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ABSTRACT 
Salinity is one of the major abiotic stresses which severely affect the 
production of crops across the world. Twenty rice genotypes of 
diverse origins were assessed to examine salt tolerance potentiality 
at seedling stage as well as to elucidate the genetic variation using 
SSR markers. Consequently, IRRI standard protocol was applied to 
screen out those varieties for tolerance at the glasshouse laboratory 
of Bangladesh Institute of Nuclear Agriculture, maintaining salt 
stress level at 6dS m

-1
, 8dS m

-1
, 10dS m

-1
 and 12 dS m

-1
. Data on 

morphological parameter were recorded as shoot length (cm), root 
length (cm) and total dry matter (TDM). For molecular 
characterization thirteen SSR markers were exploited to determine 
the genetic diversity and in this context, 53alleles were revealed 
while the mean number of alleles per locus was 4.The 
Polymorphism Information Content (PIC) value ranged from 0.37-
0.78 having an average of 0.58. The Un-weighted Pair Group 
Method with Arithmetic Mean (UPGMA) displayed three major 
clusters including some sub-clusters, where in Cluster 1, Binadhan-
8, Binadhan-10, Pokkali and FL478 were very close in their vicinity. 
Information obtained from this experiment, thus can be taken into 
account for stress breeding program and prospective genetic 
materials could be utilized for exploring the genetic architecture in 
favor of salt tolerance as well as for developing better salt tolerant 
rice varieties in near future. 
 

Keywords: Rice, Abiotic stress, Salinity, Tolerance, SSR marker, 
Diversity, Polymorphism  
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INTRODUCTION 

Rice (O. sativa) is the staple food of an estimated 3.5 billion people throughout the 

world. Nowadays, rice is produced in every continent of the world except the 

Antarctica. Thousands of rice cultivars are cultivated across 100 countries (IRRI, 

2013). However, worldwide, different biotic and abiotic stresses (drought, flood, 

salinity) are responsible for the stagnant production of rice (Shelly et al., 2016). 

Salinity is one of the major hindrances to increase rice production worldwide. One-

fifth of the irrigated arable lands are recorded to be severely affected by high salinity 

throughout the world (Negrao et al., 2011). Bangladesh has a considerable amount 

of coastal areas that are affected to salinity and occupies 30 % of net cultivable land 

(Mamun et al., 2019). Coastal land of Bangladeshis affected by varying degrees of 

salinity. Saline soils occur in the river deltas in strip of land extending from few 

kilometers to 180 km from the coast. The flow of fresh water in the upstream river 

plays an important role to control the salinity intrusion. The upstream withdrawal of 

the Ganges water has reduced the flow tremendously and increased salinity in the 

tidal river, decreased surface water availability in the rivers and canals, lowered 

ground water table and reduced soil moisture content. About 1.02 million hectares in 

the coastal areas (out of 1.459 million hectares of cultivated land in the country) are 

affected by various degrees of salinity. Very slight salinity (2.0 - 4.0 dS m
-1

) exists 

in about 0.282 million ha, slight salinity (4.1–8.0 dS m
-1 

in 0.297 million ha, 

moderate salinity (8.1-12.0 dS m
-1

) in 0.191 million ha, strong salinity (12.1–16.0 dS 

m
-1

) in 0.45 million hectares of land. About 0.087 million ha of coastal land is 

affected by very strong salinity (>16.0 dS m
-1

). The salinity varies considerably by 

seasons. In dry season soil and river water salinity increase, while during the 

monsoon season, it goes down. Therefore, land use also has temporal and spatial 

variation with season (Hussain, 2008). If salinity increases with time it is estimated 

that there will be reduction in production by 10 % by 2050 (IPCC, 2007). Salinity in 

soils is characterized by the excess presence of sodium ions along with dominant 

anions like chlorine and sulfate which combine together to increased electrical 

conductivity (Ali et al., 2013). The effects of salinity on different parameters like 

morphological, physiological and biochemical traits have been studied in rice which 

showed reduced tillering, Although the genetics of salt tolerance is useful for the 

researchers to develop salt tolerant varieties, there are some problems those are 

required to be assessed. The main reason is that salinity is not uniformly distributed 

throughout a given area and thus it is difficult to recognize tolerant variety added 

that there are some variations which are found among species and some among 

cultivars within species (Arzani, 2008;  Ashraf and Foolad, 2013).  

Hydroponic system is perfectly compatible with screening. Moreover, assessment of 

genetic diversity and identification of superior genotypes are important as well as 

necessary for any crop improvement program (Bhuiyan, 2005). Molecular markers 

have been proved to be very useful for crop evaluation in many species. A rapid as 

well as technically simple method include SSR analysis which is based on PCR 
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assay requiring only small quantity of DNA and thus inexpensive (Litt and Lutty, 

1989). Through PCR different alleles at a locus can be detected by using conserved 

DNA sequence flanking SSR as primers. SSR have become a popular type of co-

dominant molecular marker in genetic analysis and plant breeding application (Choi 

et al., 2003). Twenty rice genotypes of diverse origins were assessed to examine salt 

tolerance potentiality at seedling stage as well as to elucidate the genetic variation 

using SSR markers.  

 

MATERIALS AND METHODS 

This experiment was carried out both glass house and laboratory of the 

Biotechnology Division of Bangladesh Institute of Nuclear Agriculture (BINA), 

during the period from February 2019 to June 2019. Modified hydroponic system 

(Gregorio et al., 1997) was used at the glasshouse to evaluate salt tolerance of the 20 

rice genotypes using Peter's solution (Yoshida et al., 1976). 

The salinization levels were EC at 6 dS m
-1

, 8 dS m
-1

, 10 dS m
-1 

and 12 dS m
-1

. The 

salinity level was measured through EC using the EC meter and maintained pH at 

5.1 daily. Salt stresses were applied at 7
th
 days old seedling. The data were recorded 

at the age of 7 days, 14 days and 21 days, shoot length, root length and dry weight of 

them also recorded using SES range 3-9 (tolerant, moderately tolerant, susceptible 

and highly susceptible). The genotypes were evaluated using IRRI standard protocol 

(Gregorio et al., 1997).Plants were separately kept into envelops and oven dried at 

72°C for a week and weighed.  

Twenty-one days old seedlings were collected for the isolation of genomic DNA 

using the mini preparation Modified Cetyl Tri methyl Ammonium Bromide (CTAB) 

method (IRRI, 1988). The leaf samples were cut into 2-3 cm pieces and grounded. 

Extraction Buffer (800 µl) and 20% SDS (50 µl) were added, Vortexed for 20 

seconds and incubated for 10 minutes at 65ºC in the hot water bath, 100 µl 5M NaCl 

was added and inverted to suspend. Then 100 µl CTAB was added and vortexed for 

20 seconds, incubated for 10 minutes at 65ºC, added 900 µl chloroform mix; 

centrifuged at 15000 rpm for 15 minutes. The supernatant was transferred into a new 

tube and added 600 µl ice-cold is opropanol and the mixture centrifuged at 12000 

rpm for 15 minutes. The pellet was then washed with 200 µl 70% ethanol, centrifuge 

at 15000 rpm for 5 minutes and allowed to air-dry, suspended in 30µl 1X TE buffer 

and stored at -20 °C. Thirteen primers were used for the analysis. The total volume 

of PCR cocktail was 9 µl per sample and 1 µl genomic DNA to make it 10 µl and 

thus was ready for running in the DNA thermal cycler, The reaction mixture was 

preheated at 94˚C for 5 minutes, denaturation at 94˚C for 30 seconds and annealing 

at 55˚C for 1 minute and polymerization reaction at 72˚C for 1 min followed by 35 

times repeating these cycles, incubated at 72˚C for 5 minutes. After electrophoresis, 

the gel was soaked in ethidium bromide (10 mg/ ml) solution for 12-15 minutes. 

High performance ultraviolet light box (UV trans-illuminator) of gel doc used for 

checking the DNA bands. The DNA was observed as band and the records were 
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saved. The size (in nucleotide base pairs) of the amplified band for each 

microsatellite marker was determined based on its migration relative to a molecular 

weight size marker with the help of Alpha Ease FC 5.0 software. The summary 

statistics including the number of alleles per locus, major allele frequency, gene 

diversity and Polymorphism Information Content (PIC) values were determined 

using POWER MARKER version 3.23. Allele molecular weight data were exploited 

to determine the genetic distance for phylogeny reconstruction. 

Table 1. List of SSR markers used for the exploring of genetic diversity of twenty 

diverse rice genotypes   

Marker Primer sequence (5’-3’) Chromosome 

no. 

Estimated 

length 
(bp) 

Repeat motif Annealing 

temp. (ºC) 

RM17 For. 

Rev. 

TGCCCTGTTATTTTCTTCTCTC 

GGTGATCCTTTCCCATTTCA 

12 184 (GA)21 55 

RM276 For. 
Rev. 

CTCAACGTTGACACCTCGTG 
TCCTCCATCGAGCAGTATCA 

6 149 (AG)8A3(GA)33 55 

RM234 For. 

Rev. 

ACAGTATCCAAGGCCCTGG  

CACGTGAGACAAAGACGGAG 

7 156 (CT)25 55 

RM302 For. 
Rev. 

TGCAGGTAGAAATTGAAGC 
AGTGGATGTTAGGTGTAACAGG 

1 156 (GT)30(AT)8 55 

RM310 For. 

Rev. 

CCAAAACATTTAAAATATCATG 

GCTTGTTGGTCATTACCATTC 

8 105 (CT)19 55 

RM510 For. 

Rev. 

AACCGGATTAGTTTCTCGCC 

TGAGGACGACGAGCAGATTC 

6 122 (GA)15 55 

RM223 For. 
Rev. 

GAGTGAGCTTGGGCTGAAAC 
GAGTGAGCTTGGGCTGAAAC 

8 165 (CT)25 55 

RM493 For. 

Rev. 

TAGCTCCAACAGGATCGACC 

GTACGTAAACGCGGAAGGTG 

1 211 (CTT)9 55 

RM435 For. 

Rev. 

ATTACGTGCATGTCTGGCTG 

CGTACCTGACCATGCATCTG 

6 166 (ATG)7 55 

RM7075 For. 
Rev. 

GCGTTGCAGCGGAATTTGTAGG 
CCCTGCTTCTCTCGTGCAGAG 

1 155 (ACAT)13 55 

RM208 For. 

Rev. 

TCTGCAAGCCTTGTCTGATG 

TAAGTCGATCATTGTGTGGACC 

2 173 (CT)17 55 

RM8094 For. 

Rev. 

AAGTTTGTACACATCGTATACA 

CGCGACCAGTACTACTACTA 

1 209 (AT)31 55 

RM562 For. 

Rev. 

CACAACCCACAAACAGCAAG 

CTTCCCCCAAAGTTTTAGCC 

1 243 (AAG)13 55 

 

 

RESULTS AND DISCUSSIONS 

Morphological characterization 

The salinity tolerance level for seven days old rice seedlings ranged from 3-9 in SES 

for 20 rice genotypes. Three rice genotypes, FL478, Pokkali, Binadhan-8 and 

Binadhan10 showed high level of salinity tolerance obtaining the salinity tolerance 

level 3. Four rice genotypes, Sadamota, IR-4630, IR-64, and FR13A exhibited 

moderate salinity tolerance having the salinity tolerance level 5. Ten rice cultivars, 

Binadhan-20, THDB, MV-20, Moulata, Dudkalam, Pot-18, Pot-27, BRRI-67, CPD-
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29, and CPD-23 were found susceptible to salt stress as they achieved 7 in salinity 

tolerance level. Finally, two genotypes of twenty rice genotypes, Binadhan-17, and 

Binadhan-21 showed huge sensitivity towards salt stress and thereby, grouped into 

highly susceptible category having the salinity tolerance level 9. 

Salt stress affected the growth performance of 20 rice genotypes at different level 

during seedling stage. The modified standard evaluation system of visual salt injury 

was employed to characterize salt tolerance in 20 rice genotypes during their 

seedling stage in four salt stress treatments (6 dS m
-1

, 8 dS m
-1

, 10 dS m
-1

and 12 dS 

m
-1

). In terms of shoot length, the reduction percentage ranged from 40-65% 

compared with non-salinized rice cultivars in hydroponic system. In case of root 

length, the reduction percentage of different rice genotypes ranged from 2-34% 

compared to control condition. Moreover, regarding this case some rice cultivars 

exhibited enlarged root compared to non-salinized rice genotypes. Besides, 

reduction in total dry matter (ranged from 44-87 %) was observed in most of the rice 

genotypes in comparison with the control condition. The level of reduction ranged 

from 44-87 % among 20 rice cultivars in their total dry matter. The modified 

standard evaluation system of visual salt injury was employed to characterize salt 

tolerance in 20 rice genotypes during their seedling stage in four salt stress treatment 

(6 dS m
-1

, 8 dS m
-1

, 10 dS m
-1 

and 12 dS m
-1

). The findings in this study that the rice 

roots and shoots exhibited a significant reduction in their length, fresh weight and 

dry weight were consistent with Amirjani (2010) who reported that salt stress level 

decreased as the salt concentration increased in rice. Bhowmik et al. (2009) reported 

that plant height of tolerant lines of rice were reduced by 19 % under salt stress (EC 

12 dS m
-1

), whereas those of susceptible lines were reduced by 46 %. Due to 

variation of genotype the change also varied in different extent. Our study also 

complied with Bhuiyan (2005) who reported that salt stress suppresses the growth of 

leaves in the plants resulting in complete cessation of growth and development. 

Tatar et al. (2010) found that salt stress significantly reduced the total dry matter of 

rice cultivars which was similar to our findings. Senadhera et al. (2012) observed 

that the salt stress of 50 mM NaCl caused a significant decrease in both fresh weight 

and dry weight. These results were also compatible with the earlier findings (Dhar et 

al. 2012; Maiti et al. 2006). 
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Figure 1. Morphological characterization of 20 rice genotypes at seedling stage at 

different salt stress conditions 

 
Figure 2. Standard evaluation scoring data chart of 20 rice genotypes 

 

 

 

Control 6 dS/m 8 dS/m 10 dS/m 12 dS/m 
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Figure 3. Graphical representation of reduction (%) of shoot length 

 

 

 

 

 

 

 
Figure 4. Graphical representation of reduction (%) of root length 
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Figure 5. Graphical representation of reduction (%) of dry weight 

 

Molecular characterization 

Molecular characterization using SSR markers 

Twenty rice genotypes were analyzed exploiting 13 loci for SSR marker-based DNA 

fingerprinting technique. Amplified microsatellite loci were analyzed to find out 

polymorphism. and all the 13 microsatellite loci were polymorphic and had 4 alleles 

(mean) per locus. The bands obtained, were compared to the band of salt tolerant 

variety like Pokkali, FL478, Binadhan-10. In case of RM17, allele size ranged from 

148-169bp, RM276, RM234, RM302, RM310, RM510, RM223, RM493, RM435, 

RM7075, RM208, RM8094 and RM562 displayed the range 99-138bp, 160-182bp, 

146-178bp, 112-128bp, 112-119bp, 153-158bp, 178-207bp, 163-165bp, 148-188bp, 

169-171bp, 190-225bp, 164-273bp respectively. Molecular marker helps to identify 

alleles that are associated with key phenotypic traits (Xu et al., 2004). In present 

study, all markers generated polymorphic banding patterns where a total of 53 

alleles were detected across the genotypes with an average of 4 alleles per locus 

which was compatible with the previous work of Dhar et al. (2012).The number of 

alleles detected is one of the selection categories in assessing a marker's usefulness 

in diversity analyses since a higher allele count per locus means that the marker is 

able to discriminate genotypes that might be indistinguishable to other markers 

(Seetharam et al., 2009).The size of various major alleles at different loci ranges 

from 99 bp (RM276) to 273 bp (RM562). Among all the genotypes, on an average, 

46% of them shared a common major allele ranging from 25 % (RM276) to 75 % 

(RM435) at each locus. The highest gene diversity (0.81) was observed in RM276 

and the lowest gene diversity (0.41) was observed in RM17 and RM435, having an 

average diversity of 0.63. In present study gene diversity at each SSR locus was 
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significantly correlated with the number of alleles detected, number of repeat motif 

and with the allele size range. This result is consistent with previous work done by 

Heenan et al. (2000). PIC value of each marker can be determined on the basis of its 

allele. PIC varied significantly for all the studied SSR loci. In this study, the level of 

polymorphism among 20 rice genotypes was evaluated by calculating PIC values for 

each of the 13 SSR loci. The PIC values ranged from 0.37 to 0.78 having an average 

of 0.58 per locus. The highest PIC value was 0.78 for RM276 and the lowest value 

was 0.37 for RM17 and RM435.PIC value is reflective of the number of detected 

alleles and the relative distribution of their frequency. A higher PIC value is favored 

since a low PIC value is indicative of either a low number of detected alleles, or that 

the alleles are distributed unequally among the genotypes or both. In all three cases, 

the result is a marker with a poor ability to discriminate between genotypes. 

According to Jiang et al. (2010), a PIC value of greater than 0.5 is reflective of a 

good marker. The marker RM276 attained the highest PIC value (0.78), while 

RM435 obtained the lowest PIC value (0.41) in our study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Microsatellite profiles of 20 rice genotypes at locus RM234 
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Figure 7. Microsatellite profiles of 20 rice genotypes at locus RM276 

 

Table 2. Data of sample size, major alleles, gene diversity and PIC value 

Marker Major Allele Allele No Gene Diversity PIC 

Size (bp) Frequency (%) 

RM17 169 75 3 0.41 0.37 

RM276 135 25 6 0.81 0.78 

RM234 173 45 4 0.70 0.65 

RM302 148 30 5 0.76 0.72 

RM310 112 45 4 0.67 0.60 

RM510 112 70 3 0.46 0.41 

RM223 158 35 3 0.66 0.58 

RM493 178 30 4 0.68 0.62 

RM435 165 75 3 0.41 0.37 

RM7075 165 40 6 0.74 0.70 

RM208 171 65 3 0.52 0.46 

RM8094 190 40 4 0.70 0.65 

RM562 273 25 5 0.73 0.68 

Mean  46 4 0.63 0.58          
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Table 3. Summary of genetic distance values among 20 rice genotypes using 13 SSR markers 

Gen.* P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 

P1 0.00 0.69 0.54 0.69 0.15 0.77 0.85 0.69 0.92 0.31 0.77 0.69 0.77 0.69 0.85 0.23 0.54 0.69 0.77 0.77 

P2  0.00 0.46 0.46 0.62 0.23 0.77 0.77 0.62 0.54 0.62 0.69 0.77 0.46 0.62 0.62 0.85 0.85 0.62 0.38 

P3   0.00 0.54 0.54 0.46 0.62 0.62 0.85 0.46 0.54 0.54 0.54 0.62 0.62 0.54 0.69 0.77 0.38 0.54 

P4    0.00 0.62 0.46 0.77 0.77 0.62 0.54 0.54 0.62 0.69 0.54 0.54 0.69 0.77 0.77 0.62 0.54 

P5     0.00 0.69 0.92 0.77 0.77 0.15 0.69 0.77 0.69 0.69 0.85 0.08 0.62 0.77 0.77 0.69 

P6      0.00 0.77 0.77 0.69 0.62 0.54 0.69 0.62 0.54 0.69 0.69 0.85 0.85 0.69 0.54 

P7       0.00 0.31 0.92 0.85 0.46 0.23 0.85 0.85 0.77 0.85 0.85 0.92 0.46 0.85 

P8        0.00 1.00 0.85 0.46 0.23 0.77 0.85 0.85 0.69 0.92 0.85 0.38 0.85 

P9         0.00 0.69 0.77 0.92 0.69 0.62 0.92 0.77 0.62 0.54 0.92 0.54 

P10          0.00 0.62 0.69 0.69 0.62 0.85 0.23 0.62 0.69 0.69 0.62 

P11           0.00 0.23 0.77 0.69 0.85 0.77 0.69 0.69 0.46 0.62 

P12            0.00 0.77 0.77 0.85 0.85 0.77 0.77 0.38 0.77 

P13             0.00 0.77 0.62 0.69 0.77 0.85 0.69 0.69 

P14              0.00 0.54 0.69 0.77 0.77 0.77 0.46 

P15               0.00 0.85 0.85 0.92 0.77 0.62 

P16                0.00 0.69 0.85 0.69 0.69 

P17                 0.00 0.23 0.69 0.69 

P18                  0.00 0.77 0.62 

P19                   0.00 0.77 

P20                   
 

0.00 

Here, P1=Binadhan-8, P2=Binadhan-10, P3=Binadhan-17, P4=Binadhan-20, P5=Binadhan-21, P6=THDB, P7=MV-20, 

P8=Moulata, P9=Sadamota, P10=Dudkalam, P11=Pot-18, P12=Pot-27, P13=BRRI-67,P14=IR-4630, P15=FL-478, 

P16=IR-64,P17=FR-13A, P18=Pokkali, P19=CPD-29, P20=CPD-23. 

Gen.*= Genotypes used in this study. 
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Dendogram based on Nei’s (1973) genetic distance using Unweighted Pair Group 

Method of Arithmetic Means (UPGMA) indicated differentiation of the 20 rice 

genotypes by 13 markers. All the 20 rice genotypes could be easily distinguished. 

The UPGMA cluster analysis led to the grouping of 20 rice genotypes in three major 

clusters at 40% cut off. 

 

 
Figure 8. UPGMA Dendogram based on Nei’s genetic distance according to SSR 

analysis 

 

0.08 1.00 
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CONCLUSION 

The significant changes in morphological characteristics of 20 rice genotypes were 

revealed when applied to salt stress as compared to control condition, 3 genotypes 

were found as salt stress tolerant lines, 5 genotypes were found as moderately 

tolerant, 10 genotypes were found as susceptible and 2 genotypes were highly 

susceptible to salinity. At molecular level, significant differences in the numbers of 

alleles per locus were perceived; there were significant variation in their allele 

frequency and also significant differences in gene diversity as well as PIC value. 

The UPGMA dendogram showed 3 major clusters where phenotypic ally explored 

salt tolerant genotypes fall into different group opening a huge possibility of 

exploiting such diverse lines for future breeding program. Based on the revealed 

data set, it is obvious  that Binadhan-8, Binadhan-10, Pokkali, Shadamota followed 

by  FL478, IR64, IR4630, FR13A and possessing moderate potentiality at seedling 

stage can be used to develop salt tolerant varieties and alll these genotypes is 

potential sources of tolerance and hybridization program for generating new salt 

tolerant genotype, construction of mapping population with a view to dissect the 

genetic architecture of salt tolerance followed by cloning of candidate gene and 

maker assisted introgression of  such gene. 
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ABSTRACT 

Allelopathy is expected to be an important mechanism in the plant 
invasion process. The experiment was conducted at the Agronomy 
Field Laboratory, Bangladesh Agricultural University, Mymensingh 
to evaluate the effect of aqueous extract of mustard crop residues 
on weed management and crop performance of wheat. The 
experiment consisted of three cultivars of wheat viz., BARI Gom 19, 
BARI Gom 21, BARI Gom 24 and five levels of aqueous extract 
such as no crop residues (C0), mustard crop residues: chaffed 
leaves soaked in water in 1:20 ratio (w/v) (C1), 1:30 ratio (w/v) (C2), 
1:40 ratio (w/v) (C3), hand weeding (C4). The maximum weed 
growth was noticed with the cultivar BARI Gom 19 and the minimum 
was found in the cultivar BARI Gom 21. The grain yield as well as 
the other yield contributing characters produced by BARI Gom 
21was the highest among the studied varieties. The highest percent 
inhibition of all weed species was caused by hand weeding. The 
highest numbers of tillers hill

-1
, numbers of grains spike

-1
, 1000 

grain weight, grain yield and straw yield were observed where hand 
weeding is done and followed by the application of aqueous extract 
in 1:20 ratio (w/v). BARI Gom 21 cultivar with all treatments 
produced the highest grain and straw yield among the treatment 
combination. The results indicate that different amount of aqueous 
extract of mustard crop residues showed potential activity to 
suppress weed growth and it has a significant effect on the yield of 
wheat. Therefore, mustard crop residues might be used as an 
alternative way for weed management in effective and sustainable 
crop production. 

Keywords: Wheat varieties, Weed population, Inhibition, Mustard 
crop residues, Yield, Harvest index. 
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INTRODUCTION 
 

Bangladesh is an agrarian economy where total area under wheat cultivation is 4.288 

lakh hectares with an annual production of 14.236 lac m. tons during 2016-2017 and 

an average yield of 3.320 t ha
-1 

(AIS, 2018). Poor stand establishment and heavy 

weed infestation during the growing stage are major obstacles to the large-scale 

adoption of wheat. When the weeds and crop emerge at the same time, yield losses 

generally increase several-fold (Aldrich, 1987).Weeds exhibit the economic yield 

losses to the wheat crop, which may range from 24-39.5% and these must be 

controlled during the full growing season of the crop for achieving satisfactory crop 

yields (Oad et al., 2007). 

As such, the productivity and profitability of wheat solely rely on weed 

management. Heavy use of herbicides may also result in the evolution of herbicide-

resistant weeds (Duke et al., 2001). The reliance on synthetic herbicides which 

otherwise may cause environmental and health-related problems, as well as the 

evolution of herbicide-resistant weeds in the near future. The evolution of resistance 

in weeds against the synthetic herbicides and the presence of miscellaneous weeds 

(flora) in wheat have forced scientists to find eco-friendly alternatives to managing 

weeds in this wheat production system.  

During the last two decades, researchers have focused on organic and 

environmentally friendly approaches to weed management to replace synthetic 

herbicide application (Jabran et al., 2015) in various crops. The incidence of growth 

inhibition of certain weeds and the induction of phytotoxic symptoms by plants and 

their residues is well documented for many crops, including all major grain crops 

such as rice, rye, barley, sorghum, wheat, mustard, marsh pepper, hairy vetch, 

buckwheat and other crop residues (Uddin et al., 2010; Won et al., 2011; Uddin et 

al., 2012, 2014; Ahmed et al., 2018; Pramanik et al., 2019; Sarker et al., 2020). Crop 

residues can interfere with weed development and growth through alteration of soil 

physical, chemical, and biological characteristics. Allelochemicals from several 

plants have been identified and their activities have also been established. Plant 

water extracts have been tested and found effective for weed control in several field 

crops (Cheema et al., 1997, 2001, 2002; Wazir et al., 2011). Other allelopathic weed 

management strategies for weed control in various crops may involve crop mulches 

(Cheema et al., 2000; Sarker et al., 2020), soil incorporation of crop residues 

(Matloob et al., 2010), or the inclusion of crops with allelopathic potential in crop 

rotations (Einhellig and Rasmussen, 1989). Mustard is a successful competitor 

against weeds in fields as empirically known (Hossain et al., 2017). However, in 

Bangladesh, so far, a little attempt has been made to exploit the allelopathy of plants 

for possible weed control purposes in the agriculture sector. So, the study was 

conducted to investigate the weed-suppressing ability and to determine the optimum 

dose of aqueous extract of mustard crop residues for the establishment of an easy, 

economical and sustainable method for efficient weed management and better yield 

of wheat. 
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MATERIALS AND METHODS 
 

The experiment was carried out at the Agronomy Field Laboratory of Bangladesh 

Agricultural University, Mymensingh from November 2016 to March 2017, located 

at 24
0 
75' N latitude and 90

o 
50' E longitude at an elevation of 18 m above the mean 

sea level characterized by non-calcareous dark grey floodplain soil belonging to the 

Old Brahmaputra Floodplain, (AEZ-9). The climate is humid subtropical monsoon. 

The physicochemical properties of the soil before the beginning of the experiment 

are shown in Table1. 

Table 1. Physicochemical properties of soil before start of the experiments 

                   Soil texture                                                           Clayloam 

pH–H2O 5.83 

Ec (µs/cm) 143 

Organic carbon (%) 1.125 

Total N (%) 0.145 

Available P (ppm) 23.3 

Available K (ppm) 88.64 

                  Available S (ppm) 59.64 

 

The experiment consists of two factors including crop residues (5) i) no use of 

extract (control), ii) aqueous extract of mustard crop residues @ 1:20 ratio (w/v), iii) 

aqueous extract of mustard crop residues @ 1:30 ratio (w/v), iv) aqueous extract of 

mustard crop residues @ 1:40 ratio (w/v) and v) hand weeding and variety (3): i) 

BARI Gom19  ii) BARI Gom21  iii) BARI Gom 24. The seeds were sown on 21 

November 2016 as per treatment specifications. The experiment was laid out in a 

randomized complete block design with three replications. The small pieces of 

sorghum crop residues were dipped into water for 24 hours and then collected the 

aqueous extract from residues.  The prepared sorghum aqueous extract was applied 

two times (20 days and 40 days) after seed sowing by a hand sprayer and harvesting 

was done at 3 months 15 days after sowing. Data were collected on the basis of 

different parameters of wheat and weeds. Among them percent inhibition shows the 

suppressing ability of aqueous extract of sorghum residues on weed. 

 

Inhibition (%) =  

 

Data were also collected from wheat on yield basis such as grain yield, straw yield, 

harvest index, etc., which showed the yield performance of wheat. The recorded data 

were compiled and tabulated for statistical analysis. Analysis of variance was done 

with the help of a computer package, MSTAT-C program. The mean differences 

among the treatments were adjudged by Duncan’s Multiple Range Test. 
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RESULTS AND DISCUSSION 

Infested weed species in the experimental field 

Seven weed species belonging to five families infested the experimental field. Local 

name, scientific name, family, morphological type and life cycle of the weed in the 

experimental plot have been presented in Table 1. Ahmed and Uddin (2018) also 

reported some major weeds infestation in wheat field and their effective suppression 

by the application of sorghum crop residues.  
 

Table 2. Infested weed species found growing in the experimental plots in wheat 

Sl. 

No. 

Local 

name 

Scientific name Family Morphological 

type 

Life cycle 

1 

2 

3 

4 

5  

6 

7                             

Bathua 

Mutha 

Durba 

Shama 

Tit begun 

Biskatali 

Angta 

Chenopodium album 

Cyperus rotundas 

Cynodon dactylon 

Echino chloacrusgalli 

Solanum torvum 

Polygonum hydropiper 

Paspalum scrobiculatum 

 

Chenopodiaceous 

Cyperaceae 

Gramineae 

Gramineae 

Solanaceae 

Polygonaceae 

Gramineae 

 

Broad-leaved 

Sedge  

Grass 

Grass 

Broad-leaved 

Broad-leaved 

Grass 

Annual 

Perennial 

Perennial 

Annual 

Perennial 

Annual 

Annual 

 

Effect of variety on number and percent inhibition on different weeds 

Variety shows a significant effect on number of weed populations for all weed 

species. The lowest number of weeds was found in different varieties for different 

weeds (Table 2). On the other hand, percent inhibition was significantly affected by 

variety for all weed species. Bathua (Chenopodium album), mutha (Cyperus 

rotundas), durba (Cynodon dactylon), biskatali (Polygonum hydropiper) and angta 

(Paspalum scrobiculatum) were showed 53.02, 49.29, 53.00, 52.90, 56.46 % percent 

inhibition, respectively, for V2 and tit begun (Solanum torvum), shama (Echino  

chloacrusgalli) were found 57.11, 55.03 in V3 variety (Table 2). The percent 

inhibition of weed is significantly influenced by variety of transplanted Aman rice 

and residual effect of marsh pepper (Pramanik et al., 2019). 
 

Table 3. Effect of variety on number and percent inhibition on different weeds 
Number of weed per quadrate (25 x 25) cm2 % Inhibition 

Weed 

name 

Bathua Mutha Biskatali Durba Tit 

begun 

Shama Angta Bathua Mutha Biskatali Durba Tit  

begun 

Shama Angta 

variety               

V1 3.00a 4.33a  7.60a 4.40a 3.60a  4.27a 3.72a 46.37b 39.07b 42.94c 41.30b 50.83b 48.82b 52.74c 

V2 2.53b 2.93c  4.27c 2.534c 2.65b 3.60b 2.07c 53.02a 49.29a 52.90a 53.00a 52.85ab 52.77ab 56.46a 

V3 3.00a 3.47b  5.94b 3.20b 2.10c 3.13c 2.74b 51.49a 46.26a 48.41b 50.95a 57.11a 55.03a 54.14b 

CV (%) 6.49 11.64 5.45 17.08 10.69 5.08 15.42 9.86 13.68 7.79 10.71 11.33 10.72 3.05 

V1 = BRRI Gom 19 (Sourav), V2 = BARI Gom 21 (Shatabdi), V3 = BARI Gom 24 (Prodip) 
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Effect of aqueous extract of mustard on number and percent inhibition on 

different weeds 

Numbers of weed populations are significantly affected by the treatments for all 

weed species. Weeds can be suppressed by physical hindrance or by posing 

chemical (allelopathy) secreted by mulching of crop residues (Khaliq et al. 2015; 

Reddy, 2001).  The lowest weed population was found in C4 treatments (Hand 

weeding) followed by C1 treatment (Table 3). The highest percent inhibition was 

also found in C4 treatment, which is followed by C1 treatment, where the 

concentration of aqueous extract of sorghum was high (1:20). Numerically 66.32, 

60.98, 67.52, 73.90, 67.65, 66.40 and 67.36 % inhibition were found in bathua (C. 

album), mutha (C. rotundus), biskatali (P. hydropiper), durba (C. dactylon), tit 

begun (S. torvum), shama (E. crusgali) and angta (P. scrobiculatum) respectively, 

for C1 treatment (Table 3).  

Table 4. Effect of aqueous extract of mustard crop residues on number and percent 

inhibition on different weeds 

Number of weed per quadrate (25 × 25) cm2 % Inhibition 
Weed 
name 

Bathua Mutha Biskatali Durba Tit 
begun 

Shama Angta Bathua Mutha Biskatali Durba Tit 
begun 

Shama Angta 

Treatments 

C0 4.78a 5.67a 9.11a 5.56a 4.94a 6.33a 5.52a 0.00d 0.00e 0.00e 0.00d 0.00d 0.00d 0.00e 

C1 1.99d 2.78d 4.89d 2.22d 1.53d 2.66d 1.46d 66.32b 60.98b 67.52b 73.90a 67.65b 66.40b 67.36b 

C2 2.66c 3.22c 5.56c 3.33c 3.11c 3.22c 2.86c 62.15b 54.91c 53.38c 61.46b 64.47b 63.43b 64.68c 

C3 3.33b 4.11b 6.78b 4.11b 3.67b 4.66b 3.87b 49.12c 34.62d 40.75d 28.30c 56.53c 55.81c 62.84d 

C4 1.44e 2.11e 3.33e 1.67d 0.68e 1.44e 0.51e 74.94a 73.86a 78.75a 78.41a 79.33a 75.41a 77.36a 

CV 

(%) 

6.72 6.88 2.67 5.16 5.70 7.87 9.32 2.81 3.57 3.29 3.66 9.80 8.94 5.01 

 

C0 = No use of extract, C1 = Aqueous extract of mustard crop residues @ 1:20 ratio (w/v), C2 

= Aqueous extract of mustard crop residues @ 1:30 ratio (w/v), C3 = Aqueous extract of 

mustard crop residues @ 1:40 ratio (w/v), C4 = Hand weeding, In a column, figures with the 

same letter do not differ significantly as per DMRT. 

The combined effect of variety and aqueous extract of mustard on number and 

percent inhibition on different weeds 

Numbers of weed populations are significantly affected by the combined effect of 

variety and treatments for all weed species except durba (Cynodon dactylon). On the 

other hand, highest percent inhibition was also found in the V2C4 combination 

(Table 5). 
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Table 5. Combined effect of variety and aqueous extract of mustard on number and 

percent inhibition on different weeds 
 

Number of weed per quadrate (25 × 25) cm
2
 % Inhibition 

Weed name Bathua Mutha Biskatali Durba Tit 

begun 

Shama Angta Bathua Mutha Biskatali Durba Tit 

begun 

Shama Angta 

Treatments             

V1C0 5.00a 7.00a 11.67a 7.00 6.67a 7.33a 7.33a 0.00 0.00 0.00g 0.00e 0.00 0.00 0.00 

V1C1 2.33f 3.33cde 6.00e 3.00 2.67e 3.33h 2.00fg 61.91 53.25 66.52b 66.25b 63.73 62.48 65.00 

V1C2 3.00d 3.67cd 7.67c 4.00 3.67cd 4.00g 3.33cd 56.61 44.13 38.75e 58.45b 60.86 59.41 63.00 

V1C3 3.67c 5.33b 8.67b 5.33 4.00bc 5.00d 4.93b 40.43 28.37 31.69f 4.89e 49.59 48.57 60.90 

V1C4 1.33i 2.33fg 4.00h 2.67 1.00fg 1.67j 1.00hi 72.91 69.63 77.74a 76.90a 79.96 72.98 74.80 

V2C0 4.33b 4.00c 7.00d 4.00 4.33b 6.00b 3.90c 0.00 0.00 0.00g 0.00e 0.00 0.00 0.00 

V2C1 1.67gh 2.33fg 3.67h 1.67 1.27f 2.33i 0.73ij 68.47 66.99 68.86b 77.58a 67.00 66.58 70.00 

V2C2 2.33f 3.00def 3.67h 2.67 3.33d 3.33h 2.44ef 65.21 62.98 63.09bc 63.97b 62.00 63.85 67.00 

V2C3 2.67e 3.33cde 4.67g 3.33 3.67cd 4.67e 3.10de 53.91 39.04 52.56d 44.40c 56.67 58.77 65.38 

V2C4 1.67h 2.00g 2.33i 1.00 0.67gh 1.67j 0.20j 77.47 77.47 79.99a 79.05a 78.60 74.66 79.92 

V3C0 5.00a 6.00b 8.67b 5.67 3.83bcd 5.66c 5.33b 0.00 0.00 0.00g 0.00e 0.00 0.00 0.00 

V3C1 2.00g 2.67efg 5.00fg 2.00 0.65gh 2.33i 1.67gh 66.63 62.70 67.19b 77.86a 72.22 69.66 67.09 

V3C2 2.67e 3.00def 5.33f 3.33 2.33e 2.33i 2.80de 62.72 57.64 58.30cd 61.97b 70.55 66.84 64.03 

V3C3 3.67c 3.67cd 7.00d 3.67 3.33d 4.33f 3.57cd 50.26 36.45 38.01e 35.61d 63.33 60.13 62.24 

V3C4 1.67h 2.00g 3.67h 1.33 0.37h 1.00k 0.33ij 74.45 74.49 78.54a 79.29a 79.44 78.58 77.35 

CV (%) 6.49 11.64 5.45 17.08 10.69 5.08 15.42 9.86 13.68 7.79 10.71 11.33 10.72 3.05 
 

V1 = BRRI Gom 19 (Sourav), V2 = BARI Gom 21 (Shatabdi), V3 = BARI Gom 24 (Prodip), 

C0 = No use of extract, C1 = Aqueous extract of mustard crop residues @ 1:20 ratio (w/v), C2 

= Aqueous extract of mustard crop residues @ 1:30 ratio (w/v), C3 = Aqueous extract of 

mustard crop residues @ 1:40 ratio (w/v), C4 = Hand weeding, In a column, figures with the 

same letter do not differ significantly as per DMRT. 

Effect of variety on yield and yield contributing characters of wheat 

Varietal effect on yield and yield contributing characters of wheat showed a 

significant effect. Highest plant height, higher number of total tillers and effective 

tillers hill
-1

, higher number of grain spike
-1

, higher number of filled grain spike
-1

, 

highest straw yield and highest harvest index was found in V2 (BARI Gom21) 

variety (Table 5).The highest grain yield (4.08 tha
-1

) was obtained in BARI GOM21 

followed by BARI GOM24 (3.87 tha
-1

) (Fig. 1). It is reported that variety 

significantly differed in respect of grain yield and BR11showed the highest yield 

4.09 tha
-1 

(Hossain et al., 2017). 
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Table 6. Effect of variety on yield and yield contributing characters of wheat 
 

Cultivars Plant 

height 

(cm) 

No. of 

total 

tillers 

hill–1 

No. of 

effecti

ve 

tillers 

hill–1 

No. of 

non 

effectiv

e tillers 

hill– 

Spike 

length 

(cm) 

No. of 

grains 

spike-1 

Filled 

grain 

spike–1  

1000 

grain 

weight 

(gm) 

Grain 

yield 

(t ha–

1) 

Stra

w 

yield

(t ha–

1) 

Harve

st 

index 

(%) 

V1 93.59b 4.05b 3.46c 0.59 10.30 42.61b 14.54b 54.87 3.49c 4.19c 45.41a 

V2 97.13a 4.30a 3.72a 0.58 10.71 44.49a 15.35a 55.61 4.08 a 5.03a 44.78b 

V3 95.88ab 4.15b 3.58b 0.57 10.48 43.60ab 15.16a 55.34 3.87b 4.57b 45.77a 

CV (%) 3.95 3.84 3.20 17.52 5.80 3.49 3.01 2.01 1.16 3.02 1.52 

 

V1 = BRRI Gom 19 (Sourav), V2 = BARI Gom 21 (Shatabdi), V3= BARI Gom 24 (Prodip)  

Effect of aqueous extract of mustard crop residues on yield and yield 

contributing characters of wheat 

Aqueous extract of mustard crop residues had also a significant effect on yield and 

yield contributing characters. The highest grain yield (4.22 tha
-1

) was produced by 

C4 treatment, followed by C1 (4.02 tha
-1

) and lowest one (3.32 tha
-1

) was produced 

by C0 (no use of extract) treatment due to the production of higher number of 

effective tillers hill
-1

, higher number of grain spike
-1

, higher number of filled grain 

spike
-1

 (Table 6 and Figure 2). Uddin and Pyon (2010) also reported the similar 

results, where crop residues influenced in crop performance. 

 

Table 7. Effect of aqueous extract of mustard crop residues on yield and yield 

contributing characters of wheat 

Residues Plant 

height 

(cm) 

No. of 

total 

tillers 

hill–1 

No. of 

effective 

tillers 

hill–1 

No. of 

non 

effective 

tillers 

hill– 

Spike 

length 

(cm) 

No. of 

grains 

spike-1 

Filled 

grain 

spike–1 

1000 

grain 

weight 

(gm) 

Grain 

yield(t 

ha–1) 

Straw 

yield(t 

ha–1) 

Harv

est  

index

(%) 

C0 90.98d 3.78e 3.22e 0.56 10.11b 40.19c 13.97d 54.73 3.32e 4.05e 45.07 

 

C1 98.14ab 4.39b 3.80b 0.59 10.59ab 44.61ab 15.39ab 55.51 4.02b 4.83b 45.44 

 

C2 95.89bc 4.13c 3.55c 0.59 10.43ab 43.86b 15.15bc 55.36 3.85c 4.67c 45.18 

 

C3 92.67cd 3.97d 3.37d 0.60 10.31b 43.36b 14.86c 54.99 3.65d 4.31d 45.88 

 

C4 99.98a 4.55a 4.008a 0.55 11.04a 45.81a 15.70a 55.78 4.22a 5.16a 45.04 

Level of  

significa

nce 

** ** ** NS * ** ** NS ** ** NS 

CV (%) 3.95 3.84 3.20 17.52 5.80 3.49 3.01 2.01 1.16 3.02 1.52 
 

C0 = No use of extract, C1 = Aqueous extract of mustard crop residues @ 1:20 ratio (w/v), C2 

= Aqueous extract of mustard crop residues @ 1:30 ratio (w/v), C3 = Aqueous extract of 

mustard crop residues @ 1:40 ratio (w/v), C4 = Hand weeding, ** =Significant at 1% level of 

probability 

 

 

 



24                                                                                                                                               Sarkar et al. 
 

 

Combined effects of variety and aqueous extract of mustard crop residues on 

yield and yield contributing characters of wheat 

Yield and yield contributing characters like straw yield and grain yield were 

significantly affected by the interaction between variety and crop residues. V2C4 

combination showed the maximum result and the lowest result was produced by 

V1C0 combination (Table7). It is reported that BRRI dhan 56 under buckwheat crop 

residues 0.5 t/ha and marsh pepper residues at 1 t/ha produced the highest grain yield 

(Afroz et al., 2018) 
 

Table 8. Combined effects of variety and aqueous extract of mustard crop residues 

on yield and yield contributing characters of wheat 
 

Variety 

x 

Residue 

Plant 

height 

(cm) 

No. of 

total 

tillershill–

1 

No. of 

effective 

tillers 

hill–1 

No. of 

non 

effective 

tillers 

hill–1 

Spike 

length 

(cm) 

No. of 

grains 

spike-1 

Filled 

grain 

spike–1 

1000 

grain 

weight 

(gm) 

Grain 

yield 

(tha–

1) 

Straw 

yield 

(tha–1) 

Harvest 

index 

(%) 

V1C0 90.07 3.68 3.07 0.62 9.92 37.98 12.77e 54.50 3.02i  3.67j 45.20abc 

V1C1 95.80 4.30 3.73 0.57 10.40 44.01 15.19abc 55.03 3.67ef 4.35gh 45.76ab 

V1C2 94.87 4.00 3.37 0.63 10.22 43.49 15.17abc 54.73 3.50g  4.25gh 45.16abc 

V1C3 90.67 3.87 3.27 0.60 10.19 42.87 14.26d 54.57 3.35h  4.00i 45.60ab 

V1C4 96.53 4.40 3.87 0.53 10.80 44.71 15.29abc 55.50 3.89d  4.69e 45.34abc 

V2C0 92.53 3.87 3.33 0.53 10.28 42.13 14.61cd 55.03 3.62f  4.39fg 45.20abc 

V2C1 100.10 4.50 3.87 0.63 10.82 45.30 15.72ab 55.90 4.23b  5.35b 44.17cd 

V2C2 97.07 4.27 3.67 0.60 10.66 44.39 15.19abc 55.73 4.15c  5.10c 44.87bcd 

V2C3 93.87 4.13 3.53 0.60 10.38 43.81 15.21abc 55.33 3.90d  4.60ef 45.91ab 

V2C4 102.07 4.73 4.22 0.52 11.39 46.82 16.02a 56.07 4.51a  5.79a 43.77d 

V3C0 90.33 3.80 3.27 0.53 10.13 40.46 14.54cd 54.67 3.33h  4.10hi 44.82bcd 

V3C1 98.53 4.37 3.80 0.57 10.56 44.51 15.26abc 55.60 4.15c  4.80de 46.37a 

V3C2 95.73 4.13 3.60 0.53 10.41 43.71 15.08bcd 55.60 3.89d  4.65e 45.51ab 

V3C3 93.47 3.93 3.33 0.60 10.35 43.41 15.10bc 55.07 3.71e  4.33gh 46.14ab 

V3C4 101.33 4.53 3.93 0.60 10.93 45.89 15.80ab 55.77 4.26b  5.00cd 46.01ab 

Level of 

significance. 
NS NS NS NS NS NS * NS 

** 
* * 

CV (%) 3.95 3.84 3.20 17.52 5.80 3.49 3.01 2.01 1.16 3.02 1.52 
 

V1 = BRRI Gom19 (Sourav), V2 = BARI Gom21 (Shatabdi), V3 = BARI Gom24 (Prodip), C0 

= No use of extract, C1 = Aqueous extract of mustard crop residues @ 1:20 ratio (w/v), C2 = 

Aqueous extract of mustard crop residues @ 1:30 ratio (w/v), C3 = Aqueous extract of 

mustard crop residues @ 1:40 ratio (w/v), C4 = Hand weeding, ** =Significant at 1% level of 

probability, * = Significant at 5% level of probability, NS = Non significant 

 

CONCLUSION 

From the above results it was found that weed population, percent inhibition 

were significantly affected by variety, mustard crop residues and their interaction. 

The variety BARI Gom 21 with C4 (hand weeding) treatment exhibited the superior 

effect and BARI Gom 21 with (C4) 1:20 ratio (w/v) showed quit close result with it. 

It is irrefutable that chemical control of weeds has negative impact on our natural 

environment whereas incorporation of mustard crop residues have pronounced 

influenced on yield and yield contributing characteristics of wheat showed 

potentiality to suppress weed growth. Indeed, application of mustard crop residues 
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may be a pragmatic option for suppressing weed that emphasize optimal crop 

production with minimal external, reducing dependence on commercial inputs 

(fertilizer and pesticides) and substituting them with internal resources and relying 

on sustainable practices which could maintain the productivity over long periods.  
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ABSTRACT 

Genetic diversity of twenty-one genotypes of tossa jute was studied 
through Mahalanobis D

2
 statistic and principal component analysis 

for 15 quantitative traits related to yield at the research farm of 
Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. The 
genotypes were grouped into four clusters. Cluster III contained the 
highest number of genotypes (nine), while cluster II had the  lowest 
number of genotypes (three). The inter-cluster distances were 
higher than intra-cluster distances indicating wider genetic diversity 
among the genotypes of different clusters. The intra-cluster 
distances were lower in all the cases reflecting homogeneity of the 
genotypes within the cluster. The highest intra-cluster distance was 
noticed for the cluster I and the lowest for cluster IV. The genotypes 
from cluster I could be selected as parents for hybridization for 
producing transgressive segregants. The highest inter-cluster 
distance was found between clusters I and IV followed by clusters I 
and III and the lowest  was between clusters III and IV. Cluster IV 
recorded the highest mean value for plant height, base diameter, 
root length, leaf area, fresh weight with and without leaves,  dry 
fiber weight and dry stick weight. In the total divergence, the highest 
contribution was recorded in plant height (65.1%) followed by base 
diameter (16.6%). The first two principal components, whose eigen 
values were greater than one, accounted for 81.7% of the total 
variations among the genotypes for fifteen fiber  related traits. 
Considering the magnitude of cluster distance, cluster means for 
different characters and contribution of characters towards 
divergence, the genotypes G17, G18 from cluster IV; G1, G2, G5, 
G10, G16 from cluster I and G4 from  cluster III could be selected 
as promising parents for hybridization program. 

Keywords: Cluster analysis, D
2 

statistic, Genetic diversity, Principle 
component analysis, Tossa jute  
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INTRODUCTION 

Jute is popularly known as ‘Golden fiber’ and mainly cultivated for its 

biodegradable, lignocellulosic bast fiber (Sawarkar et al., 2015a). Globally, jute is 

familiar as the second most important fiber yielding crops after cotton. India, 

Bangladesh, China, Nepal, Myanmar and Thailand  are the major producers of the 

total world production of jute, kenaf and allied fibers. Jute occupies a unique 

position in the national economies of Bangladesh and India in terms of its 

contributions to employment in industry and agriculture, as also in foreign exchange 

earnings. In the year of 2018, the total jute production in the world was 3.63 million 

tons, where India and Bangladesh contributed 3.56 million tons and those were more 

than 98 % of the global jute production (FAO, 2018). In the year of 2017-18, 

Bangladesh produced 8895 thousand bales of jute in 1874 thousand acreage of land 

(BBS, 2018).  

The demand of bast fiber of jute is increasing day by day because of its diversified 

and flourishing needs in different industries e.g., textiles, automobiles, hessians, 

barlaps, ropes, sacks and agricultural industries (Saha et al., 2017). Generally, there 

are two popular cultivated jute species in India and Bangladesh,  viz., white jute 

(Corchorus capsularis) and tossa jute (C. olitorius) (Zhang et al., 2015). Tossa jute 

is comparatively high yielder, producing softer, silkier, stronger and finner fiber as 

well as expressing more sustainability in the prevailing climatic conditions of the 

South Asian zone than the white one (Arpita and Kumar, 2016). Due to the high 

fiber-quality coupled with eco-friendly and biodegradable nature, the demand of the 

tossa jute fiber is increasing day by day in the western countries (Jatothu et al., 

2018) indicating that there is an urgent need to increase the yield levels of jute. The 

yield levels of the cultivated varieties have plateaued as most of the released 

varieties were developed from few selected parents. 

In a successful plant breeding program, it is an inevitable need to find out the most 

diverse parents to get high heterotic hybrids or transgressive segregants (Arpita and 

Kumar, 2016). Analysis of genetic diversity is a basic tool for selection of potential 

parents in breeding program. Being a self-pollinated crop, jute has very narrow 

genetic base. Hence, yield improvement of jute remains comparatively challenging 

through using the subsisting jute varieties or breeding lines (Sawarkar et al., 2015a). 

Incorporatioin of novel breeding lines having new genetic make-up and diverse 

genetic bond could overcome the present  stagnent and fiber yield sealing in jute 

breeding program. Thus, assessment of the genetic diversity in the collected jute 

germplasms is essential for identifying the novel jute genotypes, which could be 

used as elite parental lines in jute breeding program. Keeping this notion in mind, in 

the present study we assessed the nature and degree of genetic diversity among 

twenty-one new accessions of tossa jute for selection of prospective parents to 

develop transgressive segregants which will be ultimately used for developing 

modern jute variety. 
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MATERIALS AND METHODS 
 

Plant materials and experimental design 

The plant materials of the study consisted of twenty-one genotypes (5 varieties and 

16 accession lines) of tossa jute (Table 1).  

Table 1. List of twenty-one  tossa jute germplasm along with their source  

Sl. No. Variety / Acc. No. Source / Origin 

1.  Var. O-4 (G1)  Bangladesh Jute Research Institute 

2.  Var. O-72 (G2) Bangladesh Jute Research Institute 

3.  Var. O-795 (G3) Bangladesh Jute Research Institute 

4.  Var. O-3820 (G4) Bangladesh Jute Research Institute 

5.  Var. O-9897 (G5) Bangladesh Jute Research Institute 

6.  Acc. 4310 (G6) Bangladesh Jute Research Institute 

7.  Acc. 4674 (G7) Bangladesh Jute Research Institute 

8.  Acc. 4785 (G8) Bangladesh Jute Research Institute 

9.  Acc. 4850 (G9) Bangladesh Jute Research Institute 

10.  Acc. 5041 (G10) Bangladesh Jute Research Institute 

11.  Acc. 5085 (G11) Bangladesh Jute Research Institute 

12.  Acc. 5086 (G12) Bangladesh Jute Research Institute 

13.  Acc. 5087 (G13) Bangladesh Jute Research Institute 

14.  Acc. 5088 (G14) Bangladesh Jute Research Institute 

15.  Acc. 5102 (G15) Bangladesh Jute Research Institute 

16.  Acc. 5103 (G16) Bangladesh Jute Research Institute 

17.  Acc. 5120 (G17) Bangladesh Jute Research Institute 

18.  Acc. 5135 (G18) Bangladesh Jute Research Institute 

19.  Acc. 5138 (G19) Bangladesh Jute Research Institute 

20.  Acc. 5155 (G20) Bangladesh Jute Research Institute 

21.  Acc. 5159 (G21) Bangladesh Jute Research Institute 
 

The seeds were collected from the breeding division of Bangladesh Jute Research 

Institute (BJRI), Dhaka. The field experiemt was conducted in  kharif season  

(March - September) at the research farm of Sher-e-Bangla Agricultural University, 

Dhaka, Bangladesh. The seeds of each genotype were sown in line  during March of  

kharif - I season (25
th
 March 2017). Randomized complete block design was 

followed with three replications in the area of 250 m
2
 research plot and in each 

replication 3 rows of each genotype were sown maintaining the distance of 5 cm 

from plant to plant within each line and 30 cm from line to line. Before sowing, the 

seeds were treated with Bavistin @ 2.0 g/kg seed. All agronomic practices e.g. 

weeding, thinning, irrigation, drainage, application of fertilizers  and pesticides were 

followed according to the recommendation of BJRI (Islam and Rahman, 2008). In 

this field experiment jute was harvested 110-130 days after planting, depending on 

variety and accessions. Some genotypes were sensitive to short day length, causing 
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them to bloom prematurely. These genotypes were harvested within 110 days after 

planting, just before pods develop. 

Observation of morphological parameters  

Data were collected on 15 yield  and yield related parameters such as plant height 

(m), base diameter (cm), middle diameter (cm), top diameter (cm), number of node 

plant
-1

, number of branch plant
-1

, petiole length (cm), leaf area (cm
2
), root length 

(cm), root diameter (cm), root weight plant
-1

 (g), fresh weight with leaves plant
-1

 (g), 

fresh weight without leaves plant
-1

 (g), dry stick weight plant
-1

 (g) and dry fiber 

weight plant
-1

 (g). Five plants of each genotype from each replication were selected 

at random for recording the data on various parameters. 

Stastistical analysis 

Replication means over 3 replications were used for statistical analysis. The genetic 

diversity among the genotypes was studied following Mahalanobis (1936) 

generalized distance (D
2
) extended by Rao (1952). Principal Component Analysis 

(PCA), Principal Coordinate Analysis (PCO), Cluster Analysis (CA) and Canonical  

Variate Analysis (CVA) were carried out by using GENSTAT 5.13 softwares. 

 

RESULTS AND DISCUSSION 

Genetic diversity provides a rational basis for selection of parents in hybridization 

programme. The genetic divergence and clustering of the genotypes were studied 

based on the characters studied and presented in below. 

The principal component analysis 

The principal component analysis (PCA) showed eigen values and percent of 

variation in respect of fifteen component characters of twenty-one genotypes of 

tossa jute (Table 2).  

The principal component analysis (PCA) indicated that only the first two principal 

components showed eigen values above one and jointly responsible for 81.7% of the 

total variation among the genotypes evaluated for fifteen characters or components 

(Table 2). Jatothu et al. (2018) reported that the first two principal components 

having the eigen values greater than one accounted for 74 % of total diversity. 

Denton and Nwangburuka (2012) and Ghosh et al. (2014) also studied the jute 

genetic diversity and found the similar results. Among the fifteen characters studied 

here, the principal component I contributed maximum to the value of 65.1 %, 

followed by component II (16.6 %), component III (5.3 %), and component IV (4.6 

%). Therefore, these component characters could be considered for the selection of 

elite genotypes in the breeding program. Sawarkar et al. (2015b) studied the genetic 

divergence among thirty genotypes of tossa jute and reported that fiber yield 

contributed highest (43.68 %) towards divergence followed by plant height (20.69 

%), base diameter (9.66 %) and green weight (5.28 %). Similar results were also 

reported by Nayak et al. (2009). 
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Table 2. Eigen values and percent  variation accounted for by  fifteen characters of 

twenty-one genotypes of tossa jute  

Principal component axes 
Eigen 

values 
Percent variation Cumulative % of variation 

I 9.7621 65.1 65.1 

II 2.4949 16.6 81.7 

III 0.7967 5.3 87.0 

IV 0.6878 4.6 91.6 

V 0.4418 3.0 94.6 

VI 0.2952 2.0 96.6 

VII 0.1858 1.2 97.8 

VIII 0.1257 0.8 98.6 

IX 0.0797 0.5 99.1 

X 0.0611 0.4 99.5 

XI 0.0368 0.3 99.8 

XII 0.0209 0.1 99.9 

XIII 0.0099 0.1 100.0 

XIV 0.001 0.0 100.0 

XV 0.0004 0.0 100.0 

Clustering of  genotypes based upon genetic diversity 

By using Tocher’s method (Rao, 1952) the twenty-one genotypes were grouped into 

clusters and it was found that in total there were four clusters based on the relative 

magnitude of  values (Table 3 and Figure 1).  

 
         

Figure 1. Four clusters of twenty-one genotypes of tossa jute 
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Among the four clusters, cluster III contained the highest number of genotypes 

(nine), while clusters I, IV and II containted five, four and three genotypes, 

respectively (Table 3). Ghosh and Jethi (2013) studied the genetic diversity of C. 

olitorious and C. capsularis and found four clusters of the genotypes. 

Table 3. Distribution of twenty-one genotypes of tossa jute in four clusters 

 

The inter-cluster distances in all of the cases were higher than the intra-cluster 

distance indicating  wider genetic diversity  among the genotypes of different 

groups. The intra-cluster distance was highest in cluster I (0.740) suggesting higher 

genetic variation among the genotypes in this cluster and lowest in cluster IV 

(0.570) suggesting close genetic relationship among the genotypes in cluster IV 

(Figure 1). Jatothu et al. (2018) also found  similar result in tossa jute (C. olitorius) 

germplasm. 

The highest inter-cluster distance was found between cluster I and IV (44.56) 

followed by cluster I and III (35.67), cluster II and IV (28.1), cluster II and III 

(19.74), cluster I and II (19.11) and cluster III and IV (8.89) (Figure 2).  

I

0.740

II

0.735

III

0.669

IV

0.570

 
        Figure 2. Intra and inter cluster distances (D

2
) for 21 genotypes of tossa jute 

 

Literally, in a hybridization program, it is unexpected to get superior hybrids or 

segregants from the genotypes belonging to the same cluster. It is believed that the 

maximum amount of heterosis is obtained in hybrids or segregants involving the 

Cluster Number of genotypes Genotypes 

I 5 G1, G2, G5, G10 and G16 

II 3 G7, G8 and G9 

III 9 G3, G4, G11, G12, G13, G14, G15, G20 and G21 

IV 4 G6, G17, G18 and G19 
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genotypes belonging to the more divergent origins than the less divergent genotypes 

(Falconer, 1981). Here, the genotypes belonging to the clusters I and IV had the  

highest distance, indicating that the genotypes might produce a wider spectrum of 

segregating populations. Because maximum amount of heterosis is manifested in 

cross combinations involving the parents belonging to most divergent clusters.  So, 

more emphasis should be given on clusters I and IV to obtain stronger heterosis and 

broad spectrum of variability in segregatants with new recombination of desired 

traits. Arpita and Kumar  (2016), Akter et al. (2010); Roy et al. (2011) and Jatothu et 

al. (2018) also reported similar findings while studying genetic diversity in tossa jute 

germplasm. 

Cluster mean analysis 

The results of cluster mean analysis (Table 4) indicated that the genotypes from 

cluster IV recorded the highest mean performance for plant height (3.5 m), base 

diameter (2.1 cm), middle diameter (1.5 cm), top diameter (0.6 cm), petiole length 

(3.7 cm), leaf area (36.6 cm), root length (15.5 cm), root diameter (2.3 cm), root 

weight plant
-1

 (53.6 g), fresh weight with leaves plant
-1

 (863.5 g), fresh weight 

without leaves plant
-1

 (810.2 g), dry stick weight plant
-1

 (129.5 g) and dry fiber 

weight plant
-1

 (43.9 g).  
 

Table 4. Cluster mean of fifteen characters of twenty-one genotypes of tossa jute 

Parameters Cluster 

 I II III IV 

Plant height (m) 3.2 3.1 3.4 3.5 

Base diameter (cm) 1.7 1.8 1.8 2.1 

Middle diameter (cm) 1.1 1.1 1.2 1.5 

Top diameter (cm) 0.4 0.5 0.5 0.6 

Number of nodes plant
-1

 62.6 60.1 65 62.3 

Number of branches plant
-1

 4.5 6.4 3.3 5.3 

Petiole length (cm) 2.2 2.7 3.3 3.7 

Leaf area (cm) 20.1 32.2 26.7 36.6 

Root length (cm) 13.5 14.1 14.3 15.5 

Root diameter (cm) 1.7 1.9 2 2.3 

Root weight plant
-1

  (g) 22.2 35.8 32.7 53.6 

Fresh weight with leaves plant
-1

  (g) 407.7 622.5 749.9 863.5 

Fresh weight without leaves plant
-1

  (g) 364.6 583 697.5 810.2 

Dry stick weight plant
-1

 (g) 57.3 74.8 83 129.5 

Dry fiber weight plant
-1

 (g) 19.9 24.1 30.6 43.9 
 

On the other hand, the genotypes from cluster I showed the minimum performance 

for most of the characters mentioned above. Genotypes in cluster II showed 

maximum number of branches plant
-1

 (6.4), while genotypes from cluster III showed 

the minimum performance (3.3). Cluster III showed maximum number of nodes 

plant
-1

 (65), whereas cluster II showed minimum nodes (60.1). However, the mean 
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value of different clusters varied in magnitude that also implies more diversity 

among the genotypes for all the fifteen characters. Similar findings were also 

observed by Arpita and Kumar (2016), Alam (2011), Roy et al. (2011), Ghosh et al. 

(2014) and Jatothu et al. (2018) while studying the genetic diversity in Corchorus 

spp. 

Contribution of characters towards divergence of the genotypes 

Contribution of characters towards divergence was obtained from canonical variate 

analysis (CVA) and is presented in Table 5. In the first principal component, the 

number of branches plant
-1

 and in the second principal component, base diameter, 

middle diameter, top diameter, number of branches plant
-1

, leaf area, root diameter 

and root weight plant
-1

, fresh weight with and without plant
-1

 leaves, dry stick weight 

plant
-1

 and dry fiber weight plant
-1

 recorded positive vector values. In both of the 

vectors (I and II), number of branches plant
-1

 had positive values, revealing the 

highest contribution towards divergence among the genotypes. On the other hand, in 

both of the vectors, plant height, number of nodes plant
-1

, petiole length and root 

length showed negative values, indicating lower contribution towards the 

divergence. Akter et al. (2010), Denton and Nwangburuka (2012), Jatothu et al. 

(2018), Hossain et al. (2002) also reported that plant height, base diameter, green 

weight, stick weight plant
-1

 and number of nodes played principal role towards 

genetic divergence in the investigations while analyzing the genetic diversity of 

tossa jute. 
 

Table 5. Relative contributions of the fifteen characters of twenty-one genotypes of    

tossa jute to the total divergence 

 

Parameters Vector-1 Vector-2 

Plant height (m) -0.1751 -0.4826 

Base diameter (cm) -0.2262 0.1775 

Middle diameter (cm) -0.2978 0.0014 

Top diameter (cm) -0.2749 0.0375 

Number of nodes plant
-1

 -0.0357 -0.5378 

Number of branches plant
-1

 0.0289 0.5715 

Petiole length (cm) -0.2922 -0.1682 

Leaf area (cm) -0.2737 0.1797 

Root length (cm) -0.2377 -0.1612 

Root diameter (cm) -0.3062 0.0549 

Root weight  plant
-1

 (g) -0.2982 0.1175 

Fresh weight with leaves  plant
-1

 (g) -0.2871 0.0031 

Fresh weight without leaves  plant
-1

 (g) -0.2852 0.0198 

Dry stick weight  plant
-1

 (g) -0.3078 0.1085 

Dry fiber weight  plant
-1

 (g) -0.3064 0.0517 
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For crop improvement both the agronomic performance of the genotypes and the 

characters with the maximum contributions towards divergence should be given 

emphasis while selecting parental lines (Fatema et al. 2019). Based on the  

performance of yield and yield related traits together with the magnitude of the 

genetic divergence of these twenty-one genotypes, G17 and G18 genotypes from 

cluster IV; G1, G2, G5, G10 and G16 genotypes from cluster I and G4 genotype 

from cluster III might be selected as potential parental lines for future hybridization 

programs. Nonetheless, it is worthy to note here that the superiority of a particular 

genotype in respect of a given character could be diluted by other genotypes that are 

related and grouped in the same cluster which is inferior for the character in 

question. Hence, apart from selecting lines from divergent clusters, selection of the 

parents should also be based on the extent of divergence with respect to the trait of 

interest.  

CONCLUSION 

The investigation on genetic diversity of tossa jute genotypes indicates that there is 

an appreciable amount of genetic variation among the genotypes. Based on the 

extent of genetic diversity groups, the tossa jute genotypes were grouped into four 

diversified clusters which helped to select  the genotypes to be used as prospective 

parents for crossing program. Particularly, the genotypes G17 and G18 from cluster 

IV; G1, G2, G5, G10 and G16 from cluster I and G4 from cluster III might be 

selected as these genotypes had the greatest genetic divergence. It may be assumed 

that upon hybridization their offspring could produce high heterotic combinations 

and trasgresssive segregants for developing new tossa jute variety. 
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ABSTRACT 

Eleven rice hybrids including two check varieties were evaluated to 
approximate their genetic variability, heritability and genetic 
advance for ten quantitative traits. The analysis of variance 
illustrated that all the quantitative traits differed significantly 
indicating that enough variation is presenting the studied materials. 
Among the desirable quantitative traits number of filled spikelet’s 
per panicle was found to have highest both phenotypic and 
genotypic variance followed by total number of spikelet’s per 
panicle. Almost all the characters showed a little variation between 
PCV and GCV revealing little influence of the environment on the 
expression of traits. High phenotypic and genotypic variance 
coupled with high heritability and high genetic advance was 
observed for number of filled spikelet’s per panicle, total number of 
spikelet’s per panicle, plant height and number of unfilled spikelet’s 
per panicle. Such findings stipulated that these traits were governed 
by additive gene actions which are fixable and these traits may be 
accounted for reliable index of selection. The genotypes G3 
(IR79156A × EL108R) and G6 (IR79156A × EL253R) were selected 
as high response superior promising rice hybrids for achievable 
yield advantage 49% and 23%, respectively over best check 
varieties. Therefore, the G3 and G6 are proposed to be extensively 
evaluated for further trial of variety release. 

Keywords: Genetic advance, Rice Hybrid, Heritability, Variability 

 

INTRODUCTION 

Sustainable food security is pivotal for the wellbeing of a nation. Now, food security 

is threatened by a climate change, growing population, the loss of arable land to 

urbanization and reducing productivity. Food security predominantly depends on 

https://doi.org/10.3329/sja.v18i2.51107
about:blank
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rice production as it is the staple food for many nations in the world. Rice is one of 

the most important food crops in the world, supporting 21 % of the total calorie 

intake of the world population and up to 76 % of that of Southeast Asia (Miura et al., 

2011). The production rate has gradually plateau because of the present yield ceiling 

of high yielding varieties. Hybrid rice, therefore is an evidence of vertical rice 

production technology (Oryza sativa L.), which could be a potential technological 

option for food security. About 77.07 % of total cropped area of Bangladesh is used 

for rice production, whereas 0.7 Mha covered by hybrid rice (AIS, 2018). Two 

breakthroughs that led to quantum leaps in productivity last century were the 

introduction of semi dwarf varieties and hybrid rice (Qian et al., 2016). The genus 

Oryza can grow in diversified climatic conditions. The genus Oryza displays a wide 

range of genetic and phenotypic diversity because this wide range of growing habitat 

under diverse climatic conditions (Childs, 2004). Genetic variability, heritability and 

genetic advance and QTLs mapping in ice has been studied (Laxuman et al., 2010, 

Abebe et al., 2017; Laxmi et al., 2019) to analyze the different traits for crop 

improvement. Grain yield is a complex trait, controlled by polygene’s which are 

highly influenced by environment. Therefore, it is difficult to anticipate whether the 

variability is heritable. However, in deciding the response to selection, the 

heritability of a genetic trait is very important as it implies the magnitude of the 

transmissibility of that trait to next generations. Alternatively, high genetic advance 

as percent of mean coupled with high heritability provides the most effective 

selection condition for a specific trait (Larik and Rajput, 2000). However, the 

present study aimed to estimate the genetic parameters (genotypic and phenotypic 

coefficient of variation, heritability and genetic advance) among quantitative traits 

which are helpful in exposing and understanding the clear picture of existing 

variability in the genotypes as well as to identify the promising genotypes for further 

advancement of breeding trial.  

 

MATERIALS AND METHODS 

Experimental site, plant materials and experimental design and procedures 

The present study comprised of nine F1 promising rice hybrids, combinations of 

BRRI35A × EL108R (G1), BRRI48A × EL108R (G2), IR79156A × EL108R (G3), 

BRRI35A × EL253R (G4), BRRI48A × EL253R (G5), IR79156A × EL253R (G6), 

BRRI35A × EL254R (G7), BRRI48A × EL254R (G8) and IR79156A × EL254R 

(G9) and two check varieties namely BRRI hybrid dhan4 (G10) and BRRI hybrid 

dhan6 (G11). The material was planted in Randomized Complete Block Design 

(RCBD) with three replications at research farm BRRI, Gazipur during T Aman 

(rain fed condition) 2018. Individual plot size of each entry was 10 m
2
. The seeds 

were fully soaked in water for 24 hours for appearance of small shoots at the end of 

the seed. The pre-germinated seeds were sown in the seedbed. The seedlings were 

allowed to grow for 21 days in the seedbed before transplanting it to the field on 18 

July, 2018. A single seedling per hill at 21 days was manually transplanted to the 
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rice field. A standard spacing was maintained for planting which were row to row 

and plant-to-plant 20 cm and 15 cm, respectively. Fertilizers were applied at the rate 

of 150:100:70 kg N: P: K and 60:10 kg Gypsum: ZnSO4, respectively per hectare. 

Except N, all fertilizers were applied as basal dose during final land preparation. 

Nitrogen fertilizer was applied as top-dressed at the splits of 15, 30 and 45 days after 

transplanting. Intercultural operation, disease management and pest control 

measures were followed during the crop growth period. 

Data collection 

The data were recorded for ten quantitative traits viz., days to maturity, plant height 

(cm), effective tillers per hill, panicle length (cm), total number of spikelet’s per 

panicle, number of filled spikelet’s per panicle, number of unfilled spikelet’s per 

panicle, spikelet fertility (%), 1000-grain weight (g) and grain yield (tha
-1

) based on 

Standard Evaluation System for rice (IRRI, 1996). Five plants were randomly 

selected from each plot excluding two border rows on both sides. Grain yield was 

adjusted at 14 % moisture content. 

Statistical analysis 

Analysis of variance (ANOVA) was carried out using R program package (Ri386 

4.0.1). The genetic parameters consisted of phenotypic variances (Vp) and genotypic 

variances (Vg), phenotypic coefficient of variation (PCV) and genotypic coefficient 

of variation (GCV), heritability (%), genetic advance (GA) and genetic advance as 

percent of mean (GAM) were estimated following the formula given by Burton and 

Vane (1953) and Johnson et al. (1955). 

 

RESULTS AND DISCUSSION 

Analysis of variance (ANOVA) 

The analysis of variance revealed that significant differences were present among 

the genotypes studied for all the traits viz., days to maturity, plant height (cm), 

effective tillers per hill, panicle length (cm), total number of spikelet’s per panicle, 

number of filled spikelet's per panicle, number of unfilled spikelet’s per panicle, 

spikelet fertility (%), 1000-grain weight (g) and grain yield (t ha
-1

), which indicates 

presence of adequate variability among the genotypes (Table 1). Thus, there is 

ample scope for the selection of various quantitative traits for rice improvement. 

Significant genetic differences among the rice genotypes were also reported by 

Bekele et al. (2013), Rashid et al. (2017), Abe be et al. (2017) and Gyawali et al. 

(2018). 
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Table 1. Analysis of variance of promising rice hybrids for different traits (Mean 

square value) 

Sl No. Traits Replication Treatment Error 

1 Days to maturity 3.84 132.69** 4.41 

2 Plant height (cm) 11.36 358.78** 3.95 

3 Effective tillers/hill 4.75 10.28** 0.86 

4 Panicle length (cm) 0.67 14.97** 1.13 

5 Total number of 

spikelet’s/panicle 

10.18 2012.69** 17.28 

6 Number of filled 

spikelet's /panicle 

70.74 3066.21** 27.17 

7 Number of unfilled 

spikelet’s/panicle 

4.94 412.49** 7.37 

8 Spikelet fertility 

percentage (%) 

0.106 166.02** 2.77 

9 1000-grain weight (g) 0.19 29.06** 0.25 

10 Yield (t ha-1) 0.18 4.36** 0.05 
  

* & ** represent significant at 5% and 1%, respectively 
 

Agronomic performance  

Mean value, coefficient of variation and standard deviation for 10 quantitative traits 

were presented in Table 2. It revealed that five genotypes for days to maturity, four 

genotypes for plant height, five genotypes for effective tillers, five genotypes for 

total number of spikelet’s per panicle, six genotypes for filled grains per panicle, 

four genotypes for spikelet fertility percentage, four genotypes for thousand seed 

weight and three genotypes for grain yield showed higher value over their grand 

mean. Observing agronomic mean data, G3 produced highest grain yield followed 

by G6 and G9, whereas, G3, G6 and yielded 49 % 23 % and 10 %, respectively over 

the best check varieties. Yuan (1998) reported minimum 20-30 % yield advantage 

for promising rice hybrids.  

Therefore, the G3 and G6 are to be considered as superior promising and proposed 

to be extensively evaluated for further trial of variety release. These two genotypes 

also showed superior performance for the traits of effective tiller, panicle length, 

total number of spikelet’s per panicle, number of filled spikelet's and spikelet’s 

fertility percentage.  
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Table 2. Agronomic performance of promising rice hybrids for quantitative traits 

SL 

No 

Genotypes DTM PH ET PL SP/P FG/P UFS/P SF 

(%) 

TSW GY 

1 G1 107 98 7 24 195 152 42 78 25 5.5 

2 G2 107 107 6 24 189 142 47 75 23 5.4 

3 G3 123 117 10 28 226 206 18 91 19 8.2 

4 G4 106 88 5 21 162 123 39 76 27 5.2 

5 G5 105 107 7 24 174 142 32 81 21 5.3 

6 G6 113 115 8 26 216 188 28 87 23 6.8 

7 G7 104 108 5 22 168 117 51 69 27 4.5 

8 G8 102 108 5 20 145 95 50 65 24 3.6 

9 G9 118 128 8 25 205 168 37 82 31 6.1 

10 G10 (BRRI hybrid 

dhan4) 

117 110 4 26 187 156 31 76 24 4.6 

11 G11 (BRRI hybrid 

dhan6) 

112 121 4 25 220 163 58 74 24 5.5 

Grand Mean 110 110 6 24 190 150 39 78 24 5.5 

Coefficient of  variation 6 10 30 10 14 21 30 10 13 23 

Standard deviation 7 11 2 2 26 32 12 7 3 1 

Standard error 2 3 1 1 8 10 4 2 1 0.4 

Critical difference (0.05) 5 8 1 2 20 25 9 6 2 1 

 

DM= Days to maturity, PH= Plant height (cm), ET/H= Effective tillers per hill, PL= Panicle 

length (cm), SP/P= Total number of spikelet’s per panicle, FG/P= Number of filled spikelet's 

per panicle, UFS/P= Unfilled spikelet’s per panicle, SF (%) = Spikelet’s fertility percentage, 

TSW=1000-grain wt. (g) and GY= Yield (t ha-1) 
 

Estimation of genetic parameters 

Estimates range, phenotypic variances (Vp) and genotypic variances (Vg), 

phenotypic coefficient of variation (PCV) and genotypic coefficient of variation 

(GCV), broad sense heritability (h
2
) % and genetic advance (GA) for all the traits are 

presented in Table 3.  

Genetic Variability 

The highest Vp and Vg were recorded for the traits of number of filled spikelet's 

/panicle (1040.11 and 1012.94), respectively. The lowest values of Vp and Vg were 

recorded for the traits of grain yield (1.49 and 1.44), respectively. The magnitude of 

phenotypic variance (Vp) was higher than genotypic variance (Vg) for all traits but 

difference is low indicating the presence of environmental influence to some extent 

in the phenotypic expression of the traits. Similarly, the phenotypic coefficient of 

variation (PCV) was slightly higher than genotypic coefficient of variation (GCV) 

for all studied traits. According to Sivasubramaniam and Menon (1973) PCV and 

GCV values ≥20 % are regarded as high, between 10 and 20 % to be moderate and 

≤10% are considered as low. Based on this delineation, the traits effective tillers per 

hill (31.99 %), number of unfilled spikelet’s per panicle (30.23 %), grain yield 

(22.49 %) and number of filled spikelet's per panicle (21.49 %) belonged to the 

category high. With regard to, high estimates of PCV for effective tillers per hill 
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were reported by Ganga shetty et al. (2013), Neha et al. (2014), Bagudam et al. 

(2018). High estimates of PCV for number of unfilled spikelet’s per panicle 

observed by Islam et al. (2016). For grain yield the results are in agreement with 

Neha et al. (2014) and Singh and Chaudhari (2019). For the number of filled 

spikelet's per panicle, high estimates of PCV was reported by Khatun et al. (2015) 

and Devi et al. (2016) and Harsha et al. (2017). In similar to our findings, does 

indicate the direct selection of genotypes could be done through these traits. The 

extent of PCV and GCV values were moderate to low ranged from 13.76 % for 

number of spikelet’s per panicle and 5.89 % for days to maturity. Such observation 

earlier reported by Mishu et al. (2016), which recommended that selection could be 

postponed for these traits until to increase the gene flow and to fix favorable alleles. 

The current study also revealed that Vp and PCV were higher than theirs 

corresponding Vg and GCV respectively for all the traits, indicated the genotypes 

under the genetic control and influence of the environmental factors were less on the 

expression of traits. As the traits were less influenced by the environment, the traits 

can be used for selection. Similar findings were earlier reported by Vanisreeet al. 

(2013), Malimar et al. (2015), Rashid et al. (2017) and Gyawali et al. (2018). 

Table 3. Range, phenotypic (Vp) and genotypic variance (Vg), phenotypic 

coefficient of variability (PCV) and genotypic coefficient of variability 

(GCV), broad sense heritability (h
2
) and genetic advance (GA) for 

observed traits
 

SL 

No. 

Traits Range Vp Vg Coefficient of 

variation    (%) 

h2 

( %) 

GA 

PCV  GCV        

1 Days to maturity 102-123 42.22 37.80 5.89 5.57 89.54 11.98 

2 Plant height (cm) 88-128 122.23 118.28 10.07 9.91 96.77 22.04 

3 Effective tillers/hill 4-10 4.00 3.14 31.99 29.43 78.60 3.24 

4 Panicle length (cm) 20-28 5.75 4.61 9.95 8.91 80.18 3.96 

5 Total number of 

spikelet’s/panicle 

145-226 682.42 665.14 13.76 13.59 97.47 52.45 

6 Number of filled 

spikelet's /panicle 

95-206 1040.11 1012.94 21.49 21.21 97.39 64.70 

7 Number of unfilled 

spikelet’s/panicle 

18-58 142.41 135.04 30.23 29.43 94.82 23.31 

8 spikelet fertility 

percentage (%) 

65-91 57.19 54.42 9.73 9.49 95.14 14.82 

9 1000-grain weight 

(g) 

18.2-31.4 9.85 9.61 13.04 12.87 97.47 6.30 

10 Grain yield (t ha-1) 3.5-8.3 1.49 1.44 22.49 22.08 96.44 2.43 
 

Heritability 

Heritability is a good index of the transmission of characters from parents to their 

offspring. The estimates of heritability can be utilized for prediction of genetic gain 

and its predictive role to indicate the reliability of the phenotypic value as a guide to 

breeding value. Heritability was classified as low (below 30 %), medium (30-60 %) 
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and high (above 60 %) as suggested by Johnson et al. (1955). In the present study 

high heritability were observed for all the traits, estimates ranging from 78.60 % for 

effective tillers per hill to 97.47 % for total number of spikelet’s per panicle 

and1000-grain weight simultaneously due to genetic causes rather only by 

environmental effects. High heritability for all the traits in rice hybrids was reported 

by Hasan et al. (2019). Roy and Shil (2020). High heritability does not always 

indicate high genetic gain; high heritability along with high genetic advance should 

be used for selecting desired varieties.  

Genetic advance 

The heritability estimates alone include the effect of both additive and non-additive 

genes which cannot furnish complete practical importance unless it is studied with 

genetic advance. The estimates of genetic advance can help to understand the type of 

gene action of various polygenic characters. High heritability coupled with high GA 

was recorded in number of filled spikelet's per panicle (64.70), total number of 

spikelet’s per panicle (52.45), number of unfilled spikelet’s per panicle (23.31) and 

plant height (22.04) indicated that the little influence of environmental effects in the 

inheritance of these traits. These findings were supported earlier by Laxman et al., 

(2010) and Khatun et al. (2015) for one or more traits. 

Heritability coupled with Genetic advance as percent of mean (GAM) 

Genetic advance as percentage of mean (GAM) give more precise result in 

comparison genetic advance. Therefore, heritability estimation coupled with genetic 

advance as percent of mean is more effective for selection. Genetic advance as 

percent mean was categorized as low (0-10 %), moderate (10-20 %) and high (≥20 

%). The graphical representation of heritability and genetic advance as percent of 

mean is depicted in Figure 1. The moderate GAM was exhibited by spikelet fertility 

percentage (19.06 %) followed by panicle length (16.43 %) and days to maturity 

(10.87 %). The highest GAM was recorded in number of unfilled spikelet’s per 

panicle (59.04  %) followed by effective tillers per hill (51.80 %), grain yield (44.67 

%), number of filled spikelet's per panicle (43.11 %), total number of spikelet’s per 

panicle (27.63 %), 1000- grain weight (26.18 %) and plant height (20.08 %) which 

earlier supported by Laxuman et al. (2010) and Khatun et al. (2015) for one or more 

traits. The present findings are in conformity with the reports of Bagudam et al. 

(2018) for plant height, number of tillers per plant, grain number, test weight and 

plot yield in 46 rice genotypes. Chakra arty et al. (2019) reported similar results for 

effective tiller number, filled grains per panicle, unfilled spikelet’s per panicle and 

grain yield. High heritability with high GAM indicated that these traits were 

governed by additive gene action and selection may be fruitful for those traits. 
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Figure 1. Graphical representation of heritability as broad sense (h
2
) % and 

genetic advance as mean percent (GAM) 
 

CONCLUSION 

The estimation of genetic parameters in some promising rice hybrids implied that 

number of filled spikelet’s per panicle had high phenotypic and genotypic variance 

with high heritability and high genetic advance. Total number of spikelet’s per 

panicle, number of unfilled spikelet's per panicle and plant height also showed high 

phenotypic and genotypic variance with high heritability and high genetic advance. 

This study also finds out the most promising rice hybrids G3 (IR79156A × EL108R) 

and G6 (IR79156A × EL253R) based on yield and all other yield related traits and it 

could be released as a variety after conducting necessary yield trials. 
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ABSTRACT 

An experiment was carried out at Horticulture Farm of Bangladesh 
Agricultural University, Mymensingh during the period from October 
2018 to March 2019 to examine the effects of different bulb size viz., 
large size bulb (15±1 g), medium size bulb (10±1 g), small size bulb 
(7±1 g) on seed production of two onion varieties (Taherpuri and 
Kalash Nagari). Significant variation observed in both varieties for 
most of the parameters based on onion bulb size. The variety Kalash 
Nagari showed better performances compared to variety Taherpuri. 
After 60 days of planting, Kalash Nagari variety gave the highest plant 
height (55.07 cm), number of leaves (20.62), stalk length (100.78 cm), 
and total seed yield (630 kg ha

-1
), while in Taherpuri plant height, leaf 

number, stalk length and total seed weight were 32.21 cm, 6.93, 61.47 
cm and 270 kg ha

-1
, respectively. Large sized bulb gave better 

performance compared to small sized bulb. The large sized bulb gave 
highest plant height (49.83 cm) and highest total seed yield (490 kg 
ha

-1
). Medium size bulb gave the seed yield (460 kg ha

-1
) and lowest 

in small size bulb (390 kg ha
-1

). Seed yield was significantly affected 
by the combined effects of variety and bulb size. Kalash Nagari onion 
with large sized bulb gave the highest seed yield (660 kg ha

-1
) and 

Taherpuri variety with small sized bulb gave the lowest seed yield (180 

kg ha
-1

). 

Keywords: Bulb size, Onion, Seed, Variety, Yield  
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INTRODUCTION 

Onion (Allium cepa L.) is one of the most important bulb and major spice crop in 

Bangladesh. Among all of the spice crops, onion has great significance for their 

diversified use in our daily life. It is commonly known as “Queen of the kitchen, 

“due to its highly valued flavor, aroma, and unique taste, and the medicinal 

properties of its flavor compounds (Selvaraj, 1976; Griffiths et al., 2002). The plant 

has shallow adventitious fibrous roots (Ranjitkar, 2003). The onion bulb ranges in 

shape from flat to globular to oblong, and the onions are usually of three colors: red, 

white, and yellow (Fritsch, 2005).  

It is used in the preparation of almost all food of our daily diet. The crop is also 

appreciated as condiments for flavoring foods. It can be used as a stimulant, 

promotes the flow of urine, uses against tuberculosis, venereal disease, typhoid 

fever, chest and lungs problem. The crop is being cultivated all over the world. It is 

being domesticated for 5000 years or more and is being extensively cultivated 

throughout the world (Brewster, 1994). The major onion growing countries of the 

world are India, Pakistan, China, Korea, Netherland, Israel, Japan, Turkey, Syria, 

Egypt, USA, Lebanon etc. (FAO, 2015). Bulb is the main edible portion of onion. In 

Bangladesh, onion is mainly produced in winter season. Usually, it is sown in 

October to November and harvesting is mostly done in the months from February to 

March. Onion cultivation during kharif season has some limitations due to adverse 

weather along with the absence of summer tolerant varieties and lack of proper 

cultural practices. But demand for its use is ever increasing irrespective of season. 

Onion is not only considered as spice it also used as vegetables. Fructans 

(polysaccharides) are the principal storage carbohydrates in onions. In a study of 60 

vegetables, onions were reported to have the highest quantity of fructans, which 

have the potential to decrease the population of bacteria (Roberford, 2007). 

It belongs to the family Alliaceae. The onion is also known as the bulb onion or 

common onion, used as a vegetable and is the most widely cultivated species of the 

genus Allium. This genus also contains several other species variously referred to as 

onions and cultivated for food, such as the Japanese bunching onion (A. fistulosum), 

the Egyptian onion (A. proliferum), and the Canada onion (A. canadense). The name 

"wild onion" is applied to a number of Allium species, but Allium cepa is exclusively 

known from cultivation and its ancestral wild original form is not known, although 

escapes from cultivation have become established in some regions. The onion is 

most frequently a biennial or a perennial plant, but is usually treated as an annual 

and harvested in its first growing season. The most important character of onion is 

its flavor, which increase the taste of food and widely used to increases the taste of 

different types of food and others like gravies, soups, stew stuffing, fried fish, and 

meat (Rahim, 1992). It is grown in almost all the districts of Bangladesh, but mostly 

commercially cultivated in greater districts of Faridpur, Rajshahi, Dhaka, 

Mymensingh, Cumilla, Jashore, Rangpur, Kushtia, Bogra and Pabna (BBS, 2017). 
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Among the spices grown in Bangladesh, onion ranks first in respect of area and 

production. During the year 2017-2018, onion occupied an area of 4,41,105 acres of 

land in Bangladesh with a total production of 17,37,714 metric tons (BBS, 2018). 

However, this production does not fulfill the country's demand. Moreover, neither 

the yield nor the area under onion cultivation has increased in Bangladesh. Onion 

contains vitamin B and trace of vitamin C and also traces of iron and calcium. The 

outstanding characteristic of onion is its pungency, which is due to a volatile oil 

known as allyl-propyl-disulphide (Yawalkar, 1985). The great physician 

Hippocrates suggested onion as a diuretic, laxative, and emmena-gogue. He also 

used onion for the treatment of pneumonia, and, externally, for healing putrid 

wounds (Koch and Lawson, 1996). Ascorbic acid is the most abundant vitamin 

found in the onion bulb, with a concentration of 1 mg/g dry weight (Breu, 1996). 

Onion contains steroidal saponins (Carotenuto et al., 1999), which prevent 

absorption of cholesterol in the intestine. 

In Bangladesh, onion is commonly planted with the onset of winter which is short 

and mild in nature (Rashid, 1976). It is short day favored crop, which condition 

helps to seed production. The farmers of Bangladesh cannot adopt early planting due 

to climatic limitations. Early planted onion seed crops are often severely affected by 

diseases due to late rainfall or floods. High temperature also affects fruit setting and 

normal development of seed. Onion is cross pollinated in nature and bees, flies and 

other insects do pollination. It is essential to ensure that there is sufficient population 

of pollinating insects to achieve the full potential of onion seed. The yield of onion 

is influenced by many factors, among which cultivars, soil and climate, seedling age, 

bulb weight, spacing, date of planting and seed quality is very important. The 

availability of quality seed in the market is very poor. The unavailability of good 

quality onion seeds is greatly responsible for low yield in Bangladesh (Bokshi et al., 

1989). Seed is the basic and essential input for any crop production. According to 

Thompson (1979), high quality seed is the critical input on which all other inputs 

will depend for their full effectiveness. However, authorized inputs are very limited 

and a huge quantity of seed is smuggled in the country from the neighboring 

countries. This position created some critical situation for onion cultivation in 

Bangladesh. Under the circumstances, the Government of the People’s Republic of 

Bangladesh has emphasized on “seed development” in the Fifth Five Year Plan 

(GOB, 1998). Before going for extensive production of seeds, an intensive research 

is needed to ensure best quality production. Onion is known to be a photo-and 

thermo-sensitive plant (Jones and Mann, 1963). Due to some environmental 

limitations (short winter season) the plants raised from seed in most cases do not 

bear good seed in the same season in Bangladesh (Rashid, 1976; Rahim et al. 1982). 

Rahim et al. (1982) reported that generally bulb-to-bulb method is appropriate for 

onion seed production in Bangladesh. However, the limited information was found 

on different aspects of seed production such as varietal differences and proper size 
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of mother bulbs. Therefore, the present study was conducted to investigate the effect 

of bulb size on seed contributing characters of two onion varieties. 

 

MATERIALS AND METHODS 

Experimental site 

An experiment was carried out to study the effect of bulb size on the seed production 

of two varieties of onion during the rabi season of 2018-2019. The research work 

was carried out at the Horticulture Farm, Bangladesh Agricultural University, 

Mymensingh. The soil of the experimental area was sandy loam type and belonged 

to the Old Brahmaputra Flood Plain Alluvial Tract (UNDP, 1988). The experimental 

area is under the sub-tropical climate which is characterized by heavy rainfall, high 

humidity, high temperature, relatively long day during April to September and 

scanty rainfall, low humidity, low temperature and short-day period during the rest 

period of the year.  

Plant materials 

In the research work, the bulbs (different size grades) of onion cv. “Taherpuri” and 

“Kalash Nagari” variety were selected and used in this study. This seed bulb was 

collected from the USDA-ARS Alliums Project Laboratory, Department of 

Horticulture, BAU, Mymensingh. 

Research area preparation and intercultural operation 

The experiment was laid out in a randomized complete block design (RCBD) with 

three replications. The space between the blocks was 50 cm length of each plot was 

10 m and width was 1 m. Adequate care and management of the plants under 

different experiment were taken as per requirement. The plants were properly 

irrigated, fertilized and for controlling diseases and insects, fungicides and 

insecticides were applied as when required.  

Data observation 

Morphological data such as seed germination, length of stalk, plant height and 

number of leaves per plant and yield contributing character like flower per umbel, 

number of fruit set percent, seed yield, seed weight per hill, 1000 seed weight etc. 

were recorded during study period.  

Statistical analysis 

The mean values of all treatments were calculated and the analysis of variance for 

most of the characters was accomplished by F variance test. The significance of 

difference among the treatment means was evaluated by least significant difference 

(LSD) test at 5 % and 1 % levels of probability (Gomez and Gomez, 1984). 
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RESULTS AND DISCUSSION 

Bulb sizes effect on growth and seed yield contributing characters 

Plant height and number of leaves per plant 

Bulb size had highly significant effect on plant height and leaves per plant. The 

largest bulb produced significantly the tallest plant (49.83 cm) than those of smallest 

bulb (43.92 cm) up to 60 DAP. Highly significant difference in the number of leaves 

per plant in respect of bulb size was recorded. The onion bulbs planted with the 

large bulb size produced large number of leaves per plant (17.13) at 60 DAP. The 

lowest number of leaves per plant (7.60) was recorded from the small bulb size at 30 

DAP (Table 1). 

Table 1. Main effect of bulb size on plant height &bulb size on number of leaves/ 

  plant at different days after planting of onion 

 

** = Significant at 1% level of probability  

S1 = Big size bulb, S2 = Medium size bulb, S3 = Small size bulb 

Number of flowers per umbel 

No. of flowers per umbel was statistically significant in bulb size. The higher no. of 

flowers per umbel (301.33) was found in large size bulb and the lower no. of flowers 

per umbel (212.17) was recorded in small size bulb (Table 2).  

 

 

 

 

 

 

Bulb size Plant height (cm) at different days after 

planting (DAP) 

No. of leaves/plant at different 

days after planting (DAP) 

 30 40 50 60 30 40 50 60 

S1 30.73 40.09 45.72 49.83 10.90 14.23 16.27 17.13 

S2 29.78 38.32 42.77 46.30 9.10 11.60 13.57 14.27 

S3 29.22 36.93 41.52 43.92 7.60 9.33 10.97 12.17 

LSD0.05 0.108 0.343 0.081 0.974 1.15 0.581 0.675 0.869 

LSD0.01 0.153 0.488 0.116 1.385 1.64 0.826 0.959 1.236 

Level of 

significance 

** ** ** ** ** ** ** ** 
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Table 2. Main effect of bulb size on yield and yield contributing characters of onion 

Bulb 

size 

Seed 

germination 

(%) 

Length 

of 

stalk 
(cm) 

No. of 

flowers 

per 
umbel 

No. of 

seeded 

fruit 
per 

umbel 

Fruit 

set 

(%) 

No. of 

umbel 

per 
plot 

Seed 

weight 

of 
1000 

seeds 
(g) 

Seed 

weight 

per 
hill (g) 

Seed 

weight 

per 
plot 

(g) 

Seed 

weight 

hectar-1 

(kg ha-1) 

S1 81.50 85.90 301.33 152.83 57.81 46.83 3.30 2.74 50.77 490 

S2 70.17 78.63 239.17 134.00 56.84 44.00 3.26 2.32 44.72 460 

S3 65.33 78.83 212.17 139.50 51.84 36.33 3.22 1.85 39.90 390 

LSD0.05 0.442 2.221 2.354 4.822 0.620 1.697 0.041 0.163 1.064 0.41 

LSD0.01 0.628 3.159 3.349 6.858 0.881 2.413 0.058 0.231 1.513 0.58 

Level 

of sign 
** ** ** ** ** ** ** ** ** ** 

 

** = Significant at 1% level of probability  

S1 = Big size bulb, S2 = Medium size bulb, S3 = Small size bulb 

 
Number of umbels per plot 

Number of umbel per plot was statistically significant in case of bulb size. The 

highest number of umbel per plot (46.83) was obtained from the large size bulb and 

the lowest (36.33) was found in the small size bulb (Table 2). 

Number of seeded fruits per umbel 

The number of fruits was increased significantly with the increase in bulb size. 

Large bulb size produced the highest number of fruits (152.83) while the small size 

bulbs produced the lowest number of fruits (139.50) (Table 2). Some workers 

reported the similar result (Begum et al., 1998; Muktadir, 2000). 

Seed weight per plot  

The difference in seed yield per plot for different bulb sizes was found to be 

significant. A significant decreasing trend of seed yield per plot was observed with 

the reduction in bulb size (Table 2). The large sized bulb produced the maximum 

amount of seed per plot (50.77 g) the lowest amount of seed per plot (39.90 g) was 

recorded from the small size of bulbs. The results are agreed with others (Pall and 

Padda, 1972; Rathore, 1980; Verma et al., 1994; Begum et al., 1998; Muktadir, 

2000). 

Fruit set (%) 

Bulb Size had significant effects on % fruit set. The higher % fruit set (57.81%) was 

recorded in large size bulb late and the lower % fruit set (51.84) in small size bulb 

(Table 2). 
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Weight of 1000 seeds 

There was no significant influence in respect of weight of 1000 seeds in case of two 

varieties of onion. The highest weight of 1000 seeds (3.30 g) was found in the large 

size bulb and the lowest (3.22 g) was recorded in the small size bulb (Table 2). 

Length of stalks  

The effect of bulb size on the stalk length was found to be statistically significant. It 

was observed that stalk length was highest in large bulb size (85.90 cm) and stalk 

length was lowest in small bulb size (78.83 cm) (Table 2). 

Seed weight per hill 

There was a highly significant effect among the three bulb size in respect of seed 

weight (g) per hill. The highest seed yield per hill (02.74 g) was obtained from the 

large sized bulb and the lowest seed yield (1.85 g) was found from the small sized 

bulb (Table 2). It is observed that small sized bulb gave comparatively lower seed 

yield per hill. 

Seed yield per hectare 

Increase in the size of mother bulbs represented a significant increase in yield per 

hectare. The highest seed yield (490 kg ha
-1

) was found in large size bulb and lowest 

seed yield (390 kg ha
-1

) was found in small size bulb (Table 2). Seed yield per 

hectare was increased with the increase in bulb size which was also reported by Pall 

and Padda (1972), Mondal and Choudhury (1980), Rathore (1980), Mollah et al. 

(1987), Nehra et al. (1988), Ali et al. (1998), Singh and Sachan (1998),  Abedin et 

al. (1999), Muktadir (2000), Muktadir et al. (2001) and Kumar and Singh (2007). 

Seed germination percentage 

The germination percentage of harvested seeds varied significantly due to different 

bulb sizes. Seeds obtained from the largest sized bulb showed the highest (81.50 %) 

germination percentage (Table 2). The seeds produced from the small sized bulbs 

showed the lowest (65.33 %) germination percentage. The finding of Muktadir 

(2000) and Muktadir et al. (2001) supported the present result where they showed 

that higher seed germination percentage was recorded from larger mother bulbs. 

Varietal effect on growth and seed yield contributing characters 

Plant height and number of leaves per plant 

There were highly significant variations on varietal differences in respect of plant 

height and no. of leaves at different days after planting. The variety Kalash Nagari 

was taller (55.07 cm) at 60 days after planting (DAP) than the variety Taherpuri 

(38.29 cm). The higher number of leaves (20.62) per plant was obtained from the 

variety Kalash Nagari at 60 DAP while Taherpuri produced the lower (6.93) number 

of leaves per plant at 30 DAP (Table 3) 
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Table 3. Main effect of variety on plant height and number of leaves/plant at 

 different days after planting of onion 

 

** = Significant at 1% level of probability 

Number of umbels per plot 

Varieties were significantly influenced on the number of umbels per plot. The higher 

number of umbels per plot was counted 68.56in the variety Kalash Nagari, where 

Taherpuri was 16.22 (Table 4). 

Number of flowers per umbel 

There was significant influence in respect of number of flowers per umbel between 

two varieties of onion. The higher number of flowers per umbel (258.33) was found 

in the variety Taherpuri in comparison to the variety Kalash Nagari (243.44) (Table 

4). This result was supported by Mohanty (2000), who studied using some varieties 

of onion and find the variation in number of flowers per umbel. 

Table 4.Main effect of variety on yield and yield contributing characters of onion 

Variety Seed 

germina

tion (%) 

Length 

of stalk 

(cm) 

No. of 

flowers 

per 

umbel 

No. of 

seeded 

fruit 

per 

umbel 

Fruit 

set 

(%) 

No. of 

umbel 

per 

plot 

Seed 

weight 

of 

1000 

seeds 

(g) 

Seed 

weight 

per 

hill (g) 

Seed 

weight 

per 

plot (g) 

Seed 

weight 

per 

hectare 

(kg ha-

1) 

Taherpuri 

onion 

72.11 61.47 258.33 154.56 57.98 16.22 3.37 1.81 28.00 270 

Kalashnagari 

onion 

72.86 100.78 243.44 129.67 53.01 68.56 3.14 2.80 62.26 630 

LSD0.05 0.361 1.814 1.922 3.937 0.506 1.385 0.033 0.133 0.869 0.33 

LSD0.01 0.513 2.580 2.734 5.600 0.720 1.971 0.047 0.189 1.236 0.47 

Level of 

significance ** ** ** ** ** ** ** ** ** ** 

** = Significant at 1% level of probability  

Variety Plant height (cm) at different days after 

planting (DAP) 

No. of leaves/plant at different days 

after planting (DAP) 

30 40 50 60 30 40 50 60 

Taherpuri 

onion 32.21 34.91 36.97 38.29 6.93 7.60 7.98 8.42 

Kalash Nagari 

onion 27.60 41.98 49.70 55.07 11.47 15.84 19.22 20.62 

LSD0.05 0.088 0.280 0.066 0.795 0.94 0.474 0.551 0.709 

LSD0.01 0.125 0.398 0.094 1.131 1.34 0.675 0.783 1.009 

Level of 

significance 
** ** ** ** ** ** ** ** 
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Number of seeded fruits per umbel 

Number of seeded fruits per umbel was statistically significant between two varieties 

of onion. The higher number of seeded fruits per umbel (154.56) was recorded in the 

variety Taherpuri compared to the variety Kalash Nagari (129.67) (Table 4). 

Fruit set (%) 

Variety had significant effects on % fruit set. The higher fruit set (57.98%) was 

recorded in Taherpuri variety and the lower fruit set (53.01%) in Kalash Nagari 

variety (Table 4). 

Seed weight per plot 

Seed yield per plot was also significantly different in two varieties (Table 4). Seed 

yield per plot was higher (62.26 g) by the variety Kalash Nagari in comparison to 

the variety Taherpuri (28 g). 

Seed weight per hill 

There was a highly significant effect between the two varieties of onion in respect of 

seed weight (g) per hill. The higher seed weight per hill (2.80 g) was obtained from 

Kalash Nagari variety and the lower seed weight per hill (1.81 g) was found from 

Taherpuri variety (Table 4). 

Weight of 1000 seeds 

Varieties were no significant effect on the weight of 1000 seeds. The mean weight of 

1000 seeds was (3.37 g) in the variety Taherpuri compared to the variety Kalash 

Nagari (3.14 g) (Table 4). 

Stalk length 

The effect of variety on the stalk length was found to be statistically significant. It 

was observed that stalk length was highest in Kalash Nagari variety (100.78 cm) and 

stalk length was lowest in Taherpuri variety (61.47 cm) (Table 4). 

Seed yield per hectare 

There was highly significant variation in respect of seed yield per hectare (kg) of 

two varieties of onion. Variety Kalash Nagari gave significantly the higher seed 

yield per hectare (630 kg ha
-1

) in comparison to the variety Taherpuri (270 kg ha
-1

) 

(Table 4). Rahim et al. (1982) also find the similar type of results.  

Seed germination (%) 

There were no significant variations between the treatments in respect of 

germination percentage of harvested seeds. Higher germination percentage       

(72.56 %) was recorded in variety Kalash Nagari compared to Taherpuri (72.11 %) 

(Table 4). 
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Bulb sizes and varietal effect on growth and seed yield contributing characters 

Plant height and number of leaves per plant  

The combined effect between varieties and bulb sizes recorded highly significant 

variation among treatment combinations in respect of plant height and leaf. 

Treatment combination of Kalash Nagari with large sized bulb gave the highest 

plant height (59.02 cm) followed by the treatment combination of Taherpuri and 

small size of bulb (36.50 cm).  The maximum number of leaves per plant (24.87) 

was obtained from Kalash Nagari with large sized bulb. The lowest number of 

leaves (7.53) was observed from the treatment combination of Taherpuri and small 

sized bulb (Table 5). 

Table 5. Combined effect of variety and bulb size on plant height and leaves plant
-1

 

 at different days after planting of onion 

 

** = Significant at 1% level of probability 

V1 = Taherpuri onion, V2 = Kalash Nagari onion 

S1 = Big size bulb, S2 = Medium size bulb, S3 = Small size bulb 

Number of umbels per plot  

Variety and bulb size had highly significant effects on number of umbel per 

plot. The higher number of umbel per plot (76.67) was obtained from V2S1 

and the lower number of umbel per plot (14.67) was found in V1S3 treatment 

combination (Table 6). 

 

 

 

 

Treatment 

combination 

Plant height (cm) at different days 

after planting (DAP) 

No. of leaves/plant at different days 

after planting (DAP) 

30 40 50 60 30 40 50 60 

V1S1 33.19 36.64 39.40 40.63 7.73 8.40 8.73 9.40 

V1S2 31.99 34.47 36.30 37.73 6.73 7.60 8.00 8.33 

V1S3 31.47 33.63 35.20 36.50 6.33 6.80 7.20 7.53 

V2S1 28.28 43.53 52.03 59.02 14.07 20.07 23.80 24.87 

V2S2 27.57 42.17 49.23 54.87 11.47 15.60 19.13 20.20 

V2S3 26.97 40.23 47.83 51.33 8.87 11.87 14.73 16.80 

LSD0.05 0.152 0.485 0.115 1.377 1.63 0.822 0.954 1.228 

LSD0.01 0.216 0.689 0.164 1.959 2.31 1.169 1.357 1.747 

Level of 

significance 
** ** ** ** ** ** ** ** 
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Table 6. Combined effect of variety and bulb size on yield and yield 

 contributing characters of onion 

Treatment 

combination 

Seed 

germination 

(%) 

 

Length 

of stalk 

(cm) 

No. of 

flowers 

per 

umbel 

No. of 

seeded 

fruit per 

umbel 

Fruit 

set 

(%) 

No.of 

umbel 

per 

plot 

Seed 

weight 

of 1000 

seeds(g) 

Seed 

weight 

per 

hill (g) 

Seed 

weight 

per plot 

(g) 

Seed 

weight 

per 

hectare 

(kg ha-1) 

V1S1 85.33 66.80 308.33 162.00 59.20 17.00 3.41 2.13 34.21 330 

V1S2 69.33 56.60 243.33 141.33 58.75 17.00 3.37 2.01 29.03 310 

V1S3 61.67 61.00 223.33 160.33 55.99 14.67 3.34 1.28 20.76 180 

V2S1 77.67 105.00 294.33 145.67 56.42 76.67 3.18 3.35 67.33 660 

V2S2 71.00 100.67 235.00 126.67 54.93 71.00 3.15 2.63 60.42 620 

V2S3 69.00 96.67 201.00 116.67 47.69 58.00 3.09 2.42 59.04 600 

LSD0.05 0.625 3.141 3.330 6.819 0.876 2.400 0.058 0.230 1.505 0.58 

LSD0.01 0.889 4.468 4.736 9.699 1.246 3.413 0.082 0.327 2.140 0.82 

Level of 

significance 

** ** ** ** ** ** NS ** ** ** 

 

** = Significant at 1 % level of probability  

V1 = Taherpuri onion, V2 = Kalash Nagari onion 

S1 = Big size bulb, S2 = Medium size bulb, S3 = Small size bulb 
 

Number of flowers per umbel 

The maximum number of flowers per umbel (308.33) was produced by the treatment 

combination of Taherpuri with large sized bulb. The minimum number of flowers 

per umbel (201.00) was counted from the treatment combination of Kalash Nagari 

with small sized bulb (Table 6). 

Number of seeded fruits per umbel 

A highly significant combined effect was observed between varieties and bulb size 

in respect to number of seeded fruits per umbel. The highest number of seeded fruits 

per umbel (162.33) was given by large size bulbs from the variety of Taherpuri and 

the lowest number of fruits per umbel (116.67) was obtained from the variety Kalash 

Nagari with small sized bulb (Table 6). 

Fruit set (%)  

Variety and bulb size had significant effects on % fruit set. The highest % fruit set 

(59.20 %) was recorded in V1S1 and the lowest % fruit set (47.69 %) in V2S3      

(Table 6). 

Number of umbel per plot 

The highest number of umbel per plot was recorded in V2S1 (76.67). Ali et al. (2015) 

reported that the big bulbs (12 gm) gave larger numbers of umbels per plan. 
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Seed weight per plot 

Highly significant effect between variety and bulb size on seed weight per plot was 

observed. Plants raised from Kalash Nagari with large bulb produced the highest 

seed weight per plot (67.33 g). The plants raised from Taherpuri having small sized 

bulbs gave the lowest seed weight per plot (20.76 g) (Table 6). 

Seed weight per hill 

There was a highly a significant effect between variety and bulb size in respect of 

seed weight (g) per hill. The highest seed weight per hill (3.35 g) was obtained from 

V2S1 and the lowest seed weight per hill (1.28 g) was found from V1S3 treatment 

combination (Table 6).  

Stalk length 

Variety and bulb size showed significant interaction effect on stalk length. The 

highest stalk length (105.00 cm) was observed in V2S1 and the lowest stalk length 

(56.60 cm) was recorded in V1S2 treatment combination (Table 6). 

Seed weight of 1000 seeds 

The highest weight of 1000 seeds (3.41 g) was found in V1S1 and the lowest weight 

of 1000 seeds (3.09 g) was recorded in V2S3 treatment combination (Table 6). 

Seed weight per hectare 

The interaction and combined effect of variety and bulb size was recorded to be 

highly significant on seed yield. The highest seed yield (660 kg ha
-1

) was found in 

V2S1 and the lowest seed yield (180 kg ha
-1

) was recorded from V1S3 (Table 6). 

Seed germination percentage 

The effect had showed a range of variation from 61.67 % to 85.33 % (Table 6). The 

highest germination (85.33 %) was recorded with the seeds produced from 

Taherpuri with large size bulbs. The lowest germination (61.67 %) was noticed from 

Taherpuri with small sized bulb. Seed germination was significantly affected by the 

combined effect of variety and bulb size. 

 

CONCLUSION 

Kalash Nagari variety with big size bulb (15±1 g) found to be superior in most of the 

sensory evaluation parameters like seed yield (660 kg ha
-1

). Intensive research is 

imminent for justifying those sensory characteristics of the onion samples with the 

application of advanced tools. 
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ABSTRACT 

Bean is an important vegetable crop of Nepal but farmers of Jumla 
district of Nepal are experiencing low productivity, probably due to 
poor germination. Keeping these points in view, a study was 
conducted to determine the germination and seed vigour of various 
indigenous beans genotype of Jumla district during February to 
March, 2018. The promising lines of Jumli beans namely KBL-3, 
KBL-2, PB0002, PB0001, KBL-1 and farm saved KBL-3 were used 
under study. The experiment was laid in completely randomized 
design (CRD) with four replications and six treatments namely T1 = 
KBL-3, T2 = KBL-2, T3 = PB0002, T4 = PB0001, T5 = KBL-1 and T6 = 
Farm-saved KBL-3. Significant differences were observed in 
germination percentage, speed of germination, seed vigourindex 
and true leaf emergence among different lines of Jumli beans .The 
highest germination percentage (96%), seed vigour index (1367) 
and speed of germination (1.763) was found in the variety of KBL-3 
whereas the lowest germination percentage (69%), seed vigour 
index (947) and speed of germination (0.968) were found in the 
variety of KBL-1. Days to true leaf emergence was found shortest in 
the KBL-3 (23.50) and longest in the farm saved KBL-3 (30.25). 
KBL-3 pureline of Jumli bean was found to be highly responsive to 
seed germination and vigour characteristics. Thus, it would be 
better to suggest the indigenous bean growing farmers of Jumla 
district to cultivate KBL-3 for better germination and seed vigour. 

Keywords: Seed germination, Germination percentage, Vigour 
index, Pure lines 

 

INTRODUCTION 

Bean (Phaseolus vulgaris, Fabaceae) is an indigenous pulse and a cash crop of 

Jumla and Karnali Zone; mostly cultivated (in terms of area) after rice, maize, 

wheat, barley and millet (Bhujel et al., 2012). Local landraces of beans consist of a 

mixture of beans having different seed coat color, shape and size, plant morphology 
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and yield potential.  These genotypes are being used in several ways as dal (dry split 

pulses), dry bean, green pod vegetable, bean flour and a medicinal crop (Neuapne et 

al., 2004). In addition, they are used to make bread and Dhido (a typical Nepali 

food). Besides its uses as fodder and green manures, farmers also considered bean as 

a cash-generating crop (Neupane  and Vaidya, 2002).  Bean is an important source 

of dietary protein and starch in Africa and primary staple food in various parts of the 

Great Lakes (Hillocks et al., 2006). In Nepal, local landraces have been named as 

KBL (Karnali Bean Lines) and numbers are given as KBL-1, KBL-2 and they are 

grouped on the basis of their colors (ARS, 2011). The promising genotypes include 

KBL-3, PB0001, PB0002 and PB0048 (Bhujel et al., 2012). 

Farmers of Jumla, Nepal are mostly growing bean in un-irrigated land and its 

successful establishment and yield depends on timely rainfall, particularly during 

germination, flowering and pod formation stages. Most of the farmers use harvested 

crop as a source of seed for next session crop without maintaining proper 

management and quality. Such seeds are not stored in appropriate environmental 

conditions and have low physical as well as genetic purity. These kinds of seeds are 

the reservoir of different seed borne diseases as well. As seed treatment is not 

popular, broadcasted seeds are attacked by several soil microbes, which drastically 

reduce seed quality, vigour and seed viability. In addition, there is no proper 

screening of lines of Jumli beans based on seed vigour. Under such circumstances, 

the crop establishment and subsequent yield is largely affected, which is one of the 

reasons behind low production of beans in Jumla, compared to national average 

(MoALD, 2017). Crop yield and resource use efficiency depend on successful plant 

establishment in the field (Rahman et al., 2011). To maintain the optimum plant 

population in the field the germination and seed vigour must be good (De Villalobos 

and Pelaez, 2001). But there are no relevant literatures describing about the 

germination and seed vigour of the indigenous beans of Nepal. Keeping these points 

in view, a study was conducted for comparative study of germination and seed 

vigour of different indigenous bean genotypes of Nepal.  

 

MATERIALS AND METHODS 

Varietal response of Jumli beans (Phaseolus vulgaris) to seed germination and seed 

vigour was conducted under High-Tech nursery, Shree Kalika Falful Nursery of 

Chandannath Municipality- 9, Jumla during February to March, 2018. Being organic 

district, farmers of Jumla apply only organic fertilizers and bio-pesticides. The 

samples of pureline seeds of beans were collected from Agriculture Research 

Station, Vijaynagar, Jumla and farmer seed was collected from bean growers around 

the bean block as identified by DADO (District Agriculture Development Office), 

Jumla. The experiment was conducted in completely randomized design (CRD). 
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Treatment Details 

A total of 6 treatments, replicated four times, were done i.e. 5 pure lines of bean 

seed and 1 farmer seed were used for testing. 

Seed sowing  

Seed was soaked in normal water overnight and sown in seedling tray using coco 

peats as growth media; in each treatment, 25 seeds were sown. 

Speed of germination 

Twenty-five seeds of each treatment in each replication were planted for 

germination. Number of seedlings emerging daily was counted from days of sowing 

the seeds till the time germination was completed or ceased. The days to 

germination/emergence of each replication was noted. Also, the speed of 

germination or emergence (X) was computed by using the following formula given 

by Maguire (1962). 

X=
𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔𝑒𝑚𝑒𝑟𝑔𝑒𝑑

𝑑𝑎𝑦𝑠𝑡𝑜𝑓𝑖𝑟𝑠𝑡𝑐𝑜𝑢𝑛𝑡
 +……. +

𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑜𝑓𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔𝑠𝑒𝑚𝑒𝑟𝑔𝑒𝑑𝑓𝑟𝑜𝑚𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠𝑐𝑜𝑢𝑛𝑡

𝑑𝑎𝑦𝑠𝑡𝑜𝑓𝑖𝑛𝑎𝑙𝑐𝑜𝑢𝑛𝑡
 

 

Higher the value of X, higher is the seed vigour. 

Germination percentage 

Germination percent of seeds for each replication was computed as: 

Germination % = 
Number  of  seeds  germinated

𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑠𝑒𝑒𝑑𝑠𝑠𝑜𝑤𝑛
 

 

Seed vigour index 

After the determination of Root and Shoot length, seed vigour index was determined 

using following formula mentioned below (Abdual-Baki and Andersen, 1973):       

Vigour Index= (Mean of root length + mean of shoot length) × percentage of seed 

 germination  

Days to true leaf emergence 

The days to true leaf emergence in over 50% of sample seedling observed was noted 

per replication of pure line; here true leaf was considered other than cotyledons leaf. 

Root and shoot length ratio 

Root shoot length ratio was determined slightly different from original root shoot 

ratio (i.e. root dry weight/ shoot dry weight).  After 30 days the root and shoot length 

of bean seedling were measured. It was done with destructive simple random 

sampling. Around 10 seedlings were uprooted from each replication and root and 

shoot length of each seedlings were measured. Then the root shoot length ratio was 

computed by using formula:  

Root Shoot length ratio= 
𝑟𝑜𝑜𝑡  𝑙𝑒𝑛𝑔𝑡 ℎ

𝑠ℎ𝑜𝑜𝑡  𝑙𝑒𝑛𝑔𝑡 ℎ
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Dry weight 

The sample was subjected to oven dry along with root for about 17 hours at 105
0
C 

and its biomass was determined by measuring the dry weight. 

Data analysis 

The data obtained from the experimental plots on various parameters were 

statistically analyzed. The obtained data were tabulated in Microsoft Excel and Gen 

Stat was used to analyze the data. Mean comparison, at 5% level of significance, 

was done by using Duncan’s Multiple Range Test (DMRT). 

 

RESULTS AND DISCUSSION 

The characters of indigenous bean genotype are presented in Table 1. KBL-3 and 

PB0001 genotypes had higher yield; but maturity days of KBL-3 is longer than 

PB0001. KBL-3, PB0001 and KBL-1 genotypes were resistant to anthracnose. KBL-

3, PB0002 and KBL-1 were trailing type while rest of the studied genotypes were 

busy.  
 

Table 1. Characters of various indigenous bean genotypes 

 

 

Treatments Pure line 

of beans 

Growth 

habit 

Yield Maturity 

time(days) 

Seed 

characters 

Remarks 

T1 KBL-3 Trailing 

Type 

2600-

2800kg ha
-1 

105-115 Elongated 

and oval, 

bluish black 

Resistance 

to 

anthracnose 

T2 KBL-1 Trailing 

Type 

1800-2200 

kg ha
-1

 

95-105 Small, 

circular, 

pure black 

Resistance 

to 

anthracnose 

T3 PB0002 Trailing 

Type 

  grayish with 

black dots 

or line 

 

T4 PB0001 Bushy 

Type 

2600-

2800kg ha
-1 

100-105 Elongated 

and oval, 

reddish with 

white shade 

Resistance 

to 

anthracnose 

T5 KBL-2 Trailing 

Type 

  Red with 

shade of 

other colors   

 

T6 Farm-

saved 

seeds 

(KBL-3) 

Trailing 

Type 

 105-115 Elongated 

and oval, 

bluish black 

Resistance 

to 

anthracnose 
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Germination of various Jumli bean lines was shown in Table 2. Maximum 

germination percentage (96 %) was observed for variety KBL-3 followed by lines 

PB0002 (95 %) and PB0001 (93 %), while least germination percentage (69.00) was 

found for KBL-1 lines; the difference was statistically significant. Seed size is 

widely recognized measure of seed quality; large seeds have high seedling survival 

growth and establishment (Jerlin and Vadivelu, 2004). Higher germination 

percentage of lines PB0001, PB0002 and KBL-3 is probably due to its larger seed 

size. Hundred grain weight of different Jumli beans PB0001, PB0002, KBL-3, KBL 

-2 and KBL-1were found 43.3, 36, 27.4, 24.28 and 20.03g, respectively. Mut and 

Akay (2010) reported that, regardless of the other stress, larger seed exhibited 4 % 

greater than smaller seeds of oat. Larger seed has higher water potential compared to 

small seed which results in higher germination percentage (Mut and Akay, 2010). 

Therefore, larger seeds perform better even under moisture stress condition. Similar 

findings were observed by Subba et al. (2016) and ARS Jumla (2017). Elevated and 

quicker germination in larger seed might be due to presence of higher amount of 

carbohydrate and other nutrients compared to small sized seeds (Gunaga et al., 2011; 

Ambika et al., 2014). Statistically significant result was obtained in speed of 

germination of Jumli bean genotypes; maximum speed of germination (1.763) was 

found for line KBL-3 which was statistically similar with line PB0002 (1.620). The 

least speed of germination (0.968) was found for KBL-1. Bean lines with larger 

seeds were found to have higher speed of germination, this is ascribed by the fact, 

larger seed have higher amount of carbohydrate and other nutrients (Gholami et al., 

2009). Similar result was obtained in oat cultivars with different seed size 

(WIllenborg et al., 2005).  
 

Table 2. Germination percentage and speed of germination of various Jumli bean lines 

Treatments Germination % Speed of Germination (seedling day
-1

) 

KBL-3 96.00
a
 1.763

a
 

KBL-1 69.00
d
 0.968

c
 

PB0002 95.00
a
 1.620

a
 

PB0001 93.00
a
 1.237

b
 

KBL-2 86.00
b
 1.420

b
 

Farm-saved seeds 80.00
c
 1.235

b
 

LSD (0.05) 5.098 0.184 

C.V. 4.00 % 9.00 % 
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Table 3.   Seed vigour index, days to true leaf emergence, root-shoot ratio and dry 

 weight of indigenous beans 

Treatments Seed Vigour 

Index 

Days to true leaf 

emergence 

Root Shoot 

Ratio 

Dry weight 

(g) 

KBL-3 1367
a
 23.50

a
 1.308

a
 3.25

a
 

KBL-1 947
b
 24.75

a
 1.530

a
 3.00

a
 

PB0002 1298
a
 25.00

a
 1.305

a
 4.00

a
 

PB0001 1331
a
 27.00

b
 1.370

a
 4.00

a
 

KBL-2 1240
a
 29.00

c
 1.345

a
 2.75

a
 

Farm-saved 

seeds 

1000
b
 30.25

c
 1.422

a
 3.00

a
 

SEM (±) 66.1 0.629 0.0689 0.363 

LSD 196.4
***

 1.869
***

 0.2048
ns

 1.079
ns

 

C.V, % 11.00% 4.70% 10% 21.80% 

Grand mean 1197 26.58 1.308 3.33 

 *** indicate statistically significant, while ns denote non-significant 

The maximum seed vigour index (1367) was found for bean variety KBL-3 which 

was statistically similar with lines PB0001 (1331) and PB0002 (1298). The least 

seed vigour index (947) was found for KBL-1 (Table 3). Bean lines with larger 

seeds were found to have higher seed vigour index, might be due to presence of 

higher amount of reserve food materials (Gholami et al., 2009; Finch-Savage and 

Bassel 2015). Further, larger seeds higher have higher protein content, 

dehydrogenase and alpha-amylase acticity (Ambika et al., 2014). Similar positive 

co-relation between seed size and vigour was observed by Sulochanamma and 

Reddy (2007) and Cookson et al. (2001). The farm-saved seeds showed lower 

response to seed germination and vigour characteristics. The seed sample from 

untrained farmers found to have lower germination percentage and reduced seedling 

vigour (Haque et al., 2007). Reduced seed vigour of farm saved seeds could be due 

to lack of proper training for seed sorting, healthy seed selection, roughing, 

harvesting, drying, seed treatment and storage (Haque et al., 2007). Shorter day 

(23.50) for true leaf emergence was found for bean variety KBL-3 which was 

statistically similar with lines KBL-1 (24.75) and PB0002 (25.00). Delayed in true 

leaf emergence (30.25) was found for Farm-saved seed which was statistically 

similar with bean variety KBL-2 (29.00), similar result was observed by Maun and 

Zhang (1990) and Kadege and Lyimo (2015). The poor germination and crop 

seedling establishment is due to prevalence of various seed borne diseases (Kadege 

and Lyimo 2015). Though, there was no statistically significant difference was 

observed between root to shoot length of different lines of Jumli beans, maximum 

root-shoot ratio (1.530) was found for bean variety KBL-1 and the least for observed 

in PB0002 (1.305). High root-shoot ratio for large sized seed might be due to high 
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investment in root tissues promotion, that reach deeper levels of substrate with more 

water and nutrients (Canadell and Zedler, 1995; Yang and Midmore, 2005; Cicek, 

2007). Further, the seeds with higher root length performs better even under drought 

conditions (Mut and Akay, 2010). Maximum dry weight (4.00 g) of seedlings was 

found for bean lines PB0002 and PB0001 and least for KBL-2 (2.75), but the result 

was statistically non-significant. Similar finding was observed by Nik et al. (2011). 

Large seeded seedlings found to have 2-3 times more dry weight of seedlings than 

that from small seeds (Agboola, 1996; Cicek, 2007). Dry weight accumulation 

during initial stage of seedling in larger seed is primarily a result of mobilization of 

storage reserve from cotyledons (Pearson, 2002; Cicek, 2007; Delgado et al., 2008).  

 

CONCLUSION 

The bean line KBL-3 was found superior and more responsive to seed germination 

and vigour characteristics with highest seed germination percentage, speed of 

germination, seed vigour index and earliest days to true leaf emergence, thus it 

would be better to suggest bean growing farmers to select KBl-3 genotype for better 

crop establishment.  
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ABSTRACT 

Tomato Yellow Leaf Curl caused by Tomato Yellow Leaf Curl Virus 
(TYLCV) is one of the most important diseases of tomato causing 
heavy losses in yield and quality of fruits. Damage caused through 
phloem feeding and transmission of TYLCV by the insect vectors 
whitefly (Bemisiatabaci). In this study the competence of silver 
metallic plastic mulch, botanicals and insecticides were assessed to 
manage the Tomato Yellow Leaf Curl Virus (TYLCV) by controlling 
the insect vectors. In total 7 treatments including control were 
considered viz. T1=Imidacloprid, T2= ACmix, T3= Subicron, T4= 
Neemax, T5= Multineem, T6 = Silver metallic plastic mulch and T7= 
Control. All the treatments showed significant influence on different 
assayed parameters in the test crop tomato. The lowest disease 
incidence, disease severity and whitefly association was found in T6 

treatment (silver metallic plastic mulch) that was 2.87%, 1.72% and 
2.0% at 60 days after transplanting (DAT) respectively. While the 
highest disease incidence, disease severity and whitefly association 
were found in T7 treatment (control treatment) that was 14.71%, 
46.22% and 18, respectively, at 60 DAT. From the relationship 
study between disease incidence and disease severity with whitefly 
association, it was revealed that disease incidence and severity of 
TYLCV was increased with increasing of whitefly population and 
vice-versa. Among the treatments, growth parameters, yield and 
yield attributers were also found better in T6treatment (silver metallic 
plastic mulch). Silver metallic plastic mulch is the best option to 
manage the TYLCV by controlling the insect vectors, whitefly 
instead of insecticides. 

Keywords: Tomato, TYLCV, Whitefly, Botanicals, Silver metallic 
plastic mulch 
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INTRODUCTION 

Tomato (Solanum lycopersicum L.) is one of the most popular and nutritious 

vegetable all over the world including Bangladesh. But the yield of the tomato in 

Bangladesh is very low as compare to those of some advanced tomato growing 

countries (Sharfuddin and Siddique, 1985). Tomato production in Bangladesh is 

affected by many factors, among them plant viruses such as Tomato Yellow Leaf 

Curl Virus (TYLCV) transmitted by whitefly (Bemisia tabaci) is one of the most 

important diseases of tomato causing heavy losses in yield and quality of fruits. It is 

one of the devastating diseases of the tomato crop and depending on the severity and 

stage of the infection causing heavy losses in yield. Yield loss exceeds 90%, when 

infection occurred within four weeks after transplanting in the field (Saikia and 

Muniyappa, 1989). So, it is urgently needed to control whitefly for successful 

tomato production in our country.  

Among the various control practices to suppress the prevalence of whitefly 

insecticides are the mostly used. Several crop protection chemicals belonging to 

organ chlorine, organophosphate and carbamate group have been used to control 

insect pests. However, the application of these insecticides left a film of persistent 

poison over the foliage and fruits (Dikshit et al., 2000) and insect developed 

resistance to these insecticides (Denholm et al., 1996). Therefore, there is a need to 

replace these conventional insecticides with newer molecules with a lesser dose of a 

few grams per hectare. Profenophos (organophosphate group), imidacloprid (neo – 

nicotinyl group), cypermethrin (synthetic pyrethroid group), indoxacarb (oxadiazine 

group), profenophos + cypermethrin (mixture of organophosphate and synthetic 

parathyroid) are new molecules and reported to be effective and economical in 

controlling insect- pests in many vegetable crops. The organ chlorine and organ 

phosphorus compounds are considered as potential threat to all types of ecosystem. 

Different groups of insecticides have been recommended to control this white fly 

(Satpathy et al., 2004). To consider the negative effects of insecticides used in 

controlling the whitefly population less toxic and environmentally friendly 

techniques are need to be introduced. 

In some previous study, evaluated that different type of mulches reduced the 

incidence of viral diseases and also found that mulching increased plant growth and 

yield. Mulching with aluminum color was found to be most effective in reducing 

number of whiteflies and delay the infection of TYLCV (Vani et al., 1989; Davino et 

al., 1996). In one previous study, it was investigated that insecticides (Carbofuran, 

Endosulfan, Dimethoate, Buprofezin and Triazophos) and cultural methods are most 

effective for the controlling of whitefly and TYLCV in tomatoes (Azam et al., 1997). 

Insecticide Imidacloprid used for indirectly controlling TYLCV through control of its 

vector whitefly (Ahmed et al., 2001). Botanicals, like several plant derived oils 

significantly reduced whitefly adults and immature for 5 days following application 

as compared to control (Butler et al., 1991). 
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Chemical insecticides are most commonly used method in controlling whitefly, 

although they cause environmental pollution and are expensive, there for the 

development of alternative control strategies is urgently needed.  The purpose of this 

study was to find out the suitable chemical that would be less toxic, botanicals or 

other management practice like mulching through this way it may be possible to 

control the insect vector, whitefly.  

 

MATERIALS AND METHODS 

Identification of the disease and evaluating the efficacy of selected treatments 

Identification of the virus disease was done mainly through visual observation of 

typical symptoms of TYLCV infection like upward curling, cupping, with or without 

marginal chlorosis, smaller leaflets and stunting of the plant (Green and Kalloo, 

1994; Sinistera et al., 2000). The incidence of TYLCV was calculated by counting 

the infected plants at 30, 45 and 60 DAT on the basis of the appearance of 

symptoms. To evaluate the efficacy of treatments in whitefly association, the data on 

the following parameters were taken: number of infected plants/plot, number of 

healthy leaves/plant, whitefly association, number of branches/plant, plant height 

(cm), number of flowers/plant, number of fruits/plant, single fruit weight (g), weight 

of fruits/plant (kg) and fruit yield (t ha
-1

). Chemical insecticides and other 

ingredients to prepare botanical insecticide were collected from market, silver 

metallic mulch was prepared by pasting aluminum foil paper on clear polythene 

paper. 

Preparation of Silver metallic plastic mulch and Neemax 

Clear polythene paper and aluminum foil paper were collected from the local market 

and then aluminum foil was pasted on polythene paper to prepare the silver metallic 

mulch. For preparation of Neemax (Neem leaves extract), collected neem leaves 

were weighted in an electric balance and then washed in the water. After washing 

the big leaves were cut into small pieces, blended in pastel and mortar and then 

distilled water was added into the mortar. The pulverized mass was squeezed 

through 3 folds of fine cotton cloth. For getting 1:2 (w/v) ratio 200 ml of distilled 

water was added with 100 g of blended leaves. 

Identification and estimation of disease incidence (%) and disease severity (%) 

Identification of the virus disease was done mainly through visual observation of 

typical symptoms of TYLCV infection like upward curling, cupping, with or without 

marginal chlorosis, smaller leaflets and stunting of the plant (Green and Kalloo 

1994; Sinistera et al., 2000). The incidence of TYLCV was calculated by counting 

the infected plants 30, 45 and 60 DAT on the basis of the appearance of symptoms. 

The plants were inspected every morning to note the appearance of the symptoms 

starting from the following day of transplantation. 
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The following formulas were used to calculate the percentage of disease incidence 

and severity: 

Disease incidence (%) = 
𝑋𝑖

𝑋
× 100 

Xi = Number of infected plants in a unit plot  

X= Total number of plant s in a unit 

Disease severity (%) =  
𝐴𝑖

𝐴
× 100 

Ai =Number of infected leaves 

A= Total number of leaves in selected infected plant 

Evaluation of the efficacy of treatments in whitefly association 

The sampling of the study for whitefly association was taken from 30 DAT at 

vegetative stage, early flowering stage and early fruiting stage at 15 days interval. 

The plants were carefully checked visually for the presence of whitefly. Sometimes 

plants were shaken gently to observe their presence and count their number 

accurately. While the population of whitefly was very low, the number was recorded 

per 5 plants. Sampling on whitefly incidence was taken at both pre and post 

application of treatments. Two post treatment counts were taken at each vegetative, 

early flowering and early fruiting stages. 

Statistical analysis 

Data were analyzed by using computer-based software statistix-10 latest version. 

The means of growth and yield data were compared by DMRT, bar diagram and 

graphs were also used to interpret the data as and when necessary. 

 

RESULTS AND DISCUSSION 

Effect of different treatments on disease incidence at 30, 45 and 60 DAT 

The disease incidence (%) of TYLCV was ranged 1.65 to 9.98, 1.27 to 12.07 and 

2.87 to 14.71 at 30, 45 and 60 DAT, respectively. The lowest disease incidence 

(1.65 %) was found in T6 (Silver metallic plastic mulch) at 30 DAT, 1.27 % at 45 

DAT and 2.87 % at 60 DAT. Among chemicals, Imidacloprid significantly reduced 

disease incidence 2.99 %, 2.72 % and 6.41 % at 30, 45 and 60 DAT, respectively, 

which was statistically similar with T2 (ACmix) and T3 (Submicron) and their 

disease incidence were 3.13 %, 3.53 %, 8.80 % and 3.39 %, 4.12 %, 6.41 %, 

respectively. In case of botanical treatments, Multineem, T5 (Neem oil) showed 

moderate disease incidence which is statistically similar with Neemax, T4. These 

results are presented in Table 1. 
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Table 1. Disease incidence (%) of TYLCV under different treatments at 30, 45 and  

               60 DAT 

Treatments Disease incidence (%) 

30 DAT 45 DAT 60 DAT 

T1 (Imidacloprid) 2.99
c
 7.72

e
 6.41

d
 

T2 (ACmix) 3.13
c
 3.53

d
 8.80

c
 

T3 (Subicron) 3.39
c
 4.12

c
 9.37

c
 

T4 (Neemax) 6.67
b
 7.45

b
 10.73

b
 

T5 (Multineem) 5.30
b
 6.93

b
 9.59

c
 

T6 (Silver metallic plastic 

mulch) 
1.65

d
 1.27

f
 2.87

e
 

T7 (Control) 9.98
a
 12.07

a
 14.71

a
 

LSD0.05 1.142 0.584 0.853 

CV (%) 6.7553 6.753 8.271 
 

Means in the column having dissimilar letter (s) differ significantly at 5% level.  

CV = Coefficient of variation, LSD = Least significant difference. 

Effect of different treatments on disease severity (%) at 30, 45 and 60 DAT 

The lowest disease severity was found in T6 (Silver Metallic Plastic Mulch) was 

1.96 %, 2.10 %, 1.72 % at 30, 45 and 60 DAT, respectively, whereas chemical and 

botanical treatments showed moderate to high disease severity ranged from 4.69 to 

25.80 %, 7.12 to 27.43 % and 15.08 to 46.22 % at 30, 45 and 60 DAT, 

respectively. Among chemicals, Imidacloprid showed best result, which was 

statistically similar with T2 (ACmix) and T3 (Subicron), whereas botanicals gave 

poor result in compare to other treatments. These results are presented in Table 2. 

 

Table 2. Disease severity (%) of TYLCV under different treatments at 30, 45 and 60  

             DAT 

Treatments Disease Severity (%) 

30 DAT 45 DAT 60 DAT 

T1 (Imidacloprid) 4.69
e
 7.12

e
 15.08

e
 

T2 (ACmix) 7.53
d
 11.26

cd
 20.63

d
 

T3 (Subicron) 6.69
d
 12.66

c
 23.51

c
 

T4 (Neemax) 10.49
b
 16.69

b
 30.13

b
 

T5 (Multineem) 9.20
bc

 13.25
c
 24.47

c
 

T6 (Silver metallic plastic mulch) 1.96
f
 2.10

f
 1.72

f
 

T7 (Control) 25.80
a
 27.43

a
 46.22

a
 

LSD0.05 1.076 1.213 2.057 

CV (%) 6.274 8.152 8.875 
 

Means in the column having dissimilar letter (s) differ significantly at 5% level.  

CV = Coefficient of variation, LSD = Least significant difference. 
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Effect of different treatments on whitefly association at 30, 45 and 60 DAT in 

pre and post treatment 

In terms of whitefly association, significant variation was observed among the 

performance of treatments against whitefly. It was observed that the lowest whitefly 

association (2.0, 4.0 and 2.0 at 30, 45 and 60 DAT, respectively) was found in T6 

(Silver Metallic Plastic mulch) followed by T1 (Imidacloprid), T2 (ACmix) and T3 

(Subicron) treatments. The highest whitefly association (19, 23 and 18 at 30, 45 and 

60 DAT, respectively) was recorded in Control treatment (T7) during crop duration. 

Among the treated plants the moderate whitefly association (14, 14 and 12 at 30, 45 

and 60 DAT respectively) was observed in T4 (Neemax), which was statistically 

identical with T5 (Multineem) at different observation. The results of the present 

study demonstrated that T6 (Silver metallic plastic mulch), T1 (Imidacloprid) and T2 

(ACmix) treatment were as the best to control whitefly association (Figure 1). 
 

 
 

Figure 1. Whitefly association at 30, 45 and 60 DAT under different treatment 

relationship between disease incidence, severity and whitefly association 
 

From the Figure 2, it revealed that % disease incidence was increased with the 

increased of whitefly association. The highest (14.71 %) disease incidence was 

recorded in T7 (control) and whitefly association (18) were recorded in T7. The 

lowest number (2.0) of whitefly were recorded in the T6 (mulch treatment) and 

disease incidence was 1.72 %. From the Figure 3, it revealed that % disease severity 

was increased with the increased of whitefly association. The highest disease 

severity (46.22 %) was recorded in T7 (control) and whitefly association (18) were 

recorded in T7. The lowest number of whitefly (2.0) were recorded in the T6 (mulch 

treatment) and disease severity was 2.87 %. 
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Figure 2. A. Relationship between disease incidence and whitefly association.  

 B. Relationship between disease severity and whitefly association. 

The morphological feature which are identical, in relation to growth promoting 

characters in tomato against Tomato Yellow Leaf Curl Virus (TYLCV) 

Plant height (cm) 

The results on the effect of TYLCV infection on plant height of tomato under 

different treatments are summarized in (Table 3). Significant variation was found on 

plant height among the treatments. Irrespective of treatments healthy plants 

produced higher plant height in comparison to TYLCV infected plants. The T6 (Silver 

Metallic Plastic mulch) treatment produced the highest plant height 99.21 cm at 

followed by T1 (Imidacloprid), 94.25 cm and T2 (ACmix), 91.39 cm. Lowest plant 

height 79.99 cm was achieved from Control treatment (T7). Among the treated 

plants, the lowest plant height was achieved from T5 (Multineem), 85.75 cm 

followed by T4 (Neemax), 83.83 cm.  

 

Table 3. Effect on plant height of Tomato Yellow Leaf Curl Virus under different  

treatments 
Treatments Plant height (cm) Plant height increased 

over control  

T1 (Imidacloprid) 94.25
b
 14.26

b
 

T2 (ACmix) 91.39
c
 11.4

c
 

T3 (Subicron) 87.37
d
 7.38

d
 

T4 (Neemax)  83.83
e
 3.84

e
 

T5 (Multineem) 85.75
f
 5.76

f
 

T6 (Silver metallic plastic mulch) 99.21
a
 19.22

a
 

T7 (Control) 79.99
g
 --- 

LSD0.05  1.36 --- 

CV (%)  10.64 --- 
 

Means in the column having dissimilar letter (s) differ significantly at 5% level.  

CV = Coefficient of variation, LSD = Least significant difference. 
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The morphological features which are identical, in relation to yield and yield 

contributing parameters in tomato against Tomato Yellow Leaf Curl Virus 

Number of flowers/plants, fruits/plant, weight of fruits/plant, single fruit 

weight, fruit yield 

Number of flowers/plants was significantly affected by TYLCV under different 

treatments (Table 4). Among the different treatments, T6 (Silver mulch) performed 

best for number of flowers/plants 34.60, which was significantly different from all 

other treatments. It was also found that the treatment Control treatment (T7) showed 

lowest number of flowers/plant 21.36. Among the treated plants, the lowest number 

of flowers/plant was achieved from T4 (Neemax), 23.22 which was statistically 

identical with T5 (Multineem), 24.73. Number of fruits/plant was significantly 

influenced by TYLCV performed against different treatments applied to the crop to 

control whitefly (Table 4). Results indicated that the treatment, T6 (Silver Metallic 

Plastic mulch) produced highest number of fruits/plant (31.84) which was 

significantly different from all other treatments. Among the treated plants, the lowest 

number of fruits/plants was found from T4 (Neemax), 20.93. The highest weight of 

fruits/plant (3.08 kg) was found from the treatment, T6 (Silver mulch) which was 

significantly different from all other treatments. The lowest weight of fruits/plant 

(1.24 kg) was produced from the control treatment (T7), which was also significantly 

different from all other treatments. Among the treated plants, the lowest weight of 

fruits/plant was found from T4 (Neemax). The TYLCV transmitted by whitefly had 

significant influence on single fruitweight of tomato against different treatments 

applied (Table 4). The treatment, T6 (Silver mulch) produced highest single fruit 

weight (95.68 g) followed by T1 (Imidacloprid), which was significantly different 

from all other treatments. Among the treated plants, the lowest single fruit weight 

(90.25 g) was found from T4 (Neemax), which was statistically identical with T3 

(Subicron). Fruit yield/ha performed best (53.35 t ha
-1

) from the treatment, T6 (Silver 

Metallic Plastic mulch) against TYLCV and found signification variation among all 

the treatments. The second highest and third highest fruit yield (47.49 and 44.51       

t ha
-1

, respectively) was achieved from T1 (Imidacloprid) and T2 (ACmix), 

respectively. Among the treated plants, the lowest fruit yield (10.15 t ha
-1

) was found 

from T4 (Neemax) which was statistically identical T5 (Multineem). 
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Table 4. Effect on yield and yield contributing parameters of tomato through 

 management of  tomato yellow leaf curl virus using different treatments 

Treatments 

 

 

Yield and yield contributing parameters 

Number 

of 

flowers/ 

plant 

Number 

of 

fruits/ 

plant 

Weight of 

fruits/ 

plant (kg) 

Single 

fruit 

weight 

(g) 

Average 

fruit 

diameter 

(cm) 

T1 (Imidacloprid) 32.12
b
 29.39

b
 2.74

b
 93.17

b
 13.67

b
 

T2 (ACmix) 30.63
b
 28.10

c
 2.57

c
 91.57

c
 12.91

c
 

T3 (Subicron) 27.24
c
 25.80

d
 2.34

d
 90.52

d
 11.47

d
 

T4 (Neemax) 23.22
d
 20.93

f
 1.89

f
 90.25

d
 10.15

e
 

T5 (Multineem) 24.73
d
 22.26

e
 2.03

e
 91.43

c
 10.49

e
 

T6 (Silver metallic plastic 

mulch) 

34.60
a
 31.84

a
 3.08

a
 95.68

a
 14.57

a
 

T7 (Control) 21.36
e
 16.08

g
 1.24

g
 76.75

e
 8.04

f
 

LSD0.05 1.617 0.614 0.116 0.327 0.415 

CV (%) 8.636 6.421 4.713 8.334 6.528 
 

Means in the column having dissimilar letter (s) differ significantly at 5% level.  

CV = Coefficient of variation, LSD = Least significant difference. 

 

CONCLUSION 

Among the set treatments, Silver mulch (T6) performed the best among all other 

treatments to manage TYLCV by controlling whitefly and gave the best results 

regarding growth promoting characters, yield and yield attributes. Among the treated 

plants, the results on different parameters, achieved lower performance from 

botanical treatments, Neemax (T4) and Multi Neem (T5) in most of the cases where 

the Imidacloprid (treatment T1) showed comparatively better performance next to 

treatment Silver mulch (T6). From the above findings on different parameters 

studied, it can be concluded that the treatment Silver colored mulch was best against 

whitefly association in test crop tomato against TYLCV for tomato cultivation 

compared to other considering treatments including control treatment. 

 

ACKNOWLEDGMENT 

Technical assistance from members of Molecular Plant Virology Laboratory, 

Department of Plant Pathology and all work forces of Sher-e-Bangla Agricultural 

University, Dhaka-1207, Bangladesh, was greatly appreciated. 

 

 

 



86                                                                                                                                                Akter et al. 

 

REFERENCES 

Ahmed, N.E., Kanan, H.O., Sugimoto, Y., Ma, Y.O. and Inanaga, S. (2001). Effect 

of imidacloprid on incidence of tomato yellow leaf curl virus. Plant Disease, 

85(1):84-87. 

Azam, K.M., Razvi, S.A., Ali, Z. and Rauesi, A.A. (1997). Management of whitefly 

(Bemisia tabaci Gennadius) and tomato leaf curl virus in tomato crops. 

Indian Journal of Plant Protection, 25:36-41. 

Butler, G.D.Jr. and Henneberry, T.J. (1991). Sweet potato whitefly control: Effect of 

tomato cultivars and plant derived oils. Southwestern Entomologist, 16(1): 

37-43. 

Davino, M., D’Urso, F., Areddia, R., Carbone, M. and Mauromicale, G. (1994). 

Investigation on the epidemiology of Tomato yellow leaf curl virus (TYLCV) 

in sicily. Petria, 4:151-160. 

Dikshit, A.K., Lal, O.P. and Shrivastava, Y.N. (2000). Persistence of parathyroid 

and nicotinyl insecticides on okra fruits. Pesticides Research Journal, 

12(2):227-231. 

Divakaran, A. (2007). Molecular characterization of tomato with special reference to 

ToLCV resistance. MSc (Ag) thesis, Kerala Agricultural University, 

Vellanikkara, Thrissur. Pp. 71. 

Green, S.K. and Kalloo, C. (1994). Leaf curl and yellowing disease of tomato. In: 

Technical Bulletin No.21. Leaf curl and yellowing viruses of pepper and 

tomato. In an overview Asian Vegetable Research and Development Centre. 

Pp. 21-51. 

Satpathy, S., Rai, S., De, N. and Singh, A.P. (2004). Effect of insecticides on leaf net 

carbon assimilation rate and pest incidence in okra. Indian Journal of Plant 

Protection, 32:22-25. 

Sharfudin, A.F.M. and Siddique, M.A. (1985). SabjiBigyan. 1
st
Edition, Bangladesh 

Agricultural University, Mymensingh. Pp. 4. 

Saikia, A.K. and Muniyappa, V. (1989). Epidemiology and control of tomato leaf 

curl virus in southern India. Tropical Agriculture, 66(4):350-354. 

Vani, S., Varma, A., Mora, T.A., and Srivastava, K.P. (1989). Use of mulches for 

the management of mosaic diseases in muskmelon. Indian Phytopathology, 

42(2):227-235. 

Sinistera, X., Patte, C.P., Siewnath, S. and Polston, J.E. (2000). Identification of 

tomato yellow leaf curl virus-Is in the Bahamas. Plant Disease, 84(5):592. 

 



SAARC J. Agric., 18(2): 87-99 (202                                                        DOI: https://doi.org/10.3329/sja.v18i2.51111 

 

*Corresponding author: shamimakbd.seema@gmail.com  
 

Received: 23.06.2020       Accepted: 06.11.2020 

Research Article 

EVALUATION OF TOMATO VARIETIES AGAINST 

RESISTANCE TO FRUIT BORER (Helicoverpa  

armigera hub.) 

 
S. Nasrin

*
, M.A. Mannan, M.M. Islam, S.A.K.U. Khan

 

Agrotechnology Discipline, Khulna University 

Khulna-9208, Bangladesh 

 

 

 

ABSTRACT 

Sixteen tomato varieties were evaluated against fruit borer 
(Helicoverpa armigera) to find out borer resistant tomato varieties. 
The eight varieties were collected from Bangladesh Agricultural 
Research Institute (BARI) and eight varieties from the farmer’s field 
of South-west Bangladesh. This field experiment was conducted in 
a protected net house suitable for inoculation of the fruit borer at 
germplasm center of Khulna University for two years (2018 and 
2019). Data were collected on fruit physical characters, and borer 
infestation. The genotypes BARI Tomato-18, BARI Tomato-16, 
Ruma-VF, Pusa Ruby and Guli had the minimum weight of infested 
fruit (3.57%, 3.63%, 4.83%, 7.17% and 7.67%, respectively ) as well 
as the minimum number of infested fruits (both were bellow10%) 
with the minimum number of larvae of H. armigera (0.23, 0.28, 0.27, 
0.54 and 0.60 larvae plant

-1
, respectively). BARI Tomato-8, BARI 

Tomato-17 and Paltola were found as more susceptible (29.71%, 
26.01% and 28.95% infestation, respectively) than the others. 
Maximum fruit weight plant

-1
 was recorded from the genotypes 

BARI Tomato-18, BARI Tomato-19, Surakha and Paltola (2603g, 
2687g, 2755g and 2731g respectively) and among these BARI 
Tomato-18 and Suraksa gave maximum fresh yield plant

-1
 (2512.77 

g and 2476.53 g, respectively). The fruit infestation rate was 
significantly and positively correlated with fruit weight loss plant

-1 
(r 

= 0.971), larvae plant
-1 

(r = 0.789), fruit diameter (r = 0.567) and 
individual fruit weight (r = 0.545). On the other hand, the fruit shape 
index (r = -0.44) and the number of fruit plant

-1 
(r = -0.498) were 

significant and negatively correlated with fruit infestation rate. It 
could be concluded that BARI Tomato-18 and BARI Tomato-16 are 
resistant as well as high yielding varieties.  

Keywords: Fruit borer, Resistant, Susceptible, Tomato varieties 

mailto:shamimakbd.seema@gmail.com
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INTRODUCTION 

Tomato (Solanum lycopersicum L.) is one of the important and remunerative 

vegetable crops, which is grown everywhere in the world belongs to the family 

Solanaceae. Bangladesh has an average yield of 13.68 t ha
-1

 and area covered was 

about 28130 ha (FAOSTAT, 2018). It is a rich source of vitamins, minerals and 

lycopene. The lycopene is a phytochemical that protects us from cancer (Mutanen et 

al., 2011). Tomato plants are attacked by various insects-pests however, fruit borer 

(Helicoverpa armigera. Hub) is the most serious one. Fruit borer larvae perforate the 

fruit and eats up the inner portion of the fruit. It is responsible for significant yield 

loss of up to 55% (Talekar et al., 2006) and up to 46.8% in Bangladesh (Alam et al., 

2007). Fruit borer damaged crop is estimated about 5 billion US dollar year
-1

 in the 

world (Sharma, 2001). It is a very hazardous pest, but the borer control operation 

mainly depends on chemicals which is harmful to human health. In Bangladesh 

tomato is grown both in summer and winter season but winter is the major tomato 

growing season and early November is the best time for tomato planting (Hossain et 

al., 1986). The average winter temperatures are around 13.9-26.5
0
C, rainfall 44mm 

and humidity 73 % (BBS 2018). Tripathi and Sharma (1985) noted that temperature 

of 12-21
0
C is most favorable for H. armigera development.  Due to environmental 

and health problems caused by pesticides (Ignacimuthu, 2007), alternative control 

measures that are eco-friendly and economically acceptable, should be focused. For 

that reason, the entomologists gave great importance to IPM (integrated pest 

management) program. Among the steps of IPM, usage of resistant varieties is the 

premier (Khanam et al., 2003).  

The Lycopersicon spp. expresses resistance approximately 19 arthropod pest species 

of tomato (Kennedy, 2003). Sticky and toxic chemicals are released by glandular 

trichomes on tomato leaves result mortality of the larvae (Srinivasan and 

Uthamasamy, 2005). Trichome density and leaf pubescence could be a physical 

barrier to natural movement and development of the fruit borer (Selvanarayanan and 

Narayanasamy, 2006a). It is very essential to cultivate a resistant and tolerant 

cultivar against insect-pests especially tomato fruit borer. Therefore, it is necessary 

to find out borer resistant tomato varieties to avoid the use of insecticides. Therefore, 

this research was carried out to screen out sixteen tomato genotypes showing 

resistant and susceptible responses to the fruit borer, and to identify the fruit 

morphological characteristics influencing the infestation rate of tomato fruit borer. 
 

MATERIALS AND METHODS 

The experiment was conducted in the field of germplasm centre of Khulna 

University during the winter season from October 2017 to March 2018 in 1st year 

and October 2018 to March 2019 in the 2nd year. The average winter temperatures 

in 1
st
 year was around 13.9-26.5

0
C, rainfall 44mm and humidity 73 % (BBS 2018) 

and in 2
nd

 year, temperature  9.9-30.7
0
C, rainfall 58mm and humidity 75 % (BBS 

2019). 



TOMATO VARIETIES RESISTANCE TO FRUIT BORER                                                                 89 

 

Plant materials 

Sixteen tomato varieties, including 8 improved varieties viz; BARI Tomato-2, BARI 

Tomato-8, BARI Tomato-14, BARI Tomato-15, BARI Tomato-16, BARI Tomato-

17, BARI Tomato-18 and BARI Tomato-19 developed by Bangladesh Agricultural 

Research Institute (BARI) and 8 available genotypes collected from the farmers in 

South-west Bangladesh, viz; Bonkim Ruby,  Pusa Ruby, Suraksa, Patharkuchi, 

Ruma VF, Ruma 19, Guli and Paltola were evaluated on their performance against 

tomato fruit borer.  

Experimental Design 

The experiment was carried out in Randomized Complete Block Design (RCBD) 

with three replications. Total numbers of plots were 48 and plot size was 2.25 m x 

1.8 m consist of 15 tomato plants with spacing 45 cm X 60 cm. The experimental 

field was covered by the mosquito nets with the help of bamboo so the plant was 

protected from other insect-pests except the fruit borer because the fruit borer was 

artificially inoculated in the net house thus the crop was completely free from 

insecticidal application. Normal agronomic practices such as ploughing, manuring, 

irrigation and staking were conducted uniformly. 

Data Collections 

The twenty randomly picked fruits from each replication of each variety were 

harvested and measured for length and diameter with the help of digital slide caliper. 

Then the average was taken in mm. The fruit shape index was recorded on the basis 

of the ratio of their respective fruit length and fruit diameter. The average number of 

fruits was recorded by counting the fruits of sample plants. The weight of thirty 

randomly picked fruits from each replication of each variety was measured and then 

the average was taken as individual fruit weight. Fruit yield (fresh and damaged) of 

eight randomly selected plants of each variety from the three replications recorded at 

each picking were cumulated and the average yield plant
-1 

was worked out. 

Similarly, the fresh fruit was weighed and weight of fresh fruit per plant was 

calculated. The total number of fresh fruits and infested fruits of each variety were 

counted at each harvesting stage. Fruits were considered as fresh and infested based 

on fruit borer infestation. The number of larvae plant
-1 

was recorded by randomly 

selecting eight plants per variety in each plot. Data were recorded weekly till the 

infestation of fruit borer was over and the mean was calculated. %age of fruit 

infestation was calculated on weight and number basis. A rating system for fruit 

damage developed by Kashyap and Verma (1987) was followed for estimating 

resistance and susceptibility of selected tomato varieties. 

Statistical analysis  

The data were statistically analyzed for ANOVA using STAR package computer 

program. Significance of differences among the treatment means was evaluated by 

Duncan’s New Multiple Range Test (Gomez and Gomez, 1984). 
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RESULTS AND DISCUSSION 
 

The sixteen tomato varieties were significantly differed from each other in respect of 

fruit characters and fruit borer infestation.  

Fruit length (mm) 

The highest average fruit length (60.58 mm) was recorded in BARI Tomato-15 

followed by BARI Tomato-17 (52.00 mm) while the minimum fruit length of 29.83h 

mm was recorded in Ruma 19 and it was statistically at par with Guli (31.13mm). 

Fruit length was positively non-significant co-related with fruit infestation (in 1st 

year r=0.214 and in 2nd year r=0.166) (Table 1). On the contrary, infestation rate 

decreased with increasing fruit length (Daboul et al., 2011; Thakur et al., 2017).  
 

Table 1. Fruit length fruit diameter and fruit shape index of different tomato 

 varieties in relation to the infestation of fruit borer  

Variety Fruit length (mm) Fruit diameter (mm) Fruit shape index 

1st Year 2nd Year Average 1st Year 2nd Year Average 1st Year 2nd 

Year 

Average 

BARI Tomato-2  43.67de 36.00g 39.83e 49.67b-d 35.48f-h 42.57cd  0.89b-d    1.02bc 0.96cd     

BARI Tomato-8  50.00bc 39.83d-f 44.92d 48.67b-d 38.67d-f 43.67cd  0.73d     0.78f   0.75f   

BARI Tomato-14 65.67a 55.50a 60.58a 55.00b 45.33bc 50.17b 1.03a-c     1.03bc 1.03bc 

BARI Tomato-15 38.33ef 35.90g 37.12e 52.33bc 46.00b 49.17b  1.20a       1.23a        1.21a        

BARI Tomato-16  52.00bc 43.33cd 47.67cd 43.33de 35.33f-h 39.33de  1.20a       1.23a        1.21a        

BARI Tomato-17  55.67b 48.33b 52.00b 72.67a 62.67a 67.67a  0.76d    0.77f   0.77ef 

BARI Tomato-18  50.67bc 43.83cd 47.25cd 44.00de 38.67d-f 41.33c-e  1.17a       1.13b       1.14ab 

BARI Tomato-19  53.00bc 45.82bc 49.41bc 41.67de 36.88e-g 39.27de 1.27a       1.24a        1.26a        

Bonkim Ruby  43.67de 37.67e-g 40.67e 54.33bc 44.67bc 49.50b  0.80cd    0.84ef  0.82ef 

Pusa Ruby  41.33ef 36.33fg 38.83e 45.33cd 38.33d-g 41.83d  0.91b-d    0.95cd     0.92cd    

Suraksa 40.33ef 37.33e-g 38.83e 47.00b-d 41.67cd 44.33c  0.86b-d    0.89de     0.88d-f   

Patharkuchi 38.33ef 36.33fg 37.67e 37.33ef 34.33gh 35.83fg 1.05ab 1.05bc  1.05ab 

Ruma VF  41.00ef 38.67e-g 39.83e 32.67f 31.67i 32.17g 1.26a       1.22a        1.24a        

Ruma-19  29.33g 30.33h 29.83f 32.33f 34.67gh 33.50fg  0.91b-d    0.87de     0.89de    

Guli 35.67f 28.00h 31.83f 42.67de 31.67i 37.17ef  0.84b-d     0.88de     0.86d-f   

Paltola 48.67cd 40.33de 44.50d 46.67cd 39.67de 43.17cd 1.04a-c     1.02bc 1.03bc 

Treatment mean 45.50 39.54 42.52 46.79 39.54 43.16 0.9923 1.02 1.00 

LSD (p≤0.01) 5.84 3.80 2.97 8.11 3.82 4.79 0.2481 0.080 0.1360 

Co-relation with fruit infestation rate  

(r- Value) 0.203ns      0.166ns 0.1783ns 0.5170** 0.5685** 0.5674** - 0.381** -0.439** -0.4402** 

 

Means in the same column followed by same letter(s) did not differ significantly at p<0.01 

by DMRT and LSD=Least Significant Difference 

Fruit diameter (mm)  

The maximum fruit diameter was found in BARI Tomato-17 (67.67 mm), followed 

by BARI Tomato-14 (50.17 mm) and the minimum fruit diameter was recorded in 

Ruma-VF (32.17 mm). There was a positive and significant correlation between fruit 
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diameter and per cent fruit infestation rate at 1st year, 2nd year and average of two 

years (0.5069, 0.4889 and 0.5274 respectively) (Table 1). The results are in 

conformity with findings of Amutha and Manisegaran, (2005), Rath and Tripathy 

(2006), Daboul et al. (2011), Ambule et al. (2015), who also reported that increased 

diameter provide higher infestation. Fruit diameter may help the borer to stay on the 

fruit. 

Fruit shape index 

In case of the average of two years, the fruits of BARI Tomato-19 had the highest 

fruit shape index (1.26), which was statistically at par with Ruma-VF (1.24), BARI 

Tomato-15 (1.21) and BARI Tomato-16 (1.21). The fruits of BARI Tomato-8 

recorded the lowest fruit shape index (0.75). In the present study, significantly 

negative correlation was found between fruit shape and fruit infestation for both the 

years (r= -0.38 and -0.43, respectively) (Table 1). This is in conformity with findings 

of Thakur et al. (2017) and Sharma et al. (1985), who reported round shaped 

varieties are more susceptible than lengthen variety. The varieties with lower fruit 

shape index like BARI Tomato-8 and BARI Tomato-17 being more susceptible to 

fruit borer infestation on the other hand, BARI Tomato-19 with higher fruit shape 

index was resistant. 

Number of fruits plant
-1 

In case of an average of the two years, the maximum amount of fruit plant
-1

 was 

found in Suraksa (53.94) and Guli (51.09). The minimum number of fruit plant
-1

 was 

found in BARI Tomato-17 both in the first (14.61) and second (9.6) year and an 

average of the two years (12.11).  The number of fruits plant
-1 

was significantly and 

negatively correlated with the infestation rate (r=-0.4985) (Table 2). This finding is 

in a line with findings of Khanam et al. (2003) and Ambule et al. (2015). Between 

the two years, the number of fruit plant
-1

 was comparatively higher in 1
st
 year than 

that was in the 2
nd 

year.  
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Table 2. Number of fruit plant
-1 

and individual fruit weight of different tomato 

 varieties in relation to the infestation of fruit borer 

Variety Number of fruit plant-1 Individual fruit weight (g) 

1st Year 2nd Year Average 1st Year 2nd Year Average 

BARI Tomato-2  32.40g 24.97i 28.68g 66.77de 42.23f-h 54.50e-ge 

BARI Tomato-8  36.61fg 28.48g-i 32.54f 81.00c 50.43c-f 65.72c 

BARI Tomato-14 24.99h 25.90hi 25.45g 103.67b 78.13b 90.90b 

BARI Tomato-15 46.25b-d 37.17b-e 41.71d 63.47ef 51.43cd 57.45d-f 

BARI Tomato-16  49.62bc 42.47ab 46.05b 61.63ef 47.73c-f 54.68e-g 

BARI Tomato-17  14.61i 9.63j 12.11h 129.31a 92.27a 110.79a 

BARI Tomato-18  44.65c-e 42.10a-c 43.38b-d 66.50de 53.27cd 59.88c-e 

BARI Tomato-19  51.97b 37.87b-e 44.92b-d 62.97ef 55.63c 59.30c-e 

Bonkim Ruby  39.78ef 29.60f-i 34.69ef 72.70cd 49.57c-f 61.13c-e 

Pusa Ruby  51.85b 35.13d-g 43.49b-d 59.83ef 43.10e-g 51.47fg 

Suraksa 59.41a 48.48a 53.94a 54.63fg 46.80d-f 50.72g 

Patharkuchi 40.95d-f 32.37e-g 36.84e 46.43gh 34.83hi 40.63h 

Ruma VF  37.09fg 35.43c-f 36.26e 39.60h 38.07g-i 38.83h 

Ruma 19  58.93a 32.50e-h 45.71bc 28.20i 32.33i 30.27i 

Guli 61.85a 40.33b-d 51.09a 43.40h 31.17i 37.28h 

Paltola 51.33b 33.17e-g 42.25cd 73.63cd 50.80c-e 62.22cd 

Treatment mean 43.89 33.49 38.69 65.86 49.86 57.85 

LSD (p≤0.01) 6.41 6.67 3.53 9.17 8.25 6.71 

Co-relation with fruit infestation rate 

r- Value -0.3996**        -0.602**        -0.4985**        0.5968**        0.4357**       0.5450**       

Means in the same column followed by same letter(s) did not differ significantly at p<0.01 

by DMRT and LSD=Least Significant Difference 

Individual fruit weight 

The highest individual fruit weight was found in BARI Tomato-17 in both the years 

as well as in the average (129.31g, 92.27g and 110.79g respectively) and the variety 

Ruma-19 showed significant minimum fruit weight (28.20g, 32.33g and 30.27g 

respectively) for 1
st
 year, 2

nd
 year and average. There was positive and significant 

correlation between individual fruit weight and % fruit infestation rate in the1
st
 year, 

2
nd

 year and an average (0.59680, 0.4357 and 0.5450, respectively) (Table 2). 

Daboul et al. (2011) observed a negative correlation between fruit weight and 

infestation rate that is opposed to the present result. 

Total fruits weight plant
-1

 

The maximum weight of fruit plant
-1

 (3777 g) was observed in Paltola followed by 

the BARI Tomato-19 (3270 g) and Suraksa (3243 g) whereas the minimum weight 

of fruit plant
-1 

was found in Ruma VF (1466 g) during the 1
st
 year.  During the 2

nd
 

year, the maximum weight of fruit plant
-1 

was found in Suraksa (2268 g) that was 

statistically similar to BARI Tomato-18 (2241 g) and the minimum in BARI 

Tomato-17 (885 g). The two years average, weight of fruit plant
-1 

was significantly 

higher for genotype Suraksa, Paltola and BARI Tomato-19 (2755 g, and 2731 g and 
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2687 g, respectively) these were statistically identical and lower for Ruma-19 (1356 

g). The average yield of Tomato was comparatively higher in 1st year (2659 g plant
-1

) 

than that of 2nd year (1588 g plant
-1

) (Table 3). Variation of weight of fruit plant
-1 

was generally marked among tomato genotypes as reported earlier by Ahmad et al., 

2007 and Usman et al. 2013 as influenced by biotic and abiotic factors. 
 

Table 3. Total fruit weight plant
-1 

and Fresh fruit weight plant
-1

 of different tomato 

varieties in relation to the infestation of fruit borer 

Variety Total fruit weight plant-1 Fresh fruit weight plant-1 

1st Year 2nd Year Average 1st Year 2nd Year Average 

BARI Tomato-2  2161e 1054fg 1608f 1928.0e-g   887.19fg 1407.65gh   

BARI Tomato-8  2966b-d 1440d-f 2203de 2330.6c-e     1070.67e-g   1701.00fg 

BARI Tomato-14 2587d 202ab 2304cd 2107.0d-f    1686.0bc 1896.33d-f 

BARI Tomato-15 2929b-d 1910a-c 2419b-d 2347.33c-d     1554.67b-d      1951.00d-f 

BARI Tomato-16  3057b-c 2029ab 2543a-c 2967.25ab       1938.61ab        2452.94ab         

BARI Tomato-17  1890ef 885g 1388f 1561.51gh    662.52g   1112.02h   

BARI Tomato-18  2965bd 2241a 2603ab 2876.44ab        2149.09a        2512.77a          

BARI Tomato-19  3270b 2105ab 2687a 2993.33a        1854.19ab       2423.70ab         

Bonkim Ruby  2891b-d 1469d-f 2180de 2650.07a-c  1299.46c-f  1974.77d-f   

Pusa Ruby  3092bc 1515c-e 2304cd 2907.77ab        1392.41c-e     2150.0b-d        

Suraksa 3243b 2268a 2755a 2962.50ab        1990.56ab        2476.53a         

Patharkuchi 1901ef 1139e-g 1520f 1739.74f-h   1016.44e-g   1377.67h 

Ruma VF  1466g 1350d-f 1408f 1406.26h   1275.86c-f    1341.06h   

Ruma 19  1662fg 1050fg 1356f 1494.50g-h   897.03f-g   1195.77h   

Guli 2682cd 1256d-g 1969e 2495.62b-d      1153.31d-f    1824.33ef      

Paltola 3777a 1685b-d 2731a 3057.67a         1175.00d-f     2116.67c-e      

Treatment mean 2659 1588 2124 2364.12  1375.21  1869.65 

LSD (p≤0.01) 417 431 264 496 450 319 

Co-relation with fruit infestation rate 

r-Value 0.1731ns -0.289* -0.010ns -0.124ns -0.532** -0.3207* 

Means in the same column followed by same letter(s) did not differ significantly at p<0.01 

by DMRT and LSD=Least Significant Difference 

Fresh fruit weight plant
-1

 

Fresh fruit means the fruit are not infested by fruit borer, the fresh fruit were separated 

and weighted. In 1
st
 year, the variety Paltola, BARI Tomato-19, BARI Tomato-16, 

Suraksa and Pusha Ruby gave the significantly higher fresh fruit weight of 3057.67 g 

plant
-1

, 2993.33 g plant
-1

, 2967.2 g plant
-1

, 2962.50 g plant
-1 

and 2907.77 g plant
-1 

respectively, while Ruma VF gave significantly lower fresh fruit yield plant
-1 

of 

1406.26 g plant
-1

. In the 2
nd

 year, significantly higher fresh yield was obtained from the 

genotype BARI Tomato-18, BARI Tomato-16, BARI Tomato-19 and Suraksa (2149.09 

g plant
-1

, 1938.61 g plant
-1

, 1854.19 g plant
-1 

and 1990.56 g plant
-1 

respectively), 

whereas lower was observed in genotype BARI Tomato-17 662.52 g plant
-1

. The mean 

fresh yield for the two years was significantly higher for genotype BARI Tomato-18 

(2512.77 g plant
-1

) and Suraksa (2476.53 g plant
-1

) and lower for BARI Tomato-17 

(1112.02 g plant
-1

) (Table 3). The observed variation in fresh yield among the tested 
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variety, may be due to the response of their genotypes to tomato fruit borer attack. 

Fresh yield was negatively correlated with fruit infestation in both 1
st
 and 2

nd
 year (r = -

0.124ns and -0.532, respectively) that means the genotypes with lower infestation 

provide higher yields (Table 3). Genotype BARI Tomato-18 and Suraksa had less fruit 

infestation and gave maximum fresh yield, while BARI Tomato-17 yielded minimum 

because of high fruit infestation. Similar results were also reported by Ashfaq et al., 

2012 and Usman et al., 2013, who showed that resistant genotypes show higher yield 

than susceptible genotypes against the fruit borer. 

Number of fruit borer larvae plant
-1

 

The observed fruit borer larval population plant
-1 

on different tomato genotypes are 

given in Table 4. On average, of two years data, the highest number of larval 

population plant
-1 

was found in the paltola (2.57 larvae) and that was the minimum 

on genotypes BARI Tomato-18 (0.31  larvae) and Ruma VF (0.38 larvae). 

Correlation between larvae of borer plant
-1 

and fruit infestation was highly 

significantly positive for both the years as well as mean for the two years (r = 0.749, 

0.767 and 0.789, respectively). This type of findings was also reported by several 

researchers (Sajjad et al., 2011; Ashfaq et al., 2012; Usman et al., 2013; Ambule et 

al. 2015; Thakur et al., 2017; Amin et al., 2017). 

Table 4. Fruit borer larvae plant
-1

and % fruit weight loss of different tomato varieties 

in relation to the infestation of fruit borer 

Variety Fruit borer larvae plant-1 % weight of infested fruit  

1st Year 2nd Year Average 1st Year 2nd Year Average 

BARI Tomato-2  0.66de         1.11d-g      0.88d-g   10.78b-e 15.84b-d       13.30b-e     

BARI Tomato-8  1.85b            2.50ab  2.18ab       21.57a                25.70ab   23.63a       

BARI Tomato-14 0.98cd          1.34c-e       1.17ce     18.55a-c 16.65bc        17.57a-d      

BARI Tomato-15 1.54bc 1.83bc         1.69bc       19.81ab    18.58bc 19.20a-c   

BARI Tomato-16  0.28e         0.51f-h   0.40fg   2.92e          4.45e        3.63fg   

BARI Tomato-17  0.46de         0.71e-h   0.59 e-g   17.46a-d 25.22ab 21.33ab 

BARI Tomato-18  0.23e         0.38h   0.31g  2.97   4.20e   3.57g   

BARI Tomato-19  0.77de         1.09d-g     0.93d-f 8.45de        11.98c-e     10.23d-g    

Bonkim Ruby  0.55de         0.85d-h 0.70d-g 8.34de        11.75c-e 10.03d-g  

Pusa Ruby  0.54de         0.79d-h   0.67d-g   5.99e         8.32c-e    7.17e-g   

Suraksa 1.00cd          1.45cd        1.23cd      8.65de        12.31c-e      10.50d-g    

Patharkuchi 0.69de         1.07d-h   0.89d-g   8.58de 10.64c-e   9.63d-g    

Ruma VF  0.27e         0.48gh   0.38fg   4.04e          5.68de  4.83e-g   

Ruma 19  0.96d          1.19c-f      1.08de     10.05c-e        14.42c-e       12.23c-f     

Guli 0.60de         0.85d-h    0.73d-g   6.97e         8.39c-e   7.67e-g   

Paltola 2.58a             2.56a            2.57a       19.04a-c            30.74a        24.90a        

Treatment mean 0.87b 1.17a 1.02   10.89b 14.04 12.46 

LSD (p≤0.01) 0.57 0.70 0.58 9.74 10.47 8.63 

Co-relation with fruit infestation rate 

r-Value 0.749** 0.767** 0.789** 0.9148**      0.981**   0.971** 

Means in the same column followed by same letter(s) did not differ significantly at p<0.01 

by DMRT and LSD=Least Significant Difference 
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Percent weight loss  

The data presented in Table 4 revealed that the average performance for two years 

showed, the significantly identical lowest fruit weight loss was found in BARI 

Tomato-18 (3.57%), BARI Tomato-16 (3.63%) and Ruma VF (4.83%). The highest 

fruit weight loss was found in genotypes Paltola (24.90%), BARI Tomato-8 

(23.63%) and BARI Tomato-17 (21.33%). Highly significant positive correlation 

was observed between % yield loss and fruit infestation for both 1
st
 year (r = 0.9148) 

and 2
nd

 year (r = 0.981) and means for the two years (r = 0.971). The findings of the 

present study are in accordance with Usman et al. (2013), Amin et al. (2017), who 

reported that higher infestation provides higher % fruit weight loss. 

Percent of infested fruit 

Infestation due to fruit borer among different varieties varied significantly. The 

minimum number of infested fruits was recorded for BARI Tomato-16 and BARI 

Tomato-18 while the maximum amount of fruit damage was found in BARI 

Tomato-8 and Paltola for both the years and ultimately the average (Table 5). 

Clissold et al. (2006) indicated that feeding of early larval instars obstructed by 

tough leaves.  

Table 5. Rank on two years mean infested fruit (%), and Rating on resistance of 

sixteen tomato varieties 

Variety 

% Infested Fruit 

Rank Rating Years 
Average 

2018 2019 

BARI Tomato-2  13.25d-f        20.04b     16.65c-e  11 Moderately resistant 

BARI Tomato-8  27.13a               32.30a 29.71a      16 Moderately susceptible 

BARI Tomato-14 17.48c-e           20.09b      18.79cd       12 Moderately susceptible 

BARI Tomato-15 18.17cd          20.82b       19.50bc       13 Moderately resistant 

BARI Tomato-16  3.51i 5.19e  4.36 h  2 Resistant 

BARI Tomato-17  21.40bc           30.60a       26.01ab        14 Moderately susceptible 

BARI Tomato-18  3.57i 5.01e   4.30h  1 Resistant 

BARI Tomato-19  10.40 f-h        14.61b-d    12.51d-f    8 Moderately resistant 

Bonkim Ruby  10.10f-h        14.11b-e 12.11e-g 7 Moderately resistant 

Pusa Ruby  7.11g-i 9.93c-e   8.53f-h   4 Resistant 

Suraksa 10.53fg       14.84b-d    12.69d-f     9 Moderately resistant 

Patharkuchi 8.20f-i 13.15b-e   10.68e-h   6 Moderately resistant 

Ruma VF  4.89hi         6.79de   5.85gh 3 Resistant 

Ruma 19  12.29e-g         17.75bc     15.03c-f     10 Moderately resistant 

Guli 8.46f-i 9.37c-e   8.92 f-h  5 Resistant 

Paltola 24.99ab 32.92a        28.95a         15 Moderately susceptible 

Treatment mean 12.60 16.72 14.66 

LSD (p≤0.01) 5.57       9.4 6.58 

Means in the same column followed by same letter(s) did not differ significantly at p<0.01 

by DMRT and LSD=Least Significant Difference 
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Antibiotic effects of phenols and acidity of tomato fruits are also achieved to the 

host plant resistance against tomato fruit borer (Kashyap and Verma, 1987; Banerjee 

and Kallo, 1989; Selvanarayanan and Narayanasamy, 2006 a). BARI Tomato-16, 

BARI Tomato-18, Pusa Ruby, Ruma VF and Guliwere found to be a resistant having 

infestation less than 10% and BARI Tomato-2, BARI Tomato-15, BARI Tomato-19, 

Bonkim Ruby, Suraksa, Patharkuchi and Ruma 19 were found to moderately 

resistant with infestation rates falling between 10 to 20%. BARI Tomato-8, BARI 

Tomato-14, BARI Tomato-17, and Paltola were moderately susceptible with 20.1 to 

30.0% fruit damage (Table 5). Among the sixteen varieties, none of the tested 

varieties were completely resistant to the attack of fruit borer. The results of the 

present study were supported by the researchers (Khanam et al., 2003; 

Selvanarayanan and Narayanasamy, 2006b; Sajjad et al., 2011; Usman et al., 2013; 

Ambule et al., 2015; Amin et al., 2017; Thakur et al., 2017).  

 

CONCLUSION 

It can be concluded that none of the tested genotypes were free from H. armigera 

infestation. BARI Tomato-18 and BARI Tomato-16 gave better results as borer 

resistance with higher fruit shape index and fresh yield plant
-1

. BARI Tomato-8, 

BARI Tomato-17 and Paltola was more susceptible containing higher infestation as 

well as higher % yield loss by fruit borer. BARI Tomato-18 and BARI Tomato-16 

may be included in IPM system. 
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ABSTRACT 

An experiment was conducted to evaluate the influence of different 
organic manures on growth, yield, and quality of radish (Raphanus 
sativus) at Institute of Agriculture and Animal Science (IAAS), 
Rupandehi, Nepal. The experiment was laid in Randomized 
Complete Block Design single factorial with seven treatments and 
three replications. The treatments were consisted as farmyard 
manure (FYM) (30 tha

-1
), poultry manure (PM) (30 tha

-1
), FYM(15 

tha
-1

) + PM (15 tha
-1

), FYM (15 tha
-1

) + vermin compost (2.5 tha
-1

) + 
phosphate solubilizing bacteria (PSB) (10kgha

-1
), FYM (15 tha

-1
) + 

bone meal (5 tha
-1

) + PSB ( 10 kgha
-1

), PM (15 tha
-1

) + vermi  
compost (2.5 tha

-1
) + PSB   (10 kgha

-1
), PM (15 tha

-1
) + bone meal 

(5 tha
-1

) + PSB (10 kgha
-1

). A significant variation was observed 
among the treatments. The poultry manures combined with bone 
meal and PSB significantly increased the growth and yield attributes 
viz., plant height (43.43 cm), number of leaves (20.9), shoot length 
(44.49 cm), root length (21.68 cm), root diameter (3.77 cm), root  
weight  (211.3 gm plant

-1
 ), shoot weight (170.9 gm plant

-1
), 

biological yield  (82.28 gm plant
-1

), dry root weight (46.89 gm plant
-

1
), dry shoot weight (50.33 gm plant

-1
), total dry weight (97.22 gm 

plant
-1

), root yield (49.31 tha
-1

), shoot yield (939.87 tha
-1

) and 
biological yield (89.19 tha

-1
) at 70 days after sowing. The vitamin-C 

in radish root was recorded highest (2.87 mgml
-1

) with PM. 
However, the total soluble solid remains unchanged among the 
treatments. In total, the results suggested that poultry manures 
combined with bone meal and PSB is suitable to cultivate radish.  

Keywords: Bone meal, Vermi compost, Farmyard manure, 
Phosphate solubilizing bacteria, Poultry manure, Radish. 
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INTRODUCTION 

 Radish (Raphanus sativus) is a winter season vegetable, grown throughout the 

country and occupies 16915.7 ha with total production of 268119.6 tones and 

productivity15.9 tha
-1

 (MoAD, 2017). The area covered under radish cultivation 

during 2011-12 to 2015-16 has decreased by 6.0 % (Ghimire et al., 2018). The 

global production of radish is estimated 7 Mt year
-1

, which is about 2 % of the total 

world vegetables production (Ghimire et al., 2018).  

Radish is a good source of vitamin-C (14.8 mg per 100gm
 
of edible portion) and 

supplies variety of minerals. The pink skin radish is generally rich in ascorbic acid 

than white skin radish (Singh and Bhandari, 2015).  The characteristic pungent 

flavor of radish is due to is othiocyanate (Kushwah, 2016). It is used for 

neurological headaches, chronic diarrhea, urinary complaints, sleeplessness, and 

piles (Singh and Bhandari, 2015). 

Organic manures are bulky, concentrated, and organic in origin, having no definite 

chemical composition with low analytical value. Chemical fertilizers are used in 

excessive doses for higher production of vegetables. Total dependence on inorganic 

fertilizers has led to ill effects on soil. The demand for organic produce is increasing 

with increasing awareness (Bhatta et al., 2008). The global market for organic 

produce has surpassed 100 billion USD in 2018. However, the organic food supply 

lags behind the demand. Organic vegetable production was 1.1 % of the total 

vegetable production in 2017 (Willer and Lernoud, 2019). The 10
th 

Five Year Plan of 

Nepal and the Ministry of Agricultural Development (MOAD) has prioritized the 

application of organic manures and bio-fertilizers over past few years (MOAC, 

2004; Amgai et al., 2017).  

In Nepal, researches in organic fertilizers are limited and less prioritized due to 

which the information on their efficacy is lacking. PM and FYM are commonly 

available, but their application alone is not competent to high energy demand 

(Henderson et al., 2016). So, these manures in combination with bone meal, PSB, 

and vermin compost were used. Hence, the study was conducted to assess the 

appropriate organic manures and their combination for optimum growth, yield, and 

quality of radish.     

                                                

MATERIALS AND METHODS 

Research location 

The research was conducted in Institute of Agriculture and Animal Science, 

Rupandehi, Nepal, from December 2018 to March 2019. It is situated on the 

geographical coordinates of 27.4809
0
N, 83.4469

0
E. 
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Table 1. Monthly meteorological information from December 2018 to March 2019 

Year Month Average minimum 

temperature ( ͦC) 

Average maximum 

temperature ( ͦC) 

2018 December 9.07 24.84 

2019 January 8.4 23.26 

2019 February 11.78 24.77 

2019 March 16 32 

Soil test was performed before the land preparation. Briefly, composite samples of 

each replication were taken from depth of 15 cm before manure application through 

zigzag method. Samples were mixed thoroughly and quartering was done. Two 

opposite quarters were discarded, remaining quarters were remixed then the process 

was repeated till 1 kg sample was obtained. The obtained sample was pulverized, 

shade dried, sieved with the help of 2 mm sieve and analyzed for different nutrient 

as depicted in Table 2. 

Table 2. Physiochemical properties of soil sample 

Properties Contents Remarks 

pH 7.08 - 

N % 0.105 Medium 

P2O5  kgha
-1

 42.23 Medium 

K2O kgha
-1

 225.1 Medium 

Organic Matter % 2.06 Low 

Sand % 32 - 

Silt % 50.3 - 

Clay % 17.7 - 

Soil texture Loam / Silty loam - 

Experimental details 

The experiment was laid out on randomized complete block design with 7 

treatments and 3 replications. The treatments were T1 (farmyard manure 30 tha
-1

), T2 

(poultry manure 30 tha
-1

), T3 (FYM 15 tha
-1

 + PM 15 tha
-1

), T4 (FYM 15 tha
-1

 + 

vermin compost 2.5 tha
-1

 + phosphate solubilizing bacteria (PSB) 10 kgha
-1

), T5 

(FYM  15 tha
-1 

+ bone meal 15 tha
-1 

+ PSB 10 kgha
-1

), T6 (PM 15 tha
-1

 + vermin 

compost 2.5 tha
-1 

+ PSB 10 kgha
-1

), T7 (PM 15 tha
-1

 + bone meal 5 tha
-1

 + PSB 10 

kgha
-1

). Pseudomonas strain of PSB and vermin compost containing 1.88 % N, 1.08 

% P, and 2.68 % K were used. The spacing between row to row was 20cm, plant to 

plant was 22 cm, plotto plot was 0.75m while replication to replication was 

maintained at 1m. The individual plot size was 4.5 m
2
 (3m×1.5m). 

Crop management 

After completion of field preparation, organic manures, as per the treatment, were 

incorporated as basal dose 7 days before sowing. Good quality seeds of Tokinashi 
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variety were sown maintaining the depth of 2 cm on 22
nd 

December 2018. 

Intercultural operations like mulching of plot for 5 days, irrigation according to the 

moisture requirement, re-sowing and thinning out to maintain desired plant 

population, weeding and earthing up at the early stage of plant growth, and plant 

protection measures were applied as per needed. 

Sampling and data recording 

From each plot, 10 random plants were considered as sample plants for data 

collection. The observations were recorded for growth parameters, such as plant 

height, number of leaves, shoot length, fresh shoot weight, dry shoot weight; yield 

parameters, such as root length, root diameter, fresh root weight, dry root weight; 

quality parameters, such as Vitamin-C content and total soluble solid (TSS). Plant 

height and number of leaves were recorded at 28 days after sowing (DAS), 42 DAS, 

56 DAS, and 70 DAS while all other parameters were recorded at 70 DAS. 

 Root and shoot weight (gm) 

Three plants were selected randomly from each plot at 70 DAS and weighed. After 

taking fresh root and shoot weight, they were dried in sun for two days followed by 

hot air oven at 70 ͦ C till constant weight, and dry weight was measured.  

Total soluble solid  

One sample from each plot was taken. 10 gm of each root below 2 cm from the 

crown was cut and crushed to form a homogenized sample and 10 ml distilled water 

was added. The juice was extracted through a muslin cloth then used for the 

determination of TSS using a digital refractometer. 

Ascorbic acid content (mgml
-1

 of juice)  

For the preparation of the dye solution, 50 mg of sodium salt of 2,6-

dichlorophenolindophenol (DCIP) in approximately 100ml of distilled water was 

heated on a hot plate. It was left to cool down and diluted with distilled water to 200 

ml.0.5gm of oxalic acid was dissolved in 100ml distilled water. For standard 

ascorbic acid, 0.01gm of ascorbic acid was weighed, diluted with oxalic acid and the 

final volume was prepared to 10 ml. In the standardization of dye 10ml of oxalic 

acid and 1ml of standard ascorbic solution were taken in a conical flask. The 

solution was titrated against the dye solution until the pink color was obtained which 

persisted for 15 seconds. Then 1ml of juice in 10ml of oxalic acid was taken as a 

sample. Similarly, for the assay of ascorbic acid, a 10ml sample was taken and 

titrated against the standard dye to a pink color which persisted for 15 seconds 

(Ranganna, 1995). The ascorbic acid content of the sample was calculated using the 

following formula: 

Concentration of Vitamin C in juice (mgml
-1

)   

= 
DCIP  ml  used  to  titrate  the  radish  juice

DCIP   ml  used  to  titrate  standard  solution
× 1mgml

-1
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Statistical data analysis 

Each treatment was replicated three times and data were recorded from 10 randomly 

sampled plants. Hence, the experiment contained three biological and 10 analytical 

replicates. Data were statistically analyzed following analysis of variance (ANOVA) 

and Duncan's Multiple Range Test (DMRT) with the help of MSTAT computer 

package program. The significant difference among treatment means was compared 

by the least significant difference (LSD) at 5% level of probability. 

 

RESULT AND DISCUSSION 

Effect of organic manures on growth parameters 

Organic manures play significant role in improvement of soil condition and are 

helpful in balancing nutrient availability which boosts the growth of plants. The 

results of this study revealed good response of radish to organic manures and their 

combination. At 70 DAS, the plant height (43.43 cm) and number of leaves (20.9) 

were maximum in T7 which was at par withT5 and were significantly different 

(p<0.05) from other organic manures whereas plant height (11cm) and number of 

leaves (8.13) were observed minimum in both T4 and T1 (Figure 1 and 2). 

 
Figure1. Effect of organic manures on plant height of radish 
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Figure 2. Effect of organic manures on number of leaves of radish 
 

The root length in T1 and T4 were significantly lower than other treatments. The 

highest (22.80 cm) and lowest root length (12.98 cm) was observed in T7 and T4 

respectively (Figure 3). Similarly, shoot length was significantly higher (44.49 cm) 

in T7 and lower (12.73 cm) in T1 (Figure 3). The increased growth parameters 

attributed to beneficial effect of PM has been reported by Uddain et al. (2010) and 

Subedi et al. (2018) in radish, Sylvester et al. (2015) in carrot and Jagadeesh et al. 

(2018) in beetroot. 

 
Figure 3. Effect of organic manures on root and shoot length of radish 
 

As a fast-growing vegetable, radish requires a higher amount of nutrients (Baloch et 

al., 2014). PM contains 13 essential nutrients: N, P, K, Ca, Mg, S, Mn, B, Zn, Cu, 

Fe, Cl, Mo (Chastain et al., 2010). PM contained 30% readily available nitrogen 

form (Sunassee, 2002). Bonemeal contains mainly Ca, P, and some N (BARC, 

2012). PSB enhances phosphorus availability to plant (Hasanuzzaman et al., 2018; 

Yang et al., 2018). Nitrogen has a direct effect on vegetative growth, playing role in 

cell division, cell enlargement, and protein synthesis (Kattab et al., 2019). Besides 
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the synergistic effect of N with P and K in optimal doses increased the plant height 

and the total number of leaves (Razaq et al., 2017; Debbarma et al., 2017) eventually 

increasing the photosynthate assimilation (Baloch et al., 2014) and shoot weight. 

This might be the reason for higher growth parameters in T7. 

Effect of organic manures on yield parameters 

The root diameter was found to be significantly higher (p<0.05) in T7 (3.77 cm) and 

lower in T1 (1.487 cm) followed by T4 (1.62 cm) (Figure 4).  
 

 
Figure 4. Effect of organic manures on root diameter of radish 
 

The root weight,  shoot weight, and biological yield were significantly higher 

(p<0.05) in T7 with values 211.3 gm, 170.9 gm and 382.28 gm, respectively whereas 

lower in T1 with values 19.67 gm, 8.22 gm, and 27.89 gm, respectively (Table 3).  
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Treatment Root weight/ 

plant/plot (gm) 

Shoot weight/ 

plant/plot (gm) 

Biological yield 

/plant/plot (gm) 

FYM  30  tha-1 19.67d 8.223d 27.89e 

Poultry Manure 30  tha-1 135.0bc 41.22c 176.2cd 

FYM 15  tha-1 + Poultry Manure 15  tha-1 117.7c 27.22c 144.9d 

FYM 15  tha-1 + Vermi compost  2.5  tha-1 + 

PSB 10 kg ha-1 

26.67d 8.780d 35.45e 

FYM 15  tha-1 + Bone meal  5  tha-1 +PSB 10  

kgha-1 

161.0b 116.4b 277.4b 

Poultry Manure 15  tha-1 + Vermi compost  

2.5  tha-1 + PSB 10  kgha-1 

141.7bc 43.44c 185.1c 

Poultry Manure 15  tha-1 +  Bone meal  5tha-1 

+ PSB 10  kgha-1 

211.3a 170.9a 382.28a 

Sem 9.2013 5.8941 12.9472 

LSD 28.35 18.16 39.89 

CV % 13.72 17.17 12.77 

Grand Mean 116.143 59.461 175.604 
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There was a significant difference (p<0.05) among organic manures on dry root 

weight, dry shoot weight, and total dry weight per plant and found maximum in T7 

with values 46.89 gm, 50.33 gm, and 97.22 gm, respectively while minimum dry 

shoot weight (5.45 gm), minimum total dry weight (15 gm) were found in T4 and dry 

root weight was obtained minimum (7 gm) in T1 (Table 4).  
 

Table 4. Effect of organic manures on dry root weight, dry shoot weight and total 

dry weight per plant 

Treatments Dry root 

weight per 

plant (gm) 

 Dry shoot 

weight per 

plant (gm) 

Total Dry 

weight per 

plant (gm) 

FYM  30 tha
-1  

(T1) 7
d 

8.67
cd 

15.67
e 

Poultry Manure 30 tha
-1 

(T2) 37.44
abc 

20.68
b 

58.12
cd 

FYM 15 tha
-1 

+ Poultry Manure 15 

tha
-1 

(T3) 

30.00
c 

15.44
bc 

45.45
d 

FYM 15 tha
-1 

+ Vermi compost  2.5 

tha
-1 

+ PSB 10 kg ha
-1

(T4) 

9.56
d 

5.45
d 

15.00
e 

FYM 15 tha
-1 

+ Bone meal  5 tha
-1 

+PSB 10 kg ha
-1

(T5) 

35.44
bc 

41.78
a 

77.22
b 

Poultry Manure 15 tha
-1 

+ Vermi 

compost  2.5 tha
-1 

+ PSB 10 kg ha
-

1
(T6) 

43.78
ab 

23.31
b 

67.09
bc 

Poultry Manure 15 tha
-1 

+  Bone meal  

5 tha
-1 

+ PSB 10 kg ha
-1

(T7) 

46.89
a 

50.33
a 

97.22
a 

Sem± 3.01 2.99 4.97 

LSD 9.52 9.24 15.33 

CV % 17.82 21.96 16.06 

Grand Mean 30.02 23.67 53.68 
 
 

The root yield, shoot yield, and biological yield were significantly (p<0.05) higher in 

T7, with values 49.31 tha
-1

, 39.87 tha
-1

, and 89.19 tha
-1 

respectively followed by T5. 

But, they were significantly lower in T1, with values 4.58 tha
-1

, 1.91 tha
-1

, and 6.5 

tha
-1

, respectively, which was at par with T4 (Table 5).The results are in conformity 

with the findings of Kumar et al. (2014) in respect of fresh weight and dry weight 

recorded highest by applying PM (50%) and Vermi compost (50%) in radish. 
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Table  5. Effect of organic manures on root yield per hectare, shoot yield per hectare 

and biological yield per hectare 
 

Treatments Shoot yield per 

hectare (tha
-1

) 

Root yield per 

hectare (tha
-1

) 

Biological yield per 

hectare (tha
-1

) 

FYM  30 tha
-1 

 (T1) 1.91
d 

4.58 
d 

6.5 
e 

Poultry manure 30 

tha
-1 

 (T2) 

9.61
c 

31.5
bc 

41.12
cd 

FYM 15 tha
-1 

 + 

Poultry manure 15 

tha
-1 

(T3) 

6.35
c 

27.46
c 

33.81 
d 

FYM 15 tha
-1 

 + 

Vermi compost  2.5 

tha
-1 

+ PSB 10 kgha
-1

 

(T4) 

2.04
d 

6.2 
d 

8.27 
e 

FYM 15 tha
-1 

 + Bone 

meal  5 tha
-1 

 +PSB 

10 kg ha
-1

 (T5) 

27.17
b 

37.57
b 

64.74
b 

Poultry manure 15 

tha
-1 

+ Vermi 

compost  2.5 tha
-1 

+ 

PSB 10 kg ha
-1

 (T6) 

10.14
c 

33.06
bc 

43.19
c 

Poultry manure 15 

tha
-1 

 +  Bone meal  5 

tha
-1 

 + PSB 10 kg ha
-

1
 (T7) 

39.87
a 

49.31
a 

89.19
a 

Sem ± 1.37 2.14 3.02 

LSD 4.23 6.61 9.3 

CV % 17.17 13.72 12.77 

Grand Mean 13.87 27.1 40.97 
 
 

More number of leaves, accumulates more photo synthates, utilized in root cell 

differentiation, elongation, and is also stored in roots (Shrestha and Thapa, 2018). 

This has led to significantly higher root length and diameter (Figure 3 and 4) in T7. 

PM combined with bone meal and PSB has higher phosphorus availability which 

largely influences the root growth by helping in cell division, photosynthesis, 

carbohydrate metabolism, enzyme activation, and nutrient translocation. Subedi et 

al. (2018) observed longer and wider roots of radish in the treatments containing PM 

either alone or in combination with chemical fertilizer due to higher organic manure 

and nutrient content (NPK and micro nutrients). Similarly, Khatri et al. (2019) 

assigned the highest biomass in PM than FYM to the low C/N ratio of PM 

contributing to faster decomposition and quick release of nutrients. Debbarma et al. 

(2018) reported that vermi compost and PM increased the nitrogen constituent in 

cell sap of the meri-statimatic tissue ensuring enhanced vegetative growth and 

accumulating more carbohydrate for increase in root size. Researches have shown 

PSB and bone meal to be alternative nutrient supplementation. Silva et al. (2019) 
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demonstrated increase in height, number of node, phosphorus content in plant tissue 

of sugarcanes with phosphate fertilization by bone meal. PSB in conjunction with 

mineral fertilizer had highest seed yield in sunflower due to efficient mobilization of 

soil phosphorus (Ekin, 2010). In addition the interactions between nutrients are also 

important for yield in plants. Hasanuzzaman et al. (2018) reported the synergistic 

effect of Mg and B with P. Chowdhury et al. (2015) observed higher test weight  due 

to the interaction between B and P. Nitrogen and phosphorus are limiting nutrient in 

plant growth and development (Khandaker et al., 2017), any of their deficiency 

affect the plant health (Gholizadeh et al., 2009). FYM being the poor source 

(Kushwah et al., 2020; BARC, 2012) cannot escalate the plant growth. Therefore, 

yield was observed lowest in FYM (30 tha
-1

). 

Effect of organic manures on quality parameters  

Vitamin C content was significantly (p<0.05) higher in T2 (2.87 mgml
-1

) and lower 

in T1 (1.93 mgml
-1

), while all other treatments showed similar result which were 

intermediate between T2 and T1. There was no significant difference (p<0.05) among 

the organic manures in TSS content. However, the highest TSS (2.20
°
Brix) was 

observed in T5 and T2 (Table 6). According to Singh et al. (2016) maximum TSS 

and vitamin-C content was recorded in FYM (50 %) and PM (50 %) in radish. 

However, the beneficial effect in growth, yield and quality parameters were 

observed in vermi compost (50 %) and PM (50 %) (Singh et al., 2016). 
 

Table 6.  Effect of organic manures on Vitamin-C and TSS Content 
 

Treatment  Vitamin-C  TSS Content ( 0 brix)  

FYM  30 tha-1  1.927b  2.167a  

Poultry manure 30 tha-1  2.870a  2.200a 

FYM 15 tha-1 + Poultry manure 15 

tha-1  

2.683a  2.033a 

FYM 15 tha-1 + Vermi compost 

2.5 tha-1  + PSB 10 kg ha-1 

2.340ab  1.867a 

FYM 15 tha-1  + Bone meal  5 tha-1 

+PSB 10 kg ha-1 

2.307ab  2.200a 

Poultry manure 15 tha-1 +  

Vermi compost  2.5 tha-1  + PSB  

10 kg ha-1 

2.757a  2.000a 

Poultry manure 15 tha-1  +  Bone 

meal  5 tha-1  + PSB 10 kg ha-1 

2.460ab  2.033a  

Sem ±  0.21  0.21  

LSD  0.6561  0.6390  

CV %  14.91%  17.35%  

Grand Mean  2.478  2.071  
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Note: Sem= Standard error of mean, LSD= Least Significant Difference, CV= 

Coefficient of Variations. Treatments means are separated by Duncan’s Multiple 

Range Test (DMRT) and the columns are represented by same letter(s) are non-

significantly different among each other at 5 % level of significance. 

The higher vitamin-C content in the PM could be attributed to higher potassium 

content as it improves the quality of crops. Peter et al. (2014) had derived the 

quadratic relationship between broiler litter and vitamin-C content. Fontes et al. 

(2000) reported increased ascorbic acid, total acidity, and sugars in tomato due to 

potassium. Abanto-Rodriguez et al. (2016) observed positive relation of ascorbic 

acid to the concentration of Mg and P in camucamu plants. 

 

CONCLUSION 

The organic manures had statistically significant variation (p<0.05) in all the growth 

and yield parameters including vitamin-C in quality parameter but no significant 

difference was found in TSS content. The performance of T7 was found superior in 

all recorded growth and yield parameters followed by T5.Therefore, PM 15 tha
-1

+ 

bone meal 5 tha
-1 

+ PSB 10 kgha
-1

 may be suggested to the radish growers of Nepal. 

This experiment should be conducted in a different agro domain for further 

validation. It should be conducted with different doses of the PM + bone meal + 

PSB as well.  
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ABSTRACT 

A study was conducted to evaluate genetic polymorphism in three 
Sakini chicken populations using random amplification of 
polymorphic DNA (RAPD) with seven highly polymorphic primers. 
All populations showed polymorphism with these primers that 
generates 59 different bands with an average of 8.4 bands per 
primer with 78.6% polymorphism nature. Primer OPA-16 produced 
the highest number of polymorphism bands 47 % and the lowest 
number of bands was produced by the OPA-05 primer 24 %. 
Differences for genetic distance (D) among populations were 
significant (P<0.05). A consensus dendogram was therefore 
developed to show the phylogenetic relationship among the 
populations. The cluster pattern is well supported by the principle 
component analysis that also separates all three populations of 
Sakini chicken into six major groups. The results provide evidence 
of the applicability of RAPD to determining genetic relatedness 
within and among different poultry populations and in developing 
reproducible markers useful in evaluating individual variation in 
poultry. 

Keywords: Sakini chicken, Genetic polymorphism, Polymorphic 
DNA 

 

INTRODUCTION 

Sakini, a principal and most common chicken breed in Nepal distributed throughout 

the country.  They are dual purpose breeds having a small body size with colorful 

plumage and well-known for unique quality of meat and eggs. Indigenous poultry 

including the Sakini breed contributes almost 55 % of the total poultry population in 
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Nepal (Ministry of Livestock Development, 2015). Overall productivity of this 

breed is low in farmer’s households, may be because of farmer’s poor knowledge on 

breeding, health and nutrition management (Wilson, 2017); thus, it could be 

increased through genetic improvement by using the process of selection (Sapkota et 

al., 2017). Since selection is a time taking process, the Department of Livestock 

Services of Nepal Government has taken the crossbreeding strategy for the 

immediate benefit of the poor farmers by introducing exotic breeds (Neopane and 

Gorkhali, 2008). This unplanned crossbreeding with indigenous chicken created a 

threatening situation with genetic dilution. The need to curb the threats of dilution 

and extinction of the Nepalese chicken genetic resources by strategic development 

and conservation is justifiable and timely. The molecular characterization of 

indigenous chicken is the prerequisite for understanding about the breed then after 

developing efficient strategies for conservation. This present study was thus 

conducted to evaluate genetic polymorphism in three Sakini chicken populations 

using random amplification of polymorphic DNA (RAPD) with seven highly 

polymorphic primers. 

RAPD technique has made a substantial contribution as a simple technique, which is 

affordable to a broad community working in molecular genetics with limited 

resources. RAPD markers are polymorphic DNA which is separated by the process 

of gel electrophoresis after polymerase chain reaction with the help of short random 

oligonucleotide primers (Welsh and McClelland, 1990; Williams et al., 1990). It is 

considered as one of the simple, safe, less expensive and rapid methods to figure out 

genetic diversity and similarity in various organisms which attributes to its use in 

molecular and genetic studies. This technique has been widely used to perform 

genome mapping in chickens (Levin et al., 1994; Cheng et al., 1995), genetic 

diversity and parentage analysis in chickens and turkeys (Smith et al., 1996). At 

present, RAPDs have been used for detecting specific markers to estimate genetic 

relatedness among various poultry species and to discriminate the genetic resources 

of economically important animals such as poultry (Salem et al., 2005). Thus, the 

ultimate intention of this project is to determine genetic variability among different 

Sakini chicken breeds and to confirm the genetic relationship among them with the 

use of RAPDs markers.  

 

MATERIAL AND METHODS 

Sampling protocol, DNA extraction and analysis 

The sampling strategy for each breed avoided the selection of more than two birds 

from one household and served from the same cockerel. Blood was collected from 

the jugular vein and used to prepare DNA using a commercial DNA extraction kit 

(G-Dex DNA extraction kit). Samples were adjusted to a concentration of 20 ng/μl 

before PCR amplifications which were performed on single-bird DNA. Out of 

162 birds that were taken for the phenotypic characterization of Sakini chicken of 
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different agro-ecological zones of Nepal (Rasuwa for high hills, 61 birds; Kavre for 

mid-hills, 40 birds; and Rautahat for Terai, 61 birds), twenty samples from different 

districts were taken randomly and studied for molecular characterization. 
 

RAPD analysis 

The RAPD-PCR was performed on a Programmable Thermal Controller (Bio-Rad 

Laboratories Inc., USA). Each 10μl reaction mix comprised: 20 ng template DNA, 6 

pmol primer, dNTPs (de-ox nucleoside triphosphates) each at 50μM, 0.5 units Taq 

DNA polymerase (Bioneer Corporation, South Korea) 10mM Tris pH 8.3, 50 μM 

KCI, 0.001 % gelatin, 0.025 % Tween-20, 0.25 % NP 40 and 1.5mM MgCl2. 

Temperature cycling comprised 40 cycles of 10 s at 95
o
C, 5 s at 35

o
C and 1 min at 

72
o
C. PCR products were subjected to electrophoresis at 150 V in 2 % agarose gels 

containing ethidium bromide. RAPD fingerprints were visualized by ultraviolet (UV) 

illumination. 

Primers 

A total of seven arbitrary oligonucleotide primers were used singly for amplification 

of the breed-specific DNA pools (Table1). The primers, which discriminated 

between the DNA pools, were investigated further on single DNA samples to 

determine the proportion of animals carrying the pool-specific fingerprints. All the 

seven primers were 10 bp long with a GC content of 45-80 %. Sequences for the 

primers that amplified apparent pool-specific products are shown in Table 1.  

Table1. Name of primers with sequence and polymorphic information content (PIC) 

S.N. Primers Sequence 5’-3’ PIC 

1 OPA-04 AATCGGGCTG 0.37±0.07 

2 OPA-05 AGGGGTCTTG 0.24±0.22 

3 OPA-06 GGTCCCTGAC 0.34±0.14 

4 OPA-07 GAAACGGGTG 0.31±0.16 

5 OPA-11 CAATCGCCGT 0.34±0.19 

6 OPA-12 TCGGCGATAG 0.38±0.13 

7 OPA-16 AGCCAGCGAA 0.47±0.04 

             Average 0.35±0.14 
 

Scoring of bands and statistical analysis 

Only distinct, prominent bands were scored, which represented RAPD fingerprints 

ranging from 0.31 to 1.1 kb in size. RAPD fingerprints were compared only on 

samples run in the same gel. Amplified DNA representing separate PCR products 

was scored and put in a data set for analysis of the following statistics. 

Frequency of polymorphic fingerprints in the different breeds, determined from the 

ratio of the number of animals carrying the fingerprint (n) to the total number of 

animals screened within a breed (N). 
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Similarity index or allele (band) sharing (AS), calculated between breeds as follows: 

AS between animals a and b = (2Bab)/ (Ba+Bb), where Bab is the number of 

fingerprint bands shared by animals a and b, Ba is the number of fingerprint bands in 

animal a and Bb is the number of fragment bands in animal b (Lynch, 1990).  

Genetic distances between breeds. 

Mean average percentage difference (MAPD). This value was calculated using the 

following three formulae (Gilbert et al., 1990): 
 

1) Percentage difference (PD) =   Nab/Na + Nb x 100 

 

 
 

2) Average percentage difference (APD) =  
 

 

3) Mean average percentage difference (MAPD) =  
 

 

Where, Nab is the number of fragments that differed between two individuals for a 

single primer; Na is the number of fragments resolved in individual a; Nb is the 

number of fragments resolved in individual b; C is the number of interbreeding pair-

wise comparisons, and R is the number of random primers used. 

The MS Excel (version 5) and STATISTIX (version 4) analytical software were 

used to compute allele frequencies and mean values, respectively. The DISPAN 

computer program (1993) was used to calculate genetic distances and phylogenetic 

relationships between breeds. 

 

RESULTS AND DISCUSSION 

Sakini chicken of different lines showed polymorphism with seven RAPD primers 

consistent banding pattern (Table1) that generates 59 different bands with an 

average of 8.4 bands per primer with 78.6 % polymorphism nature. Primer OPA-16 

produced the highest number of polymorphism bands 47 % and the lowest number 

of bands was produced by the OPA-05 primer 24 %. Dehghanzadeh and his 

colleagues presented the RAPD profiles of Iranian native chicken in five 

populations, with a total of 130 fragments amplified in which 86 bands showed 

polymorphism and the greatest number of polymorphic bands detected were 16 

(Dehghanzadeh et al., 2009). The overall number of polymorphic loci, percentage of 

polymorphic loci and genetic diversity were 25, 64.10 % and 0.25, respectively in 

Bangladeshi chicken and the average detected with the average number of bands 

obtained by individual primer ranging from 9 to 11 (Mollah et al., 2009). 

Genetic distance  

The Nei’s mean distance value among population of Sakini was 0.194±0.016. 

UPGMA cluster analysis, based on the genetic distance, shows that the population 
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grouped according to the geographical regions, generating four distinct groups. 

Population was found significant to geographical regions. Nei’s heterozygosity for 

all loci ranges from 0.022 to 0.692. The Nei’s heterozygosity mean for all loci of 

Rasuwa is 0.593±0.022, Kavre 0.552±0.188 and Rauthat 0.568±0.05, respectively. 

The distance calculated range from 0.066 to 0.182 in Irani native chicken 

(Dehghanzadeh et al., 2009),whereas, in Bangladeshi chicken the values of pair wise 

comparison of genetic distance between populations ranged from 0.036 to 0.148 as 

presented by Mollah et al. (2009).  

Cluster analysis 

The cluster analysis based on UPGMA clustering with 59 loci generated by seven 

RAPD primers separates 20 Sakini birds of three different ecological zones into six 

major clusters in 88% similarity level (Figure1), whereas, Maeda et al. (1992) 

present three types of local chicken while studying protein polymorphisms in native 

and red jungle fowls in Nepal. Bootstrap of 1000 replication was done which 

suggest the highest recovery from resampling by RT4 bird of Rauthat and K17 bird 

of Rasuwa. The result shows six distinct types of Sakini chicken at 88 % of the 

similarity level. Five regional chicken populations in the central part of Nepal were 

clustered into three groups. Among the five regions, two regions were from high 

hills (2500 m), two regions from mid-hills and one region from plane land (Terai). 

According to Dorji et al. (2012) there are 13 strains of native chickens in Bhutan. 

However, the FAO Domestic Animal Diversity Information System lists only 10 

strains.  
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Figure 1. Dendrogram showing 20 Sakini individuals based on Nei’s genetic 

 distance using UPGMA method with Bootstrap of 1000 replication  
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The efficacy of the RAPD markers in detecting the polymorphism among the Sakini 

chicken population from different locations of Nepal was revealed using this 

experiment. This helped to establish the genetic relationship among various Sakini 

breeds of Nepal. The seven primer of RAPD generated 59 different bands with an 

average of 8.4 bands per primer. The Nei’s mean distance value among population 

of Sakini was 0.194±0.016.  UPGMA cluster based on the genetic distance shows 

that population grouped according to the geographical regions, generating six 

distinct groups and was found significant to geographical region. Upon principal 

coordinate analysis of 1 versus 2 shows three lines of Sakini chicken were distinctly 

different lines and there is wide dissimilarity between different three lines. Analysis 

of molecular variance within population was 75 % and among the population 

variance of 25 % and this result was found to be statically significant (p<0.01) 

indicates population differ significantly from each another. This result also shows 

that further study needs to be done to find out reason (s) for huge variation within 

the population.  

Principle component analysis 

The cluster pattern is well supported by the principle component analysis that also 

separates all three lines of Sakini chicken into six major groups. Upon PCO analysis 

variation in X axis was found 42.35 %, Y axis 23 % and Z axis 13.25 %. These 

cluster 1 verse 2 showed that the three lines of Sakinichicken were distinctly 

different lines and there is wide dissimilarity between different three lines. Maeda 

(1988) presented the first three components were 46 %, 34 % and 18 % in protein 

polymorphism of native chicken of Nepal and concluded five regional chicken 

population in central part of Nepal were clustered into three groups. Sample 

numbers RT1 (2.7), RT 3 (2.99), K 5 (-3.7), K6 (-3.35), RA15 (-3.14), and RA16 (-

3.79) created high variation in first principle component, sample numbers RT1 (-

1.93), K6 (-2.13), RA17 (2.67), RA18 (2.7), RA19 (3.78), RA20 (4.12) created 

highest variation in second principle component and sample numbers K5 (-2.5), K6 

(-2.2), K7 (-1.6), RA13 (1.7) , RA15 (2.2), and RA16 (2.5) created highest variation 

in third principle component. 

Analysis of molecular variance 

The Analysis of molecular variance (AMOVA) was performed from RAPD data 

considering three populations. Analysis of molecular variance (Table 2) shows that 

the most of variability within population (75 % of variance) and among the 

population variance of 25 %. This result was found to be statically significant 

(P<0.01) indicates that population differ significantly from one another.  These data 

were supported by a PhiPT=0.355, which measures the magnitude of genetic 

differentiation among population. The reason for low variance among the population 

due to Sakini is the principle breed of Nepal and it can be found in wide 

geographical regions. As well as the Sakini of all region is from the same family. But 
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the variation within the present populations may be due to different genetic makeup, 

species adaption, natural selection, history of birds, migration, mutation, even more 

by genetic contamination by other exotic species.  

Table 2. Analysis of molecular variance 

Source Df SS MS Est. Var. % 

Among Pops 2 53.514 26.757 2.978 25% 

Within Pops 17 153.686 9.040 9.040 75% 

Total 19 207.200  12.018 100% 

Stat Value P(rand >= data) PhiPT max Phi'PT 

PhiPT 0.248 0.010 0.698 0.355 
 

Molecular genetic diversity of population 

According to Nei (1973) heterozygosity for all loci ranges from 0.103 to 0.692 with 

mean 0.194±0.016, similarly unbiased hetro-zygosity was 0.210±0.016 (Table3). 

The Nei’s heterozygosity mean for all loci of Rasuwa is 0.267±0.022, Kavre 

0.231±0.023 and Rauthat0.082±0.021 respectively. Mean Shannon’s information 

index was found to be 0.292 where number of alleles was 1.305±0.064 with 

effective number of alleles 1.325±0.027. Shannon’s information index for was found 

to be 0.292 where number of alleles was 0.406±0.031,0.346±0.037, 0.124±0.031 

with effective number of alleles 1.440±0.043, 1.396±0.049, 1.140±0.038 of Rasuwa, 

Kavre and Rauthat respectively. 

Table 3. Mean and standard error over loci for each population 

Pop 

 

N Na Ne I He uHe 

Rautahat Mean 4.000 0.695 1.140 0.124 0.082 0.094 

 

SE 0.000 0.109 0.038 0.031 0.021 0.024 

Kavre Mean 5.000 1.475 1.396 0.346 0.231 0.257 

 

SE 0.000 0.101 0.049 0.037 0.026 0.029 

Rasuwa Mean 11.000 1.746 1.440 0.406 0.267 0.280 

 

SE 0.000 0.075 0.043 0.031 0.022 0.024 

Total Mean 6.667 1.305 1.325 0.292 0.194 0.210 

 

SE 0.233 0.064 0.027 0.021 0.015 0.016 
 

Na = No. of Different alleles; Ne = No. of effective alleles = 1 / (p^2 + q^2); I = 

Shannon's Information Index = -1* (p * Ln (p) + q * Ln(q)); He = Expected 

Heterozygosity = 2 * p * q; uHe = Unbiased expected Heterozygosity = (2N / (2N-1)) 

* He 
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Percentage of  polymorphic loci 

The average of 56.5 % with stander devotions of 17.0 % polymorphic loci was 

shown by the seven primers (Table4). The L3 Line (Rasuwa) showed 81.36 %, L2 

line (Kavre) showed 64.41 % and L1 line (Rauthat) showed 23.73 % of Polymorphic 

loci. 

Table 4. Percentage of polymorphic loci of three lines of seven different RAPD 

primers 

Population Rautahat Kavre Rasuwa Mean 

%P 23.73% 64.41% 81.36% 56.5±17.10% 

 

CONCLUSION 

Based on the results, it can be concluded that there are six sub-lines and may have 

sub-sub lines of Sakini chicken within the geographical region. RAPD effectiveness 

in detecting polymorphism is high and this technique is simple and straightforward 

in a preliminary assessment of within and between population genetic diversity in 

local poultry breed. 
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ABSTRACT 
To minimize the production cost of poultry and poultry products, it is 
important to formulate low cost balanced ration utilizing 
unconventional feed resources. Therefore, the experiment was 
carried out to measure the effect of substituting soybean meal 
(SBM) by different levels of shrimp head meal (SHM) to the ration of 
growing layer pullets. A control corn-soybean layer grower (pullet) 
diet and four different levels of SHM included diets as substitution of 
SBMwere fed to five groups of Hisex White pullets from 5

th
 to 18

th
 

weeks of age. All groups of pullets fed isocaloric feeds (2765 Kcal 
kg

-1
). The control group T0 (0 % SHM+20 % SBM) received grower 

ration formulated with traditional feed ingredients with no 
substitution of SBM. The SBM contents of other treatment groups 
were substituted at the rate of 25 %, 50 %, 75 % and 100 % by the 
SHM and were adjusted as 5 % SHM+15 % SBM (T1), 10 % 
SHM+10 % SBM (T2), 15 % SHM+5 % SBM (T3) and 20 % SHM+0 
% SBM (T4) keeping other ingredients constant as of control. 
Cumulative feed intake increased with the increasing level of SHM 
of diets. Feed cost and mortality rate decreased with the increasing 
level of SHM in the ration. Significantly lowest FCR at most of the 
age categories, highest cumulative body weight (p<0.05) at 18 
weeks and highest weight at maturity (p<0.05) were found in 
treatment group fed 5 % SHM. Therefore, it can be concluded that 
substitution of 25 % SBM of the ration by SHM is suitable for the 
better performance of growing layer pullets.  

Keywords: Growth, Pullet, Shrimp head meal, Soybean meal, 
Unconventional feed 
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INTRODUCTION 

In Bangladesh, poultry and poultry industries are contributing to a great extent in our 

national economy through providing food and nutrition, cash income and create 

employment opportunities. Prices of eggs and poultry meat in the country become 

very high due to high prices of poultry feeds in local as well as international 

markets. Feed cost which accounts for 65-75 % of the total cost of poultry, egg and 

meat production remains the major factor limiting the development and expansion of 

poultry farming (Kirkpinar and Acikgoz, 2018).Therefore, to keep the prices of 

poultry and poultry products within the capacity of people, it is important to 

formulate low cost balanced ration utilizing unconventional feed resources. 

Traditionally soybean meal (SBM) is the major protein source in commercial layer 

chicken ration elsewhere in the world. But it is prime concern yet because of its 

scarcity as well as expensive value. Shrimp head meal (SHM) may be an excellent 

source of cheap and abundant substitute of SBM. In the last four decades, the shrimp 

production in southern part of Bangladesh has grown significantly. It was estimated 

that 248.8 metric tons of shrimp waste is produced dailyin the shrimp processing 

industries located in the coastal region of Bangladesh which represents 37 % of total 

shrimp mass received by the industry (Hossain et al., 2018). Head meal of black 

tiger shrimp (Penaeus monodon) contains an average of 52.3 % crude protein, 6.4% 

ether extract, 10.8 % crude fiber and 20.4 % crude ash (Rahman and Koh, 2014). 

Information related to the practical use of SHM in poultry feed, relevant data such as 

growth rate and feed conversion efficiency is limited (Khempaka et al., 2011). 

Rahman and Koh (2014) reported head meal from black tiger shrimp (Penaeus 

monodon) as the second most nutritious source in poultry diets as compared to other 

waste parts of shrimp.Aktar et al. (2011) substituted the fish meal of broiler ration 

by shrimp meal and found that shrimp meal improved live weight and feed 

conversion but reduced feed intake. They also reported reduced feed cost and 

improved profitability by complete substitution of fish meal by shrimp meal.Results 

of another experiment revealed that body weight gain of broilers decreased with 

increasing level of SHM (p<0.05), and feed intake also decreased slightly with 

increasing level of SHM in diets (Rahman and Koh, 2016).Considering the view in 

mind the study was conducted to investigate the effect of inclusion of different 

levels of SHM inthe ration assubstitution of SBM on the performance of pullets. 

 

MATERIALS AND METHODS 

Experimental site, design and type of pullets 

The experiment was conducted at Dr. Purnendu Gain Field Laboratory, Agro 

technology Discipline, Khulna University, Khulna. Hisex White layer hybrid pullets 

were selected to conduct the experiment as it was reported better performer among 

five different hybrids (Islam et al., 2013). The design of the experiment was 

assigned based on Completely Randomized Design (CRD). The experimental birds 
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were divided into five treatment groups and assigned at random to five different 

rations having five different levels of shrimp head meal (SHM). There were 3 

replications for each treatment and the number of birds under each replication was 

20. Therefore, 60 birds were kept under each treatment and total number of birds 

was 300. The feeding trial was continued from 5
th
 weeks of age up to the start of 

laying (18 weeks of age). 

Bio-security measurement 

Proper bio-security measures were taken during the experimental period. A 

disinfectant spray was used before entering into the shed. Entrance of visitors was 

restricted and there was no access to wild birds, predators, rodents or other animals.  

Table 1. Proximate composition of shrimp head meal (% on DM basis) 

Proximate components (%) 

Shrimp species 

Black tiger shrimp or 

Bagda 

 (Penaeus monodon) 

Giant freshwater prawnor 

Golda 

 (Macrobrachium rosenbergii) 

Moisture (on fresh basis) 77.39 54.61 

Dry matter (DM, fresh basis) 22.61 45.39 

Crude protein (CP) 52.26 32.34 

Total ash (TA) 21.69 17.51 

Acid insoluble ash(AIA) 0.59 0.62 

Crude fiber (CF) 3.20 4.10 

Ether extract (EE) 5.78 24.23 

 

Management practices 

The experimental birds were kept in a shed having slate floor. The floor as well as 

feeders and waterers were cleaned and disinfected regularly. Debeaking program 

was done at 70 days of bird‟s age using electrical debeaker. Seventeen hours of 

lighting was maintained at the start of experiment (5
th
 week of age) which was 

gradually reduced in 12 hours at 8 weeks and continued up to the end of experiment. 

Birds were vaccinated against all infectious diseases such as Newcastle disease, 

infectious bursal disease, Marek‟s, fowl pox, salmonella, infectious 

laryngotracheitis, fowl cholera and egg drop syndrome according to the 

recommendation of the vaccine manufacturer. Deworming and medication against 

coccidiosis was provided routinely. All birds were kept in the similar environment 

and uniform management was allowed to all the birds.  

Preparation and proximate analysis of shrimp head meal 

Heads of black tiger shrimp (Penaeus monodon) were collected from shrimp 

processing plant at Rupsha, Khulna. After arrival of shrimp heads in the 

experimental siteit was allowed to sundry for three consecutive days. After drying 

the shrimp heads were crushed by a grinding machine. Proximate components (DM, 
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CP, CF, EE and ash contents) of the shrimp head meal was estimated in the Animal 

Husbandry Laboratory of Agrotechnology Discipline, Khulna University following 

the method of AOAC (2005). Proximate composition of head from two major 

species of shrimp such as giant freshwater prawn popularly known as golda 

(Macrobrachium rosenbergii) and black tiger popularly known as bagda (Penaeus 

monodon) was determined separately (Table 1).  

Ration formulation and feeding system 

After weighing, required amount of feed ingredients and feed additives were mixed 

homogeneously using a feed mixing machine. The compositions of five 

experimental rations are shown in Table 2. In the experimental rations, main protein 

source (SBM @ 20 %) was substituted by SHM at the rate of 0, 25, 50, 75 and 100 

%, respectively. Therefore, the combinations of SHM and SBM of the diets of five 

treatment groups were 0 % SHM+20 % SBM, 5 % SHM+15 % SBM, 10 % 

SHM+10 % SBM, 15 % SHM+5 % SBM and 20 % SHM+0 % SBM for treatments 

T0, T1, T2, T3 and T4, respectively. Feeds and water were suppliesto the experimental 

pullets two times daily first in the morning at 7.30 am and second in the evening at 

4.00 pm. Chicks under all treatment groups fed isocaloric diets (2765 Kcal kg
-1

).  

Data collection and statistical analysis 

Data of feed intake were collected daily and body weight on weekly basis. Collected 

data were recorded in register properly. Analysis was done with the help of 

computer program „MSTAT-C‟. Least significant difference (LSD) was done to 

compare the treatment means for different parameters. Regression analysis was done 

using Microsoft Excel. 
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Table 2. Compositions (kg 100kg
-1

) of experimental diets under different treatments 

SHM = Shrimp head meal 

 

RESULTS AND DISCUSSION 

Feed intake 

Significant difference in cumulative feed intake was observed among different 

treatment means from 5
th
to 18

th
 weeks of age (Table 3). Regression result revealed 

that there were positive relationship between level of SHM and cumulative feed 

intake. Figure 1 showed that cumulative feed intake increased with the increasing of 

level of SHM in the diet and expressed by the equation of y=20.04 x + 286 

(R
2
=0.000). The increasing tendency of feed intake with increasing the level of 

Ingredients 

Treatments 

T
0
 

(0%SHM+20% 

SBM) 

T
1
 (5% 

SHM+15% 

SBM) 

T
2
 (10% 

SHM+10% 

SBM) 

T
3
 (15% 

SHM+5% 

SBM) 

T
4
 (20% 

SHM+0% 

SBM) 

Maize (Zea mays) 56.00 56.00 56.00 56.00 56.00 

Rice Polish (Oryza 

sativa) 

17.00 17.00 17.00 17.00 17.00 

Soybean meal (SBM) 20.00 15.00 10.00 5.00 0.000 

Shrimp head meal 

(SHM) 

0.00 5.00 10.00 15.00 20.00 

Protein concentrate 4.00 4.00 4.00 4.00 4.00 

Lime stone 1.535 1.535 1.535 1.535 1.535 

Ascovit poultry VM 

(vitamin) 

0.13 0.13 0.13 0.13 0.13 

Common salt 0.225 0.225 0.225 0.225 0.225 

DL Methionine 0.15 0.15 0.15 0.15 0.15 

Di calcium phosphate 

(DCP) 

0.25 0.25 0.25 0.25 0.25 

ADM-Lysine  0.10 0.10 0.10 0.10 0.10 

Sodium bi carbonate 0.025 0.025 0.025 0.025 0.025 

Choline chloride (50%) 0.10 0.10 0.10 0.10 0.10 

Hemicomoltox (toxin 

and mold inhibitor) 

0.20 0.20 0.20 0.20 0.20 

Rovabio
®
Max (Enzyme) 0.02 0.02 0.02 0.02 0.02 

Bioacid (anti-salmonela) 0.20 0.20 0.20 0.20 0.20 

Daconil (fungicide)  0.055 0.055 0.055 0.055 0.055 

Probiolac (probiotics) 0.01 0.01 0.01 0.01 0.01 

Total amount 100.00 100.0 100.00 100.00 100.00 

Energy content(Kcalkg
-1

) 2765 2765.20 2765.40 2765.60 2765.80 

Protein content (g100g
-1

) 18.43 18.60 18.77 18.93 19.10 

Calcium (g100g
-1

) 1.09 1.62 2.15 2.68 3.22 

Available phosphorus 

(g100g
-1

) 

0.58 0.61 0.65 0.68 0.72 
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SHM is might be due to the aroma content of SHM which may increases the 

palatability of feed. Gernat (2001) observed that feed consumption increased 

significantly (p<0.01) under different levels of shrimp waste in layer diet, which was 

consistent with the present findings. Similarly, Okoye et al. (2005) reported 

increased feed consumption (p<0.05) of broilers fed shrimp waste meal. Ingweyeet 

al. (2008) also observed increased feed consumption with increasing levels of 

shrimp waste in broiler rations. In contrast, Aktaret al. (2011) reported reduced rate 

of feed intake in broiler fed shrimp waste and marine waste as the substitution of 

fish meal. 
 

Table 3. Cumulative feed intake (gchick
-1

) of pullet sat weekly basis under different 

dietary treatments 

Age of 

bird 
(week) 

                                                   Treatments LSD Significancelevel 

T
0
 

(0%SHM+20% 
SBM) 

T
1
 (5% 

SHM+15% 
SBM) 

T
2
 (10% 

SHM+10% 
SBM) 

T
3
 (15% 

SHM+5% 
SBM) 

T
4
 (20% 

SHM+0% 
SBM) 

5th 764.08b 779.29ab 795.25a 793.58a 796.00a 23.69 ** 

6th 1,000.93c 1,030.01b 1,060.25ab 1,052.58ab 1,066.83a 32.19 ** 

7th 1,290.29c 1324.77b 1364.75a 1,357.08a 1,375.33a 28.75 ** 
8th 1,591.77c 1,638.11b 1,682.25a 1,674.25a 1,695.66a 27.27 ** 

9th 1,984.95c 2,032.02b 2,079.50a 2,078.41a 2,093.91a 28.36 ** 

10th 2,320.12c 2,369.19b 2,420.83a 2,423.25a 2,436.08a 28.14 ** 
11th 2,587.45d 2,634.69c 2,687.16b 2,696.58b 2,717.08a 20.01 ** 

12th 2,920.42d 2,961.69c 3,005.33b 3,027.08ab 3,045.25a 32.30 ** 

13th 3,276.75b 3,294.69b 3,344.16a 3,361.75a 3,377.58a 38.04 ** 
14th 3,664.75c 3,693.02bc 3,723.66ab 3,745.58a 3,745.58a 39.20 ** 

15th 4,085.92b 4,099.86b 4,125.33ab 4,141.41ab 4,145.91a 43.12 ** 

16th 4,512.92b 4,518.02b 4,538.00ab 4,556.85a 4,561.08a 30.33 * 
17th 4,919.08 4,903.02 4,924.16 4,941.25 4,943.08 28.04 NS 

18th 5,323.75 5,306.36 5,333.33 5,345.58 5,341.41 31.58 NS 
 

NS= Non-significant; * = P<0.05; ** = P<0.01 
a, b, c, d

 Values in the same row bearing different superscripts are significantly different. 

SHM=Shrimp head meal; SBM=Soybean meal; LSD=Least significant difference. 
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Figure 1. Relationship between level of shrimp head meal (SHM) and cumulative 

feed intake (g) of pullets CFI= cumulative feed intake 

Feed conversion ratio (FCR) 

The feed conversion ratio (feed intake in g/weight gain in g) of chicks receiving 

different dietary treatments is shown in Table 4. Significant differences observed in 

FCR among different treatment group sat 6
th
, 7

th
, 8

th
, 9

th
, 11

th
, 13

th
, 14

th
, 15

th
, 17

th
 and 

18
th
 weeks of age. The lowest FCR values were observed in treatment group T1 (5 % 

SHM+15 % SBM) compared to other treatments groups at 11
th
 and 18

th
 weeks of 

age. Aktar et al. (2011) also reported improved feed conversion ratio while fish meal 

of broiler diets is substituted by shrimp and marine waste meal. Increased FCR with 

increasing SHM in diets is supported by the findings of Ingweye et al. (2008), who 

stated that the feed conversion ratio increased with increasing levels of shrimp waste 

in broiler ration. 
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Table 4. Feed conversion ratio (FCR) of pulletsat weekly basis under different 

 dietary treatments 

Age of 

bird 

(week) 

Treatments LSD Significance 

Level T
0
 

(0%SHM+20% 

SBM) 

T
1
 (5% 

SHM+15% 

SBM) 

T
2
 (10% 

SHM+10% 

SBM) 

T
3
 (15% 

SHM+5% 

SBM) 

T
4
 (20% 

SHM+0% 

SBM) 

5th 2.66 2.76 2.76 2.78 2.88 0.20 NS 

6th 2.82b 2.92b 2.98b 2.82b 3.39a 0.23 ** 

7th 2.78c 3.21ab 3.03ab 3.12ab 3.55a 0.42 ** 

8th 2.88b 3.26b 3.28b 3.34b 3.84a 0.49 ** 

9th 2.99c 3.14bc 3.49b 3.42bc 4.13a 0.48 ** 

10th 3.71 3.74 4.12 4.49 4.70 0.70 NS 

11th 3.36b 3.28b 3.75a 3.93a 3.73a 0.33 ** 

12th 3.60 4.03 4.19 4.02 4.24 0.51 NS 

13th 3.42b 3.67b 4.21a 4.30a 3.95a 0.54 * 

14th 3.78b 3.92b 3.97b 3.94b 4.38b 0.33 ** 

15th 3.81b 4.13a 4.30a 4.12a 4.12a 0.25 * 

16th 3.91 4.13 4.21 4.16 4.30 0.27 NS 

17th 4.01c 4.07bc 4.41a 4.40ab 4.49a 0.34 ** 

18th 4.00bc 3.88c 4.26ab 4.02bc 4.55a 0.33 * 

NS= Non-significant; * = P<0.05; ** = P<0.01 
a,  b, c

 Values in the same row bearing different superscripts are significantly different. 

SHM=Shrimp head meal; SBM=Soybean meal; LSD=Least significant difference. 
 

Body weight gain 

Significant differences in cumulative body weight gain of pullets were observed at 

6
th
, 7

th
, 8

th
, 9

th
, 13

th
, 14

th
, 15

th
, 17

th
 and 18

th
 weeks of age (Table 5). The highest body 

weight was found in control group T0 (0% SHM+20%SBM) at 6
th
, 7

th
, 8

th
, 9

th
, 12

th
, 

13
th
, 14

th
, 15

th
, 16

th
, 17

th
 and 18

th
 weeks of age. Regression result revealed that 

cumulative body weight decreased with increasing level of SHM and expressed by 

the equation of y=-20.77x + 818.2 (R
2
=0.009) which indicates little variation (0.9 

%) in cumulative body weight due to level of SHM (Fig. 2). The lower body weight 

gain of pullets fed high content of SHM is may be due to the fact that higher fiber 

content of SHM causes lower digestibility of rations which results lower body 

weight gain of pullets. However, birds fed diet with a combination of 5 % SHM+15 

% SBM(T1) showed significantly higher weight gain compared to control (T0) and 

others treatment groups at 10
th
, 11

th
and 18

th
 weeks of age which indicate that 

substitution of SBM by SHM at the rate of 25 % is suitable. Ingweyeet al. (2008) 

also observed highest body weight gain of broilers at 25 % substitution of SBM by 

shrimp waste meal and fish waste meal. Similarly, Oduguwa, et al. (2004) reported 

that complete substitution of fish meal and soybean meal by shrimp waste was not 

suitable for better growth of Anak broilers. Okoye et al. (2005) observed 

insignificant difference in weight of broiler fed shrimp waste meal at finisher phase. 

However, Rosenfeld et al. (1997) found to be significantly higher (p< 0.01) body 
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weight at 21, 28, 35, and 42 day of agein treatments in which shrimp meal was 

introduced at a 100 % substitution for SBM in broiler which is inconsistent with this 

result. Aktar et al. (2011) also reported improved weight gain while fish meal of 

broiler diets is substituted by shrimp and marine waste which is inconsistent with the 

present findings.  

Table 5. Cumulative body weight gain (gbird
-1

) of pullet sat weekly basis under 

different treatments 

Age of 

bird 

(week) 

Treatments LSD Significance 

level T
0
 

(0%SHM+20% 

SBM) 

T
1
 (5% 

SHM+15% 

SBM) 

T
2
 (10% 

SHM+10% 

SBM) 

T
3
 (15% 

SHM+5% 

SBM) 

T
4
 (20% 

SHM+0% 

SBM) 

5th 286.33 281.13 288.13 284.86 275.73 16.79 NS 

6th 354.33a 352.20a 355.26a 372.40a 313.73b 29.64 ** 

7th 464.16a 411.66b 450.00a 434.16ab 388.33b 38.63 * 

8th 551.00a 502.91a 511.83a 500.83a 442.50b 52.46 * 

9th 663.33a 646.66a 596.64a 607.77a 506.66b 85.31 ** 

10th 625.55 634.44 587.77 546.66 526.66 88.62 NS 

11th 769.00 802.77 715.55 718.88 727.76 56.33 NS 

12th 811.11 736.66 716.66 761.10 722.22 100.4 NS 

13th 955.55a 897.77ab 794.44b 788.88b 855.55ab 104.4 * 

14th 968.88a 940.00a 936.66a 950.00a 853.33b 76.38 ** 

15th 1070.55a 992.22b 953.33b 1004.44a 1005.00a 66.17 * 

16th 1152.22 1098.88 1075.53 1093.33 1060.10 72.88 NS 

17th 1227.22a 1203.33ab 1115.55bc 1121.22bc 1098.89c 92.65 ** 

18th 1330.00ab 1366.66a 1250.00b 1333.33ab 1173.33b 106.5 * 

NS= Non-significant; * = P<0.05; ** = P<0.01 
a,  b, c

 Values in the same row bearing different superscripts are significantly different. 

SHM=Shrimp head meal; SBM=Soybean meal; LSD=Least significant difference. 
 

Figure 2. Relationship between level of shrimp head meal (SHM) and cumulative 

 body weight of pullets 
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Age and weight at maturity 

There was significant (p<0.05) difference in age at maturity (at 10 % egg 

production) under different treatment groups (Table 6). The highest average age at 

maturity (19.37 weeks) was found in T4 (20 % SHM+0 % SBM) and the lowest 

(18.09 weeks) in T0 (0 % SHM+20 % SBM). There was significant (p<0.05) 

difference in weight at maturity (at 10 % egg production) among different treatment 

groups (Table 6). The highest weight at maturity (1366.66 g bird
-1

) was found in T1 

(5 % SHM+15 % SBM) and the lowest (1173.33 g bird
-1

) was found in T4 (20 % 

SHM+0 % SBM). Van Emouset al. (2018) reported that age at sexual maturity was 

not affected by differences in daily CP intake in broiler breeders. On the other hand, 

Ekmay et al. (2012) described the relation between body weight and sexual maturity 

who reported that the age at sexual maturity decreased with the increasing of body 

weight in broiler breeders. 

Table 6. Age at maturity (week), weight at maturity (g bird
-1

), mortality rate (%) and 

feed cost (BDT kg
-1

) of pullets under different dietary treatments 

Treatments Age at 

maturity 

(week) at 

10% egg 

production 

Weight at 

maturity (g bird-

1) at 10% egg 

production 

Mortality rate 

(%) 

Feed cost for 

live weight gain 

(BDT# kg-1) 

T
0
 (0% SHM+20% SBM) 18.09b 1330.00ab 4.76a 115.73a 

T
1
 (5% SHM+15% SBM) 18.61ab 1366.66a 3.25a 116.59a 

T
2
 (10% SHM+10% SBM) 18.56b 1250.00b 3.33a 113.55ab 

T
3
 (15% SHM+5% SBM) 18.71ab 1333.33ab 0.00b 106.66bc 

T
4
 (20% SHM+0% SBM) 19.37a 1173.33b 0.00b 104.49c 

LSD 0.78 106.50 3.16 7.56 

Significance Level * * * * 
 

* = p<0.05; 
a,  b, c

 Values in the same column bearing different superscripts are significantly 

different. 

SHM=Shrimp head meal; SBM=Soybean meal; LSD=Least significant difference.  
#
 BDT (Bangladeshi currency) 1 US$ = 85 BDT approx. 

Mortality rate 

There was significant (P<0.05) difference in mortality rate (%) of pullets among 

different treatment groups (Table 6). The highest mortality rate (4.76%) was 

observed in T0 (0% SHM+20%SBM) and no mortality was observed in T3 

(15%SHM+5%SBM) and T4 (20% SHM+0%SBM). Garnet (2001) found that no 

significant difference for mortality by shrimp meal inclusion, which was inconsistent 

with the present findings. Regression result revealed that there were negative 

relationships between level of SHM and mortality rate which indicate that the 

survivability rate of pullets increased with the increasing level of SHM in the diets. 

Figure. 3 showed that mortality decreased with increasing level of SHM and 
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expressed by the equation of y= -1.277x + 6.10 (R
2
=0.55) which indicates 55% 

variation in mortality rate due to level of SHM. However, in another study 

survivability of broilers was not affected due to the substitution of fish meal by 

shrimp and marine waste (Aktar et al., 2011). 

Feed cost (BDT kg
-1

) for live weight gain 

Significant difference (P<0.05) was observed in feed cost kg
-1

 live weight gain of 

pullets among different treatment groups (Table 6). Lowest feed cost (104.49 

BDTkg
-1

) for live weight gain was found in treatment T4 (20%SHM+0% SBM). 

Feed cost decreased with increasing level of SHM and expressed by the equation of 

y= -3.24x+121.1 (R
2
=0.49) which indicates 49% variation in feed cost due to level 

of SHM (Fig.4). Aktar et al. (2011) also reported reduced feed cost while fish meal 

of broiler diets was substituted by shrimp and marine waste. 

 

Figure 3. Relationship between the level of shrimp head meal (SHM) and mortality 

 of pullets 

 

Figure 4. Relationship between the level of shrimp head meal (SHM) and feed cost 

 of pullets 
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CONCLUSION 

In the present study, cumulative body weight decreased and age at maturity 

increased with the increasing level of shrimp head meal (SHM) in the rations which 

indicate that complete substitution of soybean meal (SBM) by SHM is not suitable. 

However, feed cost and mortality rate decreased with the increasing level of SHM in 

the ration. Significantly lowest feed conversion ratio (FCR) at most of the age 

categories, highest cumulative body weight (p<0.05) at 18 weeks and highest weight 

at maturity (p<0.05) were found in treatment group fed ration with a combination of 

5 kg SHM and 15 kg SBM100 kg
-1

. Therefore, it can be concluded that the 25% 

substitution of SBM of the ration by SHM is suitable for better performance of 

growing layer pullets. 
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ABSTRACT 
The aim of the current study was to find out the effect of adding 
different levels of lemon extract to the chicken meatballs. Fresh lemon 
extract was incorporated into freshly prepared meatball and compared 
with 0.01 % beta hydroxyl toluene (BHT) and control (without 
antioxidant). For this purpose, chicken meatball samples were divided 
into four treatment groups; viz. T0 (Control), T1 (0.01% BHT), T2 (0.5 % 
lemon extract) and T3 (1 % lemon extract). The study was conducted in 
completely randomized factorial design. The samples were analyzed 
for determination of sensory, proximate components, physicochemical, 
biochemical and microbiological qualities at 0, 30

th 
and 90

th
 days of 

preservation. Color, flavor, Juiciness, tenderness and overall 
acceptability increased significantly (p<0.05) among different treatment 
groups than control and BHT group but decreased at different days of 
intervals. Dry matter (DM) content decreased significantly (p<0.05) with 
different treatment levels than control and BHT group and increased 
with days of intervals. Crude protein (CP), ether extract (EE) and Ash 
of all treatments were decreased significantly (p<0.05) among different 
treatment groups. Raw pH, cooked pH and cooking loss were 
decreased significantly (p<0.05) with different treatment levels than 
control and BHT group and decreased with days of intervals. Free fatty 
acid (FFA), peroxide value (POV) and thiobarbituric acid reactive 
substances (TBARS) value were decreased significantly (p<0.05) with 
different treatment levels than that of control and BHT group and 
increased with days of intervals. Total viable count (TVC), total coli 
form count (TCC) and total yeast mould count (TYMC) decreased 
significantly (p<0.05) at different treatment levels than that of control 
and BHT group. Therefore, it can be concluded that 1 % lemon extract 
for formulation of value-added chicken meatballs was enriched source 
as natural antioxidant. 

Keywords:  Antioxidant, Frozen storage, Lemon extract, Microbial 
activity, Chicken meatball 
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INTRODUCTION 

Meat is recognized as a highly nutritious food and an excellent source of high-

quality protein. The essential amino acids in meat are beneficial component of 

human diet. Fat is an important constituent of human nutrition and contribute to 

flavor, tenderness, juiciness, appearance, texture and shelf life of meat products 

(Islam et al., 2018).  Thus, the challenge for meat industry is to develop low-fat meat 

products without compromising sensory and texture characteristics. Low fat meats 

are a good source of protein and have few calories than non- lean meats which are 

safe for cardio vascular problem for human being. Low fat meats are popular 

amongst people following low calorie and low-fat diet. Poultry meat is a good 

source of selenium, vitamin B3, B6 and choline. Selenium has been linked to 

preventing the free radical activity in the cells and boost immunity. Poultry meat is 

preferred for consumption over other meats throughout the world, since it is cheap, 

easily available and has no religious taboos (Prabakaran, 2012). Nowadays, natural 

antioxidants have increasingly replaced artificial preservatives in food products. In 

food, reactive oxygen species (ROS) can cause lipid per oxidation, which leads to 

the deterioration of food. The oxidative deterioration of lipid-containing food is 

responsible for rancid odors and flavors that can develop during processing and 

storage; this deterioration decreases nutritional quality and safety of food due to the 

formation of secondary and potentially toxic compounds such as acetaldehyde, 

acrolein (2-propenal), butyl hydro peroxide (tertiary) etc. Fatty acids contribute to a 

wide range of quality attributes for meat like color stability, drip loss and 

development of oxidative rancidity (Kouba et al., 2003). To prevent autoxidation 

process, antioxidants have been utilized for many years (Lahucky et al., 2010). 

Artificial antioxidants like butylated hydroxy anisole (BHA), butylated hydroxy 

toluene (BHT), and tertiary butyl hydroquinone (TBHQ) have been widely used to 

preserve meatballs (Fasseas et al., 2007). Using of these antioxidants has been 

questionable since they have been found to cause toxic, mutagenic and carcinogenic 

effects in humans and animals (Hayes et al., 2011). Consumers have shifted their 

interest to natural antioxidants since these are considered safer than synthetic 

antioxidants. All natural antioxidants, especially of plant source, have greater 

application potential for consumer’s acceptability, palatability, stability, and shelf 

life of meat products (Jung et al., 2010; Saba et al., 2018). Plant extracts like herbs, 

spices etc. can change sensory attributes like meat color, within a range not 

acceptable to the consumers (Karre et al., 2013). It is relevant to poultry meat is 

prone to color, aroma, and other sensory attributes changes. The positive effect on 

oxidation as well as negative effect on sensory acceptability of meat addition of 

natural extract should be well balanced (Magdalena et al., 2017). Results of the 

study of Keskokoglu and Uren (2017) suggested that addition of grape seed extract 

(GSE) can be an important factor in decreasing the levels of total heterocyclic 

aromatic amines (HCAs) in charcoal-barbecued beef meatballs (65%) and oven 
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roasted chicken meatballs (37%). Lemon extract are being used as an antibacterial 

potential against diarrhea- causing pathogen. The main content of lemon juice is 

vitamin C and citric acid. It is also known to contain bioactive compounds such as 

phenolics, flavonoids, vitamins, and essential oils which are believed to be 

responsible for a range of protective benefits including anti-oxidative, anti-

inflammatory, antitumor, and antimicrobial activities (Karimi et al., 2016).   

Addition of lemon extract as a natural antioxidant can help to prevent lipid per 

oxidation process and increase shelf life of foods. Investigation on different levels of 

lemon extract on chicken meatball has not been carried out yet in Bangladesh. 

Contini et al. (2014) stated that the surface characteristics of antioxidant active 

packaging were modified by plasma pretreatment of the PET surface, with some 

improvement in antioxidant efficacy, and the efficacy of the packaging in delaying 

oxidative deterioration in cooked meats was retained during storage at ambient 

temperature. Hence, the study was conducted to examine the addition of lemon 

extract on sensory, proximate, physicochemical, biochemical, microbiological 

qualities and recommend value-added chicken meatball enriched with lemon extract 

and compare its effectiveness as natural antioxidant with a synthetic antioxidant 

(BHT) in delaying lipid oxidation in chicken meatballs during frozen storage. 

 

MATERIALS AND METHODS 

Materials collection and processing 

Four chickens were slaughtered at Kamal Ranjit (KR) Market, Bangladesh 

Agricultural University, Mymensingh at 10.00 AM. Two and half kg of boneless 

chicken meat was collected from slaughtered birds. Meat samples were immediately 

transferred to the Animal Science Laboratory. All necessary instruments and jars or 

containers were cleaned with hot water and detergent powder and then dried 

properly before starting the experimental activities. First chicken meat was properly 

cleaned with fresh water and fat was trimmed with a sharp knife. Then meat was 

ground properly and spices, NaCl (1.5%), ice flakes, refined vegetable oil, refined 

wheat flour, sauce was mixed with grinded meat properly as per experimental 

design.  Meat was divided into four portions, first portion was treated as control (T0) 

and three portions were mixed with 0.01% BHT (T1), 0.5% lemon extract (T2) and 

1% lemon extract (T 3). Then meatballs of proper shape were prepared separately. 

Approximately, the weight of meatball was 40 g. It was then boiled in hot water for 

2-3 minute. After that, the water was removed from meatball properly and was fried 

in hot oil until reddish brown color was obtained. The meatball was stored at -20
0
 C 

in freeze temperature and aerial packaging was done in zipper bag. 

Sensory evaluation 

Different sensory attributes were examined. Each meatball 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, 
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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 (Rubio et al., 

2006). Prior to sample evaluation, all panelists participated in orientation sessions to 

familiarize with the scale attributes (color, flavor, juiciness, tenderness, overall 

acceptability) of chicken meatballs using intensity scale. All samples were served in 

the Petri dishes. Sensory evaluation was accomplished at 0 day and repeated at 30
th 

and 90
th 

days.  

Proximate components 

The proximate analysis pertaining to dry matter (DM), ether extract (EE), crude 

protein (CP) and ash was carried out according to AOAC (1995). 

Physicochemical and biochemical properties measurement 

 Raw and cooked pH values of meatballs were measured using pH meter (Hanna 

HI99163) and cooking loss was determined using electrical balance. Three 

biochemical parameters viz. free fatty acid (FFA), Peroxide value (POV), 

thiobarbituric acid values (TBARS) were analyzed as per the methodology of 

Sharma et al. (2012). 

Microbial assessment 

Microbial assessment was carried out by undertaking total viable count, total coli 

form count and total yeast-mold count. For microbial assessment, 10 g of chicken 

meat sample was aseptically excised from stored stock sample. Each of stored 

samples was thoroughly and uniformly macerated in a mechanical blender using 

sterile diluents (0.1% peptone water) as per the recommendation of International 

Organization for Standardization (ISO, 1995). The minced meat sample (10g) was 

transferred aseptically into a sterile container containing 90 ml of 0.1% peptone 

water to make homogenized suspension of 1:10 dilution in a sterile blender. Finally, 

by using whirly mixture machine different serial dilutions ranging from 10
-2

 to 10
-6

 

were prepared according to the instruction of the standard method (ISO, 1995). 

CFU/gm = (number of colonies / (volume plated × total dilution) 

Statistical analysis 

Data were analyzed using SAS Statistical Analysis Software (2002-2003), North 

Carolina, USA. DMRT test was used to determine the significance of differences 

among treatments means. The treatment effect, days of interval and interactions 

between treatment and days of interval was done by factorial experiment. 

 

RESULTS AND DISCUSSION 

Sensory evaluation 

The score range for colors, flavor, tenderness, juiciness and overall acceptability at 

different treatments were 4.25 to 4.66, 3.62 to 4.44, 3.87 to 4.33, 4.00 to 4.33 and 

4.00 to 4.66, respectively and days of interval for colors, flavor, tenderness, juiciness 



EFFECT OF LEMON EXTRACT ON CHICKEN MEATBALL                                                        143 

 

and overall acceptability were 3.50 to 5.00, 3.41 to 4.54, 3.50 to 5.00, 3.50 to 4.90 

and 4.00 to 4.54, respectively (Table 1). Color, flavor, tenderness, juiciness and 

overall acceptability had significantly (p<0.05) increased with different treatment 

but storage period had significantly decreased (p<0.05). Siddiqua et al. (2018) found 

same results except 0.3% tulsi leaves extract. Sensory evaluation revealed that 

among different herbs, cardamon was highly preferred in burfi followed by ginger, 

turmeric, clove, curry leaves and tulsi (Prasad et al., 2017). It was in agreement with 

the present findings where lemon leaf extract significantly affect at different sensory 

attributes. Most preferable color was observed from T3 and less preferable color was 

observed from T0. The most preferable color was observed from 0 day and 30
th
 day 

and less preferable color from 90
th

 day. Most preferable flavor was observed fromT2 

group and the lowest flavor from T0. Most preferable flavor was observed from 0 

day and less preferable from 90
th
 day. So, it was found that the quality was 

deteriorated with the increase of storage period. Deterioration of flavor during 

storage occurred due to microbial growth, formation of FFA and oxidative rancidity 

(Irshad et al., 2016). Most preferable tenderness was observed from T2 and T3 group. 

Most preferable tenderness was observed at 0 day. When meatballs were frozen, ice 

crystals form inside the cells of muscle tissue and puncture the cell walls. That’s 

why meatballs leak moisture when they were cooked. Tenderness is interrelated to 

DM content of meatballs. With the increasing of storage period DM was increased 

consequently tenderness was decreased with day’s intervals. The result of this 

experiment was related to the findings of Syuhairah et al. (2016). Most preferable 

juiciness score was observed at T3. Most preferable juiciness was observed at 0 day. 

The results were in accordance with findings of Raja et al. (2014).Turkey meatballs 

with addition of coriander extract were characterized with highest juiciness 

compared to control group. Addition of coriander extract there was no negative 

reactions of the panelists (Magdalena et al., 2017). These finding was in accordance 

with the present study. Most preferable overall acceptability was observed at T2 and 

T3 group. Most preferable overall acceptability was observed at 0 day. Overall 

acceptability decreased during storage because of the decline in the sensory score of 

other parameters like appearance, flavor, and taste. Yadav et al. (2018) reported that 

overall acceptability decreased significantly during storage period which was similar 

to the present study. There was found positive and significant interaction between 

treatment and days of interval for colors, tenderness, juiciness and overall 

acceptability except flavor (Table 1). 
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Table 1. Effect of lemon extract on sensory parameters in chicken meatballs 

Parameters DI 

Treatments 

Mean 

Level of significance 

T0 T1 T2 T3 
Treat

. 
DI T*DI 

Color 

0 5.0 5.0 5.0 5.0 5.0a 

p< 

0.01 

p< 

0.01 

p< 

0.01 

30 5.0 5.0 5.0 5.0 5.0a 

90 3.0 3.0 4.0 4.0 3.5b 

Mean 4.25c 4.33b 4.66a 4.66a   

Flavor 

0 4.0 4.0 5.0 5.0 4.54a 

0.032 0.003 0.202 
30 4.0 4.0 4.66±0.33 3.33±0.66 4.0b±0.24 

90 3.0±0.57 3.33±0.33 3.66±0.33 4.66±0.33 3.41c±0.39 

Mean 3.62b±0.19 3.77b±0.11 4.44a±0.22 4.0ab±0.33   

Tenderness 

0 5.0 5.0 5.0 5.0 5.0a 

p< 

0.01 

p< 

0.01 

p< 

0.01 

30 4.0 4.0 4.0 4.0 4.0b 

90 3.0 3.0 4.0 4.0 3.5c 

Mean 3.87c 4.0b 4.33a 4.33a   

Juiciness 

0 5.0 5.0 4.66±0.33 5.0 4.9a±0.08 

0.165 
p< 

0.01 

p< 

0.01 

30 4.33±0.33 4.0 4.0 4.0 4.08b±0.08 

90 3.0 3.0 4.0 4.0 3.5c 

Mean 4.0b±0.11 4.0b 4.22ab±0.11 4.33a   

Overall 
acceptability 

0 4.0 4.0 5.0 5.0 4.54a 

p< 
0.01 

p< 
0.01 

p< 
0.01 

30 4.0 4.0 5.0 5.0 4.50b 

90 4.0 4.00 4.0 4.0 4.00c 

Mean 4.00b 4.00b 4.66a 4.66a   
 

Sensory scores were 5 for excellent, 4 for very good, 3 for good, 2 for fair, and 1 for poor. 

Same superscripts in different treatments groups and days of interval did not differ 

significantly (p>0.05), whereas different superscripts in different treatments groups and days 

of interval differ significantly (p<0.05). T0 = Control group, T1 = 0.01 % BHT (Beta 

hydroxyl toluene), T2 = 0.5 % Lemon extract, T3= 1% Lemon extract, DI=Days of Intervals, 

Treat= Treatment, T*DI=Interaction of Treatment and Days of Intervals 

Proximate analysis 

The range for DM, CP, EE and Ash at different treatment was 49.19 to 53.66, 19.87 

to 22.40, 8.12 to 8.60 and 1.12 to 1.68, respectively and days of interval for DM, CP, 

EE and ash were 50.21 to 51.10, 19.25 to 20.95, 8.28 to 8.27 and 1.33 to 1.44, 

respectively (Table 2). The result showed that all treatment parameters were 

decreased significantly (p<0.05) but DM increased significantly (p<0.05) than 

control and BHT group. The present result contracted the earlier findings (Rima et 

al., 2019; Siddiqua et al., 2018). Most preferable DM content was observed at T3 

group. Lowest amount DM content indicates that this product was most preferable. 

DM content was increased with the increase of storage period because moisture loss 

was decreased with increasing storage period. Naveena et al. (2008) reported an 

increase in DM content with increasing storage period for pomegranate peel extract 
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and pomegranate rind powder extract, respectively. A decrease in the percentage of 

DM content was investigated by Santhi and Kalaikannan (2014) in low-fat chicken 

nuggets with inclusion of oat flour. Most preferable CP was observed at T0 group. 

CP content was decreased with the increasing storage period. Most preferable CP 

content was observed at 0 day. Suradkar et al. (2013) reported a decrease in the 

protein content of chicken nuggets containing bread crumbs. Protein content 

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 study. Jahan et al. (2018) did not found same trend with pomegranate extract 

beef meatball. Most preferable EE content was observed from T3 group. Lowest 

amount of EE content indicates this product is most preferable for consumers’ 

health. EE content was decreased with increasing storage period which was similar 

to Jahan et al. (2018). Data shows that EE content was decreased to 8.28% in all 

treatments after 90 days of storage. Verma et al. (2013) observed a decrease in fat 

content of mutton nuggets by incorporation of guava powder. 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). Most 

preferable ash content was observed from T3 group. Lowest amount of ash content 

indicates this product is most preferable for consumers’ health. Ash content was 

significantly (p<0.05) increased with increasing storage period. Most preferable ash 

content was observed at 0 day. The data showed that highest amount of ash content 

was increased to 1.44% in all treatments after 90 days of storage. Zargar et al. 

(2017) reported that ash content of the products showed significant (P<0.05) 

decreasing trend with increasing levels of incorporation of carrot in chicken 

sausages. There was positive and significant interaction between treatment and days 

of interval for DM, CP, EE and Ash (Table 2). 
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Table 2. Effect of lemon extract on proximate components in chicken meatballs 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

DM (%) 

0 52.63±0.03 53.69±0.01 47.71±0.03 47.98±0.04 50.21
c
±0.02 

p<0.001 p<0.001 p<0.001 
30 55.00±0.01 51.55±0.06 47.49±0.07 50.36±0.14 51.10

b
±0.07 

90 53.34±0.01 51.30±0.05 55.66±0.01 49.24±0.05 52.38
a
±0.03 

Mean 53.66
a
±0.01 51.99

b
±0.04 50.29

c
±0.03 49.19

d
±0.07   

CP (%) 

0 22.61±0.01 21.20±0.05 20.37±0.03 19.72±0.01 20.95
a
±0.02 

p<0.001 p<0.001 p<0.001 
30 21.84±0.01 21.37±0.01 20.37±0.03 19.65±0.02 20.81

b
±0.01 

90 22.75±0.03 21.28±0.03 20.27±0.01 20.25±0.02 19.25
c
±0.02 

Mean 22.40
a
±0.13 21.28

b
±0.03 20.39

c
±0.02 19.87

d
±0.01   

EE (%) 

0 8.58±0.02 8.63±0.02 8.58±0.02 7.67±0.07 8.47
a
±0.07 

p<0.001 p<0.001 p<0.001 
30 8.71±0.01 8.44±0.03 8.71±0.01 8.20±0.01 8.42

b
±0.01 

90 8.52±0.01 8.33±0.01 8.52±0.01 8.29±0.01 8.28
c
±0.01 

Mean 8.60
a
±0.01 8.46

b
±0.02 8.33

c
±0.03 8.12

d
±0.03   

Ash (%) 

0 1.72±0.01 1.61±0.03 1.14±0.01 1.16±0.01 1.33
c
±0.01 

p<0.001 p<0.001 p<0.001 
30 1.62±0.03 1.42±0.01 1.20±0.01 1.07±0.03 1.43

b
±0.02 

90 1.69±0.01 1.53±0.01 1.41±0.01 1.12±0.01 1.44
a
±0.01 

Mean 1.68
a
±0.01 1.52

b
±0.01 1.26

c
±.01 1.12

d
±0.01   

Different superscripts in different treatments groups and days of interval differ significantly (p<0.05), T0= Control group, T1= 0.01% 

BHT (Beta hydroxyl toluene), T2= 0.5% Lemon extract, T3= 1% Lemon extract, DI=Days of Intervals, Treat= Treatment, 

T*DI=Interaction of Treatment and Days of Interval. 
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Physicochemical properties    

The range for raw pH, cooked pH and cooking loss at different treatments were 5.64 

to 5.81, 5.98 to 6.05 and 23.52to 27.40, respectively. The range values for days of 

interval for raw pH, cooked pH and cooking loss were 5.64 to 5.87, 5.99 to 6.05 and 

25.54 to 26.87, respectively (Table 3). Cooked pH, cooking loss at different 

treatments was significantly (P<.05) increased but raw pH was significantly 

(P<0.05) decreased. The self-life of raw pH, cooked pH and cooking loss was 

significantly decreased (P<0.05) with storage period. Data showed a slight decrease 

in raw pH values for all treatments and an increase in the acidity values for all 

samples along with storage time during 90 days of storage as a result of increasing 

of FFAs due to rancidity. Most preferable raw pH was observed from control group. 

Highest amount of raw pH indicates this product is most preferable for consumers’ 

health. Similar decreasing trend in pH was reported by Verma et al. (2013) in 

mutton nuggets incorporated with guava powder and Banerjee et al. (2012) in goat 

meat nuggets incorporated with broccoli powder extract. Bacteria and mold have a 

tendency to increase with increasing storage time, and they secrete components that 

affect increasing raw pH. Data shows a slight increase in cooked pH values and a 

decrease in acidity values for all samples along with addition of synthetic 

antioxidant and natural antioxidants as a result of decreasing of fatty acids due to 

lower rancidity. Most preferable cooked pH was observed from T2 and T3 groups. 

Highest amount of cooked pH indicates this product is most preferable for 

consumers’ health. Data showed a slight decrease in cooked pH values for all 

treatments and an increase in acidity values for all samples along with storage time 

during 90 days of storage as a result of increasing of FFAs due to rancidity. Most 

preferable cooking loss was observed at T3 group. Lowest amount of cooking loss 

indicates this product is most preferable for consumers’ choices. Cooking loss refers 

to the reduction in weight of meatballs during cooking process (Jama et al., 2008) 

showed the similar trend with the present experiment. Major components of cooking 

losses are thawing, dripping and evaporation. Such losses are lower following a 

rapid freezing compared with slow freezing. 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). There was positive and significant interaction between 

treatment and days of interval for raw pH, cooked pH and cooking loss (Table 3). 



 

1
4

8
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
D

is
h

a 
et

 a
l.

 

  
Table 3. Effect of lemon 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 5.92 ±0.01 5.89±0.02 5.88±0.01 5.80±0.02 5.87
a
±0.01 

p<0.00

1 

p<0.00

1 

p<0.00

1 

30 5.70±0.01 5.87±0.01 5.86±0.02 5.56±0.01 5.75
b
±0.01 

90 5.86±0.03 5.65±0.03 5.51±0.05 5.56±0.01 5.64
c
±0.03 

Mea

n 
5.81

a
±0.01 5.80

a
±.02 5.75

b
±0.02 5.64

c
±0.03 

 

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<0.00

1 

p<0.00

1 

p<0.00

1 

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 

Mea

n 
5.98

b
±.01 6.04

a
±0.01 6.05

a
±0.02 6.05

a
±0.01 

 

Cooking loss 

(%) 

0 
28.02±0.0

1 

27.19±0.0

1 

26.32±0.0

2 

26.04±0.0

2 

26.87
a
±0.0

1 

p<0.00

1 

p<0.00

1 

p<0.00

1 

30 
27.02±0.0

1 

28.15±0.0

3 

27.05±0.0

1 

22.03±0.0

1 

26.06
b
±0.0

1 

90 
27.17±0.0

1 

26.43±0.0

3 

26.09±0.0

1 

22.49±0.0

6 

25.54
c
±0.0

2 

Mea

n 

27.40
a
±0.0

1 

27.26
b
±0.0

2 

26.49
c
±0.0

1 

23.52
d
±0.0

3  
Same superscripts in different treatments groups and days of interval did not differ significantly (p>0.05), whereas different 

superscripts in different treatments groups and days of interval differ significantly (p<0.05). T0= Control group, T1= 0.01% BHT (Beta 

hydroxyl toluene), T2= 0.5% Lemon extract, T3= 1% Lemon extract, DI=Days of Intervals, Treat= Treatment, T*DI=Interaction of 

Treatment and Days of Intervals. 
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Biochemical properties  

The ranges for FFA, POV and TBARS at different treatment were 0.30 to 0.38, 2.76 

to 4.16 and 0.11 to 0.1, respectively and for days of interval FFA, POV and TBARS 

were 0.32 to 0.35, 2.95 to 3.26 and 0.11 to 0.14, respectively (Table 4). FFA, POV 

and TBRAS of all treatment decreased significantly (p<0.05) but for days of interval 

increased significantly (p<0.05). Most preferable FFA value was observed at 0 day 

and less was observed at 90
th
 day. Most preferable FFA value was observed at T3 

group. The treated sample had lower content of FFA as compared to control group, 

which might be due to the antioxidant properties in lemon extract in treated group. 

With increasing storage period, a significant rise in FFAs was reported by Baker et 

al. (2013) which was similar to the present study. The significant (p<0.05) increase 

in FFA content of the products during storage might be due to growth of lipolytic 

microorganisms (Das et al., 2008). FFAs are products of enzymatic/ microbial 

degradation of lipids. It gives information about stability of fat during storage. Most 

preferable POV was observed at T3 group. Lowest amount peroxide value indicates 

this product is most preferable for consumers’ health. During storage, POV 

increased in all treatments. However, antioxidant with treatments generally could 

minimize POV in food sample during storage compared with the control. Lund et al. 

(2007) reported on POV in sausage with three treatments (rosemary extract, collagen 

fiber preparation impregnated with rosemary extract and collagen hydrolyses 

impregnated with rosemary extract); samples with three treatments showed lower 

values than T0. Most preferable TBARS value was observed from T3. Lowest 

amount of TBARS value indicates the product is most preferable for consumers’ 

health. TBARS values increased significantly (p<0.05) during refrigerated storage 

period. Similar findings were reported by Chidanandaiah et al. (2009) in meat patties 

during refrigerated storage period. Yadav et al. (2018) found a significant increase in 

TBARS value of control and fiber enriched sausage with an increase in storage 

period. There was positive and significant interaction between treatment and days of 

interval for FFA, POV and TBARS (Table 4).  
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Table 4. Effect of lemon extract on biochemical parameters in chicken meatballs 

Parameters DI 
Treatments 

Mean 
Level of significance 

T0 T1 T2 T3 Treat. DI T*DI 

FFA (%) 

0 0.36±0.01 0.32±0.01 0.31±0.02 0.31±0.01 0.32
c
±0.01 

p<0.001 p<0.001 p<0.001 
30 0.38±0.01 0.33±0.02 0.33±0.02 0.30±0.01 0.33

c
±0.02 

90 0.42±0.01 0.34±0.01 0.33±0.01 0.31±0.01 0.35
a
±0.01 

Mean 0.38
a
±0.01 0.33

b
±0.01 0.32

b
±0.01 0.30

c
±0.01   

POV (meq/kg) 

0 3.86±0.06 3.87±0.02 2.86±0.02 2.90±0.01 3.17
a
±0.02 

p<0.001 p<0.001 p<0.001 
30 4.01±0.02 3.72±0.01 2.78±0.01 2.53±0.02 3.26

c
±0.01 

90 4.62±0.04 3.91±0.01 2.67±0.02 2.85±0.01 3.51
c
±0.02 

Mean 4.16
a
±0.04 3.83

b
±0.01 2.77

c
±0.01 2.76

c
±0.01   

TBARS (mg-MA/kg) 

0 0.13±0.02 0.11±0.01 0.08±0.03 0.11±0.03 0.11
c
±0.02 

p<0.001 p<0.001 p<0.001 
30 0.15±0.01 0.13±0.01 0.11±0.01 0.11±0.03 0.12

b
±0.01 

90 0.22±0.02 0.12±0.01 0.12±0.01 0.12±0.01 0.14
a
±0.01 

Mean 0.17
a
±0.01 0.12

b
±0.01 0.10

c
±0.01 0.11

c
±0.02   

 

Same superscripts in different treatments groups and days of interval did not differ significantly (p>0.05), whereas different 

superscripts in different treatments groups and days of interval differ significantly (p<0.05). T0= Control group, T1= 0.01% BHT (Beta 

hydroxyl toluene), T2= 0.5% Lemon extract, T3= 1% Lemon extract, DI=Days of Intervals, Treat= Treatment, T*DI=Interaction of 

Treatment and Days of Intervals. 
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Microbiological assessment   

The ranges for TVC, TCC and TYMC at different treatment were 6.17 to 6.54, 1.11 

to 1.41 and 1.40 to 1.69, respectively and for days of interval TVC, TCC and TYMC 

were 6.22 to 6.4, 1.24 to 1.31 and 1.37 to 1.86, respectively (Table 5). TVC in the T0 

group (6.54 logs CFU/g) was significantly (p<0.005) higher than the treated 

samples. Less amount of TVC value indicates this product is most preferable for 

consumers’ health (T3 group). 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. 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 T0. TCC in the control sample 

(1.41logCFU/g) was significantly (p<0.05) higher than treated samples. Less amount 

of TCC value indicates the product is most preferable for consumers’ health. During 

storage, TCC value was decreased. 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±1ºC). Reddy et al. (2017) observed 

a significantly (P<0.05) lower TCC in chicken meat patties incorporated with natural 

antioxidant extracts i.e., rosemary (RE) and green tea (GTE). TYMC count in the T0 

(1.69 log CFU/g) was significantly (p<0.05)) higher than treated group. Less amount 

of TYMC value indicates the product is most preferable for consumers’ health. 

Highest TYMC was found at 0 day and minimum at 90 days. There was positive and 

significant interaction between treatment and days of interval for TVC, TCC and 

TYMC (Table 5). 
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Table 5. Effect of lemon 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 (logCFU/g) 

0 6.22±0.02 6.15±0.05 6.21±0.01 6.21±0.01 6.19
b
±0.02 

p<0.001 p<0.001 p<0.001 
30 6.53±0.03 6.31±0.03 6.12±0.04 6.12±0.04 6.25

b
±0.03 

90 6.78±0.01 6.27±0.01 6.19±0.03 6.19±0.03 6.35
a
±0.01 

Mean 6.54
a
±0.02 6.24

b
±0.03 6.17

c
±0.02 6.17

d
±0.02   

TCC (logCFU/g) 

0 1.44±0.02 1.32±0.01 1.38±0.03 1.15±0.04 1.31
a
±0.05 

p<0.001 p<0.001 p<0.001 
30 1.36±0.01 1.33±0.01 1.26±0.01 1.07±0.01 1.25

b
±0.02 

90 1.45±0.01 1.39±0.01 1.02±0.03 1.11±0.01 1.24
b
±0.01 

Mean 1.41
a
±0.01 1.34

b
±0.01 1.22

c
±0.02 1.11

d.
±0.02   

TYMC (logCFU/g) 

0 1.90±0.01 1.89±0.01 1.82±0.04 1.85±0.01 1.86
a
±0.01 

p<0.001 p<0.001 p<0.001 
30 1.67±0.01 1.51±0.01 1.43±0.02 1.34±0.01 1.49

b
±0.01 

90 1.57±0.03 1.40±0.03 1.51±0.01 1.01±0.01 1.37
c
±0.02 

Mean 1.69
a
±0.01 1.60

b
±0.01 1.59

b
±0.02 1.40

c
±0.01   

 

 

Same superscripts in different treatments groups and days of interval did not differ significantly (p>0.05) where as different 

superscripts in different treatment groups and days of interval differ significantly (p<0.05).  

T0= Control group, T1= 0.01% BHT (Beta hydroxyl toluene), T2= 0.5% Lemon extract, T3= 1% Lemon extract, DI=Days of Intervals, 

Treat= Treatment, T*DI=Interaction of Treatment and Days of Intervals. 
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CONCLUSIONS 

It is revealed from the study that lemon extract added at 1% in chicken meatballs 

was better in terms of nutrition, sensory, physicochemical, anti-oxidative and 

microbial attributes. Therefore, 1% lemon extract can be added in chicken meatballs 

as a source of natural antioxidant. 
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ABSTRACT 
A complete pellet feed was developed using 40 % roughage (Rice 
straw) and 60 % concentrate (Rice polish 50 %, Maize crush 16 %, 
Soybean meal 20 %, Molasses 10 %, Salt 2 %, DCP 1 %, Vitamin-
mineral premix 0.5 %, Pellet binder 0.5 %) for commercial sheep 
production under stall feeding system. To know the effect of 
complete pellet feed on animal performances, both on-station and 
on-farm trials were conducted in growing sheep. The results of the 
experiment demonstrated that in the traditional system of rearing; 
only 22.42 g daily weight gain was observed. While, feeding of 
complete pellet feed achieved 84.98 g, and 100.67 g daily weight 
gain at on-farm and on-station condition respectively suggesting 
that pelleting enhanced the efficiency of utilization of feed. However, 
no differences were observed for the feed cost per kg weight gain, 
feed conversion ratio (FCR) and benefit-cost ratio (BCR) among the 
pellet feeding group and other group. But results suggest that 
complete pellet feed would be more economical for commercial 
sheep production under the stall-fed condition and farmers would be 
more benefited using complete pellet feed compared to 
conventional grass or urea molasses straw (UMS) and concentrate 
based feeding system. No disease or clinical symptoms were 
observed in the animals during the experimental period, suggesting 
that pellet feeds are well accepted by the sheep and results in 
better growth rate.  

Keywords: Growth, Native sheep, Pellet, Stall feeding, Total mixed 
ration 
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INTRODUCTION 

Sheep is a vital small ruminant species which is widely distributed throughout the 

world and also considered as docile animals and famous for having capability of bi-

annual lambing and multiple births (FAO, 2014; Bhuiyan, 2006). At present, the 

global sheep population stands at more than one billion head, with 19 per cent found 

in Asia and Africa (FAO, 2014). Worldwide sheep are used for producing meat, 

milk and wool. It is an essential source of income for the sheep farmers requiring 

minimum investment, care and management. In Bangladesh, sheep population is 

about 3.34 million, and ranks third in number after cattle and goat population, and 

issued primarily for meat production purpose (DLS, 2015). Though the number of 

animals is satisfactory, their performance is inferior. Sheep are mostly reared in the 

extensive system in Bangladesh (Sultana et al., 2011). Around 85 % of the total is 

reared under low input system and the rest 15 % is found under medium input 

system (BBS, 2000).  

Currently, the livestock sector in Bangladesh produces only 30.18 % total 

requirement of meat and the per capita meat consumption is still deficient (only 8.6 

kg) compared to developing countries (42.1 kg) and the world (32.2 kg) (Huque, 

2012). To meet this huge gap, the meat production of the country must be increased 

many folds emphasizing sheep as a meat animal. Poor plane of nutrition is one of the 

major limiting factors in sheep production in Bangladesh has more than 90 % of the 

feed consumed by the ruminants in Bangladesh are rice straw (Khan et al., 2009), 

which is characterized by high fiber and low protein, energy, mineral and vitamin 

contents which cannot meet even the maintenance requirements of animals. As a 

result, the digestibility and intake are low, which results in poor performances 

(Sultana et al., 2017). The productivity of sheep may be increased by improving 

nutrition through supplementation of concentrates or compound feed. Complete 

pellet feed is a good option in this regard to ensure the balanced nutrition for the 

sheep in intensive rearing system since pellet feeding gives nutrition to sheep in a 

balanced form. Pelleting of low-quality roughages and other products like wheat 

bran, molasses helps in increasing the palatability and digestibility of this feed with 

reducing feed wastage (Reddy and Eshwaraih, 1989; Reddy et al., 1990). Moreover, 

it plays a vital role in several physicochemical and organoleptic parameters of meat 

quality like proximal composition, the fatty acid profile, tenderness, and color 

(Retamal and Morales, 2014). Therefore, the present experiment was designed to 

develop a total mixed ration based complete pellet feed and evaluate its utilization 

for commercial sheep production under intensive or stall-fed condition. 

Materials and methods 

Collection and processing of feedstuffs 

Rice straw and agro industry-based concentrate feed ingredients were purchased 

from the local sources. Rice straw was used as a roughage source with the agro 

industry-based concentrate mixture to formulate the basal total mix ration (TMR) for 
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pelleting according to the nutrient requirement of goats. For the pelleting of feed, a 

small-scale pelleting machine was designed and fabricated locally. All the roughages 

were ground to 5 mm size using Hammer mill machine containing 5 mm size sieve.  

Preparation of Pellet 

40 % roughage (rice straw) and 60 % concentrate (rice polish 50 %, maize crush 16 

%, soybean meal 20 %, molasses 10 %, salt 2 %, DCP 1 %, vitamin-mineral premix 

0.5 %, pellet binder 0.5 %) were used for the formulation of complete pellet feed in 

locally fabricated simple extruder machine (Ahmed et al., 2008; Roy et al., 2010). 

Before passing it to the pelleting machine, 50 % of water of the total mixture was 

added for better mixing. The prepared pellet was sun-dried and stored before sheep 

feeding. The approximate diameter of complete pellet was 4-6 mm. 

Chemical Composition of experimental diet 

Before the chemical analysis pellet and other feed samples of the experimental diets 

were dried and ground in a grinding mill through 2-mm and 1-mm sieve 

respectively. Crude protein (CP) content of the experimental diet was determined 

using the automated Kjeldahl method (AOAC, 2019). Dry matter (DM) content of 

the feed was determined by drying the samples at 105
o
C overnight, while ash was 

measured by burning further at 500
o
C for 4 hours. The neutral detergent fiber (NDF) 

and acid detergent fiber (ADF) composition were analyzed using the method 

described by Goering and Van Soest (1970). The chemical composition (%) of the 

pellet feed is given in Table 1.  

Table 1. Chemical composition (%) of the experimental diets 

 

DM= Dry matter; CP= Crude protein; ADF= Acid detergent fiber, NDF= Neutral detergent 

fiber; UMS= Urea molasses straw 

Selection and management of sheep 

On the research station 

The experiment was conducted at Bangladesh Livestock Research Institute (BLRI), 

Savar, about 24 kilometers northwest of the capital city of Bangladesh. For this 

study, 18 intact male Native Bengal lambs of the age of 4 to 5 months were selected. 

The lambs were divided into three treatment groups (having six animals in each 

group) by stratified randomization based on their average body weight. The control 

groups were fed ad libitum Oat grass (T1), and ad libitum UMS (T2) with 

concentrate supplementation (@1.5 % of body weight). The concentrate mixture 

contained 42 % broken maize, 38 % soybean meal, 17 % wheat bran, 1 % vitamin, 1 

Ingredients/feed DM Ash CP ADF NDF 

Complete pellet feed 91.70 14.29 13.40 32.24 51.56 

Oat fodder  13.74 5.78 16.54 51.6 78.8 

UMS 61.73 12.3 9.45 61.31 73.8 

Concentrated mixture 88.55 5.93 18.65 9.98 35.81 

https://en.wikipedia.org/wiki/Dhaka
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% DCP and 1 % salt. The treatment group (T3) was fed ad libitum complete pellet 

feed for the intensive production of sheep. The animals were housed in individual 

pens on a plastic slated floor equipped with separate feeder and waterer. The sheep 

were dewormed at the onset of the experiment. The feed was offered two times daily 

(9 am and 4 pm) and orts were collected before morning feeding to know the feed 

intake. Animals were weighed weekly before morning feeding. The duration of the 

experiments was 90 days.  

On the farmers’ level 

The experiment was conducted at Subornachar Upazila under Noakhali district of 

Bangladesh. Total 14 farmers were selected having at least one male lamb with 4 to 

5 months of age. They were equally distributed into two treatment groups (T0 and 

T1) having seven lambs in each group. In T0, lambs were reared under traditional 

semi-intensive system (allowed 8 hours grazing in fallow land, no or minimal 

concentrate supplementation and provided night shelter), while T1 lambs were reared 

under stall feeding condition and fed complete pellet feed. The duration of the 

experiment was 90 days. Data from above two treatments (T0 and T1) were 

compared with on-station pellet feeding data, designated as T2 obtained from the 

research station study. 

Metabolic trial 

Immediately after the growth trial in the research station; three animals from each of 

the dietary group were randomly selected for determining digestibility of the feeds 

and nutrients using the total collection method. Metabolic trays were placed under 

individual pens for the collection of feces and urine separately. The animals 

continued to be fed on the experimental diets. They were allowed three days to 

adjust before the start of the total collection of urine and feces for seven days. The 

feces of each of the animals were collected, weighed, and sampled (10 %), and kept 

in a freezer (-20°C) for further analysis. The total urine of each of the animal was 

weighed, sampled (10 %), and kept in plastic containers containing 100 ml 6N 

H2SO4 to prevent ammonia loss. The containers were kept in a freezer. The samples 

of feed and refusals of the total collection period were mixed thoroughly, and a 

composite sample for each animal was taken for analysis of the chemical 

components 

Economics of feeding experimental pellets 

Cost of per kg pellet preparation, cost of per kg meat production and the return was 

calculated to know benefit to cost ratio (BCR) for pellet feeding. The cost of per kg 

pellet feed preparation was Bangladesh Taka (BDT) 20.14 according to the average 

market price of all ingredients used for pellet preparation (Table 2). To calculate the 

BCR, selling price of per kg of meat was considered about BDT 600.00. The 

dressing percentage was assumed to be about 50 %, i.e. 1 kg live weight gain 

indicates 0.50 kg of meat and price is BDT 300.00. Total cost per kg of each 
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experimental diet was calculated by taking into consideration procurement price of 

various feed ingredients used and processing cost. The prices of major ingredients 

were collected from Livestock and Poultry feed market in Savar, Dhaka, 

Bangladesh. On the basis of this cost, economics of feeding was calculated. 

Table 2. Average price of feed ingredients available in study area and time 

Name of the ingredients Price in BDT/Kg 

Rice straw 10 

Rice polish 21 

Broken maize 21 

Soybean meal 38 

Wheat bran 27 

Molasses 22 

Salt 17 

DCP 65 

Vitamin mineral premix 150 

Pellet binder 300 

Urea 16 
 

Experimental design and statistical analysis 

The experiment was carried out in a completely randomized design (CRD) and the 

data were analyzed using the software IBMSPSS Statistics 20. The differences were 

tested by Duncan’s Multiple range test (DMRT) test and significant differences were 

declared at 5 % level of significance (P<0.05). 

Ethical standard and statement  

Principles of laboratory animal care (NIH publication No. 85-23, revised 1985) and 

specific applicable national laws were followed. All experiments have been 

examined and approved by the appropriate ethics committee.  

 

RESULTS AND DISCUSSION 

Growth performances of sheep at the research station 

Table 3 shows the effect of complete pellet feed on the performances of growing 

sheep compared to conventional stall feeding. The DMI and daily weight gain was 

significantly (p<0.01) higher (0.768 kg and 100.67 g respectively) in Pellet fed 

group (T3) compared to other groups (0.415 kg and 63.27 g respectively for T1 and 

0.427 kg and 64.78 g respectively for T2). Higher DMI was observed in the pellet 

fed group indicating that grinding and pelleting increased the palatability and 

voluntary feed intake. A similar result was also found by Roy et al. (2010). Rashid et 

al. (2016) found significantly higher DMI by feeding roughage and concentrate in a 

compound pellet form to Black Bengal goats. In dairy cattle, Knaus et al. (1999) also 
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reported the average daily forage DMI e increased from 12.8 to 18.6 kg when grass-

clover and whole plant maize were fed in the pellet form.  

Table 3: Effect of complete pellet feed on the performances of growing sheep 

compared to conventional stall feeding. 

Parameters Treatments SEM Level of 

sig. T1 T2 T3 
Initial weight (kg) 10.69 11.01 10.80 0.325 NS 
Final weight (kg) 16.38

a 16.84
a 19.86

b 0.639 * 
Weight gain (kg) 5.694

a 5.83
a 9.06

b 0.485 ** 
Weight gain/day (g) 63.27

a 64.78
a 100.67

b 5.388 ** 
DMI (kg) 0.415

a 0.427
a 0.768

b 0.045 ** 
DMI (% body weight) 3.07

a 3.21
a 5.13

b 0.261 ** 
FCR 7.11 6.87 7.39 0.201 NS 
Feed cost/kg gain (BDT) 166.35 176.33 169.06 4.992 NS 
Total cost/kg gain (BDT) 219.84 224.99 219.15 6.532 NS 
Meat price/kg (BDT) 300.00 300.00 300.00 0.00 NS 
BCR 1.37 1.33 1.37 0.037 NS 

 

ab
= different superscript in the same raw differ significantly; *= p<0.05; **= p<0.01; T1= Ad 

libitum oat grass + concentrate mixture @ 1.5 % of body weight; T2= Ad libitum UMS + 

concentrate mixture @ 1.5 % of body weight; T3= Ad libitum developed complete pellet feed 

 

Daily weight gain was significantly higher (p<0.01) in Pellet fed group (T3) 

compared to other groups on conventional feeds. Rashid et al. (2016) found 

significantly higher (p<0.05) daily live weight gain in case of goats fed with 

compound pellet diet than the same amount of mash or grass and concentrate feed 

fed separately. No differences were observed for the feed cost per kg of weight gain 

and FCR among the groups.    

Table 4 shows the nutrient digestibility of different treatment groups of sheep. The 

CP digestibility (%) was found significantly (p<0.05) high in T1 group (69.77) 

followed by T3 (54.75) and T2 (45.72), but the DM, OM, ADF and NDF did not 

differ significantly among the treatment groups. This may be due to the use of high-

quality green oat grass as a basal roughage source for T1 group animals. Although 

the CP digestibility was low, the average daily gain was significantly higher in the 

T3 group, suggesting that pelleting enhanced the efficiency of utilization of feed. 

More or less similar results were found by the other researchers (Nicholson et al., 

1996; Reddy and Reddy, 1999; Reddy et al., 2002). 
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Table 4. Nutrient digestibility of feed (%) fed by different treatment groups of sheep  

Parameter 
Treatment 

SEM 
Level of 

Sig. T1 T2 T3 

DM digestibility 63.89 56.02 60.60 2.529 NS 

OM digestibility 71.03 61.35 63.04 2.430 NS 
CP digestibility 69.77

b 45.72
a 54.75

ab 4.283 * 
ADF digestibility 44.48 52.43 47.16 3.637 NS 
NDF digestibility 57.88 52.43 52.00 2.946 NS 

 

 

ab
= different superscript in the same row differ significant; *= p<0.05; T1= Ad libitum oats 

grass + concentrate mixture @ 1.5 % of body weight; T2= Ad libitum UMS + concentrate 

mixture @ 1.5% of body weight; T3= Ad libitum developed complete pellet feed 

No disease or clinical symptoms was observed during the experimental period due to 

feeding of rice straw-based complete pellet feed indicating that pellet feeding did not 

alter the normal rumen function of the animals and animal Physiology. Arable land 

for grazing sheep is decreasing day by day due to increasing population and 

urbanization. Therefore, farmers have to be encouraged to adopt stall feeding system 

for sheep farming using agro-industrial by-products based alternative feeds.  

On-farm performances of sheep fed complete pellet feed 

This study was conducted at Subarnachar Upazila under Noakhali district to know 

the performances of sheep fed complete pellet feed at farmer’s household.  Table 4 

shows the on-farm performances of lambs fed on complete pellet feed. Performance 

data of the pellet fed group at on-farm state (T1) was compared with on-station data 

of pellet fed group (T2) while the performances of the traditional semi-intensive 

group (T0) was considered as a control group. Similar DM intake was observed both 

for on-farm (T1) and on-station group (T2). Likewise, FCR, feed cost per kg weight 

gain and total cost (labour, feed cost and feed preparation) per kg weight gain did 

not differ between T1 and T2 groups. Results suggest that the sheep fed with the 

pellet feed performed evenly both for on-station and on-farm groups. In the 

traditional system of rearing (T0) only 22.42 g daily weight gain was observed while 

feeding of complete pellet feed achieved 84.98 g and 100.67 g daily weight gain at 

on-farm (T1) and on-station (T2) conditions respectively. The results (Table 5) 

indicate that the daily weight gain increased significantly (p<0.01) about 4-5 times 

incomplete pellet fed groups on-farm (T1) and on-station (T2) compared to the 

traditional system of rearing (T0). Better (1.37) BCR was observed in the T2 group 

compared to the T1 group (1.18) although, the figures did not differ significantly. 

BCR for both the on-farm and on-station feeding group was higher than 1, indicating 

that the farmers will be benefited by using complete pellet feed for the production of 

sheep.  
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Table 5. Performances of sheep fed on complete pellet feed at the on-farm condition 

Parameters Treatments SEM Level of sig. 

T0 T1 T2 

Initial weight (kg) 9.25 9.85 10.78 0.741 NS 

Final weight (kg) 10.82
a
 15.80

b
 19.86

b
 1.2497 ** 

Body weight change (kg) 1.57
a
 5.95

b
 9.08

c
 0.783 ** 

DMI (kg/day) - 0.73 0.77 0.025 NS 

FCR - 8.93 7.68 0.450 NS 

Daily weight gain (g) 22.42
a
 84.98

b
 100.67

b
 9.066 ** 

Feed cost /kg gain (BDT) - 197.70 168.58 10.053 NS 

Total cost/kg weight gain 

(BDT) 
 257.01 219.15 13.069 NS 

Meat price/kg (BDT)  300.00 300.00 0.000 NS 

BCR  1.18 1.37 0.069 NS 
 

ab
= different superscript in the same row differ significantly; *= P<0.05; **= P<0.01; T1= 

pellet feeding group at on-farm condition; T2= on-station data of pellet feeding group; T0= 

traditional semi-intensive feeding group 

No disease or clinical symptoms were observed during the experimental period due 

to using rice straw-based complete pellet feed indicating that pellet feeding did not 

alter the normal rumen function of the animals and animal Physiology. Both on-farm 

and on-station results confirm that straw based complete pellet feed could be an 

alternative ready to feed option for commercial sheep production under intensive or 

stall-fed conditions. 

 

CONCLUSION 

Complete pellet feeding in sheep was found to enhance dry matter intake, daily 

weight gain, improve feed efficiency and reduce the feed cost for sheep production. 

Thus, under the current situation of declining arable grazing lands, it could be 

expected that this technology of straw based completed feed pellets will help to 

increase sheep production under stall feeding conditions. 
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ABSTRACT 

The yield gap discussed in this paper is the difference between the 
potential farm yield and the actual average farm yield of rice is 1.92 
t ha

-1 
in Bangladesh. The yield gap is mainly caused by physical, 

biophysical, socioeconomic and institutional factors. Different 
strategies, such as integrated crop management (improve adapted 
varieties, site specific nutrient management, locally adapted 
integrated weed management and optimized water management) 
practices, timely supply of inputs including credit to farmers, 
research and extension collaboration to transfer the new 
technologies have been discussed to minimize yield gap. 
Suggestions have been made to make credit available to resource-
poor small farmers to buy necessary inputs, reducing transaction 
cost, simplifying lending procedures and strengthening monitoring 
mechanism of the current credit system are, however, essential to 
enable the farmers to avail the credit facility. Efforts should be made 
to update farmers’ knowledge on the causes of yield gaps in crops 
and measures to narrow the gaps through training, demonstrations, 
field visits and monitoring by extension agencies to achieve high 
yield. Based on present yield gap of rice (1.92 t ha

-1
) at least Tk. 

556 billion could be earned from the additional production annually 
by narrowing 40 % the yield gap. 

Keywords: Rice, Narrow yield gap, Food security 

 

INTRODUCTION 

Bangladesh agriculture involves food production for 164.39 million people from 

merely 8.75 million hectares of agricultural land (Salam et al., 2014). The slogan 

“Rice is life” is most appropriate for Bangladesh as this crop plays a pivotal role in 

our national food security and is a means of livelihood for millions of rural 

households. Decreasing resources and increasing climate vulnerability appeared as 

the great challenges to keep the pace of food production in the background of 

https://doi.org/10.3329/sja.v18i2.51117
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increasing population. Sufficient rice production is the key to ensure food security in 

Bangladesh. The yield gap of rice is about 1.92 t ha
-1

 in Bangladesh (BBS, 2012; 

BINA, 2018; Salam et al., 2014). The term „yield gap‟ is used to indicate the 

difference between the biological and climatic potential yield and the average actual 

crop yield produced by farmers (Lobell et al., 2009). The yield gaps have at least 

two components. The first component–yield gap I is the difference between research 

yield and the potential farmers‟ yield. This component can‟t be narrowed or is not 

exploitable. The second component of yield gaps or gap II is the difference between 

the potential farmers‟ yield and the farmers‟ actual yield (Devkota et al., 2020). The 

yield gap II is exploitable and can be minimized by deploying research and 

extension approaches and government interventions, especially institutional issues. 

Factors affecting crop growth and development are radiation and temperature (yield 

determining), water and nutrition (yield limiting); the attainable yield is the potential 

yield limited by these two factors in a given environment (Rabbinge, 1993). An 

additional factor affecting crop growth is pest and diseases (yield reducing).In 

addition, productivity is also determined by factors such as cultivar choice and crop 

management. Narrowing yield gaps not only increases rice yield and production, but 

also improves the efficiency of land and labour use, reduces production costs and 

increases sustain ability. Clearly, there is a need to study important yield reducing 

factors closely in order to determine strategies to help increase and maintain rice 

productivity on farmers‟ fields. Sustainable intensification of agricultural systems 

including the closure of existing yield gap on currently available agricultural land 

has been pointed as a possible pathway to meet future food demand. Keeping in 

mind, this review article is to discuss the causes contributing to yield gaps in rice, 

suggest strategies to minimize the gaps to increase rice yield and finally make 

recommendations mainly to the government/policy makers to develop guidelines or 

action plans to address the problem. 

 

METHODOLOGY 

The paper is based on review and use of secondary data published in journals, 

research magazine, scientific reports, books, proceedings and training manual 

available in the studies conducted by various researchers, institutions and 

organizations. The review focused primarily on literature search and restricted to 

articles and report papers published. Published articles were searched and identified 

from different electronic databases such as library, Web of Science, AGRIS, 

Research Gate, Science Direct etc. Based on the review objectives and content types, 

articles and published reports were retrieved from databases mainly focusing on 

empirical results reported on yield gap of rice. Following a critical review, data and 

literatures were compiled and discussed on effective ways and recommendations to 

minimize yield gap of rice in Bangladesh. 
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RESULTS AND DISCUSSION 

Factors causing yield gaps 

Non-exploitable factors 

Yield gaps in rice are real and the challenge in Bangladesh needs to be addressed in 

the interest of increased and sustainable crop production (Figure 1).  

 
 

Figure 1. Yield performance of aus, aman and boro rice in different production 

levels (adapted from BBS, 2012; BINA, 2018; Salam et al., 2014) 

 

No-exploitable factors or yield gap I factors are high solar radiation, long summer 

days, low night temperature and clear sky for rice production (Figure 2). In 

Bangladesh most of the times night temperature is high as a result significant 

respiration is happened in rice plant. If we can develop low respirator rice variety 

that will be helpful to narrow the yield gap of rice. 

 
 

Figure 2. Factors of yield gap 
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Exploitable factors 

Several factors can cause yield gap in rice. In general, factors causing yield gap can 

be classified in four major groups. These are physical factors, biophysical factors, 

socioeconomic factors and institutional factors (Figure3). For narrowing yield gap of 

physical, biophysical, socio-economic and institutional factors are organized in one 

umbrella as smart agriculture. Socioeconomic and institutional factors are the 

driving force to improve adapted varieties, site specific nutrient management, locally 

adapted integrated weed management and optimized water management (Figure 3) 

as good agricultural practices (GAP) for narrowing yield gap of rice. Yield gap of 

rice successfully reduce, if we manage physical factors, improve, control, and 

manage of biophysical factors, create good environment of socioeconomic factors 

and facilitates institutional factors. 

 
 

Figure 3. Factors causing yield gaps II of rice 

 

Yield gaps of rice by different factors 

Varietal effect 

Kabir et al. (2015) reported that BRRI has developed some drought (T. Aman, BRRI 

dhan56, BRRI dhan66 and BRRI dhan71), submerged (BRRI dhan52) and salinity 

(BRRI dhan41, BRRI dhan 54 and BRRI dhan73) tolerant rice which can help to 
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BRRI dhan49 (T. Aman season) and BRRI dhan28 and BRRI dhan29 (Boro season) 

were used for this study. The yield gap of rice is 0.83 t ha
-1

 or 20.7%. In Boro 

season, BRRI dhan60 has 1.0 t ha
-1

 yield advantage with extra-long slender grain 

than another mega-variety BRRI dhan28 (Kabir et al., 2015). NERICA cultivars 

have good adaptation with short cycles, weed competitiveness and resistance to 

important diseases under a range of yield reducing factors (Balasubramanian et al., 

2007; Seck et al., 2012). Brar and Virk (2010) reported that some cultivars had 

developed which can tolerant temperature or water stress without compromise of 

productive capacities. Singh and Feroze (2017) reported that Ranjit cultivar was 

performed the highest yield gap (1.95 t ha
-1

), which was accounted to be 51.99 per 

cent of potential yield and followed by Lahi cultivar (1.80 t ha
-1

), Pasyrbhuh cultivar 

(1.40 t ha
-1

), Hybrid cultivar (1.12 t ha
-1

) and Assam (0.37 t ha
-1

). The yield and 

yield gap varied from cultivars to cultivars, Ajeet and Namdeo (2005) also found 

similar results with respect to variation in the grain yield of hybrid rice and IR 36 

variety of rice. 

Fertilizer effect 

Alam (2006) conducted field experiments by BRRI in Faridpur and Gazipur districts 

in Bangladesh to evaluate the yield gap in boro rice. Under research and farmer‟s 

fields, the yields of boro rice were 4.47 and 3.67 tha
-1 

at farmers‟ field and the 

potential yields with better management were 5.90 and 4.73 tha
-1 

at BRRI station of 

Faridpur and Gazipur, respectively. The yield gaps were 1.43 and 1.06 tha
-1 

at 

Faridpur and Gazipur, respectively. Based on these results, it indicates that crop 

suitability in respect of region/location is an important factor for narrowing yield 

gap of rice. Roy (1997) reported yield gaps of 44.44 and 60 % in aus and aman, 

respectively. Saito et al. (2017) conducted field experiments in different locations in 

Africa to study the effect of nitrogen on yield gap of rice. The yield gap was 0.9, 1.2 

and 1.7 tha
-1 

in irrigated lowland, rainfed lowland and rainfed upland rice production 

systems, respectively. Rainfed upland rice has the largest yield gap due to N 

limitation followed by rainfed lowland rice. In fact, both irrigated lowland and 

rainfed lowland rice, the yield gap is larger in East and Southern African countries 

than in West and Central African countries, as the N application rate is lower in East 

and Southern African countries. The yield gap due to poor N use efficiency is 1.1, 

1.9 and 2.7 t ha
-1 

in irrigated lowland, rainfed lowland and rainfed upland rice 

production systems, respectively. Again, the largest yield gap is found in rainfed 

upland rice, where drought may have occurred and soil fertility might be poor. 

Fertilizer application in proper amount, at proper time and at proper place helps to 

reduce weeds as the main crop will gain all the nutrients (Dubey, 2014). Herbicide 

with one hand weeding and BRRI weeder treated plot with 160:46:53 kg NPK ha
-1

 

increased 89.38 % and 81.51 % higher yield than 120:26:33 kg NPK ha
-1

 with no 

weeding plot (Sultana et al., 2016). From these results it may be concluded that 

optimum fertilizer with weed control increase yield of rice. Islam et al. (2018) 
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conducted field experiment to investigate the integrated effect of prilled urea and 

urea super granules with poultry manure on yield of BRRI dhan49. Urea super 

granule in combination with poultry manure (56 kg USG + 3.0 t ha
-1 

poultry manure 

treated plot increased 17 % higher yield than 165 kgha
-1

 prilled urea. Urea super 

granule ×100 % urea treatment produced the highest grain yield (13%) ofrice over 

prilled urea ×100 % urea treatment (Hossain and Sarker, 2020). Casanova et al. 

(1999) reported that an average yield gap of 1000 kgha
-1

 was not identified by 

fertilizer and probably due to other factors such as management practices. Poultry 

manure (PM) @ 3.0 tha
-1

 + integrated plant nutrient system (IPNS) based inorganic 

fertilizers for potato (N80P0K30S0Zn0Mg4B1) and maize (N136P0K40S2Zn1.8Mg2B1) 

crops and soil test based (STB) dose for T. Aman crop (N65P3K27S8) have been 

recommended for Potato-Maize-T. Aman cropping patternin Rangpur of 

Bangladesh. They also reported for maize and potato crops, fertilizer dose needs to 

be updated after every three years of successive crop cultivation under Potato-

Maize-T. Aman cropping pattern (Saha et al., 2016). 

Weed effect 

A weed is defined as, any plant that is a hazard, nuisance or causes injury to man, 

his animals or his desired crops. Rahman and Masood (2019) stated in weedy plots 

produced above 5.0 tha
-1 

dry matter of weed that reduced the crop dry matter to only 

0.8-0.9 tha
-1 

and contributed to about 77-85 % yield loss. Weeds cause 39-41 % 

yield reduction in dry direct seeded rice compared to weed-free condition (Chauhan 

and Opena, 2012). The results revealed that seeding at 5 cm depth and pre-

emergence application of Panida followed by one hand weeding at 20 days after 

sowing (DAS) plus application of Panida better than four hand weeding for the best 

weed control to produce the highest rice yield (Rahman and Masood, 2019). The use 

of herbicide along with different manual weed control measures could be help to 

reduce weeding cost and amount of herbicide use towards reducing the adverse 

effect on environment (Charudattan, 2005). Farooq et al. (2009) reported that in 

absence of proper weed control, rice yields are reduced by 35-100 % in direct seeded 

rice cultivation. Kankal (2015) discussed that weed control and integrated nutrient 

management increased plant height (74.04 cm), numbers of tillers/0.25 m
2
 (37.43) 

and dry matter accumulation (61.02 g) in rice over the un-weeded control. 

Uncontrolled weed growth loosed from 40 to 100% rice yield in upland condition. 

To obtain a good yield, a weed-free period of 40 to 60d from sowing is needed 

(Chadha et al., 1969). De Datta (1981) also reported that weed must be controlled 

within 20-40 days after transplanting (DAT) to avoid reduction in grain yield. 

Weeds are estimated to cause more than US$40 billion in annual global losses 

through degraded agricultural and silvicultural productivity, reduced access to land 

and water, impaired aesthetics and disruption of human activities and well-being. In 

Bangladesh, economic losses causes of weed have not measured but negative effect 

is large. Weed control played a key role in improving the yield of rice because of 
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18% increase of panicle m
-2

 due to weed control over its lower level. Many 

researchers working on weed management in direct seeded rice opined that herbicide 

may be considered to be a viable alternative to hand weeding (Khaliq et al., 2012). 

For direct seeded rice, it is important to keep field weed free for first 30 days. 

Therefore, use of pre-emergence or early post-emergence herbicides is effective and 

economical at initial stages. The pre-emergence or early post-emergence herbicide 

either prevents weed seeds germination or inhibits the growth of seedlings (Mishra 

and Dash, 2013). BRRI (2006) reported that rice yield losses due to weeds were 

estimated at 70-80 % in aus rice (early summer), 30-40 % in transplanted Aman rice 

(late summer) and 22-36 % in boro rice (winter rice). Kumar et al. (2008) reported 

that in the absence of weed control, rice yield get reduced by 35-100 % in direct-

seeded. 

Irrigation effect 

Sattar (2000) reported that food shortage can mitigate by single rice crop like T. 

Aman by increasing the present level of modern variety adoption from 51 to 55 

percent, providing supplemental irrigation, using balanced fertilizers and adopting 

better plant production measures. Under rain fed conditions, potential yield is also 

affected by water availability, and refers to water-limited yield (Fischer, 2015).Some 

researchers reported that large yield gap variation was observed in water availability 

within small distances in rain fed rice fields (Homma et al., 2003; Boling et al., 

2010; Worou et al., 2013). Large yield gap exist in irrigated rice systems in 

Madagascar for instance, a gap of 2.1 tha
-1

 (a difference between 6.1 and 4.0 tha
-1

) 

was determined in irrigated rice (Tran, 2004).  

Others effect 

The yield gap between experiment stations and the farmers' fields varies from 1.02 

to 2.53 tha
-1 

in Boro with an average of 1.63 tha
-1

, 1.56 to 3.39 tha
-1 

with an average 

of 2.32 tha
-1 

in Aman and from 1.24 to 2.62 tha
-1 

in Aus with an average of 1.69 tha
-1 

(Sattar, 2000). Optimum plant population in the field provides competition to weeds 

and inhibits their growth by occupying space or taking available nutrients (Meena et 

al., 2010). Yield gaps caused by biological, socio-economic, and institutional 

constraints can be effectively addressed through an integrated crop management 

(ICM) practices. Transfer of the practices through extension agents could effectively 

minimize yield gaps at farmers‟ level. Timely planting, irrigation, weeding, plant 

protection, and timely harvesting could account for more than 20 % yield increase 

(Siddiq, 2000). However, input/output prices and employment opportunities 

influence farmers‟ decision on the level of inputs to be applied. Irrigation, cover 

crop, intercropping, crop rotation, tillage, sowing and fertilizer application timing 

etc. May be considered as one of the best and oldest method to control weed (Kumar 

et al., 2014). Yield gaps between experiments and farmers‟ fields are governed by 

field-specific biophysical factors such as weather conditions, nutrient deficiencies 

and diseases (Lobell et al., 2009; van Ittersum et al., 2013). Yield gap studies to 
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identify areas with the greatest potential for enhanced rice production need to be 

complemented by data and analyses of socio-economic factors such as distance to 

markets, road conditions and land-tenure issues and the existing area for rice 

cultivation in Bangladesh, where expansion for rice cultivation will be needed for 

achieving self-sufficiency (You et al., 2011; van Oort et al., 2015). 

Opportunities to narrowing yield gap of rice 

Good agricultural practices 

Research-extension linkage, training of extension personnel on the new technology, 

their knowledge and education level about the technology, demonstration of the 

technology, field visits and monitoring, etc. by extension personnel strengthen to 

implement the site-specific nutrient management, improved varieties, integrated 

weed management and water management factors as good agricultural practices to 

the farmers‟(Figure 4). 

 
 

Figure 4. Factors affecting the narrowing the yield gap of rice 
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Bangladesh. Therefore, these farmers need to be supported by adequate and timely 

supply of credit to narrow yield gaps. But the current credit system in Bangladesh 

remains far below the needs of small farmers. They have very limited access to 

institutional credit mainly because of collateral requirement. Therefore, appropriate 

measures must be taken to reduce transaction costs, simplify lending procedures, 

revise eligibility criteria and strengthen monitoring and supervision mechanism of 

the credit system. The action may also be taken for the expansion of rural bank 

branches under public sector. The support of research and extension is necessary for 

narrowing yield gap. The researcher should understand farmers‟ constraints to high 

productivity and accordingly develop integrated technological package (appropriate 

variety, timely planting, fertilizer, irrigation, and pest management) for farmers for 

specific locations to bridge up the gaps. The extension service should at the same 

time ensure that the farmers apply correctly and systematically the recommended 

technological packages in fields through effective training, demonstrations, field 

visits, monitoring, etc. The judicious application of inputs from seeding to heading 

in terms of quantity and timing will significantly contribute to reducing yield gaps 

and thereby increasing productivity of crops. As mentioned earlier, socio-economic 

and institutional/policy constraints can cause yield gap significantly. It is thus 

necessary that the government address the issues seriously and come forward with 

solutions to the problems to increase productivity by minimizing the yield gaps. 

Hanson et al. (1982) recommended that the government find solutions to socio-

economic and political questions for narrowing the agronomic gap between farmers‟ 

fields and the research stations. By GAP, we can increase rice yield of 21.75 × 10
5
, 

43.69 × 10
5
, 65.51 × 10

5
 and 87.36 × 10

5
 tones by reducing 10, 20, 30 & 40 per cent 

from the existing yield gap of Bangladesh, respectively (Figure 5). The yield gap of 

rice is about 1.92 tha
-1 

and at least Tk. 556 billion could be earned from the 

additional production annually by narrowing 40 % the yield gap. 

 

 
 

Figure 5. Influence of narrowing yield gap (%) on increase rice yield 
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Yield gap of rice is high in Asian countries because agricultural research system is 

not well equipped in terms of infrastructure and human resources to develop up to 

genetic yield potential achievable high yielding varieties in normal practice, 

sustainable production technology i.e. irrigation practice, land and weed 

management, pest and disease control system for an effective bridging of rice yield 

gap. Now-a-day, Asian countries are facing unexpected circumstances due to 

climate change in agricultural sectors. So, efforts should concentrate to develop well 

equipped laboratory facility with effective human resource to cope this problem. 

 

CONCLUSIONS 

Socio-economic circumstances of farmers remain a major challenge because rice 

farmers in Bangladesh are often resource constrained and do not have the 

organizational skills and know-how required for timely and proper implementation 

of improved technologies. It is also essential to promote collaboration among 

research, extension and private sector to develop appropriate technologies with a 

view to narrowing yield gaps. Socioeconomic and institutional factors are the 

driving force to improve adapted varieties, site specific nutrient management, locally 

adapted integrated weed management and optimized water management for good 

agricultural practices (GAP) to narrowing yield gap of rice. 
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ABSTRACT 
Agriculture of Bangladesh is closely dependent on weather, rainfall 
pattern and land formation. However, frequent hydro-meteorological 
hazards cause to adversely affect the normal agricultural process 
and production. This study aimed to assess the impact of Hydro 
meteorological hazards on the crop cultivation practices, possible 
mitigation and adaptation measures for the farmers at Chalan Beel 
area under Pabna district, Bangladesh. There are 90 people having 
land and engaged with crop cultivation directly at Chalan Beel were 
been selected by applying purposive sampling method and 
interviewed by a pre-designed semi-structured questionnaire 
through face to face interview. The results revealed that Rice (93.75 
%) and Garlic (47.5 %) are the major cultivating crops at Chalan 
Beel and 96 % of the farmers were been experienced with hydro-
meteorological devastation. The farmers perceived Nor’wester (77.9 
%) as the most frequent hazard causing crop damage following by 
Heavy Rainfall (71.4 %), Hailstorm (68.8 %), Heavy Wind (45.5 %), 
Flashflood (42.9 %), Heavy Fog and Floods (19.5 % and 11.7 %) 
respectively. It is also identified that Nor’wester (58.4 %) and Heavy 
Rainfall (58.4 %) had maximum damage whereas Hailstorm (55.8 
%), Heavy Wind and Flashflood also considerable adverse effects 
on overall crop production at this area. Only 24 % of farmers were 
found to change their cultivation pattern as the adaptation measure. 
This study portrayed that hydro-meteorological hazards are 
adversely affecting the crop production at Chalan Beel area and 
resulting economic loss. Therefore, government should ensure the 
participation of farmers along with adopting their deliberative in 
developing a strategic plan for providing technical support for 
diversification and training to adapt in this hazard prone area. 

Keywords: Adaption, Chalan Beel, Crop damage, Natural hazard  
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INTRODUCTION 

Bangladesh is a South Asian developing country, which is considering as a middle-

income country. Fertile land and favorable weather condition have made its 

landmass suitable for growing varieties of crops abundantly. As a result, agriculture 

has become not only an important contributing source of national economy but also 

major source of livelihood in rural areas, where 64.29 % of the population lives 

(BBS, 2019). There is 15 % of the country’s Gross Domestic Product (GDP) comes 

from agriculture and employs around 41 % of the total labor forces (Isma'il and 

Saanyol, 2013; Rahim et al., 2018). Rice is the principal crop with covering the 75 

% of the total cropped area in 2017 (Nasim et al., 2017) and 69% in 2019 (BBS, 

2019), respectively. Rice is also considered as the staple food of Bangladeshis in the 

everyday diet, which is usually harvests two or even three times in a year. There was 

35,300,000 MT of rice production forecasted in 11,830,000 ha for 2019-2020 fiscal 

year, which was estimated 34,909,000 MT in 1,770,000 ha for 2018-2019 and 

32,650,000 MT in 11,272,000 ha for 2017-2018 fiscal year respectively (BBS, 

2019). Agriculture of Bangladesh depends on the weather, rainfall pattern, 

temperature and land formation types. Natural hazards, disasters and risk are 

essentially geographical in nature (Alam and Collins, 2010; Shahid and Behrawan, 

2008)geographical location, terrain, dense river networks, and monsoon climate 

expose the country to a high level of physical disaster risk and socioeconomic 

conditions have created a high vulnerability of communities to natural disasters 

(Azad et al., 2013). However, Due to its geographical location (Parvin and Johnson, 

2015), land characteristics, multiplicity of rivers and the monsoon climate 

Bangladesh suffers from frequent natural hazards in all over the country and faces 

food and livelihood challenges. The changing season brings different types of 

unpredictable natural hazards in everyday life. The common hydro meteorological 

hazards are flood, cyclone, storms, drought, salinity intrusion, excessive fog, 

temperature changing, riverbank erosion, heavy rainfall, late rainy season, water 

logging, etc. (Rahim et al., 2018). The hydro meteorological hazards affect the 

livelihood including losses and damages of crops cultivation, scarcity of pure 

drinking water, loss of economy, an increase of poverty, damage in fisheries, 

livestock, and vegetable gardens and also creates a state of unemployment among 

the people (Hossain and Majumder, 2018; Rahim et al., 2018). Peduzzi and Herold 

(2005) included the economic impact caused by medium- and large-scale hydro 

meteorological hazards and disasters in developing countries on agriculture and calls 

for enhanced mainstreaming of disaster risk reduction and resilience building within 

this sector (FAO, 2015; Hasan et al., 2013). Byomkesh et al. (2009) have conducted 

the values of wetlands, causes, and effects of its degradation, as well as management 

approach relation to natural resources and agriculture. Moreover, Dhar et al. (2018) 
stated to document farmers’ livelihood aspects and agribusiness potentials in 

wetland areas of Bangladesh to understand the economic loss of agricultural 

production due to natural hazards which would help to promote agribusiness and 
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minimize risk. Furthermore, focused on community perception on natural hazards 

and its’ adverse impact on livelihood in the southern part of Bangladesh.  

Hydro-meteorological hazard is the combination of Hydro-meteorological hazard 

which are related and characterized to a severe excess or lack of water and 

atmospheric patterns or conditions and are generally caused by weather factors such 

as precipitation, temperature, wind speed, and humidity. The common types of 

hydro-meteorological hazards are flood, drought, soil erosion, tropical cyclones, 

monsoons, hailstorms, windstorms, thunderstorms, fog, etc. (Chowdhury and Ward, 

2004; Mirza, 2003; Mondal et al., 2013). 

Bangladesh is vulnerable for its geographical location at Ganges-Brahmaputra-

Megna basins having hydro meteorological characteristics that eventually cause 

often extreme hazards and devastation to gross domestic product (Mirza, 2003). 

Historically it has been suffering from different hydro meteorological hazards like 

cyclone, flood, salinity intrusion, storm surge, erosion and drought (Mondal et al., 

2013). The economy of Bangladesh is predominantly agriculture based which 

annually impacted by these types hazards and lead to adverse negative short-run and 

longer-term economic and budgetary impacts (Biswas et al., 2019; Huq et al., 2015; 

Shahid and Behrawan, 2008; Sivakumar, 2005). 

This study conducted at Chalan Beel, the largest wetland in the northwest side of 

Bangladesh and one of the vulnerable areas due to hydro meteorological hazards. 

The common hydro-meteorological hazards in this wetland are known to be drought, 

flash flood, heat wave, heavy fog, hail storm, and northwester storm. As a 

consequence of these hydro meteorological hazards, the people of this area are 

facing different types of challenges in livelihood. Crop cultivation, vegetation, 

fisheries, and other agricultural activities have been hampered and adversely 

affecting the economy. 

The study aims to assess the impact of Hydro meteorological hazards on the crop 

cultivation practices, possible mitigation and adaptation measures for the farmers at 

Chalan Beel area under Pabna district, Bangladesh. The aims have been achieved by 

answering the questions i.e., What have the types of hydro-meteorological hazards 

occurred in Chala Beel? What is the relation between local-level agricultural 

practice and hazard? What are the economic impacts of hazards on crop production? 

And what are the mitigation and adaptation practices to protect corps from hazards? 

 

METHODOLOGY 

Study Area 

The largest wetland of Bangladesh, Chalan Beel is located between 24
0
.35′ to 

24
0
.70′ N latitude and 89

0
.10′ to 89

0
.35′ E longitudes with covering 52-78 sq. km 

(dry season) to 375 sq. km (rainy season). Spatially, it belongs to Chatmohar upazila 

(Pabna), Tarash, Roygonj and Ullapara upazila (Sirajgonj), Singra, Grudashpur and 
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Boraigram upazila (Natore) and Ahasanganj and Manda Upazila (Noagaon) (Galib 

et al., 2009). This Beel has a rich water network and biodiversity with supporting 

livelihood to 5 million (Hossain et al., 2009). This study selected the part of Chalan 

Beel under Chatmohar upazila of Pabna district (Figure 1). Three adjacent villages 

of Chalan Beel i.e., Ramnagar under Beel Chalan union, Boyailmari under 

Chhaikhola union and Dhulaury village under Haripur unionat Chatmohar Upazila 

of Pabna districthave been selected for conducting this study.  

 
 

Figure 1. Showing the study area, (A) Chalan Beel in three districts of Bangladesh,  (B) 

Chatmohor Upazila in Pabna district, (C) Study unions at Chatmohor Upazila and (D) Study 

area 

Data types and respondents 

The study has been conducted by applying mixed approach with combining both 

qualitative by reviewing secondary documents i.e., journal articles (Chowdhury and 

Ward, 2004; Hossain et al., 2009; Mirza, 2003; Mondal et al., 2013), reports (BBS, 

2016; BBS, 2019), quantitative approach and direct field surveys. An extensive field 
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survey has been conducted to collect primary data where face to face interview 

method has been used with a pre-designed semi-structured questionnaire. The 

respondents for the study were the people who were living in selected three villages 

(i.e. Ramnagar, Boyailmari and Dhulaury) having agricultural land in Chalan Beel 

and actively engaged in cultivation at least one year. 

Sampling size, collection and analysis technique 

Purposive sampling method has been applied to do in-depth study because the 

respondents need to have their own land and they should cultivate their land as it the 

inclusion criteria of this study. However, it was tough to fulfill these conditions as 

many of the people work in others agricultural land as a labour because they do not 

owe any land on the other hand there many land owners, who do not cultivate their 

land the ylease their land to other persons. To select the respondents based on the 

inclusion criteria: (i) Persons who have own agricultural land in Chalan Beel, ii) 

Persons who direct involved  crop cultivation in their own land and (iii) Persons age 

greater than or equal to18 years. Total 18,139 people lived in the Chalan Beel Union 

among 13 village, where, 8,803 male and 9,336 female. 90 samples were selected 

purposively and distributed equally among the villages i.e., 30 samples from each 

village. Data have been analyzed by SPSS version 20 software. 

 

RESULTS AND DISCUSSION 

Demographic and socioeconomic characteristic of the respondents 

There are 16.7 % of the respondents were between 18 to 30 years old, 31 to 40 years 

were 24.4 % and 58.9 % were above 41 years respectively (Table 1). It was 

observed that the farmers aged more than 30 years, were generally involved in 

agriculture. The highest number of respondents was between 41 to 50 years and 

including the rest of the higher aged people was 60.1 %, which represents less 

involvement of younger people directly in agricultural production. The identified 

reason for high proportion of elderly people engagement in agricultural activities 

was low profit and tendency to involve in jobs. Besides, there are 97 % of the 

respondents were male and 3 % are female farmers. However, this study found most 

of the female members were to be directly involved with agriculture through 

assisting male farmers during harvesting and drying up the corps, seed preparation 

as well as storing in the houses.  
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Table 1. Age and educational level of the respondents 

Age and educational level of respondents 

Respondent’s age (years) Number Percentage 

18-30 15 16.7 

31-40 22 24.4 

>41 53 58.9 

Total 90 100 

Educational level   

Primary 63 70.0 

Junior secondary 12 13.33 

SSC/Equivalent 3 3.33 

HSC/Equivalent 7 7.78 

Graduation 5 5.56 

Total 90 100 
 

Most of the respondents have completed primary education (70 %), whereas only 

5.56 % were found, graduate. Aside from this, 13.33 %, 3.33 %, and 7.78 % have 

passed junior secondary, SSC and HSC equivalent levels respectively (Table 1). 

Mean while, 52.22 % of the respondents had both homestead and agricultural land, 

whereas 44.44 % and 1.11 % only had agricultural land and homestead. Aside from 

2.5 % of respondents were pond owners, who were practicing aquaculture for their 

livelihood. This result illustrates most of the farmers aren’t educationally sound to 

use advanced technology or adapt change quickly so need to be engaged more 

educated person to enrich the agriculture.  

Crop cultivation and hydro-meteorological hazards 

This study assessed the agricultural crop cultivation practice during 2018 in the 

Chalan Beel and found Rice (93.75 %) as the main crop for cultivation followed by 

Garlic (47.5 %), wheat (25 %), jute (17.5 %), pulses (16.25 %), onion (6.25 %), 

vegetables (5 %) and fruits and mustard or oilseed (2.5 %), respectively (Figure 2). 

Rice, as like countrywide, is also the staple food in Chalan Beel area. Along with 

traditional crop practices, geographical, biophysical and climatic conditions have 

made suitable this area to cultivate rice yearly three times.  
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Figure 2. Types of crops cultivation in 2018 

There is a change in climatic conditions in Bangladesh has been observed with 

increasing temperature trend and decreasing in precipitation with changing pattern 

as well as shifting zones (Hossain and Majumder, 2017; Khatun et al., 2019). 

Temperature is usually high with very humid weather at the end of March to April 

create an idle condition for Nor-wester (in Bangla Kal Boishaki). This study 

revealed that 96 % of the respondents of this area know these types of hydro 

meteorological hazards. There was 77.9 % respondents replied Nor-wester as the 

main devastating hazards to cause damage of crop production at Chalan Beel. The 

damage becomes very severe because Nor-wester strikes during the crops’ maturing 

stage. In addition, respondents also identified heavy rainfall (71.4 %), hailstorm 

(68.8 %), heavy wind (45.5 %), flash flood (42.9 %), heavy fog (19.5 %), drought 

(15.6 %), floods (11.7 %) and soil degradation (1.3 %) as the hydro meteorological 

hazards to cause damage on their crops, respectively. Among these, heavy rainfall, 

hailstorm, heavy wind, flash flood starts to occur usually at the end of April, and 

continue to mid of October, whereas, heavy fog and drought occur from November 

to end of February. 

Effect of hydro-meteorological hazards on crop production 

There are 58.4 % respondents opined that Nor’wester and heavy rainfall causes to 

damage their crops, whereas, 55.8 % perceived to the hailstorm, 27.3 % to heavy 

wind, 18.2 % to flash flood, 10.4 % to heavy fog, 3.9 % to floods and only 1.3 % to 

drought as the most adverse effects on crop production in 2018 (Figure 3).  
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Figure 3. Crop damaging hazards at Chalan Beel 

Besides, this study by analyzing the experiences of respondents revealed the most 

frequent crop-damaging hydro-meteorological hazards. It is found that 72.7% 

responded hailstorm is the most frequent hazard at Chalan Beel area which caused to 

damage their crops during the previous cultivation periods. Hailstorm caused most 

damage because the ice cube come with heavy force and hit on the crop ground 

which creates permanent damage. Besides, 70.1 % experienced tonor’ wester, 66.2 

% to heavy rainfall, 32.5 % to heavy wind, and 23.4 % to flash flood, 16.9 % to 

heavy fog, 6.5 % to drought and 3.9 % to floods respectively (Figure 3).  

Economic losses of hydro-meteorological hazards 

There are 82.5 % of respondents were found to know calculating their losses by 

comparing the expected production with the actual production due to hydro-

meteorological hazards. And in practice, it is observed that respondents were not 

aware of their financial losses even never measured or estimated. The farmers were 

not aware to measure their loss as well as did not have knowledge on estimation 

process. In this vein, there was a loss estimation process that had been illustrated to 

the respondents during the survey. Understanding total expenditure and yielding 

amount as well as converting them into money helped the respondents to estimate 

their financial loss (Table 2).  
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Table 2. Economic analysis between actual and expected crop production. 

Multiple 

Response 

Crops Production (Kg) Expected Production (Kg) 

N % Median 
Range 

Median 
Range 

Min Max Min Max 

Rice 75 93.7 1800 200 28000 2000 320 35000 

Jute 14 17.5 520 120 1400 640 240 19660 

Wheat 20 25.0 360 60 2000 520 160 2000 

Garlic 38 47.5 1200 160 7200 1400 560 16000 

Pulses 13 16.2 190 60 360 280 80 480 

(N= Number of responses) 

It was found (Table 2) that 93.7 % of respondent’s harvested Rice from 200 

Kilograms (kg) to 28,000 kg (median 1800 kg) in 2018. However, they expected to 

harvest 320 kg and 35,000 kg (Median 2,000 kg). Similarly, 17.5 % of Jute 

cultivator harvested 120 kg -1, 400 kg (median 520 kg) whereas the potentiality was 

240 kg- 19,660 kg (median 640 kg). In addition, 25% Wheat cultivators expected to 

harvest 160 kg - 2,000 kg (median 520 kg) but harvested 60 kg - 2,000 kg (Median 

360 kg). Moreover, 47.5 % respondents expected to harvest 560 kg - 16,000 kg 

(median 1,400 kg) from Garlic cultivation, however, actual production was 160 kg - 

7,200 kg (1,200 kg).  And, the Pulses, 16.2 % respondents harvested from 60 kg - 

360 kg (median 190 kg) against the 80kg - 480 kg (280 kg) of expectation. 

Therefore, it portrayed that farmers have harvested fewer crops against their 

expectations due to damage by hydro-meteorological hazards. The estimation of 

economic values, as well as economic losses based on farmers’ experiences due to 

adverse effects of hydro-meteorological hazards, is shown in Table 3 by analyzing 

the to telex penditure, actual and expected price to sell of crops. 

Table 3. Total expenditure and expected selling amount of major cultivated crops 

Multiple 

response 

Total Expenditure (TK) Actual Sell (TK) Expected Sell(TK) 

Median 
Range 

Median  
Range 

Median  
Range 

Min Max Min Max Min Max 

Rice 22000 1000 350000 28000 2600 630000 36000 3000 2000000 

Jute 12000 2000 35000 23400 2650 59500 32800 1000 83300 

Wheat 6000 1200 12000 7550 1350 72000 10475 3000 22000 

Garlic 19000 2000 120000 20500 2000 375000 40000 4500 375000 

Pulses 3000 200 6000 7500 1600 19600 11000 1800 28000 
 

Measures were taken to adapt and mitigate hydro meteorological hazards 

Experiencing losses by hydro-meteorological events, only 24 % of farmers were 

changed their cropping intensity. There are 42.1 % farmers started early crop 
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cultivation, 31.6 % changed seed, 21.1 % changed the land using the pattern, 15.8 % 

reduced cultivations well as late crop cultivation, 10.5 % changed cultivation type 

and used new crop varieties and only 5.3 % build physical infrastructure respectively 

(Figure 4).  

 

Figure 4. Types of activities to take the changes in cultivation 

As mitigation actions, 23.8 % of farmers perceived the necessity of further 

initiatives for reducing losses from hydro-meteorological hazards. In this 

perspective, farmers were emphasized on more discussion in Somittee (Association 

in English) for sharing and dissemination of knowledge. Also, farmers opined to 

preserve good seed, collect and planting good seed, use of compost, loan distribution 

among deprived farmers by forming Somittee, using more fertilizer and modern 

technologies respectively (Figure 5). 
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CONCLUSION 

Bangladesh is not only highly dependent on agricultural sector for food consumption 

but also main driving force of the economic growth. This study has assessed that 

hydro meteorological hazards have been adversely affecting agricultural sector on 

regular basis and causing damage to crops and economic loss. It is also revealed that 

farmers don’t have any effective technique and tools to mitigate their damage as 

well as they don’t have sufficient knowledge and experience to roll out the 

adaptation process. It is also revealed that adaptation measures by farmers were not 

sufficient; hence further initiatives are perceived to achieve climate-resilient 

agriculture. In this circumstance, agricultural extension office may enhance the close 

coordination with the farmers for providing continuous suggestions and technical 

training based on Ministry of Agriculture directives. Considering ‘information is a 

key’, there are some other initiatives can be introduced like visualization, prediction, 

awareness and prediction system for climate services during the entire agricultural 

practices. To ensure these climate services, Bangladesh Meteorological Department 

(BMD), Department of Agricultural Extension (DAE), Bangladesh Agricultural 

Research Council (BARC), Bangladesh Agricultural Research Institute (BARI), 

Upzaila disaster management team along with local Non-Government Organizations 

(NGOs) may work together for communicating this initiative. 
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ABSTRACT 
Climatic condition is conducive to cultivate mustard in Bangladesh 
and there are ample opportunity to improve the present scenario of 
production, since the demand of oilseeds is high. But economic 
analysis of production of this crop remains unnoticed most of the 
time.  For assessment of the profitability and resource use 
efficiency, a field level study was conducted with 100 mustard 
growers, who were selected purposively and interviewed with pre 
tested questionnaire from Manikganj district during the period May 
to August 2019. Applying the Cobb-Douglas production model the 
results suggested that farmers earned 18577.91 Tk ha

-1
 by 

producing 1683.75 kg ha
-1

 Mustard with the Benefit Cost Ratio 
(BCR) 1.28. Land preparation cost, seed, human labour, irrigation 
and fertilizer had a significant positive effect on the yield of Mustard 
while insecticides had negative insignificant effect. Farmers were 
inefficient in case of resource use. Mustard cultivation is profitable 
in Bangladesh and has the potentiality to minimize import cost of 
oilseeds. Mustard production can be increased further by ensuring 
adequate supply of labor at peak period with reasonable wage rate, 
incentive price of produce for farmers, sufficient drainage system 
after flood, collateral free and easy access to credit, crop insurance 
to mustard growers. 

Keywords: Cobb-Douglas production function, Oilseeds, 
Potentiality, Problems, Profitability. 

 

INTRODUCTION 

Mustard or rapeseed (Brassica spp. L.) is a worldwide cultivated thermo and 

photosensitive oilseed crop. Asia produces 41.50 % of mustard seed which occupies 

the first position in terms of percentage share of production followed by the USA 

(FAOSTAT, 2018). Oilseeds were cultivated in less than 2.20 % of total arable land 

https://doi.org/10.3329/sja.v18i2.51119
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under rice-based cultivation system in Bangladesh, where three fourth of total 

cultivable land was engaged in rice production in 2015-16 (BBS, 2019).Mustard is 

the major oilseeds in Bangladesh which exhibits an increase in production from 

1994 to 2018 except few fluctuations in the case of total production and area under 

cultivation (FAO STAT, 2018).  

Mustard occupied more than 69.94 % of the total cultivated area of oilseeds 

followed by sesame, groundnut, and soybean (BBS, 2019). In 2018, the cultivation 

area was 270023 ha and production of mustard was 311740 MT, which were 

relatively lower than the previous two years due to severe water logging condition 

after two spells of flooding. The scenario was far more than the cultivated area 

(210545 ha) and production (188880 MT) in 2007 (FAO STAT, 2018; BBS, 2019). 

With the increase in population, the demand for edible oil and oilseeds is in 

increasing trend (Alam, 2020).  

Bangladesh has to import a noticeable amount of edible oil and oilseeds to meet up 

the existing accelerating demand. The value of imported oilseed and edible oil has 

increased dramatically from USD 544 million in 2002-03 to USD2371 million in 

2018-19 which were 4.99 and 4.23 % of the total value of imports respectively 

(Bangladesh Bank, 2020). Yield of mustard has increased from 0.75 tha
-1 

in 2001 to 

1.15 tha
-1

 in 2019 (MoA, 2007; BBS, 2019). Climate change has affected the 

production of mustard due to an increase in temperature as it has to be sown from 

mid-October to mid-November and harvested from late January to mid-February. 

The sowing time has a great impact on the production of rapeseed or mustard. The 

production of mustard is prone to decrease in India due to changes in sowing time 

(Ghosh and Chatterjee, 1988; Boomiraj et al., 2010). 

Bangladesh was not in an advantageous position in the case of mustard production 

(Miah and Rashid, 2015). Very few studies have conducted to analyze the 

profitability of mustard in Bangladesh. Miah et al. (2015) revealed the reluctance of 

farmers in following the guidelines provided by BARI for mustard cultivation. 

Mustard cultivation is profitable and farm size has no adverse influence on yield and 

profitability though input supply and output demand is primarily determined by the 

price of mustard (Rahman and Kazal, 2016). 

Mustard is cultivated all over Bangladesh and extensively cultivated in 46 districts. 

A large number of varieties have been developed by researchers to minimize the 

import cost of oilseeds by increasing the yield. Proper information on the 

profitability of mustard production is crucial in the formulation of effective and 

efficient policy regarding the research and development, pricing policy, restructuring 

marketing system, and prioritizing the cultivation of this nutritious crop. 

Considering this situation, analysis of profitability, resource use efficiency was 

focused in this study and problems faced by farmers in mustard cultivation were also 

identified. 
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MATERIALS AND METHODS 

A total of 100 farmers were selected purposively from Manikganj district which 

ranked fifth in total annual mustard production as a sample for the present study due 

to time and money constraint. Primary data were collected from one sub-district 

(Upazila) of this district. The concentration of mustard growers was another major 

criterion of selection. Farmers were interviewed from May 2019 to August 2019 

with a pre-tested semi-structured questionnaire to get cross-sectional data that were 

selected randomly with the help of an agricultural extension officer of that Upazila. 

Microsoft Excel was used to insert collected raw data after a few modifications 

especially editing and coding to get the desired format for analysis. The analysis was 

conducted with the help of the statistical software STATA 14 version. 

Profitability analysis 

Cost and return are the two most dominant terms, which are inevitable in economic 

analysis. A farm has to calculate profit to know the viability of the intended project. 

Total variable cost and fixed cost jointly generate total cost (TC) where the cost of 

land preparation, human labour, seed, fertilizer, insecticides, and water management 

are considered as variable costs. Interest on operating capital was included in TVC 

as the operating capital represented the average operating cost over the period 

because all costs were not incurred at the beginning or at any single point of time; 

hence, at the rate of 10% per annum interest on operating capital for four months 

was computed for mustard. Interest on operating capital was calculated by using the 

following formula: 

                                                                           𝐼𝑂𝐶 = 𝐴𝑙𝑖𝑡   (1) 

Where, 𝐼𝑂𝐶= Interest on operating capital, i= Rate of interest, AI= Total investment 

/ 3, t = Total period of a cycle 

On the other hand, cost of land use was considered as opportunity cost which was 

calculated based on the use of land per hectare for the cropping period of four 

months and take into account as fixed cost. Per hectare gross return, Gross margin 

and Net return or profit were calculated as follows: 

Gross Return= (Quantity of the product*Average price of the product) + Value of 

 by-product (2) 

Gross margin = Gross return – Variable cost (3) 

Net return = Total return – Total production cost (4) 

The following profit equation was used to assess the profitability of mustard 

production at the farm level: 

                                                 𝜋 = 𝑃𝑟𝑄𝑟 + 𝑃𝑏𝑄𝑏 −  (𝑃𝑥𝑖𝑋𝑖
𝑛
𝑖=1 )− 𝑇𝐹𝐶  (5) 

Where, 𝜋 = Profit for producing mustard (Tk. ha
-1

)  

Pr= Per unit price of mustard (Tk. kg
-1

)  

Qr= Quantity of mustard (kg ha
-1

),  

Pb= Per unit price of by-products (Tk. kg
-1

) 
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Qb= Quantity of by-products (kg ha
-1

) 

Pxi= Per unit price of the i-th (Variable) inputs (Tk. kg
-1

) 

Xi = Quantity of the i-th inputs (kg ha
-1

), i = 1, 2, 3………..n and TFC = Total fixed 

cost. 

Undiscounted benefit-cost ratio (BCR) 

One of the most important criteria for considering the viability of a project and 

measuring the profitability is BCR which is the average return to each taka spent on 

production. Undiscounted BCR was estimated as the ratio of total return to the total 

cost per hectare. 

                                                   BCR =
Total  Return  (Gross  Return ) 

Total  Cost
(6) 

 

Cobb-douglas production function 

Cobb-Douglas regression model was used to estimate the production function and 

find out the factor affecting mustard production in the selected district. To measure 

the contribution of the most important variables in the production process of 

mustard, the following type of Cobb-Douglas production function was used in the 

study. 

𝑌 = 𝛽0𝑋1
𝛽1𝑋2

𝛽2𝑋3
𝛽3𝑋4

𝛽4𝑋5
𝛽5𝑋6

𝛽6𝑒𝑈𝑖  (7) 

For the present empirical exercise, the Cobb-Douglas production function was 

converted into the following logarithmic (double log) form: 

𝑙𝑛𝑌 = 𝑙𝑛𝛽0 + 𝛽1𝑙𝑛𝑋1 + 𝛽2𝑙𝑛𝑋2 + 𝛽3𝑙𝑛𝑋3 + 𝛽4𝑙𝑛𝑋4 + 𝛽5𝑙𝑛𝑋5 + 𝛽6𝑙𝑛𝑋6 + 𝑈𝑖(8) 

Where, ln= Natural logarithm, Y= Yield of mustard (kg ha
-1

), X1= Amount of Seed 

(kg ha
-1

) 

X2= Land preparation cost (Tk. ha
-1

), X3= Number of labour (Man days ha
-1

) 

X4= Amount of Fertilizer (kg ha
-1

), X5= Cost of Irrigation (Tk. ha
-1

) 

X6= Cost of Insecticide (Tk. ha
-1

), β0= Constant or intercept term 

β1, β2, β3, β4, β5, β6= Coefficients of the respective variables; and Ui= Error term 

The explanatory variables for this study were selected considering expectations to be 

achieved as yield is likely to be influenced by these factors most and previous 

literatures (Sarker et al., 2010; Dhakal et al., 2015; Khatun et al., 2016; Khatun et 

al., 2019) provided guidelines in this regard. 

Resource use efficiency 

The resource use efficiency is the ratio of marginal value product (MVP) to the 

marginal factor cost (MFC) for each input which was estimated as MVP/MFC and 

tested whether the value is equal to or greater than or less than 1. The marginal 

productivity of a particular resource represents the addition to gross returns in value 

terms caused by an additional one unit of that resource, while other inputs are held 

constant. By multiplying the marginal physical product of inputs (MPPxi) by the per-
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unit price of the final product we obtain the MVP. To get the most reliable result, 

geometric means of all explanatory and explained variables were taken and the most 

useful estimate of MVP is obtained by this. In this study the MPP and the 

corresponding values of MVP were obtained as follows: 

   𝑀𝑃𝑃𝑥𝑖 × 𝑃𝑦𝑖 = 𝑀𝑉𝑃(9) 

But, 𝑀𝑃𝑃𝑥𝑖 =  𝛽𝑖 × (𝑌𝑔/𝑋𝑔)(10) 

So, 𝑀𝑉𝑃 = 𝛽𝑖 × (𝑌𝑔/𝑋𝑔) × 𝑃𝑦𝑖  (11) 

Where, βi = regression coefficient per resource,  

 Yg= Geometric mean of output (kg ha
-1

) 

 Xg= Geometric mean of inputs (kg ha
-1

) 

 Pyi = Price of per unit of output (Tk. kg
-1

) 

 MFC = Price of per unit of input (Tk. kg
-1

) 

The values of resource-use efficiency (RUE) 1, < 1 and > 1 indicates optimal 

utilization, over utilization and under-utilization respectively. 

 

RESULT AND DISCUSSION 

Sample characteristics 

Most of the sample farmers were middle-aged with a standard deviation of 13.70 

which supports Begum et al. (2020). Though a large number of farmers were 

illiterate in the survey area, the mean educational level was found as approximately 

6 years with 4.27 SD. Farmer’s lands under mustard cultivation were fragmented 

and mean land size was 0.30 ha. 

Table 1. Summary Statistics 

Variables Mean SD 

Age (Years) 49.99 13.70 

Education (Total years of schooling) 6.12 4.27 

Land under mustard cultivation (ha) 0.30 0.18 
Source: Field survey, 2019. 

Estimated costs and returns 

The average yield of mustard was 1683.75 kg ha
-1

, which was similar to the result of 

Miah and Mondal (2017), Salam and Miah (2013), but higher than the findings of 

Azam et al. (2013), Rahman and Kazal (2016) and Begum et al. (2020). The per-unit 

price of mustard was 47.58 Tk. kg
-1 

and a similar price was documented in previous 

studies (Rahman and Kazal, 2016; Miah and Mondal, 2017). The per-unit cost of 

mustard seed was 68.80 Tk. and 8.08 kg seed was used by farmers for 1 ha of land 

which resembled the recommendation of BBS (2019).To cultivate 1 ha of land, 44 

man-days labour were required, who had to be engaged in preparing the land, 

sowing of seed, weeding, watering, providing fertilizers, harvesting, etc. The 

number of labour was higher than the number reported in the case of onion 
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production (Anik et al., 2017). None of the respondents used manure in that region. 

Farmers had to pay 482.70 Tk for hiring one man-day and the cost was in the same 

track with the findings of Rahman and Kazal (2016). On an average, 250.88, 244.42, 

and 127.37 kgurea, TSP, and mop respectively were applied for 1 ha of the mustard 

field; and the price was 16.22, 22.48, and 15.18 Tk. kg
-1

, respectively. The used 

amount of fertilizer was far more than the suggested dose of fertilizer (FRG,2018) 

which were 160, 48, and 120 kg urea, TSP and mop respectively for per hectare in 

case of a very low level of fertility of the soil. Successive applications of high 

amount of fertilizer deteriorate the quality of soil and farmers used higher doses than 

prescribed to get desired amount of yield.   

Table 2. Per hectare amount and price of items 

Items Unit Amount (unit/ha) SD Price (Tk./unit) 

Yield Kg 1683.75 190.18 47.58 

Seed Kg 8.08 0.76 68.80 

Labour Man days 43.87 3.72 482.70 

Urea  Kg 250.88 9.65 16.22 

TSP Kg 244.42 10.88 22.48 

MoP Kg 127.37 16.10 15.18 
 

USD1 equaled approx. Bangladesh Taka 84 in year 2019 

TSP: Triple Super Phosphate 

MOP: Murate of Potash 
 

The total production cost of mustard was 66043.05 Tk ha
-1

 which was divided into 

two major costs and 76.14 % of the total was occupied by variable cost which was 

estimated 50287.45 Tk ha
-1

. Begum et al. (2020) presented almost similar results in 

case of BARI mustard-14 cultivation. This figure was almost double in the finding 

of Salam and Miah (2013). Increased cost of inputs was responsible for this 

deviation. The cost of human labour was highest among others in variable cost and it 

was 21177.08 Tk. ha
-1

 which represented 32.07 % of the total cost followed by the 

cost of fertilizer which was 11497.23 Tk. ha
-1 

and 17.41 % of the total cost was 

seized by this item. High wage rate raised the labor cost than previous studies 

(Salam and Miah, 2013). The total fixed cost was 15755.61 Tk. ha
-1

 and it was 23.86 

% of the total cost. 
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Table 3. Cost and economic returns of mustard cultivation 

Items of Cost Cost (Tk. ha
-1

) % of Total Cost 

Land preparation  7154.57 10.83 

Human labour 21177.08 32.07 

Seed  555.97 0.84 

Urea  4069.03 6.16 

TSP  5494.64 8.32 

MoP 1933.56 2.93 

Cost of Insecticides  768.27 1.16 

Cost of Irrigation  7512.15 11.37 

A. Total Operating Cost (TOC)  48665.27 73.69 

Interest on operating capital @ of 10% for months  1622.17 2.46 

B. Total Variable Cost (TVC)  50287.45 76.14 

Rental value of land  15755.61 23.86 

C. Total Fixed Cost (TFC)  15755.61 23.86 

D. Total cost (B+C)  66043.05 100 
 

Profitability of mustard production 

The gross return of mustard was 84620.96 Tk ha
-1

 in which the value of yield was 

80130.05 Tk ha
-1

. The gross margin and net return from mustard production were 

34333.51 Tk ha
-1

 and 18577.91 Tk ha
-1

 respectively. Net return from the cultivation 

of Binasarisha-9 variety was 22278.35 Tk ha
-1

 (Sultana et al., 2020). The estimated 

Benefit-Cost Ratio was 1.28 in this case and it was lower than few previous studies 

(Azam et al., 2013; Salam and Miah, 2013; Mila et al., 2015; Rahman and Kazal, 

2016) which was due to increased production cost. It is possible to earn Tk 1.28 by 

investing Tk 1 in mustard production. 

Table 4. Gross margin and benefit-cost ratio (undiscounted) of mustard production 

Items    Cost 

Average yield (kg ha
-1

) 1683.75 

Value of product (Tk. ha
-1

) 80130.05 

Value of product (Tk. ha
-1

) 4490.91 

Gross Return (GR) (Tk. ha
-1

) 84620.96 

Gross Margin (GR-TVC)  (Tk. ha
-1

) 34333.51 

Net Return (GR-TC) (Tk. ha
-1

) 18577.91 

BCR (undiscounted)(GR/TC)  1.28 
 
 

Factors affecting the production of mustard 

The estimated parameters of the Cobb-Douglas production function are presented in 

Table 5. All of the coefficients of variables were positive and significant except 

insecticides which were negative and insignificant. Among explanatory variables 

seeds and irrigation were significant at 1 %, land preparation and labour were 

significant at 5 %, and fertilizer was significant at the 10 % level. The findings 
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support the previous one (Rahman, 2002). According to Tithi and Barmon (2018), 

mustard yield was affected significantly by farm size, irrigation and seed. Production 

of mustard can be enhanced up to 0.27 %, 0.33 %, 0.25 %, 0.31 %, and 0.65 % with 

one percent increase in cost of land preparation, seed, labour, irrigation, and 

fertilizers respectively. The included explanatory variable could explain 79 % of the 

variation in mustard production on an average as the calculated value of the 

coefficient of multiple determination was 0.79. The highly significant value of F 

indicated the importance of independent variables in explaining the variation of 

gross return of mustard production. Increasing return to scale of the production 

function was found from the summation of coefficients. GR can be increased to 

1.80% through the increase of the specified variable by 1 %. 

Table 5. Estimated value of coefficients of the cobb-Douglas production function 

Variables  Coefficients Standard Error T-stat P-value 

Intercept (β0)  -3.59* 2.18 -1.65 0.102 

Cost of Land preparation (β1)  0.27** 0.12 2.38 0.019 

Amount of Seed (β2)  0.33*** 0.10 3.25 0.002 

Number of Labor (β3)  0.25** 0.11 2.30 0.023 

Cost of Irrigation (β4)  0.31*** 0.20 3.21 0.002 

Amount of Fertilizer (β5)  0.65* 0.36 1.81 0.073 

Cost of Insecticides (β6)  -0.01
NS

 0.04 -0.28 0.783 

R Square  0.7875 

Adjusted R Square  0.7738 

Return to scale   1.80 

F- ratio  57.45 *** 
 

***, ** and * indicate significance at 1%, 5% and 10% levels, respectively. NS: Not 

significant. 

Resources were not optimally utilized in the case of mustard cultivation. Among the 

three explanatory variables, seed and fertilizers were underutilized where labour was 

over-utilized. The decision regarding seed and fertilizers supports the decision of  

Dhaka et al. (2015) but contradicts in case of labor. 

Table  6. Estimated resource use efficiency in mustard production 

Variables GM MVP MFC RUE Comment 

Seed 8.05 3239.46 68.8 47.09 Underutilized 

Labor 43.71 454.03 482.7 0.94 Over utilized 

Fertilizer 622.54 83.79 17.96 4.67 Underutilized 
 

Problems faced by farmers in mustard cultivation 

Problems faced by farmers were identified on the basis of performed survey. Labor 

shortage in peak seasons especially during sowing and harvest seasons was most 

severe problem to farmers. Labor cost occupies a major part in total production cost. 

Farmers have to hire labor with high wage rate due to scarce supply. The findings 
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support Tithi and Barmon (2018). Farmers had to depend on chemical fertilizers 

only due to unavailability of organic manure. Farmers had to delay the sowing time 

due to water logging condition which is a common scenario after flood every year in 

the study area. Water logging condition was major problems to oilseed cultivation 

(Miah and Mondal, 2017). Most of the farmers don’t have their own irrigation 

machine and they had to depend on rented one which was not available when 

needed. Shortage of capital and lack of access to institutional credit hampers the 

production in a large extent which is in the line with the findings of Tithi and 

Barmon (2018). Detrimental effects of natural disasters reduce the yield of mustard 

which supports the result of (Miah and Mondal, 2017). High growth of bothua 

(Chenopodium album) weed in mustard field is common. Mostly, broadcast method 

is applied for sowing seeds in mustard cultivation and to control weed from mustard 

field is difficult. 

Table 7. Problems faced by farmers in mustard production 

Problems % of respondents 

Unavailability of labor 89 

High wage of labor 85 

Low price of final products 78 

Delayed sowing season due to water logging 

condition  

76 

Unavailability of manure  75 

Unavailable irrigation facility 61 

Shortage of capital 57 

Natural disasters 54 

High growth of weed  48 

 

CONCLUSIONS 

The study estimates the factors that affect the productivity and level of input use in 

mustard cultivation. Results reveal significant effects of land preparation cost, 

labour, seed, irrigation and fertilizer on mustard production. Production can be 

increased to a great extent through increasing these drivers in the studied region. 

Increasing returns to scale specifies 1.80 % increase of yield is possible by 

increasing all the inputs specified in the model by one percent. Though the oilseed 

sector especially mustard has experienced a slow and steady increase in production, 

a vast scope is still available to increase the total production. The acceleration of 

production of oilseeds is a crying need in Bangladesh as the demand for oilseeds and 

edible oil is higher than the production. To meet domestic demand, a huge amount 

of foreign currency is spent for importing these products. Mustard cultivation was 

profitable in the selected region and has a high potentiality to improve the present 

production scenario. Farmers were not efficient at the use of the available resources 

which can be focused to increase further production. The yield rate has increased 
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due to the development of improved varieties. Adoption of these varieties should be 

ensured to farmers and DAE (Department of Agricultural Extension) officials should 

come forward to implement this action. Unavailability of labor, the high price of 

labor, and the low price of final products distracted farmers from mustard production 

in a rice-based production system. DAM (Department of Agriculture Marketing) 

should take actions by fixing farm gate price of final produce to ensure incentive 

price for mustard growers. Sufficient drainage system after flood will encourage 

farmers in mustard production as appropriate sowing time can be followed. Easy 

access to credit without any collateral can minimize capital shortage. Initiation of 

crop insurance can save farmers from huge loss occurred due to natural disaster. By 

eliminating these hurdle productions can be increased to a great extent as more land 

coverage is possible in this way.  
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ABSTRACT 

The study was carried out in Batiaghata upazila of Khulna district to 
identify different climate resilient cropping patterns that had been 
practiced over the past three decades as well as the farmers’ 
perception about the causes of adopting climate resilient cropping 
patterns. Information was collected through personal interview, focus 
group discussion, systematic study of available records and browsing 
internet. A slight change was observed regarding climate resilient 
cropping pattern over the last 30 years in the study area. About 30 
years ago, five cropping patterns were practiced, only one pattern 
(Fallow-Fallow-T. Aman) was found climate resilient. About 20 years 
ago, 11 cropping patterns were practiced, 5 patterns (Fallow-Fallow-
T. Aman, Boro-Fallow-T. Aman, Boro-Gher (vegetables)-T. Aman, 
Boro-Gher (vegetables)-Fallow and Fallow-Gher (vegetables)-T. 
Aman) were found climate resilient. About 10 years ago, 11 cropping 
patterns were practiced, 7 patterns (Sesame-Fallow-T. Aman, Boro-
Fallow-T. Aman, Boro-Gher (vegetables)-Fallow, Fallow-Fallow-
T.Aman, Boro-Jute-T. Aman, Boro-Gher (vegetables)-T. Aman and 
Fallow-Gher (vegetables)-T. Aman) were found climate resilient. At 
present, 14 cropping patterns are being practiced. Out of which, six 
patterns are climate resilient. Respondents justified nine causes for 
adopting climate resilient cropping patterns, while increase in 
cropping intensity was the most significant, while lower input cost was 
least significant. Most of the respondents (93.80%) had highly clear 
perception and the rest (6.20%) had moderately clear perception. A 
positive relationship of education and mass media exposure was 
observed with their perception. 

Keywords: Climate, Resilient, Correlation, Cropping, Patterns, 
Farmers’ perception 
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INTRODUCTION 

Bangladesh is one of the most climatic change affected countries in the world (Kreft 

et al., 2017). Economy of the country is based on agriculture which is very much 

sensitive to climate change impact. Adaptation to climate change was ignored 

initially, but due to the increasing vulnerability of some country’s adaptation has 

recently been covered extensively (Kates, 2000). 

During past five decades, agricultural sector in southwestern part of Bangladesh has 

undergone wide-ranging changes in terms of cropping pattern, cultivation technique, 

land ownership, intensity of cultivation, and productivity. Although Bangladesh has 

an agriculture-based economy, yet the contribution of agriculture in GDP has 

decreased during last few years and now only 16 % of GDP have to rely directly on 

agriculture (Anonymous, 2016). 

In Bangladesh, the major cropping pattern mainly consist of rice based cereal crops 

(Haque, 1998) for instance, Boro-Fallow-Transplanted man was the major cropping 

pattern securing 2.31 million ha (27 % of Net Cropped Area of the country) including 

its distribution in 63 districts (Nasim et al., 2017). 

The southwestern part of Bangladesh especially Khulna, Bagerhat and Satkhira 

districts are worst hit by water and soil salinity (SRDI, 2010). While, in past, the stress 

environment of these areas got very little attention. More food demand brings 

attention to explore the possibilities of increasing potential of saline lands for 

increased production of crops due to increased pressure of vast and fast-growing 

population. Moreover, cultivable land area is decreasing day by day in the country. In 

this context, there is no other alternative way but to address less favorable and 

unfavorable environments for food security and to adapt to the climate change. That’s 

why farmers adopt different climate resilient cropping patterns to protect their crops 

because a choice of appropriate combinations of crops or cropping patterns can be 

used as an option to minimize the possible devastations and damages from natural 

calamities such as drought and floods (Mandal, 2010). 

The present study was conducted with objectives to identify the cropping patterns 

over the last 30 years including climate resilient ones and determine farmers’ 

perception regarding the causes of adopting climate resilient cropping patterns. 
 

MATERIALS AND METHODS 

Design and locale of the study 

The present study was a descriptive and diagnostic type of research, based on 

collection of data by door to door interviewing of the respondents. In this study, two 

techniques were used: (i) a statistical survey to identify present climate resilient 

cropping patterns in four villages (Shoilmari, Joikhali, Raingamari and Dorgatola) of 

Jalma union under Batiaghata upazila of Khulna district and to assess farmers’ 

perception regarding the causes of adopting climate resilient cropping patterns, (ii) 
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Focus Group Discussion (FGD) with the participation of local people to find the 

cropping patterns over the last 30 years.   

Population and sampling 

The sample was collected by following multistage disproportionate random method. 

For data collection, 10 % upazila (out of 9 upazila) in Khulna district were selected 

and then 10 % union (out of 7 union) from each upazila and 10 % villages (out of 37 

villages) in each union were selected. Form 4 villages (10 % of total), 80 farmers (20 

from each village) were selected. 

Data collection and processing 

Primary data were collected through face to face interview using interview schedule 

during January to March 2019.  

Some of the preferred characteristics of the respondents were considered as 

independent variables viz. age, educational qualification, family education, family 

size, farm size, annual income, farming experience and exposure to mass media. 

Perception of the respondents regarding causes of the adopting climate resilient 

cropping patterns was considered as dependent variable in this study. 

For analysis purpose all qualitative data were converted to quantitative form by using 

appropriate technique of scoring. In several instances, indices and scales were 

constructed through the simple accumulation of score assigned to individual or pattern 

of attributes. 

Measurement of selected characteristics (independent variables) 

Among the selected characteristics age was measured in ‘actual year’, educational 

qualification in ‘years of schooling’, family size in ‘number’, family education in 

‘years of schooling’, farm size in ‘hectare’, farming experience in ‘year’, annual 

income in ‘000 BDT’ and exposure to mass media in ‘score’. 

Measurement of farmer’s perception (dependent variable) 

A 9-item statement was used to determine the respondents’ perception regarding the 

causes of adopting climate resilient cropping patterns. To determine the perception of 

the respondents’ regarding causes of adopting climate resilient cropping patterns 

Likert’s type scale such as agree, strongly agree, undecided, disagree and strongly 

disagree were used against each of 9 statements. A score of 5, 4, 3, 2 and 1 were 

assigned against rating scales respectively. The perception score regarding the causes of 

adopting climate resilient cropping patterns were determined by summing up all scores 

obtained against each of the 9-statements. The perception score of a respondent could 

range from 9 to 45, where ‘9’ indicate less clear perception and ‘45’ indicate highly 

clear perception. On the basis of perception score, the respondents were categorized into 

three groups as less clear perception (≤15), moderately clear perception (16-30) and 

highly clear perception (>30). To compare statements, a perception index of causes 

(PIC) was calculated using following formula (Ahmed, 2011): 
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PIC = Nsa× 5 + Nag × 4 + Nud× 3 + Nda× 2 + Nsd× 1 

Where, PIC = Perception Index of Causes of Adopting Climate Resilient Cropping 

Patterns 

Nsa=Number of respondents indicated as strongly agree 

Nag = Number of respondents indicated as agree 

Nud= Number of respondents indicated as undecided 

Nda= Number of respondents indicated as disagree 

Nsd = Number of respondents indicated as strongly disagree 

The PIC scores could vary from 80-400. The scores were converted to percentage for 

clear understanding of the causes that enhance the adoption of climate resilient 

cropping patterns by using the following formula (Ahmed, 2011): 

PI =
Observed PIC Score

Highest Possible PIC Score
X 100 

 

Data analysis 

Different statistical treatments such as number, mean, standard deviation, range, 

minimum, maximum, rank order and percentage were used to describe the variables. 

To explore relationship between any two variables, Pearson Product Correlation 

Coefficient (for interval and ratio type of data) was used. The data were analyzed by 

using Statistical Package for Social Science (SPSS) 20. 

 

RESULTS AND DISCUSSION 

Facts on the selected characteristics of the respondents 

Data presented in Table 1 indicated that most of the respondents (63.80 %) were old 

aged, while mean value (56.70) was in between the range of respondents’ age (40-80). 

On the average, 10.18 of deviation from mean value (56.70) was found for age of 

respondents. Nearly half of the respondents (48.80 %) had primary level of education 

followed by secondary level of education (37.50 %). Mean value of respondents’ 

education (4.85) was tilted to lower level of education, while 4.40 of deviation from 

mean value (4.85) was found showing most of the respondents had lower level of 

education. On the contrary, majority of the respondents’ family (58.80 %) had 

secondary level of education followed by primary level of education (32.50%), with 

mean value in between range values. Majority of the respondents (61.30 %) had small 

sized family. Most of the respondents (91.30 %) had high farming experience, 

belonged to low income group (80 %) and had low exposure to mass media (83.80 %). 

Mean value of farming experience was at higher but income group and mass media 

exposure at lower level of range values. Pulok et al. (2008), while he carried out an 

experiment to find out the causes and consequences of changing cropping pattern in 

greater Khulna district also found that most of the respondents (68 %) were old aged. 

Majlish et al. (2007), found that majority (53 %) of the respondent’s family had 
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secondary level education while he carried out an experiment on social forestry 

program. 

Table 1. Distribution of the respondents according to their selected characteristics 

 (N=80) 

Selected 

Characteristics 
Categories (Scores) 

No. of  

respondents 

Distribution of  

respondents (%) 
Range X̅ ± SD 

Age 

Young (≤ 35 years) 0 0     

Middle age (36-50 years) 29 36.30 40-80 56.70±10.18 

Old (> 50 years) 51 63.80     

Total 80 100     

Education 

No education (0) 6 7.50     

Primary (1-5) 39 48.80     

Secondary (6-10) 30 37.50 0-16 4.85±4.40 

Higher secondary (11-12) 2 2.50     

Above higher secondary (> 12) 3 3.80     

Total 80 100     

Family size 

Small (1-4) 49 61.30     

Medium (5-6) 20 25.00 22-88 4.70±1.29 

High (> 6) 11 13.80     

Total 80 100     

Family 

education 

No education (0)  0 0      

Primary (1-5)  26 32.50      

Secondary (6-10)  47 58.80  3-15  6.88±2.49  

Higher secondary (11-12)  5  6.30     

Above higher secondary (> 12) 2  2.50      

Total  80 100      

Farm size 

Landless (< 0.02) 0 0     

Marginal (0.02-0.20) 7 8.80     

Small (0.21-1.00) 57 71.30 0.08-2.07 0.61±0.42 

Medium (1.01-3.00) 16 20.00     

Large (> 3.00) 0 0     

Total 80 100     

Farming 

experience 

Low experience (< 17 years) 3 3.80     

Medium experience (17-28 years) 4 5.00 15-62 39.69±10.96 

High experience (> 28 years) 73 91.30     

Total 80 100     

Income 

Low (≤ 120) 64 80.00     

Medium (121-180) 9 11.30 40-385 94.78±55.67 

High (≥180) 7 8.80     

Total 80 100     

Media 

exposure 

No exposure (0) 0 0     

Low (1-10) 67 83.80 
  

Medium (11-20) 11 13.80 2-21  7.45±3.12  

High (> 20) 2 2.50     

Total 80 100     
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Climate resilient cropping patterns  

In the study area, 22 cropping patterns were identified over the last 30 years, out of 

which only 7 cropping patterns are climate resilient according to DAE, Khulna. 

Before 30 years, 5 cropping patterns were practiced. Among these five (5) cropping 

patterns, only one (1) pattern was climate resilient (Table 2). About 20 years ago, gher 

was started in most of the study area and after that time a dramatical change in 

cropping pattern was observed in the study area. After starting gher in the study area, 

out of 11 cropping patterns, 5 patterns were climate resilient (Table 2). Before 10 

years, out of 11 cropping patterns, 7 patterns were climate resilient (Table 2). Now-a-

days, 14 cropping patterns are being practiced, out of which 6 patterns are climate 

resilient (Table 2). 

Das et al. (2008), while he carried out an experiment to find out the causes and 

consequences of changing cropping pattern in greater Khulna district also found the 

similar cropping pattern over different years. 

Table 2. Climate resilient and non-resilient cropping patterns over different years 

Climate resilient and non-resilient cropping patterns of 30 years ago 

Non-resilient cropping patterns Climate resilient cropping patterns 

Sesame+Vegetables -Fallow-T. Aman Fallow-Fallow-T. Aman 

Fallow-Aus-T. Aman   

Fallow-JoliAus-Fallow   

Fallow-Jute-T. Aman   

Climate resilient and non-resilient cropping patterns of 20 years ago 

Non-resilient cropping patterns Climate resilient cropping patterns 

Sesame+Vegetables -Fallow-T. Aman Fallow-Fallow-T. Aman 

Fallow-Aus-T. Aman Boro- Fallow- T. Aman 

Boro- Aus-Fallow Fallow-Gher (Vegetables)- T. Aman 

Fallow-Jute-T. Aman Boro-Gher (Vegetables)-Fallow 

Vegetables+Mustard/Mung- Fallow- 

Fallow  
Boro-Gher (Vegetables)- T. Aman 

Wheat- Fallow-T. Aman   
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Climate resilient and non-resilient cropping patterns of 10 years ago 

Non-resilient cropping patterns Climate resilient cropping patterns 

Boro- Aus-Fallow Fallow-Fallow-T. Aman 

Vegetables+Mustard/Mung- Fallow- 

Fallow  
Boro- Fallow- T. Aman 

Wheat- Fallow-T. Aman Fallow-Gher (Vegetables)- T. Aman 

Fallow- JoliAus-Fallow Boro-Gher  (Vegetables)-Fallow 

  Boro-Gher (Vegetables)- T. Aman 

  Sesame- Fallow-T. Aman 

  Boro-Jute-T. Aman 

Present climate resilient and non-resilient cropping patterns 

Non-resilient cropping patterns Climate resilient cropping patterns 

Fallow-Fallow-Vegetables Fallow-Fallow-T. Aman (45%) 

Vegetables+Sesame- Fallow-Fallow Boro- Fallow- T. Aman (35.25%) 

Vegetables+Mung- Fallow-Fallow 
Fallow-Gher(Vegetables)-T. Aman 

(1.25%) 

Mung- Fallow- T. Aman Boro-Gher (Vegetables)-Fallow (40%) 

Vegetables-Fallow-T. Aman 
Boro-Gher (Vegetables)-T. Aman 

(1.25%) 

Mustard+Mung- Fallow -T. Aman- Sesame- Fallow-T. Aman (28.75) 

Mustard+Mung- Fallow- Fallow   

Boro-Fallow-Fallow   
 

In the study area, at present 6 climate resilient cropping patterns are found to be 

adopted by the respondents in different extent. Fallow-Fallow-T.Aman was the most 

dominant cropping pattern which was practiced by 45 % of the respondents. The 

second dominant pattern was Boro-Gher (Vegetables)-Fallow which was practiced by 

40 % of the respondents, followed by Boro-Fallow-T. Aman (35.25 %), Sesame-

Fallow-T.Aman (28.75 %). Fallow-Gher (Vegetables)-T. Aman (1.25 %) and Boro-

Gher (Vegetables)-T. Aman (1.25%) were adopted by very few respondents. 

Rashid et al. (2017) also found the similar result that, Fallow-Fallow-T.Aman, Fallow-

T.Aman-Boro, Boro-Fish-Fish, Fallow-T.Aman-Sesame and Gher (Vegetables)-T. 

Aman-Boro are the dominant cropping patterns in Khulna region. 

Farmer’s perception regarding the causes of adopting climate resilient cropping 

patterns 

The overall perception scores of the respondents for causes of adopting climate 

resilient cropping patterns varied from 30- 40 against the possible range of 9- 45 on an 
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average. Mean value of clear perception (35.65) was in between range of perception 

of respondents (30-40). On the average, 1.89 deviation was found from mean value 

(35.65) of perception of respondents for causes of adopting climate resilient cropping 

patterns, which was very low (Table 3). An overwhelming majority of the respondents 

(93.80 %) had highly clear perception while the rest (6.20 %) had moderately clear 

perception about the causes of adopting climate resilient cropping patterns. No 

respondent was found to have less clear perception (Table 3), showing thereby that 

respondents had clear perception to adopt climate resilient cropping patterns. A 

similar observation was reported by Afique et al. (2006) while he carried out an 

experiment to determine the perception of rural women on the benefit of agricultural 

model farm activities of Sabalam by Unnayan Samity (SUS) also found that most 

(97.5 %) of the respondent rural women had highly clear perception while only 2.5 % 

had moderately clear perception. Majlish (2007), also found that majority (59 %) of 

the respondents had highly clear perception on social forestry program. 
 

Table 3. Distribution of the respondents according to their perception for causes of 

 adopting climate resilient cropping patterns 

Categories Score 
Respondents (N=80) 

X̅ ± SD Range 
Number Percentage 

Less clear perception 1-15 0 0     

Moderately clear perception 16 – 30 5 6.20 35.65 ±1.89 30-40 

Highly clear perception > 30 75 93.80     

Total   80 100     
 

Rank order of the statements based on perception score of the farmers related to 

the causes of adopting climate resilient cropping patterns 

Data based on the Farmers’ Perception Index (PI) score (Figure 1) indicated that the 

farmers had almost similar perception regarding causes of adopting different climate 

resilient cropping patterns except lower input cost. Ranking of causes expressed by 

farmers were increase in cropping intensity, sustainable increase in crop production, 

year-round distribution of labor, the livelihood of people is increasing, and crops are 

less prone to natural disaster, lower yield of climate susceptible variety, neighborhood 

aspects and short life cycle of resilient varieties. Low input cost was expressed 

significantly lowest perception of cause by the farmers. 
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Figure 1. Relative position (rank order) of the statements related to perception regarding the   

 causes of adopting different climate resilient cropping patterns 

1 = Increase in cropping intensity (1
st
), 2 = Crops are less prone to natural disaster (4

th
), 3 = 

Lower input cost (8
th

), 4 = Short life cycle of resilient varieties (7
th

), 5 = Lower yield of 

climate susceptible cropping patterns (5
th

), 6 = Sustainable increase in agricultural production 

(2
nd

), 7 = The livelihood of people is increasing due high income from per unit area of land 

(4
th

), 8 = The year round distribution of labor and machinery (3
rd

), 9 = Neighborhood aspects: 

Changes in the farming practices and adoption of climate resilient cropping patterns in the 

neighboring areas induce other farmers to adopt (6
th

). 

Relationship between the selected characteristics of the respondents and their 

perception regarding causes of adopting climate resilient cropping patterns 

Data presented in Table 5 showed that among 8 selected characteristics of the 

respondents, only education and mass media exposure showed a significant positive 

relationship with their overall perception.  

 

Table 4. Correlation between the selected characteristics of the respondents and their 

perception regarding causes of adopting climate resilient cropping patterns 

Independent variable ((the selected 

characteristics) 

Dependent variable  

(Focus variable) 

Correlation 

 coefficient (r) 

Age 

Perception regarding 

causes 

 of adopting  climate 

 resilient cropping 

 patterns 

0.089NS 

Education 0.251* 

Family size -0.039NS 

Family education 0.093NS 

Farming experience 0.089NS 

Farm size -0.009NS 

Income 0.145NS 

Mass media exposure 0.317** 
 

NS= Non-significant, **Correlation highly significant at 1% level of probability and 

*Correlation highly significant at 5% level of probability. 
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Table 4 shows that the higher is the level of education and mass media exposure, 

higher is the perception regarding the causes of adopting climate resilient cropping 

patterns. This might be due to the fact that education and mass media exposure 

broadens the knowledge of the people to understand the benefits of climate resilient 

cropping patterns. The findings of the studies conducted by Ahmed, (2011); Adeola, 

(2012) and Majlish, (2007); have harmony with the present study regarding 

educational qualification. Similar result regarding mass media exposure were 

described by Karim, (2008); Chowdhury, (2009), Kamali, (2011);  

 

CONCLUSION 

An increasing trend in total number of climate resilient cropping patterns from 30 

years ago to 10 years ago was observed but it was found to be decreased at present. 

The respondents had clearer perception regarding causes of adopting climate resilient 

cropping patterns. Among identified 9 causes of adopting climate resilient cropping 

patterns, all had almost similar PS (ranging 314-389) except that of lower cost input 

(96). An overwhelming majority of the farmers had highly clear perception (93.80 %). 

followed by moderately clear perception (6.20 %). Only education and mass media 

exposure of the respondents showed a significant positive relationship with their 

perception regarding causes of adopting climate resilient cropping patterns. Finally, it 

could be concluded that there are a lot of causes that affected the adoption of climate 

resilient cropping patterns and accelerated to change in adoption.  
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ABSTRACT 

This paper has focused on seasonal variations of price and trend of 
the price escalation of paddy in Bangladesh using monthly average 
wholesale price of Boro paddy over a period from 2001 to 2019. 
Secondary data were used in this study and collected from different 
secondary sources. The multiplicative model was exercised in this 
study; the least square method was applied to find out the long-term 
changes occurring in the price of paddy and the ratio to moving 
average method was used to measure seasonal fluctuations in price 
of paddy. It was evidently observed from the study that seasonal 
fluctuations in price of paddy prevail in Bangladesh as seasonal 
indices were deviated from hundred in different months. April to 
August, the price of paddy was lower compare to other months’ 
price because April and Mayare the harvesting period of Boro 
paddy and resulted in more supply to the market. From August, it 
was increasing gradually and reached to the highest position on 
March with 112.15. Long-term trend analysis showed that prices of 
paddy will increase Tk. 72.80 per quintal higher annually compare 
to the country’s average price. 

Keywords: Paddy, Price fluctuation, Seasonal variation 

 

INTRODUCTION 

Bangladesh is predominantly an agrarian country (Rasha et al., 2018).According to 

Bangladesh Economic Review (2019), agriculture sector contributed to Gross 

Domestic Product (GDP) with 13.6 % of the total GDP in FY 2018-19. The most 

important issue in Bangladesh agriculture is to enhance and sustain growth in crops’ 

production. Bangladesh has made some progress in agriculture during the post-

independence period. In an agro-based country like Bangladesh, crop sub-sector is 

one of the most important and promising sub-sectors having vital contribution 

towards her economic development. This sector plays a significant role in meeting 
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the carbohydrate demand and socio-economic development of the rural poor by 

reducing poverty through employment generation (Rasha et al., 2018). 

Rice is one of the major food crops in the world. It is consumed by more than half of 

the world population (Makama et al., 2016). Rice is Bangladesh’s largest crop and 

the main staple food for the 157 million people of the country (Sayeed and Yunus, 

2018). Bangladesh has got the 4
th
 position among paddy producing countries in the 

world after China, India and Indonesia (FAO, 2018). In Bangladesh, there are three 

paddy cultivation seasons identified as Aus, Aman and Boro. According to BBS and 

DAE, the volume of rice production in FY2018-19 stood at415.74 lakh metric tons 

(MT), Aus 27.02 lakh MT, Aman 141.34 lakh MT, Boro 196.23 lakh MT (BER, 

2019). Boro is the most important and single crop in Bangladesh in respect of 

volume of production. In FY 2018-19, Boro occupies about 41.58 % of total rice 

area and contributes 53.75 % of total rice production in Bangladesh (BBS, 2019). 

The price of rice remains a sensitive factor for producers, consumers and policy 

makers. At the village level, it affects poor consumers who derive the major 

proportion of calorie intake from rice (70 % in 2009). It also matters to producers, 

for whom rice cultivation is increasingly a commercial activity and often accounts 

for a large share of total annual household income (Sayeed and Yunus 2018). 

The price of paddy has been rising gradually since liberty in 1971. Most of the 

farmers in Bangladesh are small and marginal, and they have no enough cash money 

to cultivate paddy, so they often purchase means of production (seed, fertilizer, 

pesticides, irrigation etc.) in credit. Therefore, at harvesting period, farmers have to 

sell the paddy with comparatively lower price due to the payments in time. Besides, 

natural disaster and rise of cost of means of production are also significant causes in 

price increase. In rural area, main source of income is agriculture produce especially 

paddy, and their livelihood mostly depends on paddy’s price. But, the price of paddy 

varies significantly in different months in Bangladesh. Even sometimes, farmers 

have to pay higher price for paddy in the off seasons compared to their selling price 

in the harvest period. The current paper is discussed about the trend of price 

escalation of paddy and also discussed about the seasonal variation of price of 

paddy. If the impact of seasonal variation of the price of paddy can be reduced then 

it will be easy to ensure appropriate margin for the farmers as well as reasonable 

price for the consumers. 

Although, the government has been attempting for a long time to control the 

seasonal variations in price of paddy through open market sales to limit price 

increases, targeting food distribution to poor households, providing emergency relief 

after natural disasters and procuring paddy to support producers’ prices and 

incomes, but these are not so effective to stabilize the market price of paddy due to 

various kind of unwanted reasons. If the year-to-year prices changes and the impact 

seasonal variation are reduced, then the government can ensure food for every 

household at reasonable price and the stability of price of paddy will be ensured. So, 
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it’s required to for mulate the effective policies to keep prices table and protect the 

interest of the farmers and consumers also. Therefore, the current study would be 

helpful in policy making to stabilize the fluctuations of price of paddy as well as 

beneficial to the paddy cultivator in making a decision about the most advantageous 

time for marketing the paddy. This research was conducted to study the extent of 

seasonal fluctuations in prices of paddy and to determine the long-term changes in 

the market prices of paddy in Bangladesh. 

 

MATERIALS AND METHODS 

This study is fully dependent on secondary data. Bangladesh Bureau of Statistics 

(BBS), Yearbook of Agricultural Statistics (2001-2019) is the main sources of data. 

From the three paddy cultivation seasons (Aus, Aman and Boro), only Boro paddy 

(coarse) has been selected for the study as it is the major source of supply of rice in 

terms of production. According to the BBS, Boro production was 53.82 % of total 

rice production in 20018-19 (BER, 2019). 

Analytical framework 

The analysis was carried out based on the average wholesale price (monthly) of 

Boro paddy (coarse) over a period of nineteen years from 2001 to 2019. The 

multiplicative model was applied to examine the trend and seasonal fluctuations in 

price of paddy. In the multiplicative model, with the removal of the trend, the values 

fluctuate around1. If equal to 1, the seasonal, cyclical, and irregular factors do not 

affect the trend. If they are different from 1, but with error from 1 to 5 percent, the 

trend will not be affected by seasonal, cyclical, or irregular factors either, and if the 

error around 1 is greater than 5 percent, the trend will be affected by these factors 

(Yohana and Yunxian, 2019). 

The multiplicative model is; Y = T × C × S × I 

Where; Y = Original data on monthly average wholesale price of Boro paddy; T = 

Trend component; S = Seasonal variations; C = Cyclical component; I = 

Random/Irregular variations (Govardhana et al., 2014). 

Trend determination 

The least square method was applied to determine the long-term movements in the 

price of paddy. The constants (a, b) of the mathematical model are estimated from 

the given series by the method of least squares so that the sum of squares of the 

deviations of actual values from the corresponding estimated values is minimum 

(Renu and Sanjoy, 2007). The following equation was used to determine the trend 

line: 

Y =a+bt 

Where; Y=Trend values for annual average price of paddy; a = Intercept; b=Slope 

of/Regression coefficient; t= Time from 2001-2019 
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Seasonal Variations 

The ratio to moving average method was used to assess the seasonal variations in 

price of paddy. This method is based on calculating moving averages by considering 

n = 12 for monthly data. At first calculated the successive averages for groups of 

size 12 and then take a 2-point moving average of these averages. The resultant 

moving averages will give the estimates of the combined effects of the trend and 

cyclical variations. Leaving the first 6 months and the last 6 months (n = 12), 

convert the given data series as percentages of the 2-point moving average values 

i.e. [(given data)/ (2-point moving average) *100)]. These percentages would now 

represent seasonal variations along with random/irregular components. Further, the 

random component is eliminated by averaging these monthly percentages. Since the 

sum total of these seasonal indices is not equal to 1200 (for monthly data) so, finally 

adjusted seasonal indices are computed to make the sum of the indices 1200 by 

multiplying them throughout by a correction factor k defined as follows (Renu and 

Sanjoy, 2007). 

Correction factor (k) = 1200/ Sum of average indices for 12 months. 

 

RESULTS AND DISCUSSION 

Seasonal variations 

The seasonal component is defined as the intra-year pattern of variation that is 

repeated from year to year. Seasonal price variations resemble a cycle covering a 

period of 12 months or less (Dorosh and Shahabuddin, 2002). The pattern of 

variation in price within a year is revealed by seasonal indices (Govardhana et al., 

2014), and calculated for each month (January to December) over the period from 

2001 to 2019. 

Table1 represents the seasonal indices of monthly wholesale prices of Boro paddy 

and Figure 1depicts the changes of seasonal indices from January to December. 

Evidently, it indicated that seasonality was existed in wholesale price of paddy in 

Bangladesh as seasonal indices were deviated from hundred in different months. 

Some major changes can be observed in the overall (2001-2019) seasonality index. 

From October to March, seasonal indices were more than 100, but April to 

September the indices were below the 100, in which, March contained the highest 

with 112.15 and May showed the lowest value with 86.19. Coefficient of variation 

(CV) of seasonal indices for this period was 7.87. The seasonal indices of wholesale 

price of paddy reflected that in the months of April to August the price of paddy was 

lower than the price of other months, because April to August is the peak period of 

Boro paddy with more production and supply to the market. From August, it 

increased gradually and reached to the highest position in March, just before the 

harvest period of Boro paddy. 
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Table 1. Seasonal variation of wholesale price of Boro paddy in Bangladesh during 

2001-2019 (BBS, 2019) 

 

During the period of 2001-2010, the lowest seasonal index was 85.16 in May and 

highest seasonal index was 117.21 in March with 10.07 coefficient of variation 

(CV). In the next decade (2011-2019), the lowest seasonal index was 87.22 in May 

and gradually increased to 107.24 in March with 5.99 coefficient of variation. It was 

evident that coefficient of variation of seasonal indices was decreased significantly 

from 10.07 to 5.99 and it indicated to less seasonal variations of price of paddy in 

the year 2011- 2019 compare to the year 2001-2010. 

Table 2 shows the seasonality index of Boro paddy price for the late 1980s, the 

1990s and the early 2000s. Two major patterns in the seasonality index were 

recorded. First, the month of peak price of Boro paddy during the study period was 

March, just before the harvest period. In the late 1980s, prices continued to rise from 

June to next March with a small drop in November and January. In the 1990s, there 

was a rise in prices from June to next March and some stable prices from September 

to November (Salam et al., 2012). 

 

 

 

 

Month Seasonal indices 

(2001-2010) 

Seasonal indices 

(2011-2019) 

Seasonal indices 

Overall 

Jan 108.46 105.83 107.15 

Feb 116.01 107.24 111.63 

Mar 117.21 107.09 112.15 

Apr 97.23 97.63 97.43 

May 85.16 87.22 86.19 

Jun 88.55 93.04 90.80 

Jul 91.60 95.69 93.65 

Aug 95.04 98.00 96.52 

Sep 97.34 101.52 99.43 

Oct 100.19 102.88 101.54 

Nov 98.00 102.32 100.16 

Dec 105.21 101.54 103.38 

Peak 117.21 107.24 112.15 

Trough 85.16 87.22 86.19 

CV 10.07 5.99 7.87 
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Table 2. Seasonal price indices of Boro (HYV) paddy (Salam et al., 2012) 

Month Seasonal indices 

(1986-87 to 1989-90) 

Seasonal indices 

(1990-91 to 1999-2000) 

Jan 108.89 111.14 

Feb 115.92 119.01 

Mar 118.73 120.25 

Apr 105.30 93.31 

May 82.60 85.20 

Jun 82.68 87.98 

Jul 87.46 92.20 

Aug 92.66 94.76 

Sep 98.57 98.09 

Oct 98.70 98.90 

Nov 94.06 96.75 

Dec 114.41 102.41 

Peak 118.73 120.25 

Trough 82.60 85.20 

CV 12.69 11.34 
 

The changes of coefficient of variations (CV) of seasonal indices over the last four 

decades from 1987 to 2019 showed in fig 2.CV declined appreciably with 12.69, 

11.34, 10.07 and 5.99 in the year 1987-90, 1991-2000, 2001-2010 and 2011-2019 

respectively. From the graph it could be said that seasonal fluctuations of price of 

paddy reduced significantly over the last thirty-three years, though seasonal 

variations of price of paddy was exist. 

 
 

Figure 2. Coefficient of variations (CV) of seasonal indices (1987-2019) 
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Long term trends 

The analysis of trend component in the annual average wholesale price of the paddy 

was carried out by ascertaining the direction of the movement of prices over a period 

(Govardhana et al., 2014). The results showed from long-term trend analysis in 

Table3and Figure3that prices of paddy will increase Tk. 72.80 per quintal higher 

annually compared to the country’s average price; and the impact of time in 

changing the paddy price was to the extent of 74.5 % as the value of R
2
was 0.745 

(Table 3). There were three major changes observed from the trend line (Figure 3) 

that price of Boro paddy was gradually increasing over the years; and inter-year 

price movements were minimum from 2001 to 2007, but after the year 2007 

fluctuated notably with increasing rate. 

Table 3. Long term trend equation for annual average wholesale prices of Boro 

paddy in BD 

Intercept (a) Regression coefficient (b) Significance F R
2
 

-144947 72.80 1.901 0.745 

 

 
 

Figure 3. Trend line for annual average wholesale price of Boro paddy in BD (2001-

2019) 

 

CONCLUSION 

Based on results and discussion, it has been understood that seasonal effect is one of 

the foremost reasons of variation in prices of paddy. In Bangladesh, staple food’s 

price is very sensitive and political concern for the government; high price of the 

paddy is considered and indicated to vulnerable situation of the country in terms of 

food security, and government is not capable to ensure the basic food for all the 
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population of the country. Therefore, the Government should undertake effective 

policy measures to stabilize the price of paddy. Besides, government can avail 

advanced information dissemination system so that both farmers and consumers will 

get information in due time, and thereby seasonal price fluctuations will be reduced 

significantly. 
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ABSTRACT 

Flowers are valued to mankind from the dawn of civilization. 
Flowers are used for various purposes in our day to day life like 
worshipping, religious and social functions, wedding, interior 
decoration, natural colours, dyes, scents and self adornment. 
Calendula officinalis is used as sudorific, blood refiner, blood sugar 
reducer and also use as anti-inflammatory skin. Seed testing is an 
essential step for evaluation of planting value of seeds, to minimize 
the risk of failure in planting low quality seeds. The importance of 
seed testing in agricultural crops has long been realized. Seed 
testing is also necessary to determine the need for drying and 
processing, to determine the quality standards under seed 
certification and seed law enforcement program, to identify seed 
quality problems and their probable causes and to provide basis for 
price fixation and consumer discrimination of seed lots etc.the 
200ppm concentration of GA3 shows the significant and positive 
effect on the various germination and seedling parameters under 
study shows that GA3 is the best priming substance for the healthy 
and better germination in pot marigold. 

Keywords: Germination, Vigour, Pot marigold, Growth hormone, 
GA3 

 

NTRODUCTION 

Flowers are associated with mankind from the dawn of civilization. It is said that in 

India, man is born with flowers, lives with flowers and finally dies with flowers. 

Flowers are used for various purposes in our day to day life like worshipping, 

religious and social functions, wedding, interior decoration, natural colours, dyes, 

essential oils and self-adornment (Aroras, 2003). There is a great increase in demand 

of floriculture product with increasing income and globalization of economy. 
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Production of flowers depends on the propagating material such as “Seed”. Good 

seed is, therefore, a basic requirement in seed production. The successful production 

of any crop depends on the quality of seeds sown. Calendula officinalis, known as 

“pot marigold”, is a plant of Asteraceae family. Pot Marigold is decorative and 

medicinal plant. It is used for many purposes such as Calendula tea, turkey calendula 

roll-ups, egg salad, with calendula and chive, morning sunshine muffins, calendula 

corn bread, flower salad, calendula rice, marigold custard, coconut calendula cake, 

calendula vinegar etc. Medicinally is used as sudorific, blood refiner, blood sugar 

reducer and also use as anti-inflammatory skin. Seed testing is an essential step for 

evaluation of planting value of seeds, to minimize the risk of failure in planting low 

quality seeds. The importance of seed testing in agricultural crops has long been 

realized. In Aromatic and medicinal plant species, seed testing is also necessary to 

determine the need for drying and processing, to determine the quality standards 

under seed certification and seed law enforcement program. 

 

MATERIAL AND METHODS 

The experiment was conducted in laboratory in the department of Seed Science and 

Technology, Chauras Campus HNB Garhwal University, Srinagar, Uttarakhand. The 

seeds were collected from Department of Horticulture H.N.B. Garhwal University, 

Srinagar (Garhwal). The experiment was lay out in a Randomized block design 

(RBD) and four replication with  Thirteen treatment. The treatment concisted of T1-

Absolute control, T2-GA3-50 ppm, T3-GA3-100 ppm, T4-GA3-200 ppm, T5-NAA-50 

ppm, T6-NAA-100 ppm, T7- NAA-200 ppm, T8- IAA-50 ppm, T9- IAA-100 ppm. 

T10- IAA-200 ppm. T11- 6BAP-50 ppm. T12- 6BAP-100 ppm. T13- 6BAP-200 ppm. 

The required quantity of gibberellins GA3, NAA, IAA, 6BAP was dissolved in little 

absolute ethyl alcohol solution and then diluted with distilled water to give a stock 

solution of 1000 ppm. From the stock solution, further dilutions were made 

according to the treatment requirement by using distilled water. Formulation of the 

selected hormones was used for seed treatment. Twenty five treated seeds were 

planted on the moist blotter paper in four replicate and plates were covered with a lid 

lined with moist blotter paper. The plates were incubated for 16 days at 25
o
C, and 

observations with respect to seedling growth parameter were recorded at the end of 

the experiment (as per rule of ISTA 1985). For seed treatment seed were dipped in 

the solution of growth regulator for 24 hours.Seed germination &seedling 

development characters were observed daily basis for 30 days. The collected data for 

various parameters were statistically analyzed by using ANOVA. The Means values 

were analyzed at 5% probability of error (P=0.05). Wherever the variance ratio (F 

value) was found significance, critical difference (CD) values were computed for the 

comparison among the treatment means. 
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RESULTS AND DISCUSSION 

There was significant difference in the germination and other growth parameters in 

comparison to control and different growth regulators. Germination percent, mean 

daily germination, accumulated speed of germination and vigor index II were found 

significantly higher in T4 (200 ppm GA3) whereas, shoot length seedling length and 

vigor index I was found highest in T2 (50 ppm GA3) and root length was found 

highest in T8 (IAA 50 ppm) (Table-1 and Table-2). Seedling fresh weight and dry 

weight was found highest in T3 (100ppm GA3) (Table-2) GA3 increases the 

germination percent in various crops by breaking dormancy and helps in increasing 

the seedling length. Increase in seedling vigor index is due to the cumulative 

increase in the seedling dry weight and seedling length by application of growth 

regulators (Hossain et al., 2005; Orr et al., 2005; Rangaswamy et al., 1993; Kandari 

et al., 2008). Speed of germination and germination value were found highest in T13 

(200 ppm 6 BAP) and T9 (100 ppm IAA) respectively, (Table1). In earlier studies 

application of growth regulators also had significant positive effect on germination 

and seedling quality of flower crops (Yasamin, 2013). 

Table 1. Effect of plant growth hormones on germination parameters of pot marigold 

Treatment Germination 

percent 

Mean Daily 

Germination 

Speed of 

Germination 

Accumulated 

Speed   of  
Germination 

Germination          

Value 

Seedling Length 

Control 29.20±0.200 1.54±0.270 10.24±0.030 20.14±0.030 17.60±0.006 4.75±0.032 

GA3 50 ppm 43.23±0.233 2.72±0.040 13.10±0.005 24.00±0.000 11.43±0.033 7.51±0.082 

GA3 100 ppm 41.26±0.267 2.57±0.013 13.14±0.028 24.28±0.210 12.62±0.023 7.15±0.043 
GA3 200 ppm 52.30±0.300 3.33±0.083 15.17±0.062 29.86±0.033 8.86±0.033 7.15±0.078 

NAA50 ppm 23.06±0.067 1.40±0.003 6.21±0.094 13.26±0.267 18.73±0.033 3.76±0.015 

NAA100 ppm 16.03±0.033 1.07±0.007 3.54±0.074  7.17±0.027 23.31±0.012 3.18±0.026 
NAA200 ppm 24.13±0.133 1.51±0.010 5.68±0.047 9.60±0.100 16.36±0.067 2.03±0.009 

IAA50 ppm 10.10±0.100 0.61±0.007 1.69±0.224 13.10±0.003 30.73±0.067 7.07±0.047 

IAA100 ppm 8.16±0.167 0.50±0.000 1.25±0.054 7.20±0.052 31.16±0.120 5.96±0.020 
IAA200 pp 12.20±0.200 0.73±0.017 2.59±0.154 9.43±0.033 27.49±0.210 5.27±0.026 

6BAP50 ppm 43.23±0.233 2.65±0.027 13.10±0.005 24.22±0.095 11.24±0.091 2.74±0.065 

6BAP100 ppm 41.26±0.267 2.54±0.020 13.11±0.003 24.28±0.210 12.58±0.033 1.84±0.027 
6BAP200 ppm 52.06±0.067 3.23±0.017 15.19±0.031 29.76±0.094 8.70±0.132 2.53±0.012 

C.D. 0.524 0.240 0.267 0.362 0.260 0.125 

SE(m) 0.178 0.082 0.091 0.123 0.089 0.043 

SE(d) 0.252 0.116 0.129 0.174 0.125 0.060 

C.V. 1.014 7.566 1.795 1.175 0.864 1.569 

 

 

 

 

 

 

 

 

 



230                                                                                                                                              Singh et al. 

 

Table 2. Effect of plant growth hormones on growth parameters of pot marigold 

Treatment 
Root 

Length 

Shoot 

Length 

Fresh 

Weight 

Dry  

Weight 

Vigor 

 Index-I 

Vigor  

Index-II 

Control 1.19±0.003 3.56±0.030 0.31±0.000 0.032±0.002 138.80±1.668 0.94±0.077 

GA3 50 ppm 1.77±0.087 5.73±0.019 0.43±0.022 0.046±0.000 324.64±1.877 1.98±0.010 

GA3 100 ppm 1.60±0.050 5.55±0.027 0.69±0.002 0.058±0.000 295.17±1.024 2.39±0.014 

GA3 200 ppm 1.54±0.077 5.60±0.003 0.68±0.002 0.057±0.000 374.16±6.269 2.98±0.019 

NAA50 ppm 0.92±0.013 2.83±0.018 0.23±0.004 0.031±0.000 86.73±0.602 0.71±0.003 

NAA100 ppm 0.92±0.013 2.25±0.029 0.25±0.193 0.016±0.000 51.04±0.514 0.25±0.001 

NAA200 ppm 0.32±0.010 1.71±0.007 0.22±0.175 0.012±0.000 49.07±0.478 0.29±0.001 

IAA50 ppm 2.23±0.033 4.84±0.020 0.30±0.229 0.021±0.000 71.44±0.789 0.21±0.002 

IAA100 ppm 1.42±0.010 4.54±0.024 0.22±0.001 0.035±0.000 48.73±1.137 0.28±0.006 

IAA200 ppm 1.85±0.027 3.42±0.012 0.15±0.051 0.036±0.000 64.38±1.335 0.43±0.008 

6BAP50 ppm 0.40±0.050 2.34±0.024 0.32±0.004 0.019±0.000 118.74±2.732 0.82±0.003 

6BAP100ppm 0.14±0.027 1.70±0.000 0.44±0.086 0.014±0.000 76.20±0.949 0.57±0.005 

6BAP200ppm 0.21±0.007 2.32±0.013 0.54±0.165 0.013±0.000 132.07±0.791 0.68±0.000 

C.D. 0.124 0.029 0.277 0.002 5.927 0.064 

SE(m) 0.042 0.010 0.094 0.001 2.019 0.022 

SE(d) 0.060 0.014 0.133 0.001 2.855 0.031 

C.V. 6.546 0.476 43.797 3.735 2.482 3.927 

 

CONCLUSION 

Among various concentration of Growth regulators GA3, 100 ppm, and 200 ppm are 

found highly significant and shows the best performance in terms germination %, 

mean daily germination, speed of germination,  accumulated speed of germination, 

germination value, root length (cm), shoot length (cm), seedling length (cm), fresh 

weight (g), dry weight (g), seedling vigor I, seedling vigor II. On other hand, IAA, 

NAA and 6 BAP are not so useful in the germination and vigor of Calendula 

officinalis but they can be used for specific purposes. Further study should be 

conduct in field condition to evaluate the effect on seed quality, plant growth, pre 

and postharvest quality of flower in Calendula officinalis. 
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ABSTRACT 

Population dynamics and infestation of fruit fly, Bactrocera 
cucurbitae Coquillett (Diptera: Tephritidae) was monitored on 
cucumber, Cucumis sativus using methyl eugenol trap during 
summer and autumn in 2017 at Gazipur, Bangladesh. Relationship 
between the abundance of fruit fly and meteorological factors was 
also studied. The fruit fly showed significantly higher abundance in 
summer compared to autumn. The larval population per fruit was 
found higher in summer (24.9 fruit

-1
) than that in autumn (1.5 fruit

-1
).  

The daily mean temperature had significant positive, light intensity 
had insignificant positive, relative humidity had insignificant negative 
and rainfall had insignificant negative correlation with fruit fly 
abundance. The temperature, light intensity, relative humidity and 
rainfall individually contributed to fruit fly abundance of 14.1 %, 24.0 
%, 0.8 % and 1.8 %, respectively. The combined effect of the 
weather parameters on fruit fly abundance was 40.7 % and the 
equations were insignificant. The fruit fly showed significantly lower 
level of infestation in methyl eugenol treated plots as compared to 
controls in both summer and autumn. 

Keywords: Bactrocera cucurbitae, Cucumis sativus, Methyl 
eugenol, Population dynamics, Weather factors 

 

INTRODUCTION 

The cucumber, Cucumis sativus, is a widely cultivated plant in the gourd family 

Cucurbitaceae which is one of the monoecious annual crops cultivated by man for 

over 3,000 years (Enujeke, 2013). It is the fourth most important vegetable after 

tomato, cabbage and onion in Asia and the second most important vegetable after 

tomato in Western Europe (Azad et al., 2013). The cucurbits are major groups of 

vegetable in Bangladesh which occupied 66.0 % of the land under vegetable 

production and contribute 11.0 % of total vegetable production (IPM CRSP, 2004). 
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In 2014-2015 cropping year, 63.9 thousand MT cucumber was produced in 

Bangladesh (BBS, 2015).  

The fruit fly, Bactrocera cucurbitae Coquillett (Diptera: Tephritidae) is the most 

destructive insect pest of cucurbits in Bangladesh and also in tropical and 

subtropical regions. The extent of yield loss caused by the fruit fly to cucurbitaceous 

vegetables ranged from 30 to 100 %, depending upon cucurbit species and the 

season (Nath and Bhusan, 2006). Fruit flies reduce yield as well as the quality of 

fruit (IPM CRSP 2004).  

The activity of the fruit flies depends mostly on the prevailing climatic conditions 

and the host species. Amin et al. (2011) reared fruit fly B. cucurbitae on five 

cucurbitaceous vegetables and observed that the sweet gourd was the most favorable 

host. Fruit fly caused up to 24.0 % of yield loss to cucurbits in Pakistan whenever 

the crops were cultivated without management practices (Stonehouse et al., 1998).  

Fruit flies are considered as the main obstacle for economic production of cucumber 

in Bangladesh. Management of this pest is very difficult using chemical insecticides 

due to their larval internal feeding behavior. The purpose of the present study was to 

monitor fruit fly population in cucumber field during summer and autumn, to know 

the effect of methyl eugenol trap on fruit infestation of cucumber, and to determine 

the effect of meteorological factors such as temperature, light intensity, relative 

humidity and rainfall on the population dynamics of fruit fly. 

 

MATERIALS AND METHODS 

Study area 

The study was conducted in the field of the Department of Entomology, 

Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), 

Gazipur, Bangladesh from March to May 2017, and from June to August 2017. The 

area is located at 25°25′ North latitude and 89°5′ East longitude, and has a sub-

tropical climate. 

Experimental design and cultivation of cucumber 

The cucumber plants were cultivated in six plots following completely randomized 

design with plot size of 4.0 × 4.0 m. The spacing between two plots was 1.0 m. The 

plots were separated by cultivation of maize as a fence. Fertilizers were applied 

according to the fertilizer recommendation guide (BARC, 2012) (N 70 kg ha
-1

, P 22 

kg ha
-1

, K 100 kg ha
-1

). The subsequent two sowing were done in each plot on 

March 03, 2017 for the summer and June 02, 2017 for the autumn. All the plots 

contained three rows and each row had 5 pits which were 60 cm apart from each 

other. After emergence of seedlings the plants were supported by bamboo scaffold to 

facilitate creeping. Intercultural operations were done whenever necessary. 
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Observation of fruit fly abundance and fruit infestation 

Abundance of adult fruit fly was monitored using methyl eugenol trap (Ispahani 

Biotech, Gazipur, Bangladesh) during the fruiting stage of the cucumber plants. The 

traps were set in three plots according to the method of Khan and Naveed (2017). 

Only one trap was set in each plot to catch male flies. Remaining three plots were 

kept free from traps and these plots were considered as control treatments. 

Monitoring was done from 7
th
 to 23

rd
 April for summer and from 7

th
 to 23

rd
 July for 

autumn cultivation. The traps were checked on every fourth day interval and the 

number of males caught in each trap was counted. At every inspection, the number 

of fruits per plot and number of infested fruits per plot were counted and percent 

fruit infestation was calculated. The infested fruits were brought to the Entomology 

Laboratory of BSMRAU to know the population of larvae inside the fruit. Number 

of larvae per fruit was recorded from the infested fruits of every inspection and five 

fruits were investigated for each season. 

Collection of weather data 

Light intensity was measured with a digital light meter (Model 401025, Extech 

Instruments Corporation, USA) throughout the fruiting period. Data were collected 

on every fourth day interval between 10.00-11.00 h of the day-time at the canopy 

area of the plants. Data on mean daily temperature, relative humidity and rainfall 

were collected from the weather station of BSMRAU which is located at the close 

proximity of the experimental site. 

Data analysis 

One-way analysis of variance (ANOVA) followed by Tukey’s Posthoc was used for 

analyzing infestation levels. Comparisons were made between summer and autumn 

with the number of the abundance of fruit fly and number of larvae per fruit using a 

Student’s t-test (paired sample). Linear regression and step-wise multiple regression 

analysis of different climatic parameters to fruit fly abundance were calculated. All 

the analyses were performed by using IBM SPSS 19.0. 

 

RESULTS AND DISCUSSION 

The fruit fly population in summer and autumn varied from 21-34 and 10-19/ trap/ 

4-days, respectively (Table 1). In summer, the highest number of fruit fly catch was 

recorded on 11
th
 April and the lowest number on 7

th
 April. In autumn, the fruit fly 

showed the highest abundance on 15
th
 July and lowest on 11

th
 July. The mean 

abundance of the fruit fly in summer and autumn were 26.0±2.5 and 14.2±1.7/trap/4-

days, respectively and the results differed significantly (Figure 1; t4 = 3.5, P < 0.05). 

The mean larval population in the infested fruit of summer and autumn were 24.9 ± 

7.5 and 1.5 ± 0.5/fruit, respectively and the results differed significantly (Figure 2; t4 

= 11.1, P < 0.05). 
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Table 1. Abundance of the fruit fly on cucumber and meteorological data during 

 April to July (summer and autumn) 2017 at Gazipur, Bangladesh 

Observation 

date 

Mean adult 

fly population 

Mean 

temperature 

(
o
C) 

Light 

intensity 

(lux) 

Relative 

humidity (%) 

Rainfall 

(mm) 

07 April 21 28.0 446 77 0.0 

11 April 34 31.5 473 79 0.0 

15 April 23 29.5 345 78 0.0 

19 April 30 30.0 320 85 3.3 

23 April 22 28.0 280 86 16.9 

07 July 12 28.0 242 92 8.4 

11 July 10 28.5 210 92 45.5 

15 July 19 31.3 345 85 3.3 

08 July 17 31.0 354 85 2.9 

23 July 13 30.5 232 78 16.9 

 

                                
Figure 1. Abundance of fruit fly in the cucumber field during April to July (summer and 

autumn) 2017 at Gazipur, Bangladesh. Data expressed as mean ± SE. Bars with no 

common letter(s) are significantly different by Student’s paired t-test at P < 0.05. 

 

The incidence of fruit fly was associated with reproductive stage of the plants. 

Variations in weather conditions and time of the season also have affected 

population dynamics of the flies. The peak in the fruit fly population coincided with 

tender fruits. The presence of fruiting duration and age of fruit can have significant 

effects on the fruit fly abundance (Ye, 2001). High temperature, long period of 

sunshine, and plantation activity influenced the B. cucurbitae abundance (Lee et al., 

1992). Seasonal variations of the weather factors play a vital role in multiplication, 

growth, development and distribution of insects, and influence on their population 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1615247/#i1536-2442-5-40-1-lee1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1615247/#i1536-2442-5-40-1-lee1
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dynamics (Dhaliwal and Arora, 2001). Weather parameters have significant effect 

on the population dynamics of fruit fly and temperature and rainfall are reported as 

the most important factors (Khan et al., 2003). 

 

 
Figure 2. Number of fruit fly larvae found in infested fruit of cucumber during April 

to July (summer and autumn) 2017 at Gazipur, Bangladesh. Data 

expressed as mean ± SE number fruit 
-1

 Bars with no common letter (s) are 

significantly different by Student’s paired t-test at P < 0.05. 
 

The daily mean temperature had significant positive correlation (y = -39.85 + 

2.023x, r = 0.375, F1, 8 = 1.3, P < 0.001), light intensity had insignificant positive 

correlation (y = -0.9416 + 0.0648x, r = 0.747, F1, 8 = 4.4, p= 0.058), relative humidity 

had insignificant negative correlation (y = 75.89- 0.6665x, r = 0.4893, F1, 8 = 2.5, p= 

0.15) and rainfall had insignificant negative correlation (y = 23.32 - 0.332x, r= 0.61, 

F1, 8 = 1.6, p= 0.301) with fruit fly abundance (Figure 3).  

 
 

Figure 3. Relationship between climatic parameters and adult fruit fly abundance in 

 cucumber plantation during April to July (summer and autumn) 2017 at 

 Gazipur, Bangladesh. 
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Table 2 showed that temperature individually exerted 14.1 % population abundance 

of fruit fly and its effect was significant. The temperature in combination with light 

intensity revealed 38.1 % abundance, which was statistically insignificant. The 

individual effect of light intensity demonstrated 24.0 % abundance. The combined 

effect of temperature, light intensity and relative humidity (RH) depicted 38.9 % 

abundance and the result was statistically insignificant. The individual effect of RH 

was 0.8 %. The individual contribution of rainfall on fruit fly abundance was 1.8 %. 

The multiple linear regression analysis showed that all the weather parameters 

together contributed 40.7 % abundance of fruit fly and equation was insignificant. 

Table 2. Multiple regression models along with coefficients of determination (R
2
) 

regarding impact of weather parameters on the seasonal abundance of fruit 

fly on cucumber from April to July (summer and autumn) 2017 at Gazipur, 

Bangladesh  

 

Regression equation 

 

R
2
 

% Role of 

Individual 

factor  

 

F statistic 

Y = -39.852+2.023X1  0.141 14.1 F1, 8 = 

1.3 

 P < 

0.001 

Y = 83.324 -2.278X1 +0.026X2 0.381 24.0 F2, 7 = 

4.40 

 P = 

0.06 

Y = -18.88 +0.672X1 +0.061X2 -0.007x3 0.389 0.8 F3, 6 = 

2.5 

 P = 

0.16 

Y = -16.175+ 0.597X1 + 0.054X2 +.022X3 7-

0.074X4 

0.407 1.8 F4, 5= 

1.62 

 P = 

0.30 
 

Y, insect population/trap/observation; X1, temperature (
o
C); X2, light intensity (lux); 

X3, relative humidity (%); X4, rainfall (mm) 

Khan and Naveed (2017) observed weak positive correlation between fruit fly 

population and temperature and no correlation with sunshine hours and relative 

humidity. Win et al. (2014) reported a positive correlation of minimum temperature 

with fruit fly abundance. Similarly, positive correlation of the fruit fly with 

temperature was reported by Kannan and Venugopala (2006). Gillani et al. (2002) 

investigated the abundance of guava fruit fly Dacus dorsalis and reported that the 

pest appeared in the field in April and reached to the maximum population in 

August, and coincided with the guava fruiting season. 

Fruit infestation level varied from 16.7 ± 4.2 to 67.2 ± 4.3% (Figure 4) and the 

results differed significantly (F3, 16 = 42.32, p < 0.05).  
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Figure 4. Effect of methyl eugenol trap on fruit infestation of cucumber by fruit fly 

during April to July (summer and autumn) 2017 at Gazipur, Bangladesh. 

Data expressed as % mean ± SE. Bars with common letter(s) are not 

significantly different by Tukey post hoc statistic at p < 0.05. 
 

The highest and lowest levels of infestation were observed in summer when the 

cucumbers were cultivated under control and trapping condition, respectively. The 

fruit fly B. cucurbitae caused 21.0 to 71.5 % infestation on different cucurbitaceous 

crops in Bangladesh (Amin et al., 2011). Atwal and Dhaliwal (2005) reported that 

fruit fly caused 30 to 100 % damage on cucurbits in India (Gupta and Verma, 1992; 

Dhillon et al., 2005). Infestation levels of fruit fly depend on the environmental 

conditions and susceptibility of crop species. Chen and Ye (2006) reported that the 

temperature reflects infestation patterns of B. dorsalis.  

 

CONCLUSION 

Based on the findings of the current study, it is evident that fruit fly population in the 

cucumber field is strongly influenced by temperature, which could be an indication 

for selection of proper time for cultivation. Besides, methyl eugenol trapping could 

be a tactics for management of this pest as it exerted significantly lower level of 

infestation. 
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