. Chili, Brinjal, Papaya, Tomato, and Cabbage had maximum percentage 

(90.37%, 83.70%, 81.48%, 72.59% and 70.37%, respectively) (Table 3). Country bean 

was found at 81.96% homesteads of Noakhali. Whereas sweet gourd, brinjal were 

found at more than 50% homesteads of the study area (Uddin et al., 2002). Abedin 

and Quddus (1990) found country bean at 95% homesteads of Patuakhali and at 48% 

homesteads of Tangail. 

Table 3.  Major Vegetable species found at different homestead area of Kamalganj 

upazila during 2015 

Sl. 

No. 

Local 

Name/Bengali 
Name 

English/ 

Common   
Name 

Scientific Name 

Respondents having 

vegetable species 

No. of 

Respondent 
Percentage 

1 Morich Chili  Capsicum annum 122 90.37 

2 Begun Brinjal  Solanum melongena 113 83.70 

3 Pepe Papaya Carica papaya  110 81.48 

4 Tomato Tomato  Lycopersicon esculentum  98 72.59 

5 Badhakopy Cabbage Brassica oleracea Le. Var. Capitata  95 70.37 

6 Plulkopy Cauliflower  Brassica oleracea Le. var. botrytis  90 66.67 

7 Sheem Country bean Phaseolus sp. 88 65.19 

8 Zhinga Ridged gourd  Leuffa acutangula  85 62.96 

9 Alu Potato Solanum tuberosum  85 62.96 

10 Gazor Carrot  Daucus carota  85 62.96 

11 Lal shak Red amaranth Amaranthus tricolor  85 62.96 

12 Korolla Bitter gourd  Momordica dioica  80 59.26 

14 Pat shak Jute Leaf  Corchorus oletorius  75 55.56 
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Distribution of existing plant species in homestead areas 

Trees/plants present at different homestead area such as front yard, back yard, 

boundary side, approach road and kitchen side are presented in Table 4, 5 and 6. From 

table 4 it is revealed that the highest number of fruit plants was present in front yard of 

homestead (23) followed by back yard (22) and kitchen side (22), compared to 

boundary side (21), approach road (20). Mango, Jackfruit, Lemon, Coconut was 

dominated at front yard, back yard and boundary side while in approach road 

coconut>mango>guava and in kitchen side papaya>lemon>mango, coconut, guava 

was dominating fruit species (Table 4).  

Table 4. Distribution of existing dominant fruit species at different homestead areas 

of Kamalganj upazila during 2015 

Homestead 

areas 

No of 

species 
Dominant species 

Front yard 23 Mango (36)>Lemon (14)>Jackfruit (13)>Coconut (10)>Guava, 

Papaya (9)>Jamun (8)> Boroi (7)>Pamelo (6)>Litchi, Orange, 

Dalim (5)>Amra, Kamranga (4) 

Back yard 22 Mango (30)>Jackfruit (19)>Lemon (12)>Banana (7)> Litchi, Boroi 

(6)>Coconut (5)>Jolpai,Jamun (4)> Bael,  Amra, Pamelo, Papaya 

(3)> Pineapple, Kamranga (2) 

Boundary 

side 

21 Mango (46)>Jackfruit (30)>Coconut (13)>Litchi (10)> Guava 

(9)>Lemon (7)>Jamun (6)>Pamelo, Jalpai, Satkora(4)>Lotkon (3) 

Approach 

road 

20 Coconut (10)>Mango (9) >Guava (4) Jackfruit, Litchi, Papaya (3)> 

Bael, Banana, Boroi, Lemon, Pumelo, Golapjam (2) 

Kitchen side 22 Papaya (28)>Lemon (9)>Mango, Coconut, Guava (7)>Jackfruit (5) 

>Banana, Pamelo (3)>Pineapple, Dalim, atafal (2) 

Timber trees were dominated at boundary side and backyard compare to any other side 

of homesteads. The highest number of timber species was found in boundary side (27) 

followed by back yard (25), front yard (19) and approach road (13) and lowest number 

of timber species was found in kitchen side (2). Koroi>acacia was dominating timber 

tree species in front yard, Acasia>Mahogony>Koroi were dominated in backyard, 

boundary and approach road (Table 5).  



292 Uddin et al. 

Table 5. Distribution of existing dominant timber tree species with their frequency at 

different homestead area of Kamalganj upazila 

Homestead areas 
No of 

species 
Dominant species 

Front yard 19 Koroi (9)>Acasia (6)> Kadam (4)> Shegun (3) 

Back yard 25 Acasia (17)>Mahogony (10)>Koroi (6)>Shegun (5)> Mangium 

(4)>Babla, Kodam, Raintree, Debdaru, Eucalyptus (3) 

Boundary side 27 Acasia (35)>Mahogony (24)>koroi (16)>Shegun (8)>Mangium (5) 

Approach road 13 Acasia (6)>Mahogony (5)>Koroi (4)>Shegun (3)>Babla, Kadam (2) 

Kitchen side 2 Bot (1) = Koroi (1) 

Most of the medicinal and other plant species (20) were found in front yard followed 

by Back yard (17) and boundary side (12) compare to kitchen (9), and approach road 

(9) (Table 6). Tulsi was dominating medicinal plant species at front yard and kitchen 

side on the other hand neem>tulsi>arjun>mehedi were dominated species at back yard, 

boundary and approach road of the homestead areas (Table 6).  

Table 6. Distribution of existing dominant medicinal and other plant species at 

different homestead areas of Kamalganj upazila during 2015 

Homestead areas 
No of 

species 
Dominant species 

Medicinal plants 

Front yard 20 Tulsi (52)>Neem (7)>Mehedi (4)> Amloki, Thankuni (3)> Basok, 

Chirota, Nayantara, Nemnaam-2 

Back yard 17 Neem (15)>Tulsi (4)>Amloki, Ginger, Nishinda (3)>Asoke, Basok (2) 

Boundary side 12 Neem (15)>Mehedi (5)>Arjun, Basok (4)>Tulsi (3)>Bohera, Chirota, 

Horitoki (2) 

Approach road 9 Neem (8)>Arjun, Basok (3)>Mehedi (2)>Pudina, Tejpata (1) 

Kitchen side 9 Tulsi (13)>Ginger, Mehedi (2)>Kalomegh, Thankuni, Alovera, 

Ullotkambal, Bohera (1) 

Other plant species 

Front yard 7 Bamboo (8)>Areca nut (5)>Bakul, Dumur, Ginger, Karpur (1) 

Back yard 5 Bamboo (39)>Areca nut (6)>Betel leaf (3)>Agar, Gab (1) 

Boundary side 16 Areca nut (17)>Bamboo (14)>Sajna (3)>Sonalu, Khoksha, Chalta, 

Hijol, Pitali (2) 

Approach road 11 Areca nut (8)> Debdaru, Dumur (2) 

Kitchen side 4 Pitali (2)> Sajna, Dumur, Gab (1) 
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Shannon-Weaver Diversity Indices of plant species in different unions 

Considering plant species diversity, high diversity (Hʹ = 0.75-0.89) was found in 

different unions of Kamalganj Upazila (Table 7). Among all the plant species, the 

higher diversity was found in fruit species (Hʹ = 0.89) followed by timber species (Hʹ= 

0.84), medicinal plant species (Hʹ = 0.82), and other plant species (Hʹ = 0.75). 

High Shannon-Weaver Diversity Indices (SWDI) of fruit species was found (Hʹ = 

0.79-0.99) in all unions except in Kamalganj union where moderate fruit species 

diversity (0.73%) was observed. The highest fruit species diversity was found in 

Islampur (Hʹ =0.99) followed by Alinagar, Madhabpur and Adampur (Hʹ =0.96, 0.95 

and 0.94) respectively. Uddin et al. (2006) found moderate to high diversity in coconut 

in the Philippines. Foale (1992) opined that many coconut populations had high 

diversity as a result of addition of new genetic materials. 

Shannon-Weaver Diversity Indices (SWDI) of timber species was high (Hʹ = 

0.76-0.93) in all unions except medium in Patanushar union (Hʹ =0.73%). The highest 

timber species diversity was found in Adampur (Hʹ =0.93) followed by Islampur, 

Madhabpur and Alinagar (Hʹ =0.90, 0.90 and 0.88). 

For medicinal species Shannon-Weaver Diversity Indices (SWDI) was high (Hʹ = 

0.77-0.96) in all unions except medium in Adampur (Hʹ =0.73) and Munshibazar union 

(0.62%). The highest medicinal plant species diversity was found in Shamshernagar 

(Hʹ=0.96) followed by Alinagar, Kamalganj, Patanushar and Madhabpur (Hʹ =0.90, 

0.90, 0.87 and 0.86). 

Shannon-Weaver Diversity Indices (SWDI) of other plant species was high (Hʹ = 

0.75-0.96) in all unions except medium in Kamalganj (Hʹ =0.67) and Munshibazar (Hʹ 

=0.62) and low in Islampur union (Hʹ =0.42). The highest other plants species diversity 

was found in Shamshernagar (Hʹ =0.96) followed by Rahimpur, Alinagar and Adampur 

(Hʹ =0.88, 0.84 and 0.84). 

Considering the unions of Kamalganj Upazila, the high plant species diversity was 

found in all the unions (Hʹ = 0.77-0.90), except Munshibazar union (Hʹ =0.73) where 

moderate plant species diversity was found. Among all the unions, the highest plant 

species diversity was found in Alinagar (Hʹ=0.90) followed by Shamshernagar 

(Hʹ=0.89), Madhabpur (Hʹ =0.87), Adampur (Hʹ =0.86), Patanushar (Hʹ=0.83), 

Rahimpur (Hʹ =0.81), Kamalganj (Hʹ =0.78) and Islampur (Hʹ =0.77). 

Measuring the Shannon-Weaver Diversity Indices (SWDI), the H′ is the direct method 

of determining the diversity among the plant species which ranges from 0 to 1, where 1 

indicates the maximum diversity. The higher the diversity index, the more diverse the 

population. The H′ values ≥ 0.75 indicates the high diversity, H′= 0.50-0.75 indicates 

moderate diversity and H′ <0.50 indicates the low diversity (Jamago, 2000). Plant 

diversity was also measured in a similar way by Kete (2001), Thuy (2002) and Uddin 

et al. (2006) in coconut. 
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Table 7. Shannon-Weaver Diversity Indices (SWDI) of plant species at different 

unions of Kamalganj Upazila under Moulvibazar district 

Union 

SWDI (H′) of Plant Species 

Mean Fruit trees Timber trees Medicinal 

plants 

Other plants 

Kamalganj 0.73 0.82 0.90 0.67 0.78 

Alinagar 0.96 0.88 0.90 0.84 0.90 

Islampur 0.99 0.90 0.77 0.42 0.77 

Patanushar 0.92 0.73 0.87 0.80 0.83 

Adampur 0.94 0.93 0.73 0.84 0.86 

Madhabpur 0.95 0.90 0.86 0.75 0.87 

Munshibazar 0.92 0.76 0.62 0.62 0.73 

Shamshernagar 0.80 0.82 0.96 0.96 0.89 

Rahimpur 0.79 0.80 0.77 0.88 0.81 

Mean 0.89 0.84 0.82 0.75 0.83 

Shannon-Weaver Diversity Indices of plant species at different homestead areas 

Considering plant species diversity high plant species diversity was found at different 

homestead areas in Kamalganj Upazila (Table 8). Among all the plant species, the 

higher diversity was found in timber species (Hʹ = 0.90) followed by fruit species (Hʹ = 

0.82), medicinal plant species and other plant species (Hʹ = 0.76 each). 

High Shannon-Weaver Diversity Indices (SWDI) of fruit species was found (Hʹ = 
0.75-0.89) in different homestead areas in Kamalganj upazila. The highest fruit species 
diversity was found in approach road (Hʹ =0.89) followed by front yard and Back yard (Hʹ 
=0.84 and 0.81) respectively. Uddin et al. (2006) found moderate to high diversity in 
different coconut orchards in the Philippines. Foale (1992) opined that many coconut 
populations had high diversity as a result of addition of new genetic materials. 

Shannon-Weaver Diversity Indices (SWDI) of timber species was also high (Hʹ = 
0.80-1.00) at different homestead areas of the studied upazila. The highest timber species 
diversity was found at kitchen side (Hʹ = 1.00) followed by approach road and front yard 
(Hʹ=0.93 and 0.90). 

For medicinal species Shannon-Weaver Diversity Indices (SWDI) was medium to 
high (Hʹ = 0.61-0.85) in different homestead areas. The highest fruit species diversity 
was found in approach road (Hʹ =0.85) followed by boundary and back yard (Hʹ=0.83 
and 0.82).  

Shannon-Weaver Diversity Indices (SWDI) of other plant species was high (Hʹ = 
0.76-0.96) in different homestead areas except back yard where low diversity was 
found (Hʹ =0.48). The highest other plant species diversity was found in kitchen side 
(Hʹ =0.96) followed by approach road (Hʹ =0.84). 
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Considering different homestead areas of Kamalganj Upazila, the high plant species 

diversity was found at different homestead areas except back yard where moderate plant 

species diversity was observed (Hʹ= 0.74). On an average high plant species diversity 

was found in different homestead areas considering different plant species in Kamalganj 

upazila (Hʹ= 0.81). 

Table 8. Shannon-Weaver Diversity Indices (SWDI) of plant species at different 

homestead areas of Kamalganj Upazila under Moulvibazar district 

Different 

homestead 

areas 

SWDI (H′) of Plant Species 

Mean 
Fruit trees Timber trees 

Medicinal 

plants 
Other plants 

Boundary side 0.75 0.80 0.83 0.76 0.79 

Front yard 0.84 0.90 0.61 0.78 0.78 

Back yard 0.81 0.86 0.82 0.48 0.74 

Kitchen side 0.79 1.00 0.71 0.96 0.87 

Approach road 0.89 0.93 0.85 0.84 0.88 

Mean 0.82 0.90 0.76 0.76 0.81 

Relationship between diversified plant species and selected characteristics of the 
respondents 

Table 9 represents the relationship between selected characteristics of the respondents 
and the plant species diversity observed in different homestead areas in Kamalganj 
upazila. Most of the studied characters of the respondents like annual income, farm 
size, socio-economic condition, homestead size, expenditure and education of the 
respondents were positively correlated with the number of diversified plant species 
except age and family size of the respondents.  

Plant species diversity and age of the respondents 

The results indicated that the computed value of r between plant species diversity and 
age of the respondents was -0.116 indicated there was negative relationship between 
plant species diversity and the age of the respondents. 

Plant species diversity and education of the respondents 

The computed value of r between plant species diversity and education of the 
respondents was 0.718 at 0.05 level of probability indicated there was significant 
positive relationship between plant species diversity and the education of the 
respondents. 

Plant species diversity and family size of the respondents 

The results indicated that the computed value of r between plant species diversity and 
age of the respondents was -0.340 indicated there was negative relationship between 
plant species diversity and the family size of the respondents. 
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Plant species diversity and farm size of the respondents 

The computed value of r between plant species diversity and farm size of the 

respondents was 0.925 at 0.05 level of probability indicated there was significant 

positive relationship between plant species diversity and the farm size of the 

respondents. 

Plant species diversity and homestead size of the respondents 

The computed value of r between plant species diversity and homestead size of the 

respondents was 0.755 at 0.05 level of probability indicated there was significant 

positive relationship between plant species diversity and the homestead size of the 

respondents. 

Plant species diversity and annual income of the respondents 

The computed value of r between plant species diversity and annual income of the 
respondents was 0.956 at 0.05 level of probability indicated there was significant 
positive relationship between plant species diversity and the annual income of the 
respondents. 

Plant species diversity and family expenditure of the respondents 

The computed value of r between plant species diversity and family expenditure of the 
respondents was 0.727 at 0.05 level of probability indicated there was significant 
positive relationship between plant species diversity and the family expenditure of the 
respondents. 

Plant species diversity and savings of the respondents 

The computed value of r between plant species diversity and savings of the 
respondents was 0.328 at 0.05 level of probability indicated there was significant 
positive relationship between plant species diversity and the family savings of the 
respondents. 

Plant species diversity and knowledge on homestead agroforestry of the respondents 

The computed value of r between plant species diversity and knowledge on homestead 

agroforestry of the respondents was 0.467 at 0.05 level of probability indicated there 

was significant positive relationship between plant species diversity and the 

knowledge on homestead agroforestry of the respondents. 

Plant species diversity and socioeconomic condition of the respondents 

The computed value of r between plant species diversity and socioeconomic condition 

of the respondents was 0.896 at 0.05 level of probability indicated there was significant 

positive relationship between plant species diversity and the socioeconomic condition 

of the respondents. 
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Table 9. Relationship between the selected characteristics of the respondents with 

numbers of diversified plant species at Kamalganj upazila 

Plant species 

diversity Vs 

Respondents’ characteristics 
Pearson’s Coefficient of 

correlation (r) 

Age  -0.116 (NS) 

Education  0.718
(**)

 

Family size  -0.340
(*)

 

Farm size  0.925
(**)

 

Homestead size  0.755
(**)

 

Annual income  0.956
(**)

 

Expenditure  0.727
(**)

 

Savings 0.328
 (**)

 

Knowledge on homestead agroforestry 0.467
(**)

 

Socio-economic conditions 0.896
(**)

 

From the study it was found that the high plant species diversity was found in the study 
area which was positively correlated with education, farm and homestead size, annual 
income and expenditure, savings, knowledge on homestead agroforestry and the 
socio-economic conditions of the respondents. On the contrary, family size and age of 
the respondents negatively correlated with plant species diversity. This is due to that 
with the increasing of age and family size of the respondents they became much 
needier and their expenditure for the family needs were also increased. Due to 
increasing of family demand they cut down some of the trees and sold those to meet up 
their demand and thus the plant species diversity decreased and thus plant diversity 
was negatively correlated with age and family size of the respondents.  

CONCLUSION 

In may be concluded that the high diversity of plant species was observed in 
Kamalganj Upazila. However, fruit species diversity was the highest among the three 
categories of plant species followed by timber species and medicinal plant species at 
Kamalganj upazila whilst considering different homestead areas diversity of timber 
species was higher. There was a positive correlation between numbers of plant species 
diversity with most of the selected characteristics of the respondents indicated the 
improvement of livelihood of the respondents due to presence of diversified plant 
species in the homestead area. Hence, increasing the diversified plant species in the 
homestead area could be an option to improve the food and nutritional security along 
with socio-economic condition of the respondents in the study area. 
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ABSTRACT 

The study was designed to develop honey value chain through analyzing 
the production practices and stakeholders’ activities as mediated by 
livelihood strategies. A total of 84 stakeholders were interviewed for data 
collection. The study depicts that assemble and set up the wooden box 
with artificial wooden beehives near the fields was the main procedure 
for honey production. Apis melifera is the major honey bee reared by the 
beekeepers and the average number of boxes is 50, harvested honey 
per box per year is around 35 kg. Profitability analysis shows that honey 
production was profitable and the benefit-cost ratio is 1.83. Estimates of 
logit model indicates that age of household head, educational level, farm 
size, farm income and non-farm income were the significant factors that 
influence beekeepers’ decision for adoption. The study identified six 
actors in honey value chain and among the actors; processors added the 
highest value of total value addition. Engagement in different activities of 
beekeeping had a great impact on their livelihood. SWOT analysis 
indicates favorable environment as strength, inadequate market 
infrastructure as weakness, high demand for honey as opportunities, and 
dominancy of the middlemen as threat, respectively. Lack of credit, lower 
price of honey as well as lack of storage facilities was the main problems 
faced by the stakeholders. To overcome the problems moreover to make 
this business more profitable, the study recommended to form contract 
based cooperative groups, establish proper storage facilities and provide 
necessary training by the government and non-government 
organizations. 
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INTRODUCTION 

As an agricultural country, majority of the people in Bangladesh are directly or 

indirectly involved in wide range of agricultural activities. Agriculture in Bangladesh 

is commercialized day by day and the farmers are showing interest in producing 

valuable crops like vegetable, fruit, oilseeds and pulses in parallel with traditional 

cereal crops. Pollination acts as the key driver for better production of these 

commercial crops, and the relationship between flowering plants and flower-visiting 

insects is of great importance in Bangladesh (Amin et al., 2019). Beekeeping is an 

important sub-sector of agriculture and honey bees are the most crucial pollinator of 

agricultural crops and more than 80% of agricultural crops are more or less 

dependent on bee pollination (Klein et al., 2007). 

Beekeeping can play a vital role in sustainable agricultural development as it 

increases resource without changing environmental balance. As a cottage industry, it 

is a source of income of the rural people and one of the important components of 

integrated rural development programmes (Verma, 1990).  

Honey production offers useful opportunity for poor and landless farmers to gain 

income as it requires minimum startup investment; can be carried out in small space 

close to the house and generally yield profit. Honey production are environmentally 

friendly activities and it offers benefit in two ways: firstly, increase in the number of 

managed and feral honey bee colonies increases honey production which can be sold 

as high value low volume product; secondly bees support and facilitates gene flow 

system and helps the environment at different tropic level to improve diversity and 

productivity (ICIMOD, 2015).  

Although commercial beekeeping in Bangladesh is still in a rising stage, it is possible 

to make the honey farming a million-dollar business for the country. It can be an 

enterprise of possibility for many self-dependent, freedom loving youths and women 

and such initiative will ultimately contribute to the economic development of our 

country. 

Value chain analysis is a tool to assess the inter-linkage of different actors involved 

in the production, processing and distribution of a product (Furuholt and Matotay, 

2011). According to (Kaplinsky and Morris, 2001), the value chain describes the full 

range of activities which are required to bring a product or service from conception, 

through the different phases of production (involving a combination of physical 

transformation and the input of various producer services), delivery to final 

consumers, and final disposal after use.  

The present study is linked in some extent with other few studies, which are: 

Bhattarai et al. (2020) conducted a study on value chain analysis of honey bee (Apis 

mellifera) products in Chitwan, Nepal and found that the producers, collectors, 

processors cum wholesalers and retailers were the major value chain actors and the 

marketing margin of wholesalers cum processors found to be highest; Amin et al. 
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(2019) studied on apiculture for sustainable agriculture: Bangladesh perspective and 

reported that for the development of agriculture and rural economy, bee-keeping may 

play a vital role as one of the economic activities. Moreover, for strengthening high-

value cash crop production, proper pollination could be ensured through apiculture; 

Shrestha et al. (2017) performed a study on honey value chain analysis: a case study 

of Gahate village, Lamjung district of Nepal and pointed out that honey value chain 

is relatively short initiating from producers and ending in consumers and includes 

actors like input suppliers and service providers, producers, wholesalers, retailers and 

consumers; and Islam et al. (2015) performed the financial analysis of apiculture 

profitability in Bangladesh and revealed that Apis mellifera bee species have a higher 

IRR than Apis cerana for a particular size. 

It is evident from the above discussion that research on value chain analysis of honey 

in Bangladesh is rare and many policy level questions still are remained unanswered. 

Therefore, this study was designed to support the policy makers to formulate strategic 

policies for an effective value chain considering production practices and livelihood 

status of the stakeholders. The current study was aimed to examine the nature and 

extent of honey production along with profitability. The study also encompassed the 

factors affecting adoption of honey production along with development of honey 

value chain map, value addition by different actors and policy options. 

MATERIALS AND METHODS 

Study Areas and Sample Size  

Most of the beekeeping approaches has been taken places based on the nectarine 

sources of flowers and the beekeepers move their hives according to the availability 

of nectar and pollen sources, is known as migratory beekeeping. Afterwards, 

Modhupur upazila of Tangail district, Gurudaspur upazila of Natore district and Birol 

upazila of Dinajpur district were purposively selected as a place of study area. The 

primary data was collected from a total of 6 input suppliers, 60 beekeepers, 3 

processors, 3 traders, 6 retailers and 6 consumers using a structured questionnaire 

through direct interview. Simple random sampling technique was used to select the 

respondents. Focus group discussion (FGD) was conducted to collect group 

information and cross-check the data and information. Besides, secondary 

information sources in the form of handouts, reports, publications, notifications, etc. 

having relevance and similarity with this study were also considered. 

Analytical framework 

For analyzing the data, a combination of descriptive, mathematical and statistical 

techniques was used to achieve the objectives and to get the meaningful results. 

Profitability of honey production from the view point of individual beekeeper was 

measured in terms of gross return, gross margin, net return and benefit cost ratio 

(Dilon and Hardaker, 1993). The formulas needed for the calculation of profitability 

were discussed below: 
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GR = P × Q; GM = GR – TVC; NR = GR – (TFC + TC); BCR = GR ÷ (TFC + 

TVC) 

Where, 

GR = Gross return (Tk); P = Sales price of the product (Tk.); Q = Yield per 100 

box (Kg); GM = Gross margin (Tk.); TVC = Total variable cost (Tk.); NR = Net 

return (Tk.); TFC = Total fixed cost (Tk.); and BCR = Benefit cost ratio. 

As there was variation in same location among the farmers in terms of adoption of 

honey production, the following dichotomous logistic regression analysis (i.e., logit 

model) was used to identify the factors affecting adoption of honey production 

(Gujarati, 2003): 

Ki = ln [Pi ÷ (1- Pi)] = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + Ei 

Where,  

Pi is the probability of adoption and non-adoption of honey production (Pi = 1for 

adoption and Pi  = 0 for non-adoption); Ki = Probability of adoption of honey 

production of i
th
 farmer; X1 = Age of household head (years); X2 = Education 

level of household head (years of schooling); X3 = Farm size (ha); X4 = Non-

farm income (Tk.); X5 = Training on honey production (days); (Pi = 1 indicates 

having training and Pi = 0   indicates having no training); X6 = Farm income 

(Tk.); β0 = Intercept; β1 to β6 = Regression coefficient of the independent 

variables; and Ei= Error term. 

In order to develop the value chain map of honey, descriptive statistics with the 

support of flowchart was used. Value addition at different stages of honey marketing 

by different stakeholders was estimated using the following equations (Acharya and 

Agarwal, 1987):  

Gross margin = Sales price - Production cost/Purchase price;  

Value addition = Gross margin - Marketing cost;  

Price spread = Retailers’ sales price - Farmers’ sales price; and  

Producers’ share to consumers’ Tk. = (Farmers’ sales price/Retailers’ sales 

price) × 100.  

To address the livelihood patterns of the respondents, the sustainable livelihood 

framework analysis including the asset pentagon (which is composed of five types of 

capitals namely, human capital, social capital, natural capital, physical capital and 

financial capital) were followed (DFID, 2000). 

To identify the potentials and challenges of honey value chain, SWOT analysis was 

constructed. SWOT analysis guides to identify the positives and negatives inside of 

the organization (S-W) and outside of it in the external environment (O-T) (Uddin et 

al., 2018). 
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Finally, to address the problems in relation to production, value addition and 

marketing of honey, problem facing index (PFI) was calculated using the following 

formula (Goswami, 2016):  

PFI = (Ps× 3) + (Pm× 2) + (Pl× 1) + (Pn× 0)  

Where,  

Ps = Number of respondents facing the problems severely (weight assigned as 

3); 

Pm = Number of respondents facing the problems moderately (weight assigned 

as 2); 

Pl = Number of respondents facing the problems at low level (weight assigned 

as 1); and Pn = Number of respondents facing no problems (weight assigned as 

0). 

RESULTS AND DISCUSSION 

Socioeconomic status of the respondents 

The socioeconomic status of the respondents represented that average number of 

members in respondents’ family was 5.63, which was almost 1.3 times higher 

compare to national average of 4.1 (BBS, 2016). It is seen that about 57.4% 

beekeepers had crossed above secondary educational level and most of the 

respondents’ (78.7%) average years of experience was more than 10 years in honey 

production. With regard to the number of hives possession, majority of the 

beekeepers (57.0%) owned about 50-100 bee hives. In terms of training, 52.5% of the 

beekeepers had no training in related to beekeeping. 

Nature and extent of honey production 

Beekeepers generally collected honey from types of honey bees in Bangladesh. The 

bee species are namely Apis dorsata, Apiscerana, Apisflorea and Apis mellifera. 

Among the four mentioned bee species, it is seen that beekeepers mainly reared Apis 

mellifera honey bee for their apiculture activities in the study areas. Beekeepers 

followed some procedures for completion of these activities. It is found that 

beekeepers usually selected shady, dry and suitable places near the major nectar 

producing plants such as mustard, cumin, coriander, litchi, etc., where bees found 

their adequate food to produce good quality honey. Then, they made wooden box 

with an average height of 14 inch and width of 10 inch and maintain the distance 

around 1 feet between two boxes and lastly purchased a nuclear colony having a 

queen bee, a male bee and workers bees from a local apiary. In the period of honey 

extraction, they used some instruments such as honey extracting machine, smoker, 

protective clothes, brush, etc. Beekeepers cleaned up the beehive box once in a week 

and checked out the presence of queen bee in the box after the extraction of honey. It 

is seen that each beekeeper harvested about 35 kg honey from each beehive box in a 
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year. The peak season of honey extraction lasts only six months (from November to 

April) in the study areas. 

Profitability of beekeeping 

To determine the sustainability of beekeeping, it is necessary to analyze the 

profitability. It is apparent from Table 1 that the benefit cost ratio (BCR) was found 

as 1.83 which revealed that beekeeping was profitable. The current findings are 

similar with the earlier observations of (Bhattarai et al. 2020), in which the benefit 

cost ratio was found as to be 1.56 per hive. 

Table 1. Profitability of beekeeping 

Items Amount (Tk./100 Boxes/ Year) 

Total fixed cost (TFC)  8000 

Total variable cost (TVC)  675060 

Total cost (TC = TFC+TVC)  683060 

Total production (kg)  5000 

Price (Tk./kg) 250 

Gross return (GR) 1250000 

Gross margin (GM = GR-TVC) 574940 

Net return (GR-TC)  566940 

Benefit cost ratio (BCR = GR÷TC)                        1.83 

Factors affecting adoption of honey production 

Table 2 presents the result of logit regression model. Six independent variables were 

identified as major determinants of adopting honey production by the beekeepers 

which were: age of household head, educational level of household head, farm size, 

non-farm income, training and farm income. 

Table 2. Estimates of logistic regression of determinants of adopting honey production 

Variables 
Coefficient 

(β) 

Standard 

Error 
z P>|z| 

95% Confidence 

Interval 

Constant 5.859 2.995 1.17 0.001 1.067 5.648 

Age of household head (X1) -0.363*** 0.123 -2.95 0.003 -0.605 -0.121 

Educational level of household 

head (X2) 

0.068* 0.219 0.31 0.075 -0.362 0.499 

Farm size  (X3) -5.153* 2.794 -1.84 0.065 0.631 0.323 

Non-farm income (X4) 0.012** 0.039 1.38 0.039 0.011 0.019 

Training (X5) 0.147 1.185 0.12 0.901 -2.176 2.470 

Farm income (X6) 0.009*** 0.020 2.92 0.004 -0.002 0.013 

*** P<0.01, ** P<0.05, * P<0.1 
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It is depicted from the Table 2 that the estimated coefficient of educational level of 

household head, non-farm income and farm income were positive and significant at 

10%, 5% and 1% level, respectively which implies that having higher level of 

education, more non-farm and farm income had higher probability of adopting honey 

production in the study area. Besides these factors, experience in beekeeping, apiary 

size, access to credit would also have significant influence on farmers’ decision of 

adopting honey production (Mujuni et al., 2012). 

Actors involved in the honey value chain  

Honey value chain describes the way in which the honey flows from its inception to 
ultimate users. Figure 1 depicts the activity of various actors’ involved in honey 
value chain. 

Input suppliers 

Input suppliers are the basic support service providers in the honey value chain. Input 
suppliers contribute for the foundation of the value chain and they comprise 
organizations and or individual entrepreneurs engaged in the construction and supply 
of beekeeping equipment to interested producers. They mostly focus on producing 
beehives along with other hive equipments. Inputs for beekeeping include beehive, 
bee veils, bee colonies, hive stands, gloves, hat, brush, smoker, medicines, 
supplementary feed (sugar) and honey extractors. 

Producers (Beekeepers)   

Producers are the major actors in value chain who aggregate all the required inputs 
from different possible sources and manage them in an efficient way for high quality 
and quantity of honey production. It was found that average number of boxes of hive 
was 50. Apis mellifera is mostly reared and modern beehives have been in practice 
these days which are found to be more convenient and productive as compared to the 
traditional ones. About 35 kg of honey has been extracted at most from each beehive 
annually. Best quality honey obtained in winter season from mustard field. The peak 
season of honey growing lasts only six months (November to April). The beekeepers 
sell honey either directly to the local consumers or to the wholesalers or processors. 
Commission agents collected honey from the producers directly. There is no 
provision of grading, processing and labeling of the product at producer’s point. 

Processors 

These are actors who collect crude honey at a farm get level from the producers then 

adding value through processing and supply honey to the commission agent and 

company. 

Companies 

Around twenty local brands of honey are sold in the domestic market of Bangladesh. 

From these, Ayurvedia Pharma (AP Honey), Lichi Honey, Tropica Honey, Pran, 

Bengal Honey, Moti Modhu, Nahol Honey, Amber Honey, etc. are more popular 

brand. Various foreign brands of honey are also sold in the market of Bangladesh.  
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Figure 1. Value chain map of honey 

Note: Values within the parentheses indicate percentage of the total value addition. 

Wholesalers  

These actors buy honey from producers at a large quantity and resell to other traders 

in a bulk. They contact with their regular producers and demand for the product. In 

most cases, they visit the producers themselves at the production site to buy honey. 

The wholesalers either sell honey directly to the consumers after packaging or they 

supply honey to retail shops and supermarkets after packaging. They have also 

storage facilities for storing the packed honey. Payment to producers is done through 

cash during the time of their visit.  

Retailers 

Retailers are the value chain actors who buy the products from wholesalers or 

companies and sell them to the final consumers. The grocery stores, supermarkets, 
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shopping centers and ayurvedic shops are the major retailers prevalent in the market. 

Honey is packaged in plastic or glass jars of different weight, generally ranging from 

100 grams to 1 kg and sold to the consumers.  

Consumers 

Consumers are the final value chain operators. The honey produced in the study area 

passes through different chain actors to reach on the hand of final consumers. There 

are two types of consumers who consume the honey produced in the study area. The 

first one is local consumers who buy crude or processed honey directly from 

producers and retailers shop. The second type of consumer is overseas consumers 

who buy exported honey. 

Value addition by different actors  

Table 3 reveals that the gross margin of beekeeper was Tk. 110 per kg honey. The 

marketing cost of beekeeper was Tk. 8 per kg honey. So, the value addition of 

beekeeper was Tk. 102 per kg. Likewise, the value addition of wholesaler, processor, 

commission agent, company and retailer were Tk. 90, Tk. 160, Tk. 40, Tk. 100 and 

Tk. 95, respectively. Total value addition by all the market actors was Tk. 587. Value 

addition was the highest by the processor which was 27.3%. It was followed by 

beekeeper (17.4%), company (17%), retailer (16.2%), wholesaler (15.3%) and 

commission agent (6.8%). The finding is similar with (Uddin et al., 2018) where the 

authors also found that value addition was the highest by the processor (53.9% and 

53.7% for pangas and tilapia, respectively). On the other hand, producers’ share 

(41.7%) was moderate which is considered as an indicator of increase in the 

efficiency of the marketing system in favor of the traders. It was also found that price 

spread Tk. 350 was very high which indicates the lower efficiency of the marketing 

system of honey. 

Livelihood status of beekeepers 

Engagement with different activities of beekeeping had a great impact on their 

livelihood. It is apparent from the table 4 that beekeepers’ income was increased 

which improved overall socioeconomic condition and livelihood status. As the 

beekeepers were migratory, it is found that their self-managerial capability, social 

networking and efficiency were improved. Beekeepers affirmed that they have 

regular source of income from beekeeping and now are able to plan and buy inputs 

for other farming activities and paying school fees for their children. This means that 

their health condition, educational status, household stuff, etc. were enhanced though 

apiculture activities. Moreover, due to beekeeping, the least visible livelihood 

outcome was the pollination which tends to enhance crop yield and boost financial 

asset base. 
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Table 3. Value addition of honey value chain actors 

 

 

 

Particulars 

Market actors 

 

B
ee

k
ee

p
er

 

W
h

o
le

sa
le

r 

P
ro

ce
ss

o
r 

C
o

m
m

is
si

o
n

 

ag
en

t 

C
o

m
p

an
y
 

R
et

ai
le

r 

T
o

ta
l 

v
al

u
e 

ad
d

it
io

n
 

Production cost/ Purchase price (Tk./kg) 140 200 210 225 250 500  

 

 
Marketing cost (Tk./kg) 8 10 40 10 150 5 

Sales price (Tk./kg) 250 300 410 275 500 600 

Gross margin (Tk./kg) 110 100 200 50 250 100 

Value addition (Tk./kg)  102 90 160 40 100 95 587 

% of total value addition 17.4 15.3 27.3 6.8 17 16.2 100 

Producers’ share to consumers’ 

Producers’ sale price (Tk./kg) 250 

Consumers’ purchase price (Tk./kg) 600 

Price spread (Tk./kg) 350 

Producers’ share to consumers’ Tk. (in %) 41.7 

Table 4. Perceived livelihood status of beekeepers in the study area 

Asset category Response Asset 

category 

Response 

Increase Decrease Constant Increase Decrease Constant 

Human capital Physical capital 

Health 77 3 20 Building 11 5 84 

Education 89 0 11 Tin roof 50 2 48 

Training 47 1 52 Tube well 35 0 65 

Knowledge/ 

Efficiency 

90 0 10 Paka toilet 27 0 73 

Access to 

information 

55 5 40 Electric fan 69 1 30 

Natural capital Motorcycle 33 2 65 

Cultivable land 9 6 85 Radio/TV 72 0 28 

Using open water 
resources 

0 0 100 Chair/Table 87 0 13 

Forests 0 0 100 Mobile phone 78 0 22 
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Asset category Response Asset 

category 

Response 

Increase Decrease Constant Increase Decrease Constant 

Social capital Shop 12 1 87 

Involved in social 

group 

49 8 43 Refrigerator 26 0 74 

Political 

involvement 

67 4 29 Financial capital 

Self-managerial 

capability 

86 2 12 Cash in hand 86 2 12 

Social 

access/network 

70 9 21 Cash at bank/ 

Liquid assets 

44 3 53 

    Remittance/ 

Donation 

2 1 97 

SWOT analysis on honey value chain 

SWOT analysis on honey value chain reveals that the major strength was favorable 

environment for beekeeping (stated by 100% respondents). As major weakness, 95% 

respondents gave opinion about inadequate market infrastructure. The major 

opportunities included high demand in domestic market as well as international 

market (according to 100% respondents). All the respondents (100%) identified 

dominancy of middleman in the market as serious threat (Table 5). The results are 

supported by (Bhandari and Kattel, 2020) where the authors identified favorable 

climatic conditions as the major strength, dominancy of traditional hives as the major 

weakness, high demand of unprocessed honey as the major opportunity and mono-

cropping as the major threats of honey value chain in Nepal. 

Table 5. SWOT analysis on honey value chain 

Strengths % of 

responses 

Weakness % of 

responses 

Honey has social acceptance as 

food and medicinal product 

95 Lack of testing and quality 

control facilities. 

70 

Favorable environment for 

beekeeping 

100 Inadequate market 

infrastructure 

95 

Bees can be helpful to increase 

agricultural production through 

pollination. 

90 Lack of access to financial 

services 

90 

Availability of technical and 

economic support from 

government as well as non-

government organizations. 

50 Lack of knowledge about 

colony size, stocking rate, 

disease and pests. 

90 
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Strengths % of 

responses 

Weakness % of 

responses 

Opportunities % of 

responses 

Threats % of 

responses 

High demand in domestic market 

as well as international market  

100 Dominancy of middleman in 

the market 

100 

Diversified business development 

like wax, bee colony, queen and 

beehives production  

90 Large number of retailers 

who present themselves as 

producer 

95 

High employment opportunities 70 Traditional marketing system 90 

Problems related to production, value addition and marketing of honey value 

chain 

As shown in table 6, most of the beekeepers commented that lack of credit, migration 

from one place to another and higher price of inputs were the major input and 

production related problems in apiculture activities. In response to product price/ 

marketing related problems, it is found that lower price at the honey flow season was 

the main constraint in beekeeping. Furthermore, lack of preservation and processing 

facilities were the main hindrance in case of value addition of honey value chain in 

the study areas. The present findings seem to be consistent with Goshme and Ayele 

(2020) where authors found that pests, disease and predators, shortage of bee forage, 

absconding, shortage of equipment, poor management practices were the constraints 

of honey production in Ethiopia. 

Table 6. Ranking problems associated with honey value chain in the study area 

 

Name of the problems 

Extent of problems  

PFI 

Rank 

order Severe  

(3) 

Moderat

e (2) 

Low 

(1) 

Not at all 

 (0) 

Input and production related problems 

Lack of credit  58 3 0 0 180 1 

Migration from one place to another 55 4 2 0 175 2 

Higher price of inputs 50 6 4 1 166 3 

Attack of pest and disease 41 12 8 0 155 4 

Lack of scientific knowledge and 

training  

37 10 9 5 140 5 

Ignorance of the farmers as bees are 

harmful for crops 

33 15 9 4 138 6 

Product price/ marketing related problems 
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Name of the problems 

Extent of problems  

PFI 

Rank 

order Severe  

(3) 

Moderat

e (2) 

Low 

(1) 

Not at all 

 (0) 

Lower price at the honey flow season 59 9 4 0 199 1 

Importation of honey 57 8 6 1 193 2 

Influences of powerful intermediaries 48 16 7 1 183 3 

Value addition and quality related problems 

Lack of preservation and processing 

facilities 

56 14 2 0 198 1 

Inadequate skills in grading and 

packaging 

38 21 9 4 165 2 

Lack of knowledge about byproduct of 

honey 

46 12 2 12 164 3 

CONCLUSION  

The study concludes that honey production has enormous opportunities to boost the 

livelihood enhancement of the stakeholders. Though Apis mellifera was found as the 

major honey bee reared by the beekeepers, the honey production could be expanded 

with more rearing to other bee species at large scale. The study exposed that 

processors added the highest value of total value addition among the value chain 

actors involved in honey value chain. Lack of credit, lower price of honey at the 

honey flow season, and lack of preservation and processing facilities were the main 

problems for value chain of honey. Considering the findings of the study, some 

essential policy recommendations have been arisen which are: contract based 

cooperative groups should be established, proper preservation and processing 

facilities should be ensured. Moreover, government and non-government 

organizations should provide scientific and technical assistance to encourage chain 

actors in order to develop honey farming as a commercial venture. 
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ABSTRACT 

Bangladesh is one of the most vulnerable to climate change due to its 
geographic position and socio-economic context. The newly emerged 
land in the river channel is called char. The northern region especially 
Lalmonirhat, Kurigram, Gaibandha is most vulnerable. The study was 
carried out based on a questionnaire interview, focus group discussion, 
and secondary data sources from Bangladesh Meteorological 
Department (BMD). Climatic factors such as temperature (seasonal Tmax 
and Tmini, daily average Tmax and Tmini), rainfall, sunshine, relative 
humidity, solar radiation intensity, sea level pressure and wind speed, 
etc. were detailed (how much change between before 2000s’and after 
the 2000s’) studied in these areas. These are the main drivers that 
influence the vulnerability dimensions resulting in livelihood strategies 
and access to food, water, agricultural practices, income and overall 
livelihood, and leads to a vicious cycle of poverty. The study helps to 
understand the impacts of climate change, and natural disaster-related 
threats in the northern char area. Also suggested that if providing 
necessary institutional and organizational supports for strengthening the 
livelihood capitals, assets, and strategy to combat or mitigate impacts of 
climate change aspects in Bangladesh. 

Keywords: Char land, Climate change, Livelihoods, Natural disasters 

INTRODUCTION 

Bangladesh is one of the most vulnerable to climate change. Due to geographic 

location especially in the monsoon climate, the country is highly vulnerable to natural 

disasters. It is the world’s biggest delta, formed by the rivers Ganga, Brahmaputra 

and Meghna. About 63% of its population is employed in the sectors of agriculture, 

forests, and fisheries. Bangladesh and its population are thus, extremely vulnerable to 

the adverse effects of climate change. The scale and frequency of extreme climate 
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events have been steadily increasing, making survival difficult and expensive 

(Government of Bangladesh, Ministry of Environment and Forest, 2005). In general, 

char-lands are islands that adjoin rivers, but which are unshielded from the 

mainlands. Several sources (Mondal et al., 2015; Paul and Islam, 2015; Islam and 

Hossain, 2014; Kelly and Chowdhury, 2002) mentioned that 4-5% of Bangladesh’s 

total population of 160 million live in the chars, which cover approximately 7200 

km
2
.  

The char lands in Bangladesh are often perceived as a zone of multiple vulnerabilities 

(Paul and Islam, 2015). Among the different agro-ecological zones and hydrological 

regions of the country, the chars are particularly vulnerable to natural hazards, such 

as floods, erosion and drought, low and unstable land, remoteness from the mainland 

areas, and absence of extension and support services (Mondal et al., 2015). It is also 

evident that scarce rainfalls, excessive rainfalls, high temperatures, and delayed rains 

have a significant contribution to the crop-related changes in Bangladesh such as 

planting a higher-yielding, short duration, and drought-tolerant variety (Wood et al., 

2014). The human distress, however, resulting from reduced crops and livestock 

production is widespread in low-lying regions. A large number of populations remain 

food insecure, social, immoral, and political instability, and insecurity pushed them to 

a vicious cycle of poverty. This is primarily the outcome of poor food access 

resulting from unequal land distribution, low agricultural wages, and the impact of 

natural disasters. The Government of Bangladesh (2011) has also acknowledged an 

information gap regarding the likely impacts of climate change and has highlighted 

the need to identify the most vulnerable sectors and geographical areas. The char 

people claimed that low access to food, water, and health amenities and fragile social 

network are the core drivers of livelihood venerability in the char land, as well as 

inadequate access to agriculture and nonagricultural property, and money (Hossain et 

al., 2020). 

This current research has made an endeavor to assess the evolving risk to char 

livelihoods resulted from rapid climate variability. Hence, improved technology and 

infrastructures, strengthening social supports, and diversification of people’s 

activities and assets can uplift livelihood opportunities (Ellis et al., 2000; Reed et al., 

2013).  

MATERIALS AND METHODS 

Study area 

A total of 23.27% area covering the northern regions of Bangladesh is situated in the 

Tista and Jamuna basin and contains many tributaries of these, especially 

Lalmonirhat, Kurigram, Gaibandha, and other districts. According to the Department 

of Agriculture Extension (DAE), there are (127 + 300 + 91) = total 518 char's in 

these districts.  
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Data collection 

Primary data were collected from 400 Participants among three districts char. 

Various Govt. and non-Govt departments/stakeholders/service providers, staff, 

beneficiaries, and other relevant stakeholders were directly and indirectly associated 

with livelihood and climate-related issues from August 2019 to March 2020. 

Secondary data were collected from different journals, reports, research papers, 

websites, government, and non-government organizations. Various problems caused 

by climate change were measured by A. Income: a. Agricultural sources, b. Non-

agricultural sources; B. Food security (availability of nutritious food every month of 

the year); C. Welfare (Table 1). In each condition 1 to 5 scale used both currently and 

15 years ago. 

Table 1. Changes in livelihood status among the various problems caused by 

climate change were measured by 
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Data analysis 

The data obtained from the questionnaire method is processed with the use of simple 

mathematical tools as well as statistical Package for the Social Sciences (SPSS, 

version 25) for graphs and charts and MS Excel (2019). 3D Paint and Adobe 

Illustrator were used to process data into necessary information.  
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RESULTS AND DISCUSSION 

Types of climate change and natural disaster-related threats 

In the study area, to know the types of climate change and natural disasters related 

threats, the current research investigated the major climatic factors such as 

temperature (seasonal Tmax. and Tmini., daily average Tmax and Tmini), rainfall, sunshine, 

solar radiation intensity, sea level pressure and wind speed, etc (how much change 

between before 2000s' and after the 2000s'). 

Changes in temperature 

Temperature data from the Bangladesh Meteorological Department (BMD) over the 

period 1970–2019 shows that the increasing trend of seasonal maximum 

temperatures is mainly due to increasing autumn and winter maximum temperatures 

of about an average difference of 7°C. Spring and summer average maximum 

temperatures increased as well, but only by about 2-3°C (Figure.4a). Whereas 

seasonal minimum temperatures trend in winter has increased by ≈2°C and 

differences between seasonal autumn and winter minimum temperatures of about 

13°C (Fig.1).  

  

  

Figure 1. The figure shows a variation in (a) seasonal average Tmax., (b) seasonal 

average Tmini., (c) daily mean Tmax. and (d) daily mean Termini. before the 

2000s'and after the 2000s' century  
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Changes in relative humidity  

The daily average relative humidity was found to gradually decrease after the 2000s’ 

century in Rangpur division (Figure 5a). Meteorological daily relative humidity (%) 

data shows that in winter (Dec-Jan) 0.351 (%) differences, monsoon (Jun-Sep) 1.706 

(%) differences and post-monsoon (Oct–Nov) 2.14 (%) differences between before 

2000s’ century and after 2000s’ century, whereas in pre-monsoon (Mar-May) 1.632 

(%) increase from (BMD) in Rangpur division.  

Changes in sunshine hours 

The decreasing rate of daily average sunshine (hours) was recorded after the '2000s’ 

century in Rangpur division. Meteorological daily sunshine hours (Fig. 2) data shows 

that in winter (Dec-Jan) 1.789 hours differences, pre-monsoon (Mar-May) 0.906 

hours differences and post-monsoon (Oct–Nov) 0.831 hours differences between 

before 2000s’ century and after 2000s’ century, whereas in monsoon (Jun-Sep) 0.307 

hours differences i.e., similar or near about half hours decreasing rate from (BMD) in 

Rangpur division. 

  

Figure 2. The figure shows a variation in (a) relative humidity (%) and (b) sunshine 

(hours) from 1970 to 2019 in Rangpur division  

Changes in rainfall pattern 

Table 2 shows the recorded change in precipitation for the last 50 years. The mean 

annual precipitation in Rangpur division from 1970 to 2019 is 175.60 mm from 

(BMD), the monsoon precipitation has seen an increase over time, especially from 

the ‘80s to the 90s’. The data also show that there has been an increase in the total 

annual precipitation in the ‘2000s’ century and that was due to increased precipitation 

in the Pre-monsoon, monsoon, and Post monsoon, while the pre-and post-monsoon 

periods have been dryer than in the ‘2010s to 2019s’ (Bhatta, 2015).  
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Table 2. Changes in average rainfall patterns (in mm) from 1970 to 2019 in Rangpur 

division  

Range (in 

years) 

Average 

annual 

    Winter   

(Dec–Feb) 

Pre-monsoon 

(Mar-May) 

Monsoon 

(Jun-Sep) 

Post -monsoon 

(Oct–Nov) 

1970-79 160.819 6.57 105.67 360.5 68.75 

1980-89 193.434 11.33 145.5 476.1 63.2 

1990-99 185.833 11.23 119.83 413.05 92.3 

2000-2009 192.85 7.6 156.53 388.175 134.55 

2010-2019 145.0746 4.96 132.03 312.83 39.29032 

Changes in wind speed 

The daily average wind speed was found to gradually increase after the 2000s’ 

century in the Rangpur division (Fig. 3). Meteorological daily wind speed data shows 

that in winter (Dec-Jan) 0.91204 m/s and post-monsoon (Oct-Nov) 0.796341 m/s 

differences increase between before 2000s’ century and after 2000s’ century from 

(BMD) in Rangpur division.   

Changes in solar radiation intensity 

The daily average solar radiation intensity was found to gradually decrease after the 

2000s’ century in Rangpur division (Figure 6b). Meteorological daily solar radiation 

data shows that in winter (Dec-Jan) (16.35 21.43 17.24) w/m
2
 differences, monsoon 

(Jun-Sep) (11.86 14.70 11.57) w/m
2
 differences, post-monsoon (Oct–Nov) (2.35 8.22 

6.02) w/m
2
 differences and pre-monsoon (Mar-May) (10.054 7.86 10.31) w/m

2
 

between before 2000s’ century and after 2000s’ century from (BMD) in Rangpur 

division.  

 

Figure 3. The figure shows a variation in (a) wind speed (m/s) and (b) solar radiation 

(w/m
2
) from 1979-2017 in Rangpur division 

Char dwellers major income sources 

Most of the char dwellers in the study area were involved in agriculture (main 

occupation). The study revealed that 60%, 60% and 62% char dwellers were engaged 
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in agriculture, 21%, 18% and 19% in livestock rearing, 10%, 15% and 11% in 

fishing, 5%, 5% and 5% in daily labor, 3%,1% and 2% in small business and average 

1% others in South Shivkuthir, Char Bazra and Char 

 

   

Figure 4. Char dwellers major income sources 

Tangrakandy respectively (Fig.4). Roy et al. (2019) stated that 66% agriculture 

farming, 7% agriculture wage labor, 4% salaried, 8% business and 15% others which 

agreed more or less similar of the study. The evaluation of climate change impacts on 

agricultural production, food supply and agriculture-based livelihoods must consider 

the characteristics of the agro-ecosystem where particular climate-induced changes in 

biochemical processes are occurring, in order to determine the extent to which such 

changes in livelihood status as perceived by respondents among the various problems 

caused by climate change within 3 sites are below: 

Table 3. Respondents perceiving on livelihood status among the various problems 

caused by climate change 

A. Income South Shivkuthir 

(N=100) 

Char Bazra 

(N=150) 

Char Tangrakandy 

(N=150) 

Curren

tly 

15 years 

ago 

Curr

ently 

15 years 

ago 

Current

ly 

15 years 

ago 

a. Agricultural sources 

1. Paddy 84% 10% 81% 19% 83% 16% 

2. Pulses and oil seeds 85% 24% 85% 26% 86% 21% 

3. Fruit 81% 21% 83% 18% 82% 17% 

4. Vegetables 85% 22% 85% 25% 83% 23% 

5. kaljira, ginger and 

turmeric (Spices) 

75% 19% 70% 21% 73% 18% 

6. Fisheries/Aquaculture 50% 61% 55% 62% 51% 60% 

7. Crab 51% 61% 66% 61% 60% 67% 



324 Khatun et al 

A. Income South Shivkuthir 

(N=100) 

Char Bazra 

(N=150) 

Char Tangrakandy 

(N=150) 

Curren

tly 

15 years 

ago 

Curr

ently 

15 years 

ago 

Current

ly 

15 years 

ago 

8. Livestock 65% 25% 64% 25% 63% 27% 

9. Poultry 67% 43% 65% 45% 67% 48% 

10. Wood lot/bamboo 

garden 

65% 20% 63% 19% 61% 21% 

11. Nursery 80% 25% 78% 23% 73% 26% 

12. Other (Tobaco, 

potato, etc.) 

73% 33% 74% 39% 78% 35% 

b. Non-agricultural sources 

1. Small business 39% 35% 41% 31% 40% 33% 

2. The laborer 34% 26% 35% 31% 30% 31% 

3.Rickshaw/Van/Nasimon

/Horse/Carriage/Motorcy

cle Driving 

36% 13% 40% 19% 38% 9% 

4. Char sand sold 31% 19% 36% 14% 36% 17% 

5. Making handicrafts 38% 15% 29% 14% 21% 21% 

6. Remittance 

(domestic/foreign) 

40% 20% 32% 15% 34% 23% 

7. Services 

(Govt./NGO/Private) 

20% 13% 23% 21% 19% 21% 

 

B. Food security 

(availability of nutritious 

food every month of the 

year) 

The amount of food at different times 

South Shivkuthir 

(N=100) 

Char Bazra 

(N=150) 

Char Tangrakandy 

(N=150) 

Curre

ntly 

15 years 

ago 

Curre

ntly 

15 years 

ago 

Current

ly 

15 years 

ago 

1. Boishakh (April-May) 57% 16% 60% 16% 67% 16% 

2. Jaistha (May-June) 73% 17% 75% 19% 73% 17% 

3. Ashar (June-July) 85% 21% 83% 21% 85% 19% 

4. Shravan (July-August) 83% 22% 84% 23% 85% 25% 

5. Bhadra (August-

September) 

85% 11% 83% 18% 75% 11% 

6. Ashwin (September-

October) 

89% 25% 87% 27% 79% 23% 
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B. Food security 

(availability of nutritious 

food every month of the 

year) 

The amount of food at different times 

South Shivkuthir 

(N=100) 

Char Bazra 

(N=150) 

Char Tangrakandy 

(N=150) 

Curre

ntly 

15 years 

ago 

Curre

ntly 

15 years 

ago 

Current

ly 

15 years 

ago 

7. Kartik (October-

November) 

81% 33% 86% 35% 61% 33% 

8. Agrahayan (November-

December) 

85% 24% 85% 27% 75% 24% 

9. Poush (December-

January) 

85% 20% 83% 19% 83% 49% 

10. Magh (January-

February) 

80% 13% 74% 15% 84% 13% 

11. Falgun (February-

March) 

77% 24% 77% 24% 77% 24% 

12. Chaitra (March-April) 81% 30% 82% 35% 82% 36% 

C. Welfare Satisfaction levels at different times 

   

Curre

ntly 

15 years 

ago 

Curre

ntly 

15 years 

ago 

Current

ly 

15 years 

ago 

1. Access to nutritious 

food 

82% 25% 89% 22% 79% 22% 

2. Access to safe drinking 

water 

88% 27% 88% 27% 88% 27% 

3. Ability to support child 

education costs 

21% 19% 31% 20% 31% 25% 

4. Easy availability of 

irrigation water 

47% 31% 47% 31% 37% 31% 

5. Sanitary latrine access 43% 26% 42% 26% 45% 26% 

6. Availability of fire 

wood 

75% 25% 75% 25% 75% 25% 

7. Financial ability to 

provide better drug 

support for family 

members 

25% 14% 25% 14% 25% 14% 

8. There are quality 

houses to stay 

60% 25% 62% 28% 65% 28% 

9. Daily expenses for 

family members 

58% 25% 60% 22% 62% 29% 



326 Khatun et al 

Income 

Agricultural sources like paddy, pulses and oil seeds, fruit, vegetables, kaljira, ginger 

and turmeric (Spices), etc. earn fairly good (70 to 85%) than last 15 years ago (10 to 

26%) good whereas fisheries/aquaculture and crab 50 to 51% earn good than last 15 

years ago (60 to 66%) fairly good. Livestock is the best income source of char 

dwellers (63 to 65%) very good, poultry (65 to 67%) fairly good than last 15 years 

ago (25 to 27%) fairly good to good (43 to 48%), wood lot, nursery and others 

income sources earn fairly good to good (61 to 80%) than last 15 years ago (19 to 

39%) bad to very bad (Table 3). b) Non-agricultural sources like small business, the 

laborer, rickshaw/van/nasimon/horse/motorcycle driving, char sand sold, making 

handicrafts, remittance (domestic/foreign), and services (Govt./NGO/private) etc. 

earn fairly good to good (19 to 41%) than last 15 years ago (9 to 35%) good to very 

bad in South Shivkuthir, Char Bazra and Char Tangrakandy, respectively.  

Food security 

In Boishakh (Apr-Ma), Jaistha (Ma-Jun) to Ashar (Jun-Jul) i.e. pre-monsoon to early 

monsoon season (Table 2) in char area, April to July are the hottest months (Figure 

4a), highest maximum temperature ranging from 32-36
0
C is attained in the northern 

districts. Thunder storms occur in the season known as ‘Kalbaishakhi, heavy rainfall 

with hails, flash flood occurs. Resulting char dwellers became workless, can't 

cultivated land and food deficiency occurred (85 to 57%) necessary availability more 

than last 15 years ago (16 to 21%) less availability. In Shravan (Juy-Aug), Bhadra 

(Aug-Sept) to Ashwin (Sept-Oct) i.e., monsoon to post-monsoon, wind speed 

remains light to moderate, the summer extreme temperatures fall, caused heavy 

rainfall and cyclone. Resulting char dwellers became unemployed, inundated crop 

land and house, house and land erosion, drinking water and food deficiency etc. 

occur (75 to 89%) necessary availability more than last 15 years ago (11 to 25%) less 

availability to very little. In Kartik (Oct-Nov), Agrahayan (Nov-Dec) to Poush (Dec-

Jan) i.e. winter season. Rainfall decreases considerably, temperature falls noticeably, 

sometimes lowest temperature minimum fall below 10
0
C. At the time Monga (Oct-

Nov) or starvation started in char areas, became food deficiency occur (61 to 85%) 

less availability more than last 15 years ago (19 to 49%) very little. In Magh (Jan-

Feb), Falgun (Feb-Mar) to Chaitra (Mar-Apr) i.e., winter to early pre-monsoon 

season, very light northerly winds, dry weather and clear to occasionally cloudy sky 

with fog is the common characteristics of this season. The mean temperature is in the 

range of 8-25
0
C, sometimes minimum temperature goes below than 10°C and cold 

wave situation occurs in northern part of the country, less relative humidity (Figure 

5a) but high sunshine (hours) (Figure 5b) which is perfect for winter/robi crops (74 to 

84%) less availability more than last 15 years ago (13 to 36%) very little. 

Welfare 

 Respondent answered in relation of access to nutritious food, safe drinking water 

and daily expenses (58 to 88%) satisfactory more than last 15 years ago (22 to 2%) 
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disappointing to extremely frustrating. Easy availability of irrigation water, sanitary 

latrine access, availability of fire wood and quality houses to stay (43 to 75%) 

satisfactory to disappointing more than last 15 years ago (25 to 31%) disappointing 

to extremely frustrating. Ability to support child education costs and provide better 

drug support for family members (21 to 31%) satisfactory more than last 15 years 

ago (14 to 15%) extremely frustrating. 

Table 4. Climatic stressors and their impacts on char livelihoods 

Climatic 

stressors 

Impacts on char livelihoods 

Flooding 

and 

inundation 

Damage of rice, wheat, crops, and vegetables; the Death of livestock and 

poultry;  

Devastating homestead lands; Infrastructures, markets, and communication 

networks; Decrease in labor force activities; destroying income source, 

different disease attack.  

Riverbank 

erosion 

Engulfing cultivable and homestead lands; Destroying crops' fields; 

Disappearing homes, shops, vegetable gardens, village roads, and markets 

damaging livestock and grazing fields, food-deficit and hunger 

Drought and 

extreme 

temperature, 

heatwave 

Affecting paddy, vegetables, crop cycles and diversification; Crisis of 

irrigation water, depending on rainwater; Declining groundwater levels, 

reduction in drinking water sources, migration and loss of livestock; Crisis 

of agro-based activities, dying meadows, faltering yields. 

Huge and 

untimely 

rainfalls 

Decreasing rice production, winter crops, and vegetable growth and 

seedlings;  

Crisis in rainwater harvesting, crop cycle change; Increased pests and 

pathogens in crops, livestock disease, and drought (particularly affecting 

paddy crops and vegetables), price hikes 

Cold wave, 

dense fog 

Attacking pests and insects, crops and livestock diseases; Limiting labor 

force activities and loss of vegetables and crops production. 

Effect on agricultural practice system and livelihood 

In the study area, it was a noticeable change in crop practices compared to the 

previous. The farmers growing major cultivated crops were rice, jute, potato, nut, 

maize, cabbage, Chili, pumpkin, cauliflower, bean, eggplant, cucumber, tomato, 

carrot, radish, tobacco, and the varieties of rice are Binadhan-7, Aush, Skim (ACI-2, 

BR-3, and BR-8) and Aman (Sarna, Guti-Sarna, Sarna-29, Sarna-52, BR-11, and 

China), etc. rather than cultivating the traditional crops. This change in crop practice 

is due to the increases of daily average Tmax and Tmini, rainfall pattern, sunshine hours, 

i.e., climatic change. Temperature and its intensity have been increased day by day. 
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Sunshine hours shorting (before 2000s’ than after 2000s’ century), erratic rainfall 

with long-lasting alterations is directly made a linkage with another climatic variable 

which may appear unbearable and unexpected events. Particularly, households 

headed by educated heads, having more family size in productive age group, having 

fewer dependents, access of information, having financial and extension services, 

having easy access of physical capitals, having better infrastructure and built up 

assets were found to be the contributing factors which make difference in adaptive 

capacity (Asfaw et al., 2021). The majority of respondents in the study area are 

engaged in mixed farming livelihood systems (livestock and crop production). 

Adaptation measures in the livestock production system has also been made using 

herd splitting, herd diversification, livestock mobility, use of sheep and goats rather 

than cattle, engaging in crop production, temporal migration and off-farm activities. 

According to the questionnaire, char dwellers were asked about climatic stressors and 

their impacts (Table 4) on their livelihoods, by remember, understanding, applied, 

analyzed, evolution, and innovation were listed below:  

CONCLUSION 

Most of the char dwellers are either poor or hardcore poor due to flooding, riverbank 

erosion, extreme temperature, uneven rainfall, low humidity, decreasing sunshine 

hours, and cold waves are influencing their agricultural practices and major source of 

income. Short-term adjustments to climate change include efforts to optimize 

production without major system changes like change in crop variety and planting 

date, use of irrigation and water harvesting schemes, tree planting etc., in long-term, 

land use change, crops with high inter-annual variability in production may be 

substituted by crops with lower productivity but more stable yields and also useful 

for the conservation of soil moisture. Besides, slow technology transfer, quality seeds 

supply, adequate irrigation, storage, marketing and credit facilities. It is an important 

note that sometimes fertilizer and pesticide require very less or no need because of 

sediment. So, for sustainable livelihoods, immediate development programs should 

be taken to enhance adaptive capacity. 
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ABSTRACT 

An experiment was conducted to evaluate the efficacy of plant-based 
repellent powders for S. oryzae at the National Rice Research Program, 
Hardinath, Dhanusha, Nepal in 2020 at laboratory condition. Two 
hundred gram of paddy grains of cv. Sambha Mansuli Sub-1 was kept in 
each plastic jar in the experiment. Ten pairs of newly emerged adult rice 
weevil, S. oryzae of uniform age obtained from stock culture were 
released in each plastic jar. Laboratory bioassay contained Acorus 
calamus (rhizome powder) @10 gm/kg, Piper nigrum (seed powder) 
@10 gm/kg, Curcuma longa (rhizome powder) @10 gm/kg, Azadirachta 
indica (kernel powder) @ 10gm/kg, Zingiber officinale (rhizome powder) 
@10 gm/kg, and Malathion powder 5% dust @2 gm/kg were used for the 
rice weevil. Acorus calamus was the most effective botanical powder 
followed by P. nigrum to reduce grain damage percent on number basis 
(1.15%) and on weight basis (1.22%), weight loss percent (0.84%) & 
weevil population count (1.54). The efficacy ranks of the botanicals were: 
A. calamus>P. nigrum>A. indica>Z. officinale>C. longa. Thus, use of A. 
calamus powder is recommended to manage rice weevil in the 

storehouse condition. 

Keywords: Botanicals, Paddy grains, Rice, Storage, Weevil 

INTRODUCTION 

Rice is solely responsible for 20% AGDP & 7% GDP in Nepal (CBS, 2017).  In 

2018-19 AD, the area under rice cultivation was 14,91,744ha, with total production 

was 56,10,011 MT and productivity of 3.96 mt/ha in Nepal (MoALD, 2019). In spite 
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of increasing productivity of rice in Nepal, demand is yet not fulfilled. This is due to 

many reasons and among them; post-harvest loss of harvested rice during storage is 

also a critical problem. Rice weevil is one of the severe damaging pests of cereal 

grains during storage (Neupane, 1995). In general, the losses (pre and post-harvest) 

due to pests have been estimated to be 15-20% (Neupane, 1995). Even 1% loss of 

rice grain during storage accounts for 56000MT annual loss which can feed 3,36,000 

persons per year in Nepal (MoALD, 2019). 

Nowadays, the main method of pest control of stored rice grain has been chemical, 

using phosphine (Hossain et al., 2014). These synthetic insecticides possess inherent 

toxicities that endanger the health of the farmers, consumers, and the environment 

(Prasannath, 2016). Similarly, Aluminium Phosphide and EDCT (Ethylene 

Dichloride & Carbon Tetrachloride) mixture is also widely using in Nepal (Neupane, 

2018) but consumers do not realize their chemical residues in the stored grains.  

Considering the negative effects of synthetic pesticides, botanical powders are quite 

promising as they are less poisonous to humans, biodegradable, and eco-friendly 

(Guzzoet al., 2006). Use botanical powders were found to be more effective to 

control insect pest (Pal et al., 2018). Out of 41 highly effective plant species for 

insect control, 23 species are in Nepal (Neupane, 2005). With the abundance of such 

plant species in Nepal, researchers have opportunities to find out plant-derived 

pesticides. Therefore, the present study was undertaken to explore the efficacy of 

some botanical powders to manage rice weevil in storage condition. 

MATERIALS AND METHODS 

Research location 

The research was conducted at the Entomology Laboratory in the National Rice 

Research Program (NRRP), Hardinath, Dhanusha, Nepal from January to June 2020. 

The research station was located at a latitude 26
0
47'46.5''N and longitude 

85
0
57'49.35''E and an altitude of 93.0 meters from the sea level. 

Experimental details 

The experiment was laid out in a Completely Randomized Design (CRD) with three 

replications. Total seven plant based repellent powders were used as treatments and 

are listed in Table 1. Newly emerged 10 pairs of fresh adult weevils (10males and 

10females) were kept in each plastic jar at the time of beginning of experiment. 
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Table 1. Experimental plant powders and application doses 

Powder 
Dose 

(g/kg grains) (g/200gm grain) 

Acorus calamus (rhizome powder) 10 2 

Piper nigrum (seed powder) 10 2 

Curcuma longa (rhizome powder) 10 2 

Azadirachta indica (kernel powder) 10 2 

Zingiber officinale (rhizome powder) 10 2 

Malathion powder 5% dust 2 0.4 

Untreated Control - - 

As there were 7 treatments with 3 replications, a total of 21 plastic jars with screened 

holes on their lids were taken for the experiment. At first, 200gm of sterilized rough 

rice grains cv. Sambha Mansuli Sub-1 were kept in each jar with 2gm of prepared 

plant powders and were replicated thrice. As there were five botanicals with their 

three replications, altogether of 15 jars were maintained. In addition to this, 0.4gm 

Malathion powder (5% dust) was added to 3 jars as a standard check and also 3 jars 

were maintained having no powders as a control treatment.  Then, 10 pairs (10 male 

& 10 female) of newly emerged adult weevils from the stock culture were released in 

each jar and their lids were covered tightly to prevent the escape of weevils. Females 

are identified based on their larger body size and shiny with an elongated rostrum. 

All the jars were placed in the laboratory at the room temperature. 

Sampling and data observation 

The data were observed from the start of experiment and repeated at every 15 days 

interval up to 90 days. The population build up was recorded by counting the number 

of adults from whole 200 gm grain and damaged & undamaged grain number by 

taking 10 gm grain as sample from each treatment. 

Thousand-grain weight 

At every 15 days interval thousand grain weights was recorded with the help of a 

digital weighing balance (SF-400A). 

Moisture content  

Moisture content of rice grains was recorded with the WILE-moisture meter device. 

Number of damaged and undamaged grains 

The number of damaged and undamaged grains was examined by taking a 10 gm 

random sample from each treatment.  
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Weight of damaged and undamaged grains 

The weight of damaged and undamaged grains was taken with the help of a digital 

weighing balance (SF-400A). 

Percentage of damaged and undamaged grain 

The percentage of damaged and undamaged grain was taken (Enbakhare and 

Lawogbomo, 2002) by the following formulae. 

            
  

  
      

              
   

  
      

Where, 

Nd: No. of damaged grains 

Nu: No. of undamaged seeds 

Tn: Total number of seeds 

Weight loss percentage 

The weight loss percentage of seeds was calculated (Lal, 1998) by using the count 

and weight method and the formula is,  

               
       

          
      

Where, 

D: Weight of damaged seeds 

U: Weight of undamaged seeds 

Nd: No of damaged seeds 

Nu: Number of undamaged seeds 

Weevil population count 

The number of both live and dead weevil was counted from total 200 gm rice grains. 

Room temperature and relative humidity 

The temperature and relative humidity of the laboratory were recorded every day 

with a Thermo-Hygrometer device. 

Statistical analysis 

Data were subjected to analysis of variance (ANOVA) to evaluate the significance of 

treatment effect. R-STUDIO software was used for analysis of data, and mean 

comparisons was done by using Duncan's Multiple Range Test (DMRT) at 5% level 

of significance. 
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RESULTS AND DISCUSSION 

Effect on mean grain damage (number basis) 

The mean grain damage percent (number basis) with plant powders was significantly 

different (p<0.05) among the treatments over 90 days after treatment. The highest 

grain damage percent was in untreated control (1.75%) followed by C. longa (1.42%) 

and the lowest in Malathion (0.94%) followed by A. calamus (1.15%). The damage 

of A. calamus was statistically at par with P. nigrum (1.20%) and A. indica (1.24%) 

while damage of C. longa was at par with Z. officinale (1.34%). However, damage 

effects of P. nigrum, A. indica and Z. officinale were not statically different (Table 2). 

Effect on mean grain damage percentage (weight basis) 

The mean grain damage percent (weight basis) with plant powders was significantly 

different (p<0.05) among the treatments over 90 days after treatment. The highest 

grain damage percent was in untreated control (1.92%) followed by C. longa (1.57%) 

and the lowest in Malathion (1.00%), followed by A. calamus (1.22%). The damage 

of A. calamus was statically at par with P. nigrum (1.30%) and A. indica (1.35%) 

while damage of C. longa was at par with Z. officinale (1.46%). However, damage 

effects of P. nigrum, A. indica and Z. officinale were not statically different (Table 2). 

Effect on mean weight loss percentage 

The mean weight loss percent with repellent powders was significantly different 

(p<0.05) between various treatments over 90 days after treatment. The highest weight 

loss percent was in untreated control (1.19%) followed by C. longa (1.01%) and the 

lowest in Malathion (0.74%), followed by A. calamus (0.84%). The weight loss of A. 

calamus was statically at par with P. nigrum (0.91%), A. indica (0.92%) and also 

with Malathion while weight loss of C. longa was at par with Z. officinale (0.97%). 

However, weight loss percent of P. nigrum, A. indica and Z. officinale were not 

statically different (Table 2). 

Effect on the mean number of live weevils 

The mean number of live weevils population with plant powders was significantly 

different (p<0.05) among the treatments over 90 days after treatment. The highest 

number of live weevils was in untreated control (7.68) followed by C. longa (4.92) 

and Z. officinale (4.46) while the lowest in Malathion (0.67%) followed by A. 

calamus (1.54), P. nigrum (2.71) and A. indica (3.35). However, weight loss of P. 

nigrum was statically at par with A. indica and similarly C. longa with Z. officinale 

(Table 2).  
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Table 2. Effect of rice weevil on grain damage, weight loss and live weevil 

population (Mean Over 90 days) with plant based repellent powders in 

2020  

Treatments 

Mean grain 

damage % 

(number basis) 

Mean grain 

damage % 

(weight basis) 

Mean 

weight loss 

% 

Mean 

number of 

live weevils 

A. calamus (10gm/kg) 1.15
d
 1.22

d
 0.84

de
 1.54

d
 

P. nigrum (10gm/kg) 1.20
cd

 1.30
cd

 0.91
cd

 2.71
c
 

C. longa (10gm/kg) 1.42
b
 1.57

b
 1.01

b
 4.92

b
 

A. indica (10gm/kg) 1.24
cd

 1.35
cd

 0.92
cd

 3.35
c
 

Z. officinale (10gm/kg) 1.34
bc

 1.46
bc

 0.97
bc

 4.46
b
 

Malathion 5% (2gm/kg) 0.94
e
 1.00

e
 0.74

e
 0.67

e
 

Untreated control 1.75
a
 1.92

a
 1.19

a
 7.68

a
 

SEm (±) 0.062 0.062 0.031 0.491 

CV (%) 7.98 8.53 6.41 10.9 

p- value <0.001 <0.001 <0.001 <0.001 

Significance s s s s 

Among all the tested repellent powders, A. Calamus caused the minimum damage 

with less weevil population buildup which is in line with Tiwari et al. (2018) who 

found that use of A. calamus (rhizome powder) against weevil on stored grains was 

the best which resulted in the least grain damage percent and weight loss percent than 

other botanical powders. These powders can cause suffocation which leads to the 

death of storage insect pests (Asawalam et al., 2012) and is also supported by Yao et 

al. (2008) who found that A. calamus contains a bioactive compound (β-asarone) 

which shown insecticidal properties and responsible for weevil mortality. Similarly, 

Gyawali and Kim (2009) observed that A. calamus rhizome contains 7493.59 ml/kg 

of volatile compounds and among which 46.78% was β-asarone compounds. 

The pungent substance found in the black pepper extract "Piperine" and the principal 

component of cinnamon flavor "cinnamaldehyde" are reported to possess insecticidal 

activities (Huang & Ho, 1998). The main components of the turmeric plant which act 

as insect repellent are turmerone and ar-turmerone  (Tripathi et al., 2002). Similarly, 

Azadirachtin is a natural antifeedant, sterilant, and insect growth regulator that is 

found in the kernel of neem and has a negative influence on feeding, mating, molting, 

and fecundity of insects (Hummel et al., 2012). Z. officinale contains geranial, α-

zingiberene, α-farnesene, and neral as the main bioactive compounds (Franz et al., 

2011) and was less effective because of thicker exoskeleton of weevil which afforded 

them to tolerate the active compounds in Z. officinale (Olajire et al., 2015). 
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In the present context, the main method of pest control of stored rice grain has been 

chemical, using phosphine (Hossain et al., 2014). The chemical Aluminium 

Phosphide can be used only in airtight containers to make it effective (Neupane, 

2018) which may not be available in traditional handmade storage structures in the 

rural areas of Nepal. Besides this, the use of recommended chemical fumigants is 

either expensive, not available to everywhere and can cause toxicity to users as well 

as leads to residual pollution to the environment (Benhalima et al., 2004). Due to this, 

Nepalese government has been banned several chemical pesticides that used either in 

the field or during storage. Therefore, resource-poor farmers can use A. calamus as 

botanical powders to control rice weevil during the storage period. 

CONCLUSION 

The rice weevil is one of the severe damaging pests of rice that causes grain losses in the 

storage condition. Losses of agricultural commodities during the post-harvest period have 

been considered a major problem in Nepal. A. calamus (rhizome powder) was found to 

be the most effective, next to chemical followed by P. nigrum (seed powder), A. indica 

(kernel powder) and Z. officinale (rhizome powder) in the reduction of grain damage 

percent, weight loss percent and live adult weevil population during storage. It can be 

recommended to use with the stored grain products. 
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