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USING SSR MARKER 

M.I. Haque
1
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2
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, T.A. Mujahidi

4
 and M.A. Rahim
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2
On-Farm Research Division, 

3
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4
Plant Breeding Division  

Bangladesh Agricultural Research Institute, Gazipur 
5
Department of Horticulture, Bangladesh Agricultural University, Mymensingh 

ABSTRACT 

The molecular characterization of chilli germplasm was done based on 
estimation of genetic diversity among the germplasm by using SSR 
markers. Forty chilli germplasms were analyzed using eight SSR 
primers. The SSR primers produced 30 SSR loci with an average value 
of 3.75 alleles per SSR locus. The similarity index matrix ranged from 
zero to 2.74. Polymorphic information content (PIC) of the SSR primers 
ranged from 0.543 to 0.735 with an average value of 0.658. The highest 
number (five) of allele was observed in primer CAMS-647, whereas the 
primers CAMS-864, CAMS-880 and CAMS-885 showed lowest number 
(three) of allele. The smallest allele was found in case of primer CAMS-
236 (176 bp), while the longest allele was detected for the primer CAMS-
864 (288 bp). Based on similarity matrix using the un-weighed Pair 
Group Method of Arithmetic Means (UPGMA) dendrogram, chilli 
germplasms were grouped into four main clusters. SSR markers showed 
genetic variability in the studied chilli germplasm.  

Keywords: Chilli germplasm, Molecular profiling, SSR marker. 

INTRODUCTION 

Chilli (Capsicum spp.), member of Solanaceae family, is one of the most important 

spice crops of Bangladesh with immense economic significance. In fact, the 

particular spice crop is originated from South and Central America, where it is still 

under cultivation (Pickersgill, 1997). In Bangladesh, it is cultivated both in Rabi and 

Kharif season. Total production of chilli in Bangladesh was approximately 1.30 Lac 

Metric Tons from 1.02 Lac hectares of land (BBS, 2016). Molecular markers are 

powerful tools in complementing phenotypic characterization in detecting additional 
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sources of genetic diversity present within the gene pool. Molecular markers such as 

isozymes, Restriction Fragment Length Polymorphisms (RFLP), Random Amplified 

Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphisms (AFLP) 

and Simple Sequence Repeats (SSR) have been used in studying the genetic diversity 

in Capsicum spp. (Tam et al., 2005). These molecular markers are large in number 

and useful in determining genetic variability through the construction of linkage 

maps (Gupta et al., 1996). Of the molecular markers developed, SSR markers stand 

out as exceptional in genetic diversity studies, because they are highly polymorphic 

and widely distributed in the chilli genome (Mimura et al., 2012). SSR markers, 

being co-dominant, are able to distinguish genetic relationships between genotypes 

based on specific traits and are more effective for inbred lines and breeding materials 

with special attributes (Tam et al., 2005). The extent of genetic variability within a 

species is vital for its continued existence and adaptation in different agro-ecologies. 

The more diverse the population is the better for the breeder in developing elite 

cultivars through careful selection of superior parents. Therefore, an understanding of 

the genetic variability of a population, through the use of molecular markers, is of 

critical importance in developing effective strategies for germplasm conservation and 

breeding purposes (Se-Jong et al., 2012). In light of the frugal information available 

in Bangladesh with reference to the molecular characterization of chilli germplasm, 

the current research made an endeavor to characterize applying SSR technique.  

MATERIALS AND METHODS 

The seedlings of chilli were grown at Regional Spices Research Centre (RSRC), 

Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh. All 

nursery/agronomical management practices were done as per standard protocol. The 

experimental plots were manured and fertilized properly. Thirty-six chilli 

germplasms were collected from different areas of the country including Spices 

Research Centre, BARI, Gazipur, of which twenty were indigenous and fifteen were 

exotic (Table 1). The molecular characterization of the germplasms using simple 

sequence repeat (SSR) primers to detect polymorphism between the germplasm was 

carried out at the Biotechnology Laboratory of PGRC at BARI.  
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Table 1. Germplasm codes with sources of collection for chilli 

SL. No. Germplasm code Source 

1.  CO 001  

 

 

 

 

 

 

SRC, BARI 

2.  CO 002 

3.  CO 003 

4.  CO 446 

5.  CO 446-1 

6.  CO 525 

7.  CO 525-1 

8.  CO 525-2 

9.  CO 525-3 

10.  CO 610 

11.  CO 610-1 

12.  CO 611-1 

13.  CO 611-2 

14.  CO 613 

15.  CO 626 

16.  CO 629 

17.  CO 630 

18.  CO 631  

 

 

 

 

The World Vegetable 

Centre 

19.  CO 632 

20.  CO 633 

21.  CO 634 

22.  CO 635 

23.  CO 636 

24.  CO 637 

25.  CO 638 

26.  CO 639 

27.  CO 640 

28.  CO 641 

29.  CO 642 

30.  CO 643 

31.  CO 644 

32.  CO 645 

33.  CO 646  

SRC, BARI 34.  CO 647 

35.  CO 648 

36.  BARI Chilli-2 
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Genomic DNA extraction 

Fully opened middle aged leaves were taken from the seedlings into an ice chest and 

sent to the laboratory for DNA extraction. Genomic DNA was extracted from the 36-

chilli germplasms using CTAB method described by Dellaporta et al (1983). 

Extracted DNA of each accession was confirmed by electrophoresis on 1.0% agarose 

gel. 

SSR (microsatellite) markers and PCR amplification 

Simple sequence repeats primers (SSR) used to detect polymorphisms among the 

chilli germplasm are presented in Table 2. These eight SSR primers are highly 

polymorphic and widely distributed in the chilli genome (Mimura et al., 2012). They 

were procured from Metabion International AG (Germany). PCR reactions were 

carried out in a Techne Thermalcycler (TC-412) in a 10 µl reaction mixture in 96-

well plates. PCR kits (KAPA 2G Fast ReadyMix with dye) procured from KAPA 

Biosystems Ltd (South Africa) was used for the amplification. The kits composed of 

2 X PCR master mix containing KAPA2G Fast DNA Polymerase (0.2 U per 10 µl 

reaction), KAPA2 Fast PCR buffer, dNTPs (0.2 mM each at 1X), MgCl2 (1.5 mM at 

1X), stabilizers and loading dye. 1 µl genomic DNA and 0.5 µl each of forward and 

reverse primers were added to the PCR kits for DNA amplification 

Table 2. SSR primers code and their sequences 

SL. 

No. 

Primer 

code 
Forward Sequence Reverse Sequence 

1 CAMS-065 CCAGTCTCATCCAGCAGACA CATATGCTGCTCCTGCATTC 

2 CAMS-075 ACTAATTACACATTCTGCATTTTCTC AGGCTCGAGTACCACGAAGA 

3 CAMS-236 TTGTAGTTTGCGTACCATTTGA ATGAATCCAGGGTTCCACAA 

4 CAMS-647 CGGATTCGGTTGAGTCGATA GTGCTTTGGTTCGGTCTTTC 

5 CAMS-855 AAGTGTCAAGGAAGGGGACA CCTAACCACCCCCAAAAGTT 

6 CAMS-864 CTGTTGTGGAAGAAGAGGACA GCTTCTTTTTCAACCTCCTCCT 

7 CAMS-880 GAGCCAAGAAAAAGGTGGAA CAACTCATCGTTCAACAACACA 

8 CAMS-885 AACGAAAAACAAACCCAATCA TTGAAATTGCTGAAACTCTGAA 

PCR was subjected to initial denaturation at 95°C for 3 min, followed by cycles of 

95°C for 10 sec, 52°C for 10 sec and 72°C for 10 sec. The reaction was repeated for 

35 cycles and a final extension at 72°C for 10 minutes was carried out. The reactions 

were then held at 4°C until electrophoresis. DNA bands were scored as either present 

(1) or absent (0) for each of the germplasms by visual inspection. Bands with clear 

and good characteristics were considered and recorded. Loci were considered 

polymorphic if more than one allele was detected. Cluster analysis of the molecular 
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data was carried out using NTSYS statistical package (version 4) to generate 

dendrograms based on genetic similarity matrix using unweighted pair group method 

with arithmetic mean (UPGMA) method. Power Marker version 3.25 (Liu and Muse, 

2005) was used to generate allele frequency, allele number, gene diversity, 

heterozygosity and polymorphism information content (PIC). 

RESULTS AND DISCUSSION 

Allelic and loci variation within chilli germplasms 

A total of 8 microsatellite primers were utilized to provide genetic diversity among 

40 chilli germplasms including 4 stock DNA samples. Among eight primers, six 

showed polymorphism, CAMS-075 and CAMS-236 was monomorphic. A total of 30 

alleles were amplified in 40 germplasms. The number of alleles ranged from 3 - 5 per 

locus. The average number of alleles is 3.75. The highest number (five) of allele was 

observed in primers CAMS-647, whereas three primers CAMS-864, CAMS-880 and 

CAMS-885 showed lowest number (three) of allele. The level of polymorphisms 

among the 40 chilli germplasms was evaluated by calculating allele numbers and PIC 

values for each of the 8 SSR loci (Table 3). As a measure of the informativeness of 

microsatellite, the average PIC value is 0.658 with the range of 0.543 (CAMS -885) 

to 0.735 (CAMS -647). Size and frequency of all the 30 alleles at 8 microsatellite 

loci, have been shown in the Table 4.  

Genotypic performance of 40 chilli germplasms 

Six microsatetile primers exhibited genetic diversity among 40 chili germplasms. The 

primers exhibited polymorphism in all experimental germplasms. The values of pair-

wise comparisons of Nei’s (1972) genetic distance between the germplasms were 

computed from combined data for the eight primers, ranged from zero to 2.74. 

Comparatively higher genetic distance was observed between CO-611 vs. CO-525-2, 

CO-638 vs. CO-613, CO-648 vs. CO-638 and CO-003 vs. CO-638. Genetic distance 

between germplasm can be used to evaluate the genetic diversity of different 

germplasm (Table 3). The observed number of alleles ranged from three (CAMS-864 

CAMS-880, CAMS-885) to a maximum of five (CAMS-647), with an average of 

3.75. Overall, the effective number of alleles was less than observed number of 

alleles, ranging from 2.19 (CAMS-885) to 3.63 (CAMS-236) with a mean of 3.013. 

Gene diversity expressed by Shannon’s information index (I) ranged from 0.92 at 

CAMS-885 to 1.42 at CAMS-647, with a mean of 1.175. Values for Wright Fst 

showed lowest 0.93(CAMS-065) to highest 1.0 (CAMS-864, CAMS-236, CAMS-

647, CAMS-855), with an average of 0.97. Data also revealed lower rate of gene 

flow with an average of 0.007 (Table 5). The observed heterozygosity varied between 
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zero (CAMS-647, CAMS-855) and 0.108(CCAMS-065), with a mean of 0.04. 

Whereas expected heterozygosity varied between 0.55(CAMS-885) and 0.74(CAMS-

647), with a mean of 0.66 and Nei’s (1973) expected heterozygosity varied between 

0.54 (CAMS-885) and 0.73 (CAMS-647), with a mean of 0.66. Overall observed 

heterozygosity was lower than the expected heterozygosity (Table 6). 

Forty chilli germplasm were used to make dendrogram based on similarity coefficient 

using Unweighted Pair Group Method of Arithmetic Means (UPGMA). Based on 

2.055 similarity of co-efficient index, all the 40 chilli germplasm have been 

differentiated into 4 main clusters: Germplasm 626, 633 and 645 (Net) were grouped 

in cluster 1 (Fig.1). CO-003, CO629, CO525-3, CO-002, CO613, CO-001, CO647, 

CO640(Net), CO610-1, CO648 (Blue), CO 641 and CO525-2 (Net) were grouped in 

cluster 2; CO-629, CO-638, CO632 (Net), CO646, CO525, CO611-2, CO611-1, 

CO635, CO611, CO631, CO610 (Net), CO637 (Net), CO525 (2), CO611 (1), CO646 

(1) were grouped in cluster 3 and germplasm CO644 (Net), BARI Chili-2, CO642 

(Net), CO636 (Net), CO634 (Net), CO643 (Net), CO635 (Net), CO525-1, CO525 

(Net) and CO446 were grouped in cluster 4. 

The SSR analysis showed that the polymorphic level in this study considerably high 

(75%) compared to earlier reports indicating high level of genetic diversity among 

the germplasms. For example, Akatas et al. (2009) using 4 primers detected 26% 

polymorphism in Turkish genotypes; Kochieva and Ryzhova (2005) used 9 primers 

that showed 8.03% polymorphism. The observed number of alleles in this study 

ranged from 3 to 5 and the average number of alleles per locus is 3.75, which indicate 

a greater magnitude of diversity among the germplasm. This is in consistence with 

the earlier findings (Tilahun et al., 2013). PIC value is the indicator that measures the 

ability of a marker by considering both number of alleles at a locus and relative 

frequencies of these alleles. This value depends on the genetic diversity among the 

population. Markers with PIC value of 0.5 or above are highly informative for 

genetic studies and are extremely useful in determining the polymorphism rate of a 

marker at a specific locus (DeWoody et al., 1995). Current study showed PIC value 

ranged from 0.54 to 0.73, with an average of 0.66. The highest PIC value found was 

0.735 for CAMS-647, indicating its most informative and suitable marker among 

them. 

Higher genetic diversity is useful in breeding program to obtain potential genetic 

gain. In this study genetic distance value ranged from zero to 0.74, indicating 

germplasm were derived from different origin and could be utilized in breeding 

purpose for desirable traits. From the contrast between highest and lowest value, it 

could be said that there were wide variabilities among 40 chilli germplasms. High 
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genetic variability and significant difference between germplasm indicated 

substantial genetic material of a species. Genetic differentiation among germplasm 

found in the study was high (Fst=0.97). Genetic differences among germplasm were 

particularly due to allele that are present in comparatively low frequencies. However, 

their contribution to genetic variance is low, thus, their significance in our evaluation 

of genetic differentiation may be under-represented (Hedrick et al., 1999). Generally, 

dissemination resulting in colonization and gene flow into present population is very 

essential for both the tenacity and genetic success of a species (Hamrick and Godt, 

1996). A gene flow value (Nm) <1.0 (less than 1 migrant/generation into a 

population) or equally a gene differentiation value (Fst) >0.25 is generally considered 

as the threshold quantity above which significant population differentiation occurs 

(Slatin, 1987). The high Fst value and low Nm value (0.007) both indicated speedy 

genetic differentiation among 40 germplasm. Genetic diversity indicators such as 

mean heterozygosity and Nei’s expected heterozygosity were found similar for all 

loci. Mean observed heterozygosity was lower than expected heterozygosity due to 

lower number of heterozygotes in all loci. UPGMA dendogram showed four major 

cluster formed by 40 chili germplasm. Germplasm of cluster I showed white flower 

colour, green fresh fruit colour and dark red ripe fruit colour. On the other hand, 

germplasm CO-632 with erect fruit type and purple flower colour was closely 

clustered with CO-638 showing pendant fruit position and white flower colour. This 

phenomenon can be explained from Kwon’s (2005) findings that said, SSR markers 

measures genetic distance principally in non-coding sequences which may not have a 

major impact on morphology of germplasm. 

Table 3. Summary of Nei’s (1972) genetic distance (below diagonal) values among 

40 Chilli germplasm 
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6
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1
 

6
3
2
(N

et
) 

446 ****                    

446(1) 1.059 ****                   

525 1.976 0.981 ****                  

525(Net) 0.000 0.981 0.288 ****                 

525-1 1.283 0.693 0.134 0.288 ****                

525-2 1.976 0.470 0.693 0.288 0.693 ****               

525-2(Net) 0.810 2.013 2.013 0.914 2.013 0.626 ****              

525-3 0.619 1.570 1.283 1.976 1.059 1.976 1.216 ****             

610(Net) 1.283 0.693 0.981 0.981 0.693 0.981 1.320 0.723 ****            

610-7 0.691 0.794 2.047 2.047 1.354 2.047 1.287 0.239 0.438 ****           

611 0.299 1.096 1.096 1.607 0.760 2.706 1.030 0.405 1.096 0.476 ****          

611- 1.570 0.693 0.470 0.981 0.693 0.981 0.000 0.589 1.386 0.794 0.914 ****         
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611(1) 0.810 0.000 0.403 0.914 0.626 2.013 0.847 0.523 0.914 0.882 0.442 0.914 ****        

611-1 0.877 2.079 0.288 0.693 0.470 1.386 0.914 0.589 0.693 0.949 0.509 0.981 0.067 ****       

611-2 1.216 1.320 0.221 0.403 0.221 0.914 1.253 0.810 0.626 1.287 0.693 0.914 0.337 0.221 ****      

613 2.669 2.079 2.079 0.981 2.079 1.386 0.914 1.283 1.386 1.131 1.320 0.981 2.013 2.079 2.013 ****     

626 1.283 2.079 0.470 0.981 0.693 1.386 2.013 1.283 1.386 2.047 1.320 0.693 0.626 0.693 0.914 2.079 ****    

629 1.976 2.079 0.981 1.386 1.386 1.386 1.320 0.000 1.386 0.000 1.320 2.079 0.914 0.981 1.320 1.386 0.981 ****   

631 0.877 0.981 1.386 1.386 0.981 1.386 0.914 0.271 0.288 0.101 0.626 0.981 0.626 0.693 0.914 1.386 1.386 2.079 ****  

632(Net) 0.000 1.320 0.914 1.320 1.320 1.320 0.000 0.810 1.320 0.882 1.946 0.403 1.253 1.320 1.946 1.320 0.626 1.320 0.914 **** 

633 0.000 2.013 0.626 0.914 0.914 2.013 0.000 1.909 2.013 1.980 1.253 0.914 0.847 0.914 1.253 2.013 0.403 0.626 2.013 0.337 

634(Net) 1.976 0.981 1.386 1.386 0.981 2.079 0.000 1.570 0.470 0.949 1.607 2.079 2.013 1.386 1.320 0.981 2.079 1.386 0.981 2.013 

635(Net) 0.691 2.740 2.047 0.000 0.000 0.000 1.287 0.845 2.047 0.762 0.882 1.131 0.882 0.949 1.980 1.642 1.354 1.354 0.949 0.882 

636(Net) 1.283 2.079 1.386 1.386 1.386 1.386 1.320 1.059 1.386 1.354 1.607 1.386 1.320 1.386 0.914 2.079 1.386 1.386 0.981 1.320 

637(Net) 0.486 0.000 1.283 2.669 1.570 0.000 1.216 0.425 1.570 0.845 0.587 1.059 0.523 0.589 0.993 1.976 0.723 1.976 0.877 1.503 

640(Net) 0.877 1.386 0.981 1.386 0.981 0.981 1.320 1.570 2.079 0.000 1.320 1.386 1.320 1.386 1.320 0.000 0.288 0.981 2.079 1.320 

642(Net) 0.877 0.000 1.386 2.079 2.079 2.079 0.914 0.877 1.386 0.949 1.096 1.386 0.626 0.693 1.320 2.079 0.981 0.981 0.693 0.914 

643(Net) 0.723 2.079 2.079 0.000 0.000 0.000 1.320 0.877 2.079 0.794 0.760 0.981 0.914 0.981 2.013 1.386 1.386 1.386 0.981 0.914 

644(Net) 0.877 0.000 2.079 0.000 0.000 0.000 1.320 0.877 2.079 0.949 1.096 1.386 0.914 0.981 2.013 2.079 1.386 1.386 0.981 0.914 

645(Net) 0.000 2.079 0.981 0.981 0.981 1.386 2.013 1.570 1.386 2.047 2.013 1.386 1.320 1.386 1.320 2.079 0.470 0.981 1.386 0.626 

646 0.204 0.914 0.000 0.000 2.013 2.013 0.847 0.993 1.320 0.728 0.337 2.013 1.253 1.320 1.946 2.013 1.320 1.320 0.914 0.000 

Pa.Monpura 0.072 1.131 2.047 0.000 1.354 2.047 0.882 0.691 1.354 0.762 0.276 1.642 0.882 0.949 1.287 2.740 0.949 1.354 0.949 0.000 

Monpura-1 0.993 1.607 0.7/60 0.760 0.760 1.096 1.030 0.810 1.607 1.287 0.560 0.914 0.693 0.760 0.442 1.320 1.320 1.320 1.320 1.946 

647-

Monpura 0.723 1.386 1.386 0.981 0.981 2.079 0.914 0.472 0.981 0.342 0.221 0.981 0.626 0.693 0.914 0.693 2.079 2.079 0.470 1.320 

648 (Blue) 2.669 0.981 0.693 0.981 0.981 2.079 0.000 1.283 1.386 0.794 0.914 0.470 0.914 0.981 1.320 0.981 0.693 1.386 0.981 0.403 

CO-629 0.472 0.981 1.386 2.079 0.981 2.079 1.320 1.059 2.079 1.131 0.221 1.386 0.914 0.981 1.320 1.386 1.386 0.693 1.386 0.000 

CO-0001 1.570 0.470 1.386 1.386 0.981 1.386 0.000 0.723 0.693 0.342 0.914 0.470 2.013 2.079 1.320 0.693 2.079 2.079 0.470 0.914 

CO-0003 2.669 0.693 1.386 0.981 1.386 0.981 2.013 0.877 0.981 0.543 1.320 0.470 2.013 2.079 2.013 0.693 0.981 0.000 0.693 0.403 

BARI 

Morich-2 1.503 0.914 1.320 0.914 0.914 1.320 1.253 1.503 1.320 1.064 1.030 0.914 1.946 2.013 1.946 0.626 0.914 0.000 1.320 0.847 

BARI 

Morich-3 1.570 1.386 2.079 1.386 2.079 1.386 1.320 0.472 1.386 0.543 0.914 0.693 1.320 1.386 2.013 0.470 2.079 2.079 0.693 0.914 
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633 ****                    

634(Net) 2.013 ****                   

635(Net) 1.287 0.000 ****                  

636(Net) 2.013 0.000 0.438 ****                 

637(Net) 1.503 1.570 0.439 0.723 ****                

640(Net) 0.914 0.000 2.047 0.981 0.877 ****               

642(Net) 1.320 0.000 0.101 0.288 0.472 1.386 ****              

643(Net) 1.320 0.000 0.032 0.470 0.472 2.079 0.134 ****             

644(Net) 1.320 2.079 0.101 0.470 0.271 2.079 0.134 0.134 ****            

645(Net) 0.403 1.386 2.047 0.981 1.570 0.470 1.386 2.079 2.079 ****           

646 1.946 2.013 0.728 1.320 0.656 0.914 0.914 0.626 0.914 2.013 ****          
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Pa.Monpura 1.980 2.047 0.762 1.354 0.439 0.661 0.949 0.794 0.949 2.047 0.109 ****         

Monpura-1 1.253 1.607 1.575 1.096 0.587 1.320 1.607 1.607 1.096 2.013 1.253 0.882 ****        

647-

Monpura 1.320 1.386 0.794 1.386 0.877 0.000 0.981 0.693 0.981 2.079 0.626 0.794 0.914 ****       

648 (Blue) 0.403 1.386 1.131 2.079 1.570 1.386 1.386 0.981 1.386 0.981 2.013 2.740 1.320 0.693 ****      

CO-629 1.320 1.386 1.642 0.000 1.059 0.981 2.079 1.386 2.079 2.079 0.403 0.342 0.914 0.693 1.386 ****     

CO-0001 2.013 0.693 1.642 1.386 1.976 0.000 2.079 1.386 2.079 2.079 1.320 1.642 1.320 0.693 0.693 0.981 ****    

CO-0003 0.914 1.386 1.642 2.079 1.976 1.386 2.079 1.386 2.079 0.981 2.013 2.740 1.320 0.981 0.288 2.079 0.470 ****   

BARI 

Morich-2 0.847 1.320 2.674 0.000 2.602 1.320 0.000 2.013 0.000 0.914 1.253 1.575 2.639 0.626 0.626 1.320 0.914 0.626 ****  

BARI 

Morich-3 2.013 1.386 1.131 1.386 1.059 2.079 1.386 0.981 1.386 1.386 1.320 1.642 2.013 0.470 0.981 0.981 0.470 0.693 0.914 **** 

 

Table 4. Size and frequencies of alleles and diversity index at eight SSR loci 

across forty chilli germplasm 

Locus No. of Allele Allele sizes (bp) Allele frequency PIC 

CAMS-075 4 216 0.154 0.702 

204 0.372 

194 0.346 

184 0.128 

CAMS-864 3 288 0.350 0.605 

251 0.500 

236 0.150 

CAMS-880 3 225 0.250 0.632 

213 0.486 

202 0.264 

CAMS-065 4 227 0.054 0.634 

225 0.108 

212 0.405 

200 0.432 

CAMS-236 4 206 0.180 0.725 

199 0.205 

187 0.231 

176 0.385 
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Locus No. of Allele Allele sizes (bp) Allele frequency PIC 

CAMS-885 3 239 0.138 0.543 

228 0.613 

217 0.250 

CAMS-647 5 244 0.075 0735 

229 0.325 

219 0.275 

211 0.050 

189 0.275 

CAMS-855 4 287 0.200 0.685 

252 0.250 

239 0.450 

230 0.100 

Table 5. Summary of genetic variation statistics for all loci 

Locus *na *ne *I *Fst *Nm 

CAMS-075 4 3.354 1.286 0.965 0.009 

CAMS-864 3 2.532 0.999 1.000 0.000 

CAMS-880 3 2.714 1.049 0.947 0.014 

CAMS-065 4 2.733 1.127 0.927 0.020 

CAMS-236 4 3.630 1.339 1.000 0.000 

CAMS-885 3 2.190 0.920 0.931 0.019 

CAMS-647 5 3.774 1.419 1.000 0.000 

CAMS-855 4 3.175 1.258 1.000 0.000 

Mean 3.750 3.013 1.175 0.973 0.007 

St. Dev 0.707 0.558 0.178   

*na = Observed number of alleles, ne = Effective number of alleles, I = Shannon's Information Index 

and Nm = Gene flow estimated from Fst = 0.25(1 - Fst)/Fst. 
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           Figure 1.  UPGMA dendrogram based on Nei’s (1972) genetic distance 
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Table 6. Summary of heterozygosity statistics for all loci 

Locus Obs. Hom. Obs. Het. Exp. Hom.* Exp. Het.* Nei** Ave. Het. 

CAMS-075 0.949 0.051 0.289 0.711 0.702 0.025 

CAMS-864 1.000 0.000 0.387 0.613 0.605 0.000 

CAMS-880 0.917 0.083 0.360 0.641 0.632 0.038 

CAMS-065 0.892 0.108 0.357 0.643 0.634 0.050 

CAMS-236 1.000 0.000 0.266 0.734 0.725 0.000 

CAMS-885 0.925 0.075 0.450 0.550 0.543 0.038 

CAMS-647 1.000 0.000 0.256 0.744 0.735 0.000 

CAMS-855 1.000 0.000 0.306 0.694 0.685 0.000 

Mean 0.960 0.040 0.334 0.666 0.658 0.019 

St. Dev. 0.045 0.045 0.067 0.067 0.066 0.021 

* Expected homozygosity and heterozygosity were computed using Levene (1949) 

** Nei's (1973) expected heterozygosity 

CONCLUSION 

The study revealed presence of enough genetic variability among the germplasm at 

molecular level. The first four principal components accounted for 72.44% of the 

total genetic variance among the accessions. A total of 35 alleles with mean PIC of 

0.42 obtained from the molecular analysis show the informative nature of SSR 

primers and their superiority in genetic diversity assessment. The high amount of 

genetic variability established by the SSR primers is an indication of the high amount 

of additive genetic variance within the population. This implies that substantial 

progress can be made through hybridization. On cluster analysis, the genetic diversity 

among the cluster one and cluster three was lesser compared to cluster two. It may 

provide the basic information to the breeders or researchers to select parent in the 

breeding programme or other programme as per their objectives. 
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ABSTRACT 

Rapeseed (Brassica napus L.) is the best one in respect of oil 
production. It is the order of the day to take better steps for production 
and quality improvement of our local cultivars. Broadening of genetic 
diversity in spring oilseed Brassica napus L. (AACC, 2n = 38), canola is 
important for continued improvement of this crop.  Sixty-two genotypes in 
F4 generation of Brassica napus L. were evaluated to assess genetic 
diversity based on randomized complete block design with three 
replications at the experimental field of Sher-e-Bangla Agricultural 
University, Dhaka. Different Multivariate analyses were performed to 
classify 62 genotypes. On the basis of cluster analysis, all the genotypes 
were classified in five clusters. The cluster IV comprised the maximum 
number (19) of genotypes followed by same in cluster II (18). The cluster 
I and V comprised 10 and 9 genotypes respectively. The lowest number 
of genotypes was present in cluster II. The highest inter-cluster distance 
(10.309) was observed between the cluster I and IV and the genotypes 
of these clusters involved in hybridization may produce a wide spectrum 
of segregating population. The lowest inter-cluster distance (3.513) was 
observed between the cluster III and IV. The inter-cluster distances were 
larger than the intra-cluster distances. Considering cluster distance, inter 
genotypic distance and other agronomic performance G3, G4, G24, G35 
and G51 might be suggested for future breeding program. 

Keywords: Cluster analysis, Genetic diversity, Principal component 

analysis, Rapeseed. 
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INTRODUCTION 

The genus Brassica L. holds the most economically valuable position in the tribe 

Brassiceae, which is a part of family Brassicaceae which comprises of 338 genera 

and 3709 species. (Bilal et al., 2015). The genus is remarkable for containing more 

important agricultural and horticultural crops than any other genus Most are annual 

or biennial, but some are small shrubs. Brassica napus L. also known as rapeseed, 

oilseed rape and canola, is the best one with respect of oil production. Rapeseed 

originated in either the Mediterranean area or Northern Europe. Brassica napus L. is 

the second most important oilseed crop in the international oilseed market following 

soybean (Sharafi et al., 2015). According to FAO (2019) During 2019, rapeseed/ 

mustard was globally grown on area of approximately 34.5 million ha with the total 

production 70 million metric tons. Rapeseed has a wide range of applications such 

as cooking oil, element of beautifying agents but also pesticides, biofuels, etc. It is 

the third-largest used source of vegetable oil in the world (USDA, 2002). 

It is the most important oilseed crop in Bangladesh and it occupies the 1
st
 position in 

respect of area and production among the oil crops grown in Bangladesh (BBS, 

2019). Brassica is grown throughout the country as a single or in combination with 

other crops like wheat, chickpea, etc. in both irrigated and non-irrigated regions of 

the country. In Bangladesh, 667242 acres of land was under rapeseed cultivation 

during 2018-19 which produced about 311740 metric tons of seed (BBS, 2019). 

Bangladesh has been facing acute shortage of edible oil for the last several decades. 

Total consumption of oils and fats was 3.04 million tons in 2019 and import edible 

oil which cost 1161 million US$ (BER, 2019). The major reasons for such poor yield 

in Bangladesh may be attributed due to pressure of other crops, lack of improved 

varieties and poor management practices. 

In spite of the large benefits and as a good source of vegetable oil it is used in minute 

amounts because of very high amount of erucic acid and glucosinolates which is 

harmful for the cardiac muscle and makes the animal feed weaker and innutritious 

(O'Brien, 2008). There are important different breeding strategies such as 

understanding and utilization of genetic resources, physiological and morphological 

basis of yield linked traits in different environmental conditions for the improvement 

of   seeds yield and adaptability of rapeseed and other Brassica species.  In that 

respect so many strategies are applied for the enhancement of quality and yield of 

different canola varieties and cultivars to gain handsome production. Due to 

application of different techniques such as microspore culture for the production of 

doubled-haploid lines, wide hybridizations using embryo rescue techniques, or 

protoplast fusion are involved in creating novel genetic variation, marker-assisted 
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selection and genetic engineering in breeding process remarkable improvement has 

been brought in both productivity and quality of canola oil for using it in human diet.  

Genetic diversity is the base of improvement, if there were no diversity in nature no 

crop improvement would possible.  Genetic diversity serves as a way for populations 

to adapt various environments. It arises either due to geographical separation or due 

to genetic barriers to cross ability. It plays an important role in plant breeding 

because hybrids between lines of diverse origin generally display a great heterosis 

than those between closely related strains (Singh, 1983) which permits to select the 

genetically divergent parents to obtain the desirable recombination in the segregating 

generations. The present study was, therefore, undertaken to analyze the genetic 

divergence among 62 genotypes of Brassica napus L. in F4 generation. 

MATERIALS AND METHOD 

A field experiment was carried out in the experimental fields of Sher-e-Bangla 

Agricultural University, Dhaka during November 2015 to February 2016. The 

healthy seeds of 62 genotypes of Brassica napus L. in F4 generation (Table 1), which 

were collected from the Dept. of Genetics and Plant Breeding, Sher-e-Bangla 

Agricultural University. Parent plants were Nap- 9908, Nap- 179, Nap- 2001, Nap- 

248, Nap- 159, Nap- 2037, Nap- 2057, Nap- 94006, Nap- 2012, Nap- 2013, Nap- 

206, Nap- 2022, Bs- 13, Bs- 7 and 62 crosses among them. The experiment was laid 

out in Randomized Complete Block Design (RCBD) with three replications. The 

total area of the experiment was 56m14m = 784m
2
.  Each replication size was 

56m3.5m, and the distance between replication to replication was 1m. The spacing 

between lines to line was 30 cm. 

Data were recorded on selected characters viz., plant height (cm), no. of primary 

branches/plant, no. of secondary branches/plant, days to 50% flowering, days to 

maturity, siliquae/plant, siliqua length, seeds/siliqua, 1000-seed weight and 

yield/plant from randomly selected 15 plants. Genetic diversity was worked out 

following Mahalanobis generalized distance (D2) extended by Rao (1952). 

Clustering of genotypes was done according to Tocher’s method (Rao, 1952) and 

(Singh, 1985). All the statistical analyses were done using GENSTAT 5.13 softwares 

program. 
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Table 1. List of genotypes used in this study  

Genotype ID F4 Population Genotype ID F4 Population 

G1 Nap- 9908  Bs- 13 G32 Nap- 248  Nap- 2013 

G2 Nap- 179  Nap- 2001 G33 Nap- 179  Nap- 2057 

G3 Nap- 248  Nap- 159 G34 Nap- 179  Nap- 2022 

G4 Nap- 2037  Nap- 2057 G35 Nap- 2037  Nap- 2013 

G5 Nap- 94006  Bs- 7 G36 Nap- 248  Nap- 2057 

G6 Nap- 2012  Nap- 2013 G37 Nap- 94006  Nap- 2057 

G7 Nap- 94006  Nap- 2013 G38 Bs- 7  Nap- 2013 

G8 Nap- 248  Nap- 206 G39 Nap- 2057  Nap- 2001 

G9 Nap- 206  Nap- 2012 G40 Bs- 13  Nap- 2001 

G10 Nap- 2037  Nap- 2022 G41 Nap- 94006  Nap- 2001 

G11 Nap- 9908  Nap- 94006 G42 Bs- 13  Nap- 2057 

G12 Nap- 9908  Nap- 2037 G43 Nap- 179  Nap- 2012 

G13 Nap- 2037  Nap- 248 G44 Nap- 2001  Nap- 179 

G14 Nap- 206  Nap- 2013 G45 BS- 13  Nap- 179 

G15 Bs- 7  Nap- 206 G46 BS- 7  Nap- 2057 

G16 Nap- 2001  Nap- 2022 G47 Nap- 206  Nap- 2022 

G17 Nap- 94006  Bs- 13 G48 Nap- 206  Nap- 2057 

G18 Nap- 2037  Nap- 2012 G49 Nap- 9908  Nap- 2012 

G19 Nap- 2037  Nap- 206 G50 Nap- 179  Nap- 2013 

G20 Nap- 9908  Nap- 2022 G51 Nap- 248  Nap- 2012 

G21 Bs- 13  Nap- 2022 G52 Nap- 2057  Nap- 248 

G22 Nap- 179  Nap- 206 G53 BS- 7  Nap- 2013 

G23 Nap- 9908  Nap- 206 G54 Nap- 94006  Nap- 179 

G24 Nap- 9908  Nap- 248 G55 Nap- 2001  Nap- 2013 

G25 Nap- 2012  Nap- 2022 G56 Nap- 94006  Nap- 2022 

G26 Nap- 248  Nap- 2022 G57 Nap- 2057  Nap- 2012 

G27 Bs- 13  Nap- 2013 G58 Nap- 2001  Nap- 248 

G28 Nap- 9908  Nap- 2001 G59 Nap- 2057  Nap- 2022 

G29 Nap- 2037  Bs- 13 G60 Nap- 94006  Nap- 2012 

G30 Bs- 13  Nap- 206 G61 Nap- 94006  Nap- 206 

G31 Nap- 9908  Nap- 2013 G62 Nap- 2001  Nap- 206 

RESULTS AND DISCUSSION 

Genetic diversity is the total number of genetic characteristics in the genetic makeup 

of a species.  But during continuous selection process for better quality and 

https://en.wikipedia.org/wiki/Genetics
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productivity, the gene pool of the selected final varieties has been made narrow down 

due to eliminating of genes for undesirable traits like, declining amount of erucic acid 

in oil and glucosinolates in seeds. The genetic divergence and clustering of the 

genotypes were studied based on the characters studied and presented in below. 

Principal component analysis (PCA) 

The analysis of variance showed significant differences among the genotypes for all 

the 10 characters under this study revealing the presence of notable genetic 

variability among the genotypes. The principal component analysis (PCA) showed 

eigen values and percent of variation in respect of ten component characters of sixty-

two F4 genotypes of Brassica napus L. genotypes of (Table 2). The PCA gives Eigen 

values of principal component axes of coordination of genotypes with the first axes 

totally accounted for the variation among the genotypes (40.44). These three 

principal components account for 77.3% of the total variation (Table 2). Zaman et al. 

(2010) reported that first three axes accounted for 94.00% of the total variation 

whereas the first principal components accounted for 81.94%. Khan (2014) reported 

that the contribution of first three PCs in overall PCs was 26.96%. 

Table 2. Eigen values and yield percent contribution of 10 characters of 62 F4 

genotypes of Brassica napus L. 

Principal component axes Eigen values Percent variation 
Cumulative % of 

Percent variation 

I 4.044 40.44 40.44 

II 1.994 19.94 60.38 

III 1.692 16.92 77.3 

IV 0.836 8.36 85.66 

V 0.622 6.22 91.88 

VI 0.385 3.85 95.73 

VII 0.192 1.92 97.65 

VIII 0.135 1.35 99 

IX 0.057 0.57 99.57 

X 0.043 0.43 100 

A two dimentional scatter diagram was constructed using components I and II as the 

axes (Figure 1). The genotypes were apparently distributed into five clusters (Figure 

2).  The genotypes were distantly located from each other. The genotypes of cluster I 

was more diverse than those of cluster III (Figure 2).  Begum et al. (2007) reported 

five clusters and Rameeh (2013) reported 4 clusters in rapeseed.  
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Z1-Z2 Graph 

 

Figure 1. Scatter pattern of Brassica napus genotypes of based on their 

principal component scores 

 

 
 

Figure 2. Scatter diagram of Brassica napus genotypes of based on 

their principal component scores. 

Nonhierarchical clustering 

Non-hierarchical clustering using covariance matrix among 62 genotypes of rapeseed 

grouped them into five clusters.  (Table 3). Maximum number of genotypes (19) was 
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comprised into cluster IV followed by 18 in cluster III. The cluster I has 10 

genotypes followed by 9 genotypes in cluster V. The minimum genotypes (6) was 

groped into cluster II (Table 3).  Rameeh (2015) reported three clusters in 21 

rapeseeds genotypes which were selected based on diversity of agronomic characters. 

Table 3. Distribution of genotypes in different clusters 

Cluster no.  ID of Genotypes No.  genotypes 

I G2, G3, G4, G5, G6, G7, G10, G13, G48, G50  10 

II G15, G16, G19, G40, G45, G59 6 

III 
G1, G8, G12, G20, G24, G25, G28, G29, G31, G32, 

G35, G43, G46, G47, G51, G57, G58, G62 
18 

IV 
G22, G26, G27, G30, G33, G34, G36, G37, G38, G39, 

G41, G42, G49, G53, G54, G55, G56, G60, G61 
19 

V G9, G11, G14, G17, G18, G21. G23, G44, G52 9 

 Total 62 

Cluster mean analysis 

The cluster mean values for the 10 characters are given in Table 4. The genotypes 

from cluster I earned the highest cluster mean value for number of primary branches 

per plant (3.30), number of secondary branches per plant (3.29), number of siliqua 

per plant (123.65), thousand seed weight (3.52 g) and seed yield per plant (8.75) 

(Table 4). Thus, it indicates genotype of this cluster could be used for parent in future 

hybridization program for higher seed yield. On the other hands Cluster II produced 

the highest mean for seeds per siliqua per plant (21.81) and 1000-seed weight (3.52 

g) and lowest plant height (94.71) (Table 4). It is indicated that the genotypes of this 

cluster could be used for future hybridization program for higher seeds per siliqua. 

The genotypes included in cluster III were highest mean value for siliqua length (7.78 

cm) and lowest mean value for days to 50% flowering (35.41), days to maturity 

(80.93) and 1000 seed weight (3.27). It is indicated that the genotype of this cluster 

could be used for future hybridization program for early maturity.  Moreover, Cluster 

IV had lower cluster mean for number of primary branches per plant (2.10), number 

of secondary branches per plant (1.38), number of siliqua per plant (63.39), siliqua 

length (7.42), seeds per siliqua (19.61) and seed yield per plant (4.20).  On the other 

hand, cluster V showed the late 50% flowering (39.89), late maturity plant (84.85) 

and highest plant height (112.55) (Table 4). It indicated the genotype of this cluster 

could be used for future hybridization program for late maturity plant. Zaman et al. 

(2010) reported that the highest cluster means for primary branches per plant and 

maximum seeds per siliquae with minimum seed yield per plant were obtained in 

cluster II from eighteen advanced lines of mustard. 
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Table 4. Cluster mean values of 10 different characters of 62 genotypes of Brassica 

napus L. 

Inter and intra cluster distance 

Canonical Variate Analysis (CVA) was done to compute the inter-cluster distances. 

In this experiment, the inter-cluster distances were higher than the intra-cluster 

distances thus indicating broader genetic diversity among the genotypes of different 

groups. Islam and Islam (2000) reported that the inter-cluster distances were larger 

than the intra-cluster distances in 42 cultivars of mustard.  The highest inter-cluster 

distance was observed between clusters I and IV (10.309), followed by between 

cluster III and I (7.112), V and IV (6.390), II and IV (6.373) (Table 5). The higher 

inter-cluster distances between these clusters indicate to obtain wide spectrum 

variability of population. However, the highest inter cluster distance was observed 

between clusters I and IV indicated that the genotypes in these clusters were more 

diverse compared to other clusters as the greater the distance between two clusters 

the greater the divergence.  

 The intra cluster distance was highest in cluster IV (0.086) and lowest in cluster II 

(0.032) (Table 5). The intra-cluster distances in all the five clusters were lower than 

the inter -cluster distances and which indicated that genotypes within the same cluster 

were closely related. It is assumed that the maximum amount of heterosis will be 

manifested in cross combination involving the genotypes belonging to most divergent 

clusters. Furthermore, for a practical plant breeder, the objective is to achieve high-

level production in addition to high heterosis. Pandey et al. (2013) found maximum 

inter-cluster distance was found between cluster II and III indicating high genetic 

divergence among genotypes of these groups. 

Characters I II III IV V 

Days to 50% flowering 35.90 36.17 35.41 35.54 39.89 

Days to maturity 82.07 81.56 80.93 81.40 84.85 

Plant height (cm) 112.00 94.71 101.37 98.16 112.55 

Number of primary branches per 

plant 3.30 2.95 2.70 2.10 

2.89 

Number of secondary branches 

per plant 3.29 2.05 1.88 1.38 

2.50 

Siliqua per plant 123.65 101.99 83.23 63.39 96.52 

Siliquae length (cm) 7.75 7.64 7.78 7.42 7.54 

Seeds per siliqua 21.75 21.81 21.64 19.61 20.75 

1000-seed weight (g) 3.52 3.52 3.27 3.40 3.50 

Seed yield per plant (g) 8.75 6.96 5.74 4.20 6.26 
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Table 5. Intra (Bold) and inter cluster distances (D
2
) for 62 genotypes of Brassica 

napus L. 

Cluster I II III IV V 

I 0.062 5.440 7.112 10.309 4.462 

II  0.032 3.605 6.373 4.243 

III   0.073 3.513 3.675 

IV    0.086 6.390 

V     0.047 

Contribution of characters towards divergence 

Principal component analysis, one of the multivariate techniques, is used to examine 

the interrelationship among several characters and can be done from the sum of 

squares and product matrix for the characters. The characters contributing the most to 

the divergence are given greater importance when deciding on the cluster for the 

purpose of further selection and choice of parents for hybridization. The latent 

vectors (Z1 and Z2) obtained from principal component analysis (PCA). The 

important characters responsible for genetic divergence in the axis of differentiation 

in vector I (Z1) were siliqua per plant (0.1487), siliqua length (0.1598) and seed yield 

per plant (0.1108) whereas, in vector II (Z2) were 50% flowering (0.1901), plant 

height (0.1659), number of secondary branches per plant (1.1125) (Table 6). The role 

of days to 50% flowering, plant height and number of secondary branches in both the 

vectors were important components for genetic divergence in these materials. Islam 

and Islam (2000) reported days to 50% flowering, plant height, primary branches per 

plant and number of siliquae per plant contribute maximum in divergence in rapeseed 

and mustard. Begum et al. (2007) reported that branches per plant and number of 

number of seeds siliquae contributed the maximum towards divergence in the 

existing linseed germplasm. 
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Table 6. Relative contributions of the ten characters of 62 genotypes of Brassica 

napus L. to the total divergence 

CONCLUSION 

 It can be concluded that the hybridization between genotypes from cluster I with 

cluster IV might produce high level of segregating population. The crosses between 

the genotypes of cluster III with cluster V, cluster I with cluster IV, might produce 

high heterosis in respect of earliness and yield. Hence, the genotypes of these clusters 

could be used as parents in future breeding program for the improved variety of 

Brassica napus L.  
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ABSTRACT 

In recent years, National Maize Research Program (NMRP) aimed a 
paradigm shift from open-pollinated varieties (OPVs) towards hybrid 
maize to achieve self-sufficiency in maize for food, feed, and hybrid seed 
within the country. In this mission, it is necessary to identify and deploy 
high-yielding stress-resilient maize hybrids that can cope with climate 
change effects, including heat stress. Under the project “Heat Tolerant 
Maize for Asia (HTMA)”, NMRP introduced the hybrids that performed 
better in previous years in different environments from International 
Maize and Wheat Improvement Center (CIMMYT) Hyderabad for multi-
location on-farm testing. Fifteen genotypes were evaluated at two 
locations, two sites in Madi, Chitwan, and one in Ghorahi, Dang, along 
with Rampur Hybrid-8 as a heat-tolerant check, and RML-86/RML-96 
and RML-95/RML-96 as normal checks. Randomized complete block 
design (RCBD) was used with three replicates during the spring of 
2016/17. Likewise, another 20 and 18 promising hybrids were 
demonstrated during the winter of 2016/17 and 2017/18, respectively, in 
different hybrid growing pockets considering a site – a replication. Grain 
yield and yield attributing traits at all locations were recorded. From the 
across-site data analysis, selected heat-tolerant hybrids from the 
experiment were CAH1432, ZH15405, ZH141592, and CAH1715 which 
were statistically at par with promising normal hybrid RML-86/RML-96 
and superior to already released heat-tolerant Rampur Hybrid-8. In 
2016/17, ZH138098, ZH1620, and VH121062 were farmers’ preferred 
heat-tolerant hybrids. In 2017/18, Rampur Hybrid-10, ZH141592, 
CAH1715, and ZH15440 were preferred by farmers. The selected best-
bet are taken forward for official release/registration followed by 
commercialization through a public-private partnership with Nepali seed 
companies/cooperatives.  
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Single cross  
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INTRODUCTION 

Maize plays a vital role in global grain production due to its high yield potential, and 

it is expected to become the world’s number one cereal in the future (Gong et al., 

2015). It is the second cereal in terms of area (958,150 ha), production (2,893,987 t), 

and productivity (3.02 t ha
−1

) (MoF, 2021), with the highest per capita consumption 

per day (98 g) among the South Asian countries (Ranum et al., 2014) in Nepal. There 

is a wide gap between the actual (2.84 t ha
−1

) and potential yield (6.50 t ha
−1

) of 

maize at the farmers’ level (Koirala et al., 2020a). The aggressive intervention of 

high-yielding climate-resilient hybrids is of the utmost importance to meet the current 

high demand for maize, and also to narrow down the gap between farmers' harvest 

and potential yields. Hybrids and open-pollinated varieties (OPVs) occupy 12–15, 

and 85–88% of the total maize area in the country, respectively (Koirala et al., 2020b; 

2020c). The potential yield of maize cannot be achieved only by area expansion, and 

popularization of OPVs, without promoting high-yielding hybrids, as stated in 

National Seed Vision (NSV) and Agriculture Development Strategy (ADS) (SQCC, 

2013; ADS, 2015). The overall maize seed replacement rate of 17.83% (Memoire, 

2017) should be reached to 33% by 2025 (SQCC, 2013). To meet the demand for 

hybrid maize, NSV envisaged the development and promotion of twelve and five 

maize hybrids by the public and private sectors, respectively, by 2025. 

Driven by climate change effects, heat stress is becoming an eminent constraint of 

maize production in all the major maize-producing regions, including Nepal. If the 

current trends of global warming continue until 2050, the production and productivity 

of maize will be decreased by 17% in South Asia (CIMMYT, 2016). Shrestha and his 

colleagues (1999) predicted the warming trend after 1977 from 0.06 to 0.12°C year
–1

 

in most of the middle mountain and Himalayan regions of Nepal. Malla (2008) 

reported an average rise in temperature of 0.06°C year
−1

 from 1975 to 2006. 

Nevertheless, the average temperature in Nepal has been increased at an annual rate 

of 0.06°C between 1977 and 2000, with a 0.04°C and 0.08°C increase in Terai and 

the Himalayas, respectively (Synnott, 2012). The expected mean annual temperatures 

of 1.3–3.8°C by 2060 and 1.8–5.8°C by 2090 and reduced annual precipitation of 10 

to 20% can affect Nepal's agriculture sector (CIF, 2018). 

The development of heat-resilient variety(ies) is an appropriate option to combat the 

negative impacts of climate change (Acharya and Bhatta, 2013). Heat-stress to maize 

is exposure to temperatures above a threshold level for a period that causes 

irreversible damage to growth and development, which is a function of the intensity, 

duration, and rate of increase in temperature (Zaidi et al., 2016). The most critical 

period to heat stress that is highly susceptible is from tassel emergence to early grain-

filling (Vinayan et al., 2020). Spring maize, planted in the maize-rice system is 

estimated to be about 15.5% of the total maize in Nepal. Yield loss of spring and 

early summer maize reaches up to 75% due to heat-stress (Koirala et al., 2017b) 

causing leaf firing, silk damage, and tassel blast, which depends on the crop’s stage, 
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severity, and duration of stress (Monsanto, 2012). Anthesis and silking of the crop 

when coinciding with a temperature above 38°C leads to leaf firing and tassel blast 

resulting in poor pollination, and barren ears which are the critical period to 

determine grain yield. Lobell and Burke (2010) reported reduced higher maize yields 

with a 2°C rise in temperature than the reduction created by precipitation dropped 

more than 20%. Likewise, 13% yield reduction due to an increase in temperature by 

2°C was also recorded (Rowhani et al., 2011). 

However, heat stress-tolerant (HST) hybrids compared to current/normal commercial 

varieties could minimize yield loss by 36 and 93%, and 33 and 86% under rainfed 

and irrigated conditions by 2030 and 2050, respectively (Tesfaye et al., 2017). Thus, 

ever-increasing food/feed demand can be met only by developing climate-resilient 

maize hybrids. Therefore, the objectives of this study were to identify, evaluate, and 

deploy high-yielding HST hybrids in different agro-ecological domains of Nepal to 

increase maize production and productivity in the public-private partnership model. 

MATERIALS AND METHODS 

The project entitled “Heat stress-tolerant maize for Asia (HTMA)” was launched by 

CIMMYT and funded by the USAID under the Feed the Future (FTF) initiative using 

a public-private partnership approach in Nepal, India, Bangladesh, Pakistan, and the 

USA in 2012, and now is in the second phase. The experimental materials consisted 

of HST single cross hybrids selected from various trials conducted in the past. The 

trial set comprised fifteen single cross hybrids, including Rampur Hybrid-8, RML-

86/RML-96, and RML-95/RML-96 as checks were evaluated at two sites in Madi, 

Chitwan; and one in Ghorahi, Dang, by using RCBD with three replications during 

the spring of 2016/17. Likewise, NMRP conducted two demonstration sets of 20 and 

18 promising hybrids along with P3533, P3535, P3396, and DKC9081 as commercial 

checks in different pockets of Chitwan (Madi, Rampur, and Narayanpur), Sarlahi 

(Sagarnath-1 and Sagarnath-2), Jhapa, Bara, and Banke districts considering a site as 

replication during the winter of 2016/17 and 2017/18, respectively. To shorten the 

longer period of 10–12 years to release a variety and to fulfill the immediate demand 

for hybrids of Nepali farmers, emphasis has been given to the fast-track variety 

release process. Therefore, multi-environment testing was emphasized rather than 

tested for many years. During two years period, eight locations were used including 

experiments and demonstrations. Madi in Chitwan and Sagarnath in sarlahi district 

are potential pockets for hybrids, therefore two sites in Madi for experimentation in 

2016/17, and two sites for demonstration in 2016/17 and 2017/18 in Sagarnath were 

used. Table 1 highlights the geographical description of experimental/demonstration 

sites. 



30 Koirala et al. 

Table 1. Geographical description of experimental/demonstration sites at different 

parts of the country for the period of 2016/17 and 2017/18 

Location Longitude Latitude Elevation (masl) 

Maharanijhoda, 

Jhapa 

87°42’15”E 26°34’41”N 103 

Sagarnath, Sarlahi 85°40’14”E 26°58’43”N 130 

Dumarwana, Bara 85°02”58”E 27°07’41”N 126 

Narayanpur, Chitwan 84°23’21”E 27°38’58”N 198 

Madi, Chitwan 84°21’47”E 27°25’42”N 253 

Rampur, Chitwan 84°20’20.9′′E 27°39′0.3′′N 228 

Ghorahi, Dang 82°28’38”E 28°02’13”N 657 

Khajura, Banke 81°35’23”E 28°06’48”N 181 

The plot size of an individual entry in the experiment was 12m
2
, consisting of four 

rows of 5-m long, whereas the plot size was 30m
2
, which is ten rows of 5-m long in 

demonstration sets. The row-to-row and plant-to-plant distances were 60 and 25 cm, 

respectively, both in experiments and demonstrations. Farmyard manure (FYM) @15 

t ha
−1

 in combination with chemical fertilizer @180:60:40 N:P2O5:K2O kg ha
−1

 was 

applied. CIMMYT's procedures (CIMMYT, 1985) were adopted to measure days to 

50% anthesis and silking, plant and ear heights, field weight, and other parameters as 

given below:  

Days to 50% anthesis: The number of days from planting until the date which 50% 

of the plants in a plot are shedding pollen. 

Days to 50% silking: The number of days from planting until 50% of the plants in a 

plot has silks 2-3 cm long. 

Anthesis-silking interval (ASI): This is the interval in days between days to 50% 

silking and days to 50% anthesis. 

Plant height: The distance in cm from the plant base to the point where the tassel 

starts to branch. Measurement is taken from five randomly selected plants. 

Ear height: The distance from the plant base to the node bearing the uppermost ear 

in cm. For convenience, the same five plants whose plant height was measured are 

used to measure this trait, 

Ear position: Ear height divided by plant height showing the point of ear placement 

in the plant. 

Field weight: Weight of the ears harvested from central rows in kilograms to one 

decimal place. 



HEAT STRESS-RESILIENT MAIZE HYBRIDS IMPROVEMENT 31 

Moisture content (%): Ten ears are selected from each plot, two central kernel rows 

on each one is removed, grains are mixed, and with this sample, moisture percentage 

is determined in the grain at harvest. We have to delay the harvest of maize until its 

moisture content is low (15-25%). Doing so, the grain is much easier to shell for 

moisture content determination and most moisture meters are more accurate at low 

moisture levels. 

Grain yield: Field weight was converted into grain yield (t ha
−1

) by adjusting 80% 

shelling recovery and 15% moisture level using the following formula adopted by 

Koirala et al. (2017c).  

 

Where, 

F.W.= Fresh weight of harvested ears in kg per plot 

M.C.= Grain moisture content in percent at harvest 

SP= Shelling percent 

85= Grain moisture adjusted to 15% 

Except for grain yield, mean values combined over locations/sites have been 

presented in the tables.  

Statistical analysis: The data were recorded and analyzed using ADEL-R software. 

The significant differences between genotypes were calculated using the least 

significant difference (LSD) test at 1% or 5% level of significance, respectively 

(Gomez and Gomez, 1984). 

RESULTS AND DISCUSSION 

Experiment 

There was a difference among the genotypes for days to 50% anthesis at Ghorahi, 

Dang, during spring 2016/17. Three hybrids, such as ZH15405, ZH15272, and Rampur 

Hybrid-8 flowered three days earlier than average days to flowering of 62 days, 

whereas genotypes RML-95/RML-96 and ZH1615 flowered 5−6 days later. Genotypes 

varied for the average plant and ear height. Plant height ranged from 151 cm of 

CAH1432 to 195 cm of CAH1715, whereas ear height ranged from 53 cm of ZH1615 

to 85 cm of ZH1611. The ear position of the tested hybrids ranged from 0.33 of 

ZH1615 to 0.48 of ZH1611 when combined over locations. The grain yield of the 

tested hybrids at individual locations did not differ significantly (P>0.05), however, 

significant differences among the genotypes were recorded when data were averaged 

over locations (P<0.05). The mean grain yield ranged from 4.3 to 6.45 t ha
−1

 (Table 2).  
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Table 2. Grain yield and other traits of heat stress-tolerant hybrids tested at various 

sites (Madi-1, Madi-2, and Ghorahi) of Terai, 2016/17 spring 

Genotype AD+ PH EH EP 
Grain yield, t ha

−1
 

Madi-1 Madi-2 Ghorahi Mean 

CAH1432 64 151 61 0.40  6.81 9.25 3.9 6.65 

ZH15405 62 153  61 0.40  7.07 6.35 5.8 6.41 

ZH141592 63 162  61 0.37  5.73 6.37 6.2 6.10 

RML-86/RML-96  66 169  69 0.41  7.24 7.26 3.8 6.10 

CAH1715 65 195 78 0.40 6.64 6.27 5.1 6.00 

Rampur Hybrid-8 62 191  81 0.43  6.17 6.84 4.5 5.84 

ZH1611 63 176  85 0.48  6.12 6.17 5.0 5.76 

CAH175 68 177  71 0.40  6.12 6.11 4.8 5.68 

CAH1418 68 164  69 0.42  5.99 7.07 3.3 5.45 

ZH1615 71 160  53 0.33  7.30 6.41 2.2 5.30 

CAH1727 66 181 73 0.40  5.80 5.97 3.6 5.12 

ZH15272 62 157 64 0.41  5.65 5.42 4.1 5.06 

VH123050 67 167  61 0.37  5.22 5.14 4.6 4.99 

ZH15383 63 169 75 0.44  5.17 5.73 3.9 4.93 

RML-95/RML-96  70 167  77 0.46  4.50 6.47 3.3 4.76 

Minimum 62 151 53 0.33 4.50 5.14 2.20 4.76 

Maximum 71 195 85 0.48 7.30 9.25 6.20 6.65 

Mean 65 170 70 0.41 6.10 6.45 4.30 5.62 

F-test *  ** **   ns ns ns * 

LSD0.05 5.6 16.85 10.70   -  - - 1.51  

CV, % 4 5.94  9.20   14.46 12.92 26.8 16.0 

AD+: Days to 50% anthesis (data recorded only from Ghorahi), PH: Plant height in cm, EH: Ear height 

in cm, and EP: Ear position (data recorded from Madi-1, Madi-2, and Ghorahi) 

Demonstration 

In 2016/17, genotypes differed for days to 50% anthesis (P<0.001), days to 50% 

silking (P<0.001), plant height (p<0.001), and ear height (P<0.001) when combined 

over locations (Rampur, Sagarnath-2, Sagarnath-2, Narayanpur and, Madi) (Table 3). 

Days to 50% anthesis ranged from 94 (ZH1521) to 112 days (ZH1615) when 

averaged across locations. A similar trend was observed for days to 50% silking that 

ranged from 97 (ZH1521) to 116 days (ZH1615). Anthesis-silking interval (ASI) 

ranged from two to four days among the hybrids.  Hybrids with shorter mean plant 
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and ear height of 186 and 88 cm and extended plant and ear height of 223 and 115 

cm, respectively, were observed at NMRP Rampur and Sagarnath-1 (data not 

shown). Mean plant height among the hybrids ranged from 166 cm for CAH1432 and 

VH112337 to 257 cm for P3535 with a demonstration mean value of 202 cm. The ear 

height ranged from 65 cm (VH112337) to 128 cm (P3535). Ear position was ranged 

from 0.39 for VH112337 to 0.57 for Rampur Hybrid-6 (Table 3). 

Table 3. Combined quantitative traits of heat stress-resilient hybrids demonstrated at 

various sites (Rampur, Sagarnath-1, Sagarnath-2, Narayanpur, and Madi) in 

Terai condition, 2016/17 winter 

Genotype AD SD ASI PH EH EP 

VH112337 107 110  3  166  65  0.39 

ZH141592 107 109 2  196  95  0.48  

ZH1521 94 97 3  193  94  0.49 

CAH178 107 109 2  183  88 0.48 

ZH138038 102 105 3  172  91  0.53  

Rampur Hybrid-10 107 109  2 203 102  0.50  

CAH1715 111 114 3  236  120  0.51 

CAH177 98 101 3  211  114  0.54  

CAH153 111 115 4 215  113  0.53  

CAH1719 108  110 2  208  94  0.45  

CAH175 98 102 4  200  101  0.51 

Rampur Hybrid-8 111 113 2 21 110  0.51 

ZH1505 107 110  3 202  103  0.51 

CAH1432 98  102  4  166  78  0.47 

ZH1611 104 107  3  221  121 0.55 

ZH1615 112 116  4 203  99  0.49  

P3533 108  111 3 227  122  0.54 

P3535 107  110  3  257  128  0.50  

Rampur Hybrid-4 111 114  3  175  92  0.53 

Rampur Hybrid-6 109  113  4  182  104 0.57 

Minimum 94 97 2 166 65 0.39 

Maximum 112 116 4 257 128 0.57 

Mean 106 109 3 202 102 0.50 

F-test ** **  ** **  

LSD0.05 1.7 1.9  21.1 13.7  

CV, % 1.3 1.4  8.3 10.7  

AD: Days to 50% anthesis, SD: Days to 50% silking, ASI: Anthesis-silking interval, PH: Plant height in 

cm, EH: Ear height in cm, EP: Ear position 
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The mean grain yield differed during the winter of 2016/17 significantly (P<0.05) 

among the hybrids when combined over locations. The mean grain yield was 6.69 t 

ha
−1

. The grain yield among the locations varied from 3.88 t ha
−1

 (Narayanpur site; 

P>0.05) to 6.82 t ha
−1

 in Madi (P>0.05). The highest mean grain yield of 10.11 t ha
−1 

was recorded at Sagarnath-1 (P>0.05) (Table 4).  

Table 4. Grain yield (t ha
−1

) of heat stress-tolerant maize hybrids demonstrated at 

various locations (Rampur, Sagarnath-1, Sagarnath-2, Narayanpur, and 

Madi) in Terai, 2016/17 winter 

Genotype Rampur Sagarnath-1 Sagarnath-2 Narayanpur Madi Mean 

P3535 6.33 11.00 8.09 2.82 10.55 7.76 

CAH1719 8.83 10.15 6.75 4.63 7.49 7.57 

CAH178 6.60 10.74 6.30 4.65 8.36 7.33 

CAH1432 4.47 12.57 7.23 3.83 7.93 7.21 

P3533 3.20 12.00 9.37 4.33 6.60 7.10 

Rampur Hybrid-8 6.23 10.10 7.68 4.16 6.77 6.99 

ZH1611 5.12 9.28 8.27 4.61 7.51 6.96 

ZH1505 5.56 10.92 6.68 3.89 7.63 6.94 

ZH1615 5.73 10.32 6.62 4.62 6.99 6.86 

Rampur Hybrid-10 7.69 10.04 6.23 4.32 5.80 6.82 

CAH153 6.08 9.30 7.98 3.59 7.01 6.79 

ZH1521 6.93 9.90 6.27 3.15 7.36 6.72 

Rampur Hybrid-6 7.71 9.42 5.41 4.17 6.68 6.68 

CAH1715 8.31 9.51 4.56 4.67 5.82 6.57 

ZH138038 5.27 11.25 5.50 3.88 6.90 6.56 

CAH177 6.82 11.14 4.76 3.22 5.95 6.38 

CAH175 6.71 9.10 5.55 3.37 6.84 6.31 

ZH141592 5.10 9.46 6.32 3.39 5.03 5.86 

Rampur Hybrid-4 4.07 7.48 7.62 3.40 5.23 5.56 

VH112337 4.70 8.68 5.87 3.09 3.54 5.18 

Minimum 3.20 7.48 4.56 2.82 3.540 5.18 

Maximum 8.83 12.57 9.37 4.67 10.55 7.76 

Mean 6.07 10.11 6.68 3.88 6.82 6.69 

F-test           * 

LSD0.05           1.48 

CV, %           18.1 

The hybrids set for demonstration purposes also differed for days to 50% anthesis 

(P<0.05), days to 50% silking (P<0.05), and plant height (P<0.05) across Terai when 
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data combined over locations in winter 2017/18. The days to 50% anthesis varied 

from 112 days of ZH15286 and ZH138077 to 126 days of CAH1723 with a mean of 

118 days. The days to 50% silking ranged from 115 to 129 days with a mean value of 

121 days. The minimum plant height of 179 cm was measured for ZH1718, whereas 

the maximum plant height of 211 cm was attained by DKC9081 with a mean value of 

194 cm when combined over locations (Table 5). 

Table 5. Combined quantitative traits of heat stress-resilient maize hybrids 

demonstrated at various Terai locations (Maharanijhoda, Sagarnath-1, 

Sagarnath-2, Dumarwana, Madi, Rampur, and Nepalgunj), 2017/18 winter 

Genotype AD SD ASI PH  EH  EP  

ZH141592 116  119  3 184  87  0.47 

ZH138077 112 115 3  181  86  0.48 

CAH1415 120  122  2 200  93  0.47 

RML-95/RML-96 119  121  2  187  99  0.53 

ZH15286 112  115  3  194 94  0.48 

ZH1718 113  115  2 179  85  0.47 

RML-86/RML-96 122 124  2 197  99  0.50 

CAH1715 122  124  2  207  103  0.50 

ZH15440 121  123 2  196  98  0.50 

P3396 117  119  2 207  90  0.43 

CAH1424  119   121  2 202  100  0.50 

CAH1723  126 129  3  196  99  0.51 

DKC9081 117  120  3  211  101  0.48 

Rampur Hybrid-10 117   119  2 203  96 0.47 

Rampur Hybrid-4/RML-

17 122  124  2  186  92  0.49 

CAH1722 121 123  2 186  98 0.53 

Rampur Hybrid-6/RML-

17 120  122  2  181  96  0.53 

CAH1725  115  118  3  188  90 0.48 

Minimum 112 115 2 179 85 0.43 

Maximum 126 129 3 211 103 0.53 

Mean 118 121 2.4 194 95 0.49 

F-test  * *   * ns  

LSD0.05  8.5 9.12   20 -   

CV, % 3.42  3.58   10 16  

AD: Days to 50% anthesis, SD: Days to 50% silking, ASI: Anthesis-silking interval, PH: Plant height in 

cm, EH: Ear height in cm, EP: Ear position 
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The mean grain yield during 2017/18 varied (p<0.05) among genotypes when 

combined over locations. The mean grain yield was 8.57 t ha
–1

 where DKC9081 had 

yielded the highest (11.16 t ha
–1

). Hybrids produced a higher grain yield of 10.72 t 

ha
–1

 at Khajura, followed by 10.59 t ha
–1

 at Sagarnath-1 and 9.07 t ha
–1

 at Sagarnath-

2. HSR hybrids such as Rampur Hybrid-10 (9.52 t ha
–1

), ZH141592 (9.24 t ha
–1

), 

CAH1715 (8.83 t ha
–1

), and ZH15440 (8.77 t ha
–1

) were statistically similar (p>0.05) 

to P3396 (10.22 t ha
–1

) (Table 6). 

Table 6. Grain yield (t ha
–1

) of heat stress-tolerant hybrids demonstrated at various 

locations in the Terai environment, 2017/18 winter 

Genotype MJ SS1 SS2 DB MC RC  NB Mean 

DKC9081 11.85 12.84 10.70 11.60 11.46 5.17 14.49 11.16 

P3396 8.11 12.12 9.43 9.20 10.99 6.77 14.93 10.22 

Rampur 

Hybrid-10 8.57 11.99 8.01 9.12 10.15 5.60 13.18 9.52 

ZH141592 8.61 14.00 9.28 7.75 7.40 7.57 10.09 9.24 

CAH1715 6.56 11.56 9.93 7.41 8.57 6.92 10.90 8.83 

ZH15440 4.88 9.20 10.82 7.97 10.05 6.61 11.82 8.76 

CAH1415 4.55 11.34 9.85 8.21 8.08 6.00 12.71 8.68 

CAH1424  6.19 8.98 9.02 7.82 9.98 4.76 12.99 8.53 

RML-

95/RML-96 6.92 10.39 7.71 6.85 8.34 7.97 10.52 8.39 

ZH15286 6.22 12.57 8.66 7.65 7.06 5.97 10.36 8.35 

CAH1722  6.82 9.44 8.52 9.25 7.55 5.54 11.10 8.31 

ZH1718 7.23 9.72 8.14 7.99 8.41 7.06 9.39 8.28 

RML-

86/RML-96 7.33 10.11 8.02 5.04 8.49 8.02 9.07 8.01 

ZH138077 5.09 10.81 8.69 7.40 7.30 5.68 9.04 7.72 

CAH1723  7.30 8.35 10.29 9.20 7.96 2.44 8.09 7.66 

CAH1725  6.88 11.03 8.64 7.84 6.21 4.67 6.96 7.46 

Rampur 

Hybrid-

4/RML-17 
5.29 9.62 9.35 7.73 7.27 3.27 9.35 7.41 

Rampur 

Hybrid-

6/RML-17 
10.46 6.84 7.72 4.93 6.14 4.57 7.52 6.88 

Minimum 4.55 6.84 7.71 4.93 6.14 2.44 6.96 6.88 

Maximum 11.85 14.00 10.82 11.60 11.46 8.02 14.93 11.16 

Mean 7.26 10.59 9.07 7.97 8.45 5.75 10.72 8.57 

F-test               * 

LSD0.05               1.52 

CV, %               17 

MJ: Maharanijhoda, Jhapa; SS1: Sagarnath, Sarlahi, location 1; SS2: Sagarnath, Sarlahi, location 2; DB: 

Dumarwana, Bara; MC: Madi, Chitwan; RC: Rampur, Chitwan; NB: Nepalgunj, Banke 
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Prasanna in 2018 reported that 80% of the total maize area in South and South East 

Asia is rainfed which is prone to various climatic extremes such as drought, heat, 

waterlogging, acidity, or a combination of drought and heat. Abiotic stress-tolerant 

varieties are beneficial in the context of climate change in minimizing the production 

risks and improving farmers’ livelihoods (Raghu et al., 2015). Grain yield may 

reduce by 101 kg ha
–1

 on a daily basis if a temperature of 35C remains during 

pollination and grain filling stages (Naveed et al., 2016). All aspects of maize plants 

are affected by heat stress. It decreases plant height by 15% (Traore et al., 2000) 

producing short internodes (Weaich et al., 1996), reduces life cycle, retards growth 

and development (Chaubey et al., 2016), inhibits kernel growth rate, weight 

(Commuri and Jones, 2001)  resulting in reduced grain yield. 

HST hybrids can play a game-changer role to increase production and productivity in 
the context of climate change for sustainable food and feed security. High night-time 
temperatures affected maize yields in 2010 and 2012 across the U.S. Corn Belt (EPA, 
2016). As climate change is a global phenomenon, Wang et al. (2011) predicted with 
>90% probability that a 15% maize yield reduction in the Jilin province of China 
may occur in 2070 due to the combined effect of temperature and precipitation 
changes. Due to more than a 5°C temperature increase in Iowa by the end of the 21

st
 

century, maize yield is estimated to decrease by 18% (Ummenhofer et al., 2015). 
Likewise, 15 to 50% maize yield reduction is predicted from the late 20

th 
century to 

the middle and late 21
st
 century in Iowa (Xu et al., 2016). In the case of Africa and 

Latin America, a 10% yield reduction has been predicted (Seed Map) to 2055 (Jones 
and Thornton, 2003). It is estimated that the average temperature in Nepal increased 
at an annual rate of 0.06°C from 1977 to 2000. The increment was 0.04°C in Terai 
and 0.08°C in the Himalayas (Synnott, 2012). Scientists in Zimbabwe also identified 
heat and drought stress-resilient maize hybrids and named them game-changer 
technology (ANGOP, 2016). 

The tasseling, silking, pollination, and grain filling are extremely critical stages to 
have increased maize yields. Days to 50% anthesis and silking play a crucial role in 
identifying the maturity period and anthesis to the silking interval of the cultivar. Top 
yielding genotypes, such as P3396, Rampur Hybrid-10, CAH1715, ZH141592, 
CAH178, and CAH1719 have a lower ASI value. These hybrids have better 
synchrony between male and female flowers (Table 3 and 6) indicating better 
pollination even in the stress environment. This finding is in line with the findings of 
Noor et al. (2019). Edmeades et al. (2017) also showed a high positive correlation of 
grain yield with ASI in drought conditions. Similarly, Deutsch and his colleagues 
(2018) predicted 10–25% yield losses of major cereals – rice, maize, and wheat due 
to a per degree increase of global mean surface warming. 

Plant and ear heights are considered important traits not only for higher grain yield 
but also for lodging resistance, disease reactions, fodder value, and tackling niche-
specific farmers' problems. In demonstrations, the ear position of 50% and 83% of 
the hybrids in 2016/17 and 2017/18 was ≤0.50 and were tolerant of lodging. 
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In the experiment conducted during the spring of 2016/17, CAH1432, ZH15405, 

ZH141592, and CAH1715 heat-tolerant hybrids produced up to 14% higher grain 

yield than heat-tolerant registered Rampur Hybrid-8 (Table 2). CAH178, CAH1719, 

and CAH1432 produced grain yield statistically at par with P3533 and P3535 in the 

demonstration during the winter of 2016/17 (Table 4). Similarly, ZH141592 and 

Rampur Hybrid-10 were statistically at par with commercial check P3396 during the 

winter of 2017/18 (Table 6). The findings of these experiments agreed with the 

findings of Setimela (2017) who reported that climate-resilient hybrids had produced 

20–25% higher grain yield compared to commercial varieties under low-input and 

stress environments in eastern and southern Africa. Likewise, other HTMA hybrids 

such as ZH191085 and ZH182082 tested by the Indian Institute of Maize Research 

(ICAR, 2020) yielded more than 8 t ha
–1

 under heat stress conditions. Generally, 

farmers harvest 6–7 t ha
–1

 grain yield from multi-national company hybrids. 

Therefore, the nationally developed and identified heat stress-resilient hybrids 

producing grain yield more than 7 t ha
–1

 in demonstrations are potential hybrids for 

the future.  

CIMMYT first licensed the heat-stress resilient maize hybrids for deployment in 

Nepal in 2015 (CIMMYT, 2015). The HST hybrids identified better and licensed to 

Nepal are CAH1513, CAH1520, CAH158, CAH1511, and CAH1515 in 2015, 

CAH151, and CAH153 in 2016, and CAH1715 and CAH1721 in 2017. The first two 

HST hybrids, registered in Nepal were CAH151 and CAH153, as Rampur Hybrid-8 

and Rampur Hybrid-10 for commercial cultivation in Terai and inner Terai regions 

up to 700 masl (Koirala, 2017a). For the first time in Nepal, the F1 seed of HST 

maize hybrids was produced on a larger scale in isolation by Lumbini Seed Company 

Pvt. Ltd., Rupandehi and Namuna Ekikrit Sahakari Kheti, Maharanijhoda, Jhapa in 

close collaboration with NMRP and had produced the seed yield of 2.5 and 2.2 t, 

respectively, in 2018/19 winter. As reported by hybrid growing farmers, the yield 

performance of Rampur Hybrid-10 is at par with better multi-national company 

hybrids, and its demand is in an increasing trend. In 2019/20 winter, Namuna Ekikrit 

Sahakari Kheti, Maharanijhoda, Jhapa; Madan Bhandari Memorial Academy, 

Morang; Lumbini Seed Company Pvt. Ltd., Rupandehi; Gorkha Seed Company Pvt. 

Ltd., Dang; Unique Seed Company Pvt. Ltd., Dhangadhi, Kailali, and Panchashakti 

Seed Company Pvt. Ltd., Dhangadhi, Kailali were engaged in producing 30.5 t F1 

seed of Rampur Hybrid-10 as well as maintaining their parental lines in close 

collaboration with NMRP Rampur. Koirala et al. (2021) conducted various 

experiments on hybrid maize during winter from 2016/17 to 2018/19 in Terai and 

inner Terai ecological belt across Nepal and identified CAH1715, RML-86/RML-96 

and, RML-95/RML-96 promising like in experiments and demonstrations as 

mentioned in this paper. Therefore, these hybrids are in the pipeline for 

release/registration, which will provide hybrids' selection options to both growers and 

seed producers. Neupane et al. (2020) reported that in addition to Rampur Hybrid-10, 
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pipeline hybrids RML-86/RML-96 and RML-95/RML-96 are also heat stress-tolerant 

among the NMRP developed hybrids. Therefore, it is the right time to shift from 

OPVs to hybrids with remarkable emphasis on stress-resilient ones. 

Increasing demand for maize, both for food and feed should come from increased yield in 

maize-based cropping system as an expansion of maize area forever is almost impossible. 

To develop self-reliance in maize; it is high time to adopt hybrid maize technology in 

Terai, inner Terai, foothill valleys, and potential pockets of the middle hills of Nepal, 

urgently and aggressively. If hybrids are the only potential options, it is always better to 

move with stress-resilient hybrids targeting climate change adaptation strategy (Cairns 

and Prasanna, 2018), and increased production and productivity as well, to translate the 

goal of maize self-sufficiency into reality. For this, 25% of the total maize area should be 

covered by native hybrids with an average yield of ≥6.00 t ha
–1

 in the farmers’ fields that 

will boost the average national maize productivity of 4.00 t ha
–1

. Efficient, profitable, and 

sustainable seed production should be done by private entrepreneurs in the public-private 

partnership model. To maintain this yield level, the contribution of hybrids and OPVs to 

total maize SRR should reach 25 and 8%, respectively. For this, there should be strong 

support from the government, and Nepal Agricultural Research Council (NARC) to 

"Hybrid maize factory" NMRP regarding well-equipped human, infrastructure, and 

financial resources to move hybrid research programs as per present and future demand 

of the country. 

CONCLUSION 

Developing and deploying heat stress-resilient (HSR) hybrids instead of OPVs could 

make the country self-sufficient for food, feed, and seed. The selected HSR hybrids 

are with ASI less than three, ear position at around the center point of the stalk, and 

produced grain yield more or at par with popular prevailing multi-national hybrids. 

The performances of hybrids such as CAH1432, ZH15405, ZH141592, CAH1715, 

CAH178, CAH1719, and CAH1432 need to be re-verified and released/registered for 

commercial cultivation. Then, these hybrids should be deployed in a public-private 

partnership model to generate employment opportunities and food/feed security for 

Nepal. Generally, heat and drought stresses appear together in rainfed agriculture in 

Nepal and therefore should be tackled together in the future in the case of maize. 
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ABSTRACT 

An on-farm experiment was conducted at the farmer's field located at the 
Durbachara village of Gauriopur upazilla under the Mymensingh district 
of Bangladesh from November 2015 to March 2016 to study the effect of 
seed rate on yield performance of wheat under strip tillage. Wheat cv. 
BARI Gom-26 was sown under conventional tillage (CT) vs. strip tillage 
(ST), including four seeding rates viz. 100, 110, 120, and 130 kg ha

-1
. 

The CT was done with a two-wheel tractor and consisted of two primary 
tillages followed by two secondary tillages. The ST was done using a 
Versatile Multi-crop Planter (VMP) machine in a single pass process. A 
pre-plant herbicide, glyphosate was applied 3 days before of ST 
operation @ 3.7 L ha

-1
. The experiment was laid out in a randomized 

complete block design with four replications. The impact of tillage 
methods on the seed rate was found significant in the yield and 
economic profit of wheat. The longest spike with the highest number of 
grains spike

-1
, the highest weight of 1000-grain, grain yield, and BCR 

was recorded when 120 kg seeds of wheat sown with strip tillage. This 
practice produced a 25% higher yield and earned 51% higher profit than 
the practice of seeding 100 kg seeds ha

-1
 with conventional tillage. 

Keywords: benefit-cost ratio, conventional tillage seed rate, strip-tillage, 

yield. 

INTRODUCTION 

Tillage is the mechanical manipulation of soil and plant debris that facilitates crop 

planting. Tillage kills weeds, controls soil water and air circulation, and mobilizes 

nutrients for crop growth (Reicosky and Allmaras, 2003). Traditional agriculture, 

which is heavily mechanized and dependent on conventional tillage (CT), has been 
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accused of causing soil degradation, surface and underground water runoff, and 

increased water use (Brown et al., 2019). The highly mechanized CT has long 

resulted in exposed field surface, and increasingly worse ecological environment 

through greenhouse gas emission and valuable time and labor consuming (Hobbs et 

al., 2008). On the other hand, strip-tillage (ST) has the potential to delay the 

degradation of plant residues and reduce the release of mineralized inorganic sources 

of plant nutrients into the soil through preserving optimum soil moisture content 

(Kassam et al., 2009). During this era of global crisis, it is high time avoiding power 

tiller-based CT, and minimum tillage based on reduced soil disturbance under strip-

tillage can be a new method for maximizing crop yields in global agriculture, with 

economic and environmental benefits. 

Wheat (Triticum aestivum L.) is the second most important staple food crop in 

Bangladesh after rice that grown during the dry, cool season in the month of 

November to March. Its importance as a crop for food and nutrition security has 

increased since the independence of the country. Wheat cultivation is comparatively 

easier and cheaper in terms cultivation costs involving irrigation water, time, and 

labor than other alternative crops like Boro (winter) rice, legumes, and potatoes. 

But our country is facing an acute shortage of wheat due to a relatively lower yield of 

3.08 t ha
-1 

in less acreage of 4.29 lac hectares as of for the 2014-15 year (BBS, 2016). 

Among the factors responsible for lower yield and production of wheat in the 

country, using a higher or lower seed rate is the prime (Ozturk et al., 2006). The 

higher the seeds, the higher the yield is a common perception among farmers. 

Sometimes they use a lower seed rate due to the unavailability of seed. Seed rate 

plays a vital role in optimum plant densities, which is a prerequisite for increasing 

grain yield through influencing the yield contributing characters (Mahmud et al., 

2016). If optimal seeding rates exceed, yield reductions occurred by declining spike 

number and weight (Laghari et al., 2011), ultimately reducing biological yield (Hasan 

and Songul, 2010). The higher seed rate above the optimum only enhances 

production cost without any increase in grain yield (Rafique et al., 2010). 

Generally, wheat is cultivated by broadcasting or line sowing method in heavily 

pulverized conventional tillage (CT) done by a two-wheel tractor or four-wheel 

power tiller. The bottlenecks and drudgeries of CT could be replaced by adopting ST. 

This technique offers the potential to reduce soil erosion through a narrow strip of 

about six inches wide and four to eight inches deep is made in a single pass. This 

operation helps to conserve soil moisture and consequently ensures soil temperature 

(Mark and Al-Kaisi, 2005) that are required for the optimum seed germination of 

wheat. Seeding of wheat in a strip by a machine named Versatile Multi-crop Planter 

(VMP) machine reduces the use of fuel and production cost by reducing the number 

of fields passes and additionally, fertilizer can be applied at the same time of seeding 

with the same machine (Haque et al., 2017). The ST technology can also be used by 

Bangladeshi farmers to make crops more viable than traditional tillage (Bell et al., 
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2019). Thus, the on-farm study examined the efficiency of the wheat in the strip 

tillage method and determined the optimum seed rate to achieve maximum yield.  

MATERIALS AND METHODS 

Experimental site 

An on-farm crop sequence (monsoon rice-wheat-mungbean) experiment was 

conducted at the farmers' field located at Durbachara village of Bhangnamari union, 

situated at Gouripur sub-district under Mymensingh district of Bangladesh, 

geographically at 24˚75'N and 90˚50'E, at 18 m altitude (Figure 1).  

 

 

 

 

 

 

 

 

 
 

 

              Figure 1. Map of Bangladesh showing the site of experiment 

Edaphic and climatic environments 

The experiment site is situated on the Old Brahmaputra Floodplain of predominantly 

dark grey non-calcareous alluvium soils under the Sonatala series (BARC, 2018). 

The experimental field was flood-free medium-high land, and the soil texture was 

sandy clay loam (50% sand, 23% silt, 27% clay), having pH 7.2. 

During the study period, March was the warmest month when the highest maximum 

temperatures were 30.6 and 31.06℃, and the highest minimum temperatures were 

18.4 and 20.2℃ in the first and second year, respectively, followed by February. 

Temperature declined gradually from November to January. January was the coldest 

month. November in 2014 and December and March in both years were the driest 

months when no rainfall was recorded. The highest rainfall event comprising about 

20 mm was recorded in February during both years. November and March enjoyed 

the highest sunshine hours, while December had the least sunshine hours during both 

years (Figure 2).  
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Figure 2. Monthly temperature and rainfall distribution pattern during 2015-16 at 

Gouripur, Mymensingh, Bangladesh. 

Experimental treatments and design 

The experiment included four seed rates viz. 100, 110, 120, and 130 kg ha
-1

 of BARI 

Gom-26 and two tillage methods viz. conventional tillage (CT) and minimum tillage 

in the form of strip-tillage (ST). The experiment was laid out in a randomized 

complete block design with four replications. 

Tillage operations 

CT was done using a two-wheel tractor (2WT). The land was prepared by four 

plowing and cross ploughings followed by sun-drying for two days and levels. The 

SP was done by a Versatile Multi-crop Planter (VMP) in a single pass operation. 

Strips were prepared for four rows, each 6 cm wide and 5 cm deep.  Three days 

before of ST, glyphosate herbicide was applied @ 3.7 L ha
-1

 (Haque et al., 2017). 

Seeding 

In CT, seeds were broadcasted manually. In ST, continuous line sowing at 20 cm 

apart was done using the VMP according to the seed rates. Seeds were covered with 

soil just after sowing.  

Cultural operations 

The nitrogen in the form of urea, phosphorus from triple superphosphate, potassium 

from muriate of potash, and sulfur from gypsum was applied @ 100, 26, 33, and 20 

kg ha
-1

, respectively. The entire amount of PKS was broadcast before seeding. Two-

thirds of the N was applied at final plowing and one-third at the crown root initiation 

(CRI) stage. Weeding was done by hands at 15, 30 and 45 DAS. Irrigations were 

applied at 20, 55, and 80 DAS. First and third, irrigation was very light, and excess 
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water was drained out to prevent wilt and lodging. Cutworm was controlled by 

Tricosale
®
 20EC @ 500 ml ha

-1
. Bipolaris leaf blight was controlled by Tilt

®
 250EC 

@ 0.5 ml L
-1

 of water. The bird was kept away for 10 DAS, and rodents were 

controlled using zinc phosphide poison. 

Measurements 

The crop was harvested at maturity (when 80% of spikelets turned brown) on March 

25, from three randomly selected patches of 3 m × 1 m in each plot. Plant population 

and number of tillers and spikes m
-2

, spike length, and the number of spikelets and 

grains spikes
-1

 were recorded from ten randomly selected hills before harvest. The 

weight of 1000-grains and grain yield was recorded. Grain yield was adjusted at 14% 

moisture content, and percent yield increase over control (YOC) was calculated as 

described below. 

       
                                   

                
     

The economics of crop production was estimated following the partial budgeting 

system. The variable costs were calculated based on labor requirements for 

sowing/transplanting, weeding, harvesting and threshing, irrigation, fertilization, and 

all other input costs like seed, fertilizer, irrigation, etc. The gross return was 

calculated based on the yield and market price of grain and byproducts. The gross 

benefit was calculated by deducting the variable cost from the gross return. The 

benefit-cost ratio (BCR) was calculated by using the formula as follows. 

    
            

                            
 

Statistical analysis 

Data were subjected to two-way analysis of variance where Duncans' Multiple Range 

Test compared means at P ≤ 0.05. The statistical package program STAR (IRRI, 

2014) was used to analyze all data.  

RESULTS AND DISCUSSION 

The interaction effect of tillage practices under different seed rate exerted a 

significant effect on all the plant characters (Table 1 and Table 2), except plant 

height, number spikelet spike
-1 

and straw yield (data not shown). We did not find the 

significant effect of tillage and seed rate individual on wheat (data not shown). 

Plant population m
-2

 

Data reveal that the highest plant population m
-2

 area was recorded from ST seeded 

130 kg seed ha
-1

 followed by ST with 120 kg seed, CT with 130 and 120 kg ha
-1

 seed, 

and ST with 110 kg seed ha
-1 

(Table 1). The lowest number of plants m
-2

 was 

obtained from CT with 100 kg seed ha
-1,

 which was statistically identical to ST with 

100 kg ha
-1

 seed. The ST with 130 kg seed produced 51% higher plants than CT with 
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100 kg seeds. Under the examined seed rates, the ST produced about 8% higher 

plants than the CT. Overall, under both the tillage types, the 130 kg seed rate 

generated 39, 21 and 6% higher plants than that of 100, 110 and 120 kg seeds ha
-1

, 

respectively (Table 1).  

Table 1. Interaction effect of seed rate and tillage practices on yield contributing 

characters of wheat 

Number of tillers m
-2

 

The response of plant population to the tillage practice and seed rate have influenced 
the variation in the number of tillers, respectively (Table 1). The highest number of 
tillers was recorded in ST seeded 130 kg seeds and lowest from the CT seeded 100 
kg seeds followed by plated 120 and 110 kg seeds under ST and CT, respectively. 
Overall, the ST with 100, 110, 120 and 130 kg seeds produced about 8% higher 
number of tillers than CT with these seeding rates, respectively. The 130 kg seeds 
seeded under ST produced 50% higher number of tillers relative to 100 kg seeds 
under CT. 

Number of spikes m
-2

 

The highest number of spikes m
-2

 was recorded from ST with 120 kg seed ha
-1

, which 
was statistically similar to CT with 130 seed kg ha

-1
 (Table 1). The second-highest 

number of spikes m
-2

 was recorded from ST with 130 kg seed ha
-1

 followed by ST 
with 110 kg ha

-1
 seed. The lowest number of spikes m

-2
 was recorded from CT and 

ST with 100 kg seed ha
-1,

 which was statistically identical to CT with 120 and 110 kg 
seed ha

-1
. About 30% higher number of spikes m

-2 
was found in ST with 120 kg seeds 

than CT with 100 kg seeds. Overall, ST produced 7% higher number of spikes m
-2

 
than that of CT. 

Tillage 

practices 

Seed rate 

(kg ha-1) 

Plants m-2 

(no.) 

Total tiller 

m-2 (no.) 

Spikes  

m-2 (no.) 

Spike  

length (cm) 

Grains  

spike -1 (no.) 

Conventional 

tillage 

100 89d 267g 210cd 12.18c 50b 

110 102cd 306e 222c 12.06cd 50b 

120 118bc 354c 224c 13.02ab 52a 

130 123b 369b 259ab 11.40d 47d 

Strip 

tillage 

100 94d 282f 213cd 12.34b 51ab 

110 111c 333d 239bc 12.25b 50b 

120 125b 375b 271a 13.23a 54a 

130 134a 402a 249b 11.83d 48bc 

LSD (0.05) 7.03 11.58 13.04 0.21 2.44 

CV (%) 4.17 3.06 4.09 4.21 3.09 

CV= Co-efficient of variance, LSD= Least Significant Difference, CV= Co-efficient of Variance.   In 

a column, figures with the same letter or without letter do not differ significantly at p ≤ 0.05.                                                                                                                                                                                                                                                                                         
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The spike length, number of grains spike
-1

 and weight of 1000-grains  

The longest spike was found from ST and CT both with 120 kg seed ha
-1

,
 
which was 

statistically identical to CT with 120 kg seed ha
-1 

(Table 1). The shortest spike was 

obtained from CT with 130 kg seed ha
-1,

 which was also statistically like ST with 130 

kg seed ha
-1

. The other treatment combination showed the intermediate result. 

Similarly, the highest number of grains spike
-1 

(Table 1) and 1000-grain weight 

(Table 2) was obtained from ST with 120 kg seed ha
-1 

and it was statistically like CT 

with 120 kg seed ha
-1 

while the lowest value
 
was obtained from ST with 130 kg seed 

ha
-1 

rate. Overall, the ST with 120 kg seeds produced about the 7% higher values for 

the spike length, number of grains spike 
-1

 and weight of 1000 grains relative to CT 

with 100 kg seeds ha
-1

.  

Table 2. Interaction effect of seed rate and tillage practices on yield contributing 

characters and yield of wheat 

Tillage 

Practice 

Seed rate 

(kg ha-1) 

1000 grain 

weight (g) 

Grain yield BCR 

Amount 

(t ha
-1

) 
IOC (%) Amount IOC (%) 

Conventional 

tillage 

100 53.36
ab

 3.28
e
 - 1.87

e
 - 

110 54.56
ab

 3.73
c
 12.06 2.12

d
 11.79 

120 55.34
a
 4.21

ab
 22.09 2.47

cd
 24.25 

130 52.28
bc

 3.76
c
 12.76 2.26

d
 17.25 

Strip 

tillage 

100 53.42
ab

 3.40
d
 13.52 2.71

c
 30.99 

110 53.79
ab

 3.89
b
 15.68 2.95

c
 36.61 

120 55.54
a
 4.39

a
 25.28 3.82

a
 50.65 

130 52.72
b
 3.87

b
 15.24 3.3

b
 37.24 

LSD (0.05) 1.21 0.18  0.44  

CV (%) 8.69 4.38  3.51  

CV= Co-efficient of variance, LSD= Least Significant Difference, CV= Co-efficient of Variance, 

BCR= Benefit-Cost Ratio, IOC= Increase Over Control. In a column, figures with the same letter or 
without letter do not differ significantly at P< 0.05.                                                                                                                                                                                                                                                                                         

Grain yield 

The highest grain yield was obtained from ST with 120 kg seed ha
-1 

which was 

statistically identical to CT with 120 kg seed ha
-1

 and the lowest grain was yielded 

from CT with 100 kg seed ha
-1 

(Table 2). The 120 kg seeds ha
-1

 either under CT or 

ST performed the best over other seeding rate but 120 kg seeds under ST produced 

the highest about 25% higher grain yield over 100 kg seeds under CT. In general, the 

ST produced 5% higher grain yield relative to CT. 
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Benefit cost ratio (BCR) 

The highest BCR was observed from ST with 120 kg seed ha
-1 

followed by ST with 

130 and 110 kg seed ha
-1 

and lowest BCR was calculated from CT with 100 kg seed 

ha
-1

 (Table 2).
 
Compared to the CT with 100 kg seeds, 120 kg seed generated 24% 

higher BCR under CT but 51% higher BCR under ST. Overall, ST earned 43% 

higher BCR than that of CT. 

In the present study, the 120 kg ha
-1

 seed rate produced the highest yield followed by 

130, and 100 kg and the lowest was recorded from the 100 kg seed ha
-1

. Yield 

variation due to the variation of seed rate attributed to the production of the highest 

number of grains (Naseh et al., 2020) in each of the longest spike (Chhokar et al., 

2017) and the accumulation of more dry matter content in the grains (Kumar et al., 

2018). The optimum spaced plants grown from 120 kg seeds ha
-1

 had less intra-plant 

competition, which might contribute to obtaining the bolder seeds in the longest 

spikes of a higher number m
-2

 area in this present study.  This result agrees with the 

finding of Akhter et al. (2017), stating 120 kg seeds is the optimum for wheat 

cultivation for getting the highest yield attributed to the best performances of yield 

contributing characters. Seeding of 120 kg seeds is the best to produce spikelets and 

grains spike
-1

 that decreased with lower and higher seed rates (Sarker et al., 2007). 

The highest number of spikelets and grains spike
-1 

is associated with the optimum 

plant population, and the 1000 seed weight led to obtaining the highest grain yield of 

wheat in this study.  

The present study confirms that the ST is a better alternative to CT in producing a 5% 

better wheat yield than CT that might have influenced by the beneficial effect of 

reduced tillage of ST over CT. Any forms of reduced tillage add up to 20% to crop 

yield and has an effect on the sustainable use of soil resources via its impact on soil 

characteristics (Khurshid et al., 2006). It also overcome edaphic constraints, whereas 

inopportune tillage can result in a variety of undesirable consequences, including soil 

structure destruction, accelerated erosion, loss of organic matter (OM) and fertility, 

and disruption of water, organic carbon, and plant nutrient cycles (Lal and Stewart, 

2013). The ST has a beneficial effect on many elements of the soil, while excessive 

and CT activities have the reverse effect and are detrimental to the soil and ultimately 

the yield of crops (Alam et al., 2014). By altering the bulk density and moisture 

content of the soil, CT techniques alter the soil structure. Furthermore, frequent 

disturbances caused by CT result in the formation of a finer, looser-setting soil 

structure, while ST keep the soil intact (Rashidi and Keshavarzpour, 2010). This 

discrepancy leads in a change in the soil OM properties. Again, the number, size, and 

distribution of pores influence the soil's capacity to retain and distribute air, water, 

and agricultural chemicals, thus regulating erosion, runoff, and crop yield (Khan et 

al., 2001). Where CT was used, losses of soil organic carbon (SOC) and degradation 

of other characteristics were exacerbated (Powlson et al., 2012). On the other side, 

ST increases soil quality including SOC storage (Plaza et al., 2013). As reported by 
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Liao et al. (2002) and Xue et al. (2005), ST practices have been shown to increase 

crop yield considerably might have resulted to obtain a better wheat yield in ST over 

CT in the present study probably by improving the status of above stated soil 

chemical and physical properties in ST.  

In this study, the highest BCR achieved from 120 kg seeds ha
-1

 might be attributed to 

the highest grain yield that is associated with the highest number of boldest wheat 

grains obtained from the highest number of the longest spikes m
-2

 of this present 

study. The higher market demand and price for wheat might have obtain a higher 

BCR of wheat grown under 120 kg seeds ha
-1

 (Sarker et al., 2009; Shah et al., 2011). 

In the present study, about 51% higher in BCR in ST than CT can be attributed to the 

variation in grain yield and main input costs, namely land ploughing, weeding, and 

labor requirements for wheat cultivation in ST and CT. In this study, land preparation 

cost US$ 35.3 ha
-1

 in ST but 65.0 ha
-1

 in CT. Hence, ST saved about 45% of land 

preparation costs than CT. This finding is in the line with Hossain et al. (2020) who 

observed around 67% savings on land preparation costs in ST (US$ 35.8 ha
-1

) than 

CT (US$ 190.8 ha
-1

) owing to single plowing and lesser amount of diesel/ gasoline 

usage relative to CT. Another previous research Haque and Bell (2019) claimed a 

70% cost savings for plowing in ST as compared to CT, where ST incurred cost of 

US$ 32.54-33.25 ha
-1

 against US$ 88.24-110.29 ha
-1

 in CT. Again, Islam et al. (2015) 

reported a 49% of savings were calculated when ST was used instead of CT for land 

ploughing. Reduction of ploughing costs and increases in grain yield might have 

achieved a higher BCR in ST over CT in this study. 

CONCLUSION 

Strip-tillage is a noble practice for wheat cultivation using 120 kg seeds ha
-1

 to 

achieve the maximum profit. This practice could be the best alternative to 

conventional tillage using the higher or lower rate than 120 kg of seeds for wheat 

farming in Bangladesh. To validate this result country wide evaluation of strip-tillage 

is recommended.  
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ABSTRACT 

A field experiment was carried out at Rajapur, Bardiya Nepal to 
determine the effect of different biofertilizers on the yield of spring rice 
(Oryza sativa L.). Five different combinations of biofertilizers and 
chemical fertilizer viz. T1 (Azolla + N:P:K @50:15:15 kg ha

-1
), T2 

(Azotobacter+ N:P:K @50:15:15 kg ha
-1

), T3 (Azotobacter +Mycorrhiza + 
N:P:K @50:15:15 kg ha

-1
), T4 (Azotobacter + Phosphorus Solubilizing 

Bacteria+ Potassium Mobilizing Bacteria+ N:P:K @50:15:15 kg ha
-1

) and 
T5 (Recommended chemical fertilizer i.e. N:P:K @100:30:30 kg ha

-1
) was 

used. The experiment was laid out in a simple RCBD design with four 
replications and 3mˣ2m individual plot size. The hardinath-1 variety was 
used for the experiment. Biometrical observations like plant height (99.92 
cm), number of tillers (355.62 m

-2
) were found significantly highest in T1 

(Azolla + NPK@50:15:15 kg ha
-1

). Similarly, yield attributing characters 
such as the number of effective tillers (340 m

-2
), number of filled grains 

per panicle (114.30), highest panicle length (28.42 cm) was found 
significantly the highest in T1 (Azolla + NPK@50:15:15 kg ha

-1
). The 

highest grain yield (8.46 ton ha
-1

), straw yield (12.6 ton ha
-1

), and harvest 
index (0.40) were also observed on T1 (Azolla + NPK@50:15:15 kg ha

-1
).  

Benefit cost ratio was also found highest on T1 (Azolla + NPK@50:15:15 
kg ha

-1
) which was 2.05 incurring the cost of cultivation Rs 72035 per 

hectare returning the total revenue of Rs 148190 per hectare. The study 
shows that the application of T1 (Azolla + NPK@50:15:15 kg ha

-1
) was 

the best fertilizer combination for spring rice production as it was superior 
over other fertilizer combinations in terms of yield and yield attributing 

characters with the highest benefit cost ratio.  

Keywords: Azolla, B:C ratio, Yield attributing characters 
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INTRODUCTION 

Rice is the major food crop for about 3.5 billion people of the world and it is the 

staple food of estimated 2.4 billion people of Asia. In Nepal, rice occupies the first 

position in terms of area, production, and consumption. It supplies about 40% of the 

food calorie intake and contributes nearly 20% to the agricultural gross domestic 

product (AGDP) and almost 7% to GDP (CDD, 2015). Nepal depends on foreign 

countries for fertilizer supply, which is creating negative trade (USAID, 2014). 

Persistent use of chemical fertilizers subverts the soil ecology, disrupts the 

environment, degrades soil fertility, and consequently shows harmful effects on 

human health and contaminates groundwater (Suhag, 2016). The unavailability and 

high cost of synthetic fertilizer have been constrained for rice production in Nepal.  

Biofertilizers can be a supplementary nutrient source for sustainable rice production 

(Sahoo et al., 2013). It maintains soil fertility, physical, chemical, and biological 

properties. Biofertilizers once isolated can be easily propagated at low cost unlike 

chemical fertilizers and are fuel independent, cost-effective, and easily available 

(Umesha et al., 2018). Integration of biofertilizers along with a reduced dose of 

recommended synthetic fertilizers can maintain soil productivity and sustainable rice 

production. 

Azolla, Phosphate solubilizing bacteria (PSB), Potassium-solubilizing bacteria 

(KSB), Azotobacter, and Mycorrhiza are potential biofertilizers for rice. Azolla can 

fix nitrogen at the rate of 20kg ha
-1

, improve nitrogen use efficiency and yield for rice 

crops (Yao, et al., 2018). It also suppresses weeds in a paddy field (Biswas et al., 

2005). PSB and KSB are capable of solubilizing organic and inorganic phosphorus 

and inorganic potassium respectively from insoluble compounds helping proper 

growth and development of the plant. Azotobacter spp. can fix nitrogen about 20kg 

ha
-1

 (Ojha et al., 2015).  Mycorrhiza forms mutualistic symbioses with rice plant, 

they provide the host plant with mineral nutrients and water, in exchange for 

photosynthetic products (Smith and Read, 2008). Hence, present study was 

conducted with the main objective to increase the spring rice productivity in a 

sustainable way via application of reduced chemical fertilizer in combination with 

biofertilizers thereby increasing the benefit cost ratio of spring rice cultivation. 

MATERIALS AND METHODS 

The experiment was conducted at Rajapur municipality ward no.4, Bardiya in 2020. 

Rajapur is located between 81⁰3’ to 81⁰41’ longitude and 28⁰7’ to 28⁰39’ latitude.  

Experimental details 

The experiment was laid out on randomized complete block design with 5 treatments 

and 4 replications. The treatments were The treatments were T1 (Azolla@ 20 kg ha
-1

+ 

N:P:K@ 50:15:15 kg ha
-1

), T2 (Azotobacter @1.2*10^8 CFU ml
-1

 + N:P:K@ 

50:15:15kg ha
-1

), T3 (Azotobacter @ 1.2*10^8 CFU ml
-1

 + Mycorrhiza 2*10^6 @ 
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CFU gm
-1

 + N:P:K@ 50:15:15kg ha
-1

), T4 (Azotobacter @1.2*10^8 CFU ml
-1

 + 

Phosphorus solubilizing bacteria @ 2*10^8 CFU ml
-1 

+ Potassium mobilizing  

bacteria @ 2*10^8 CFU ml
-1

+ N:P:K@ 50:15:15 kg ha
-1

)  and T5 (Recommended 

fertilizer i.e., N:P:K @100:30:30 kg ha
-1

). Hardinath-1 variety of spring rice was 

chosen for the experiment. Individual plot size of 3m X 2 m with 150 plants per plot 

at the spacing of 0.2m X 0.2m was designed.  

Application method 

Azolla (Azolla pinnata) was applied after 7 days of transplanting the inoculum was 
uniformly broadcasted on the rice field. Whereas, PSB (Pseudomonas spp.), KMB 
(Acidothiobacillus ferrooxidans), and Azotobacter (Azotobacter chroococcum) were 
applied at the time of transplanting by dipping the root of seedling for 2 hr in the 
bacterial solution the root of the seedlings was dipped for 2 hours in the bacterial 
solution. Mycorrhiza (Glomus spp.) powder @15kg/ ha was mixed with well rotten 
FYM mixture was uniformly spread over the field just after transplanting. 

Seed treatment was done using Bavistin @ 2 gm/kg seeds before sowing in the 
nursery tray. In the control treatment, recommended fertilizer dose of 100:30:30 kg 
NPK/ha was supplied through the application of urea, diammonium phosphate, and 
murate of potash. One third (1/3

rd
) split dose of urea were applied as the basal dose 

during the field preparation. The further two split doses of urea were applied at the 
time of tillering and panicle initiation. 

Biometric observations like plant height and numbers of tillers per square meter were 
recorded at 30, 45, 60, 75, and 90 days after transplanting. Yield attributing 
characters like numbers of effective tillers per square meter, length of panicle, 
number of grains per panicle and sterility percentage, thousand grain weight (TGW), 
Grain and straw yield, harvest index were recorded at time of harvesting. The benefit-
cost ratio was also calculated.  

The data were systematically arranged in MS Excel and were subjected to analysis of 
variance (ANOVA) at 5% significance level using R-studio software and significant 
data was subjected to DMRT for mean separation with reference to Gomez and 
Gomez (1984). 

Sterility Percentage 

The total number of filled grains was counted from randomly selected 10 panicles 

(panicle used for determining length). Total unfilled grains were counted and sterility 

percent was calculated using the following formula. 

Sterility percent = 
                                     

                                  
  100 

Grain and straw yield 

The harvested crop was dried, threshed, cleaned, and again sun-dried. Moisture in 

grains of each plot was measured with the help of a digital moisture meter and grain 

yield was calculated using the following formula. 
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Gain yield (kg ha
-1

) at 14% moisture = 
                                      

                             
 

MC: Moisture content measured. 

Harvest index 

Harvest index (HI) was computed by dividing grain yield with the total dry matter 

yield as per the following formula. To obtain harvest index grain and straw yield was 

calculated at the same moisture level. 

HI% = 
                             

                                             
 

Benefit-cost (B:C) ratio 

B: C ratio = 
            

                   
 

Gross return = The per-unit price of grain and straw-based on the local market was 

multiplied with grain yield and straw yield of each plot to determine gross return and 

was expressed in NRs ha
-1

 for all replications and treatments 

Cost of cultivation = Cultivation cost of crops was calculated based on local charges 

for different agro-inputs viz., labor, fertilizer, and other necessary materials and was 

expressed as the total cost of NRs ha
-1

. 

RESULT AND DISCUSSION 

Plant height 

The combined application of different biofertilizers and chemical fertilizer showed a 

significant effect on plant height except at 30 DAT and 45 DAT. At 60, 75, and 90 

DAT, maximum plant height was observed on T1 (Azolla + N:P:K@ 50:15:15kg ha
-

1
), which was 75.88 cm, 97.76 cm, and 99.92 cm respectively and all were 

statistically at par with T4 (Azotobacter + KMB +PSB+ N:P:K@ 50:15:15kg ha
-1

), 

while minimum plant height was seen in T3 (Azotobacter + Mycorrhiza + N:P:K@ 

50:15:15kg ha
-1

), which was 66.46 cm, 88.58 cm, and 89.19 cm, respectively. This 

might be due to the slower release of nitrogen by Azolla through nitrogen fixation 

reducing leaching loss and also due to the suppression of weed density by Azolla mat 

formation. Swami et al., ( 2018) reported maximum plant height on the application of 

Azolla with a reduced dose of chemical fertilizer. Akhtar et al., (2002) also reported 

maximum plant height on the application of Azolla with a reduced dose of chemical 

fertilizer. 
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Table 1. Plant height as influenced by the application of different biofertilizers in 

combination with chemical fertilizers at Rajapur, Bardiya, 2020 

Treatments 30 DAT 45 DAT 60 DAT 75 DAT 90 DAT 

Azolla + N:P:K@ 50:15:15kg ha
-1

 35.32
a 

55.72
a 

75.88
a 

97.76
a 

99.92
a 

Azotobacter N:P:K@ 50:15:15kg ha
-1

 33.33
a 

50.98
a 

70.30
b 

90.63
c 

93.23
b 

Azotobacter+ Mycorrhiza+ N:P:K@ 

50:15:15kg ha
-1

 

33.00
a 

52.32
a 

66.46
c 

88.58
c 

89.19
c 

Azotobacter + PSB + KMB + 

N:P:K@ 50:15:15kg ha
-1

 

36.22
a 

56.91
a 

74.21
a 

95.99
ab 

98.83
a 

Recommended chemical fertilizer  37.21
a 

56.72
a 

73.94
a 

93.78
b 

97.61
a 

LSD(P=0.05) Ns Ns 3.02*** 3.09*** 2.51*** 

SEM±   1.02 0.91 1.01 

Grand Mean   72.16 93.34 95.76 

Note: LSD: least significant differences, SEM (±): Standard error of mean DAT: Days after 

transplantation, Treatment means separated by DMRT and columns represented with the same letter (s) 

are non-significant at 5% level of significance. 

Numbers of tillers 

The application of different biofertilizers in combination with chemical fertilizer dose 

had a significant effect on the number of tillers. The highest number of tillers was 

observed at 60 DAT. Tiller mortality was seen after 60 DAT. The highest tiller 

mortality (20.12%) was observed on T4 (Azotobacter + KMB +PSB+ 50% NPK) and 

the lowest tiller mortality (14.57%) was observed T2 (Azotobacter + 50% NPK).  At 

30 DAT, numbers of tillers were significantly higher on T1 (Azolla + 50% NPK) 

328.12/m
2
 while the minimum number of tillers were observed in T2 (Azotobacter + 

50% NPK) 286.87/ m
2
. Similarly, on 45,60,75,90 DAT maximum number of tillers 

were found on T1 (Azolla + 50% NPK) which were 399.37 m
-2

, 434.37 m
-2

, 378.12 

m
-2

 and 355.62 m
-2 

respectively and all were statistically at par with T3 (Azotobacter 

+ Mycorrhiza + 50% NPK) while minimum number of tillers were observed in T2 

(Azotobacter + 50% NPK) which were 358.75/ m
2
, 381.25/ m

2
, 305.62/ m

2
 and 

298.125/ m
2
 at 45,60,75,90 DAT, respectively.   
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Table 2. Numbers of tillers as influenced by the application of different biofertilizers 

in combination with chemical fertilizers at Rajapur, Bardiya, 2020 

Treatments 30 DAT 45 DAT 60 DAT 75 DAT 90 DAT 

Azolla + N:P:K@ 50:15:15kg 
ha

-1
 

328.12
a 

399.37
a 

434.37
a 

378.12
a 

355.62
a 

Azotobacter+ N:P:K@ 

50:15:15kg ha
-1

 

286.87
d 

358.75
d 

381.25
d 

305.62
d 

298.12
d 

Azotobacter+ Mycorrhiza+ 

N:P:K@ 50:15:15kg ha
-1

 

312.50
b 

390.00
ab 

420.62
ab 

368.12
ab 

345.62
ab

 

Azotobacter + PSB + KMB + 

N:P:K@ 50:15:15kg ha
-1

 

305.00
bc 

383.12
bc 

408.75
bc 

348.75
bc 

326.25
bc

 

Recommended chemical 

fertilizer 

297.50
cd 

374.37
c 

396.25
cd 

329.37
c 

316.87
cd 

LSD(P=0.05) 14.05 12.01 17.66 23.52 25.18** 

SEM± 3.69 3.55 4.72 4.41 5.62 

Grand Mean 306 381.12 408.25 346 328.5 

Note: LSD: least significant differences, SEM (±): Standard error of mean, DAT: Days after 

transplantation, Treatment means separated by DMRT and columns represented with the same letter (s) 

are non-significant at 5% level of significance 

This might be due availability of biologically fixed nitrogen at the tillering phase 

(Bernhard, 2020). Oyange et al. (2019) also reported the maximum number of tillers 

on the application of Azolla along with a reduced dose of nitrogen i.e 60 kg Nha
-1

. 

 

Figure 1. Relationship between the number of tillers per m
2 

and grain yield as 

influenced by the application of different biofertilizers along with chemical 

fertilizers. 

There is a linear relationship between the number of tillers per m
2 

and grain yield. 

The number of tillers per m
2
 had only 52.18% contribution to the total grain yield of 
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rice and the remaining contribution was due to other factors. The coefficient of 

correlation (r = 0.722) indicates a strong positive correlation between the number of 

tillers per m
2 
and grain yield as the number of tillers per m

2 
increases.  

Yield attributing parameters 

Net effective tillers 

The combined application of different biofertilizers with chemical fertilizer dose has 

a significant effect on the number of net effective tillers. The highest number of 

effective tillers were observed on T1 (Azolla + N:P:K @ 50:15:15kg ha
-1

), which was 

340.62 per m
2
 and the lowest numbers of tillers were observed on T2 (Azotobacter+ 

N:P:K@ 50:15:15kg ha
-1

),) which was 267.5 per m
2
. This might be due to the higher 

number of tillers in T1 which subsequently resulted in a higher number of effective 

tillers per m
2
. Oyange et al., (2019) also reported similar results with the application 

of Azolla along with reduced nitrogen dose i.e. 60 N kg per hac. This might be due 

availability of biologically fixed nitrogen at the tillering phase and may be due to 

reduced root zone temperature by shading effect of Azolla and increased organic 

matter content.  

Table 3. Different yield attributing parameters as influenced by the application of 

different biofertilizers in combination with chemical fertilizers in Rajapur, 

Bardiya, 2022 

Treatm

ents 

Effective 

tiller/m2 

Filled grain 

per panicle 

Sterility 

% 

TGW Panicle 

length 
(cm) 

Grain 

yield (ton 
ha-1) 

Straw 

yield (ton 
ha-1) 

Harvest 

index 

T1 340.62a 114.30a 26.22a 21.74 28.42a 8.46a 12.60a 0.402a 

T2 267.50d 95.65b 30.30a 21.14 26.22abc 5.41d 8.98c 0.37c 

T3 316.25b 104.45ab 27.60a 21.69 26.90ab 7.16b 11.26a 0.38b 

T4 303.12bc 97.25b 27.10a 22.52 24.95bc 6.66bc 11.20ab 0.37c 

T5 287.50cd 92.00b 29.05a 22.16 24.17c 5.87cd 9.11bc 0.39b 

LSD 

(0.05) 

21.73 14.83* Ns Ns 2.29* 1.21** 2.13* 0.00 

Sem± 6.32 2.509 0.837 0.193 0.43 0.28 2.81 0.002 

Grand 

Mean 

303 100.73 - 21.85 26.13 6.71 10.63 0.38 

Note: LSD: least significant differences, SEM (±): Standard error of mean, DAT: Days after 

transplantation, Treatment means separated by DMRT and columns represented with the same letter (s) 

are non-significant at 5% level of significance 
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Figure 2. Relationship between the number of effective tillers per m
2 

and grain yield 

as influenced by the application of different biofertilizers along with 

reduced chemical fertilizers. 

There is a linear relationship between the number of effective tillers per m
2 

and grain 

yield. The number of effective tillers per m
2
 had only 77.38% contribution to the total 

grain yield of rice and the remaining contribution was due to other factors. The 

coefficient of correlation (r = 0.879) indicates a very strong positive correlation 

between the number of effective tillers per m
2 
and grain yield. 

Filled grains per panicles and sterility percentage 

Filled grains per panicles were significantly influenced by the application of different 

combinations of biofertilizers with chemical fertilizer. The maximum number of 

filled grains were observed on T1 (Azolla + N:P:K@ 50:15:15kg ha
-1

) which was 

114.30 per panicle and was statistically at par with T3 (Azotobacter+ Mycorrhiza+ 

N:P:K@ 50:15:15kg ha
-1

)while, the minimum number of the filled grains per panicle 

was observed on T5 (Recommended fertilizer dose) which was 92 filled grains per 

panicle. The highest number of filled grains per panicle and lowest sterility 

percentage was found on T1 (Azolla + N:P:K@ 50:15:15kg ha
-1

). This may be due to 

longer panicle length of T1, slow-release of nitrogen, less volatilization, and leaching 

loss of nitrogen. In addition, increased organic content increases the carbon content 

of the soil which might result in high filled grain per panicle and low sterility 

percentage (Ghosh, et al., 2019).  

No significant difference was observed among various treatments regarding the 

sterility percentage. Numerically highest sterility percentage was found in T2 

(Azotobacter + 50% NPK) (30.30%) and the lowest was found on T1 (Azolla + 

N:P:K@ 50:15:15kg ha
-1

) (26.22%).  
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Figure 3. Relationship between filled grains per panicle and grain yield as influenced 

by the application of different biofertilizers along with reduced chemical 

fertilizers. 

There is a linear relationship found between filled grains per panicle and grain yield. 

The filled grain per panicle had only 77.89 % contribution to the total grain yield of 

rice and the remaining contribution was due to other factors. The coefficient of 

correlation (r = 0.8825) indicates a very strong positive correlation between filled 

grains per panicle and grain yield. 

Thousand-grain weight (TGW) 

Thousand-grain weight was found non-significant at 5% significance level among the 

various combination of treatments. The highest TGW was observed on T4 

(Azotobacter + PSB + KMB + N:P:K@ 50:15:15kg ha
-1

)) viz. 22.522 gm and the 

lowest TGW was found on T2 (Azotobacter+ N:P:K@ 50:15:15kg ha
-1

) viz. 21.14 

gm. 

Panicle length 

Panicle length was significantly influenced by the application of the biofertilizers 

along with chemical fertilizers. The highest panicle length was found on T1 (Azolla + 

N:P:K@ 50:15:15kg ha
-1

) which was 28.425 cm and it was statistically at par with T2 

(Azotobacter + 50% NPK) and T3 (Azotobacter+ Mycorrhiza+ N:P:K@ 50:15:15kg 

ha
-1

)), while the lowest panicle length was found on T5 (recommended dose of 

fertilizer) which was 24.175 cm. The longest panicle length was found on T1 (Azolla 

+ N:P:K@ 50:15:15kg ha
-1

).  Fatemeh et al. (2015) also reported maximum panicle 

length on application Azolla compost (8 tons per ha) along with different chemical 

fertilizers. 
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Figure 4. Relationship between panicle length and grain yield as influenced by the 

application of different biofertilizers along with reduced chemical 

fertilizers. 

There is a linear relationship between panicle length and grain yield. The panicle 

length had only 50.75 % contribution to the total grain yield of rice and the remaining 

contribution was due to other factors. The coefficient of correlation (r = 0.7123) 

indicates a strong positive correlation between panicle length and grain yield. 

Grain yield, Straw yield, and Harvest index 

Grain yield among various treatments was significantly influenced by the application 

of biofertilizers along with chemical fertilizer. The highest grain yield was found on 

T1 (Azolla+ 50% NPK) which was 8.468 ton ha
-1

 followed by T3 (Azotobacter+ 

Mycorrhiza+ N:P:K@ 50:15:15kg ha
-1

) which was 7.164 ton ha
-1

. While lowest yield 

was found on T2 (Azotobacter+ 50% NPK) which was 5.411ton ha
-1

.  The straw yield 

was significantly influenced by the application of biofertilizers along with a reduced 

dose of chemical fertilizer. The highest straw yield was found on T1 (Azolla+ 

N:P:K@ 50:15:15kg ha
-1

)which was 12.600 ton ha
-1 

which was statistically at par 

with T3 (Azotobacter+ Mycorrhiza+ N:P:K@ 50:15:15kg ha
-1

) while, the minimum 

straw yield was found on T2 (Azotobacter+ N:P:K@ 50:15:15kg ha
-1

) which was 

8.988 ton ha
-1

. This might be due to the production of different phytohormones and 

vitamins by Azolla which promoted plant growth and result in higher straw and grain 

yield. Also, the solubilization of micronutrients (Zn, Fe, and Mn) and making them 

available to the plant might have resulted in better plant performance under T1 

(Azolla+ N:P:K@ 50:15:15kg ha
-1

) treatment. The highest straw and grain yield with 

maximum harvest index was found on T1 (Azolla + N:P:K@ 50:15:15kg ha
-1

). Ali et 

al., (1998) also reported the highest straw and grain yield on the application of Azolla 

+ 30kg N ha
-1

. This might be due to improvement in nitrogen uptake and increased 

nitrogen use efficiency in presence of Azolla. Increased nitrogen use efficiency in 

presence of Azolla was reported from different countries (Kumariainghe and Eskew, 

1993). 
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Harvest index was significantly influenced by the application of biofertilizers along 

with chemical fertilizer. The highest harvest index was found on T1 (Azolla+ 

N:P:K@ 50:15:15kg ha
-1

) which was 0.402 while, the lowest harvest index was 

found on T5 (Recommended Fertilizer dose) which was 0.375. 

Economic analysis 

Benefit-cost ratio (B:C Ratio) 

Table 4. Benefit cost ratio incurred application of different biofertilizers in 

combination with chemical fertilizers in Rajapur, Bardiya, 2020 

Treatments Total cost Revenue B:C 

T1 (Azolla + N:P:K@ 50:15:15kg ha
-1

) 72035 148190 2.05 

T2 (Azotobacter+ N:P:K@ 50:15:15kg ha
-1

) 63417 94692.5 1.49 

T3 (Azotobacter+ Mycorrhiza+ N:P:K@ 50:15:15kg ha
-1

) 66017 125370 1.89 

T4 (Azotobacter + PSB + KMB + N:P:K@ 50:15:15kg ha
-1

) 65917 116235 1.76 

T5 (Recommended chemical fertilizer) 65841 102813 1.56 

Cost of cultivation was found highest in T1(Azolla+N:P:K@ 50:15:15kg ha
-1

) which 

was Rs. 72305 and the lowest cost of cultivation was found in T2 (Azotobacter+ 

N:P:K@ 50:15:15kg ha
-1

) which was Rs 63417. While the highest revenue was found 

in T1 (Azolla+N:P:K@ 50:15:15kg ha
-1

) which was Rs. 148190 and the lowest 

revenue was found in T2 (Azotobacter+ N:P:K@ 50:15:15kg ha
-1

) which was Rs 

94692.5 and the benefit: the cost was found highest in T1 (Azolla+N:P:K@ 

50:15:15kg ha
-1

) which was 2.057 and lowest was found on T2 (Azotobacter+ 

N:P:K@ 50:15:15kg ha
-1

) which was 1.493. 

B: C ratio was found highest on T1 (Azolla + N:P:K@ 50:15:15kg ha
-1

). Though the 

cost of cultivation was highest, the maximum yield of T1 counterbalances it resulting 

maximum B: C ratio. 

CONCLUSION 

The effect of different biofertilizers has a significant effect on the yield of spring rice. 

It is concluded that the application of different biofertilizers along with chemical 

fertilizer was vital in enhancing the yield of spring rice. Azolla + 50% N:P:K was 

superior in terms of plant height, no. of tillers, effective tillers, filled grains per 

panicle, panicle length, grain yield, straw yield, and harvest index. Overall study 

shows that the application (Azolla + N:P:K@ 50:15:15kg ha
-1

) was the best 

combination as it was superior over other biofertilizers combinations with the highest 

B: C ratio. So, the spring rice productivity can be enhanced via the adoption of 

Azolla + N:P:K@ 50:15:15kg ha
-1

)in fertilizer management practice at Rajapur, 

Bardiya. 
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ABSTRACT 

Low yield is crucial bottleneck for potato production in Bangladesh. The 
application of vermicompost may enhance the yield of potato. The 
experiment was consisted of two factors, i.e., Factor A: - Vermicompost 
level (Vm1-4): Vm1: 0 t ha

-1
, Vm2: 3 t ha

-1
, Vm3: 6 t ha

-1
 and Vm4: 9 t ha

-1
; 

Factor B:- Tuber size (T1-5): T1: 5-10 g, T2: 10-20 g, T3: 20-30 g, T4: 30-40 
g and T5: > 40 g. The experiment was conducted in a split-plot design 
with three replications. Vermicompost had significant effect on most of 
the yield contributing parameters investigated under present study. 
Results revealed that yield parameters increased with increasing 
vermicompost level irrespective of tuber size. Among the twenty (20) 
treatment combinations, vermicompost at the rate of 9 t ha

-1
 with tuber 

size > 40 g produced the maximum yield (31.33 t ha
-1

) that was 53.53 % 
higher than that of control with 3273.01 $ of monetary advantage. 
Therefore, present study suggests that potato growers may use 
vermicompost for increasing yield of potato in Bangladesh. 

Keywords: Potato, tuber size, vermicompost, yield. 

INTRODUCTION 

Potato (Solanum tuberosum L.) belongs to the Solanaceae family is cultivated in 

nearly 150 countries and is the world’s single most vital tuberous crop with an 

important role in the global food network and food security (Singh, 2010). It is the 

world’s fourth largest crop after maize, wheat and rice. The total world potato 

production is estimated at 381,682,144 ton in 2014 (FAOSTAT, 2015). It is the most 

cultivated tuber crop in the world with one third of total production harvested in 

densely populated developing countries, like China and India (CIP, 2008). In the 

world’s top 10 potato producing countries, Bangladesh ranks 7
th
 position 

(FAOSTAT, 2015). 
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Potato is one of the main vegetable crops in Bangladesh (Hoque, 2010). In 

Bangladesh, it positions 2
nd

 after rice in production (FAOSTAT, 2015). The total area 

under potato crop, per ha yield and total production in Bangladesh are 461710 

hectares, 21.37 t ha
-1

 and 8,950,000 metric ton, respectively (FAOSTAT, 2015). The 

total production is increasing day by day because of a substitute food crop against 

rice and wheat and is a nutrient rich crop as such consumption also quickly 

increasing in Bangladesh (BBS, 2015). Potato is unique compared to other vegetables 

in that they are exclusively consumed in processed forms. Approximately 60% of the 

fresh potato crop is used for industrial processing into products such as French fries 

and chips, whereas the remaining 40% is sold on the fresh market for home 

preparation and fresh food service applications (USDA, 2014). Due to the increasing 

demand of consumers and foreign importers on this important crop, special attention 

should be given to increase its yield. The area and production of potato in Bangladesh 

has been increasing during last decades but the yield per unit area remains more or 

less static. The yield is very low in comparison to that of the other leading potato 

growing countries of the world, 74.45 t ha
-1

 in Kuwait, 59.53 t ha
-1

 in Belgium, 52.89 

t ha
-1

 in France, 51.97 t ha
-1

 in USA, 50.33 t ha
-1

 in Netherlands, 47.53 t ha
-1

 in 

Denmark and 46.21 t ha
-1

 in UK (FAOSTAT, 2015). 

Now-a-days, gradual deficiencies in soil organic matter and reduced yield of crop are 

alarming problem in Bangladesh. To solve this problem application of organic 

manure specially vermicompost is a good source over the conventional organic 

manures to improve the physical, chemical and biological properties of soil against 

the use of destructive chemical fertilizer in soil. It is a good source of different macro 

and micronutrients particularly N, P, K and S; available nutrient contents of 

vermicompost are presented in Table 1 (Sinha et al., 2009). The increased microbial 

activity improves the availability of soil phosphorous and nitrogen. Vermiculture is 

the science of rearing of earthworms for mass propagation on organic wastes under 

semi-natural conditions and vermicomposting is the bioconversion of organic waste 

materials through earthwormic ways (Senapati et al., 1992). 

Table 1. Available nutrient contents of vermicompost 

Organic carbon 9.5 – 17.98% 

Nitrogen 0.5 – 1.50% 

Phosphorous 0.1 – 0.30% 

Potassium 0.15 – 0.56% 

Sodium 0.06 – 0.30% 

Calcium and magnesium 22.67 – 47.60 meq per100 g 

Copper 2 – 9.50 mg/kg 

Iron 2 – 9.30 mg/kg 

Zinc 5.70 – 11.50 mg/kg 

Sulphur 128 – 548 mg/kg 
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Senesi et al. (1996) mentioned that vermicomposting is a controlled, aerobic, 

biological process and able to convert biodegradable humus like organic substances 

and suitable for the application of soil amendment. Vermicompost (Vm) can play 

important role in potato productivity. It can reduce the mining of soil nutrient and 

improve soil organic matter, humus and overall soil productivity (Jenssen, 1993). 

Soil organic matter acts as “cement” like agent for water holding clay and soil 

particles together, this contributing to the crumb structure of the soil providing 

resistant against soil erosion, binds micronutrient metal ions in the soil to check 

leaching out of surface soils. Organic constituents in the humic substances also act as 

plant growth stimulants (Jenssen, 1993). It has many outstanding biological 

properties. They are rich in bacteria, actinomycetes, fungi (Werner and Cuevas, 

1996) and cellulose-degrading bacteria (Werner and Cuevas, 1996). 

True Potato Seed (TPS) also known as a botanical seed, which sexually produced in 

potato. It is sown in seedbeds to produce minitubers and later used as a seedling tuber 

(Sinha et al., 2009). The use of TPS (True Potato Seed) for potato production has 

increased recently in Europe, North America and Asia, especially in the developing 

countries (Burton, 1989, Wiersema and Cabellow, 1986). This is due to low 

transmission of disease, high multiplication rate and good tuber yield (Siddique and 

Rashid, 2000). In Bangladesh, this technology has been highly promising (Renia and 

Hest, 1998, Roy et al., 1999, Siddique and Rashid, 2000). Applications of 

vermicompost singly or in combination with either other chemical fertilizers have 

been proved effective to enhance yield (Alam et al., 2007). So, using different levels 

of vermicompost materials may contribute for improving yield of potato in 

Bangladesh condition. Effect of vermicompost and tuber size on yield of potato are 

still unknown especially in Bangladesh condition. The objective of this study was to 

find out yield and yield contributing attributes of potato as influenced by different 

levels of vermicompost and seed tuber size derived from first clonal generation of 

true potato seed. 

MATERIALS AND METHODS 

The experiment was conducted at the research field of Sher-e-Bangla Agricultural 

University, Dhaka-1207 during the period from November 2014 to April 2015 and 

November 2015 to April 2016 in Rabi season. 

The experimental area was located at 23°77' N latitude and 90°38' E longitude and at 

an altitude of 8.6 m from the sea level and the area was under the Agro-ecological 

Zone (AEZ-28) and belonged to the Madhupur Tract (Brammer et al., 1988). The 

experiment consisted of two factors viz., Factor A: vermicompost level (Vm1: 0 t ha
-

1
; Vm2: 3 t ha

-1
; Vm3: 6 t ha

-1
; Vm4: 9 t ha

-1
) and Factor B: tuber size (S1: 5-10 g; S2: 

10-20 g; S3: 20-30 g; S4: 30-40 g; S5: >40 g). The tuber of BARI TPS-1 was used for 

present study. Experiment was laid out in a split-plot design with 3 replications. After 

land preparation the experimental soil was fertilized with a recommended dose of 
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Urea 250 kg ha
-1

, Muriate of Potash (MOP) 250 kg ha
-1

, Triple Super Phosphate 

(TSP) 150 kg ha
-1

, Gypsum 120 kg ha
-1

, Zinc Sulfate 10 kg ha
-1

, and Boric Acid 10 

kg ha
-1

. The total amount of MOP, TSP, Gypsum, Zinc Sulfate, Boric Acid and 50% 

of the Urea were applied at basal dose during final land preparation. The remaining 

50% Urea was side dressed in two equal splits at 35 and 50 days after planting (DAP) 

during first and second earthing up (Mondal et al., 2011). The total amount of 

vermicompost was applied at seven days before planting as per treatment. The 

vermicompost was assigned to main plot and tuber size to sub plot. Distance between 

row to row was 50 cm and plant to plant was 25 cm. Distance between plot to plot 

was 75 cm. The size of the unit plot was 2 m × 1.5 m. Seed potatoes were planted last 

week of November and harvested first week of March. Data on different yield 

parameters viz., no. of tuber hill
-1

, weight of tuber hill
-1

, tuber weight, (t ha
-1

), yield (t 

ha
-1

) and marketable yield (t ha
-1

), potato yield (t ha
-1

) and -seed potato yield (t ha
-1

) 

were determined. Tuber yield increase (%) and monetary advantage were calculated 

under study by calculating percent (%) tuber yield increase over control. 

Statistix 10 (2013 version) computer package was used for analysis following 

ANOVA and means were compared by Least Significant Difference (LSD) at 5% 

level of probability (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSION 

Number of tubers hill
-1

 

 Significant variation was found among different levels of vermicompost on number 

of tubers hill
-1

. The maximum (11.57) number of tubers was attributed from Vm2T4 

which was statistically similar to Vm2T5, Vm2T2 and Vm2T1. The minimum (8.39) 

number of tubers was from Vm4T3 which was statistically similar to Vm1T1 (Table 

2). Batra (1992) reported that tuber number plant
-1

 increased with increase in seedling 

tuber size. The highest tuber number plant
-1

 was recorded in 20-40 g size seedling 

tuber planted crop. The number of main stems plant
-1

 has positive bearing on number 

of tubers plant
-1

. TPS seedling tubers have tendency to produce a greater number of 

tubers plant
-1

 (Adhikari, 2005). Harsharin et al. (1983) who have shown that the 

number of tubers plant
-1

 increased by increasing the size of seed tubers from 25-35 

mm to 35-45 mm and 45-55 mm. 

Average tuber weight 

Profound dissimilarity was found among different combination of vermicompost 

levels and tuber sizes on average tuber weight. The highest (71.66 g) average tuber 

weight was from Vm4T5. The lowest (34.58 g) average tuber weight was from Vm1T1 

(Table 2). It was observed that plants from smaller seedling tubers matured later than 

the larger. This may explain the average tuber weight differences between plants 

from the different seedling tuber size (Adhikari, 2005). It may be said that, the higher 

doses of vermicompost have been increased the stored product as dry matter in tuber 

through photosynthesis resulted in higher average weight than control treatment. 
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Table 2.  Response to vermicompost and tuber size on yield and yield contributing 

characters of potato (Means were taken from two years study) 

Treatments No of 
tubers 
hill-1 

Average 
tuber 

weight (g) 

Weight of 
tuber hill-1 

(kg) 

Tuber yield 
(t ha-1) 

Marketable 
yield (t ha-1) 

Non-
marketable 
yield (t ha-1) 

Seed potato 
yield (t ha-1) 

Non-seed 
potato yield 

(t ha-1) 

Vermicompost levels 

Vm1 10.10 b 37.77 d 382.77 d 17.86 d 13.39 d 4.47 a 10.09 d 7.77 b 

Vm2 11.11 a 43.94 c 488.01 c 22.77 c 18.30 c 4.47 a 14.90 c 7.88 a 

Vm3 10.15 b 54.40 b 551.32 b 25.73 b 21.49 b 3.88 b 18.78 b 6.95 d 

Vm4 9.32 c 63.24 a 587.59 a 27.42 a 23.66 a 3.79 c 19.86 a 7.56 c 

CV (%) 3.40 2.33 3.86 3.86 3.20 1.33 2.29 1.21 

LSD0.05 0.3087 1.0353 17.344 0.8094 0.5498 0.0495 0.3261 0.0815 

Tuber size 

T1 9.93 b 44.65 e 444.39 e 20.74 e 16.68 e 4.06 d 14.18 e 6.56 e 

T2 10.19 b 45.78 d 465.25 d 21.71 d 17.53 d 4.18 b 14.40 d 7.31 d 

T3 9.96 b 50.13 c 489.80 c 22.86 c 18.70 c 4.16 c 14.59 c 8.27 a 

T4 10.55 a 52.55 b 548.61 b 25.60 b 21.17 b 4.18 b 17.89 b 7.71 c 

T5 10.22 ab 56.07 a 564.07 a 26.32 a 21.97 a 4.20 a 18.47 a 7.85 b 

CV (%) 3.85 0.54 3.41 3.41 0.79 0.39 0.57 1.50 

LSD0.05 0.3258 0.2235 14.237 0.6644 0.1269 0.0133 0.0760 0.0940 

Combination 

Vm1T1 8.95 hi 34.58 q 309.64 k 14.45 k 10.49 p 3.96 ij 7.60 q 6.85 h 

Vm1T2 9.76 e-g 37.09 p 361.93 j 16.89 j 12.78 o 4.11 h 9.32 p 7.57 f 

Vm1T3 10.60 b-d 38.02 o 402.86 i 18.80 i 13.92 n 4.88 a 9.79 o 9.01 c 

Vm1T4 10.49 cd 39.35 n 412.71 i 19.26 i 14.63 m 4.63 cd 10.00 n 9.26 b 

Vm1T5 10.72 b-d 39.82 m 426.71 i 19.91 i 15.13 l 4.78 b 13.74 l 6.17 j 

Vm2T1 11.09 a-c 41.40 l 459.02 h 21.42 h 16.91 k 4.51 e 14.78 j 6.64 i 

Vm2T2 11.11 a-c 42.01 k 466.64 gh 21.78 gh 17.11 k 4.67 c 14.55 k 7.23 g 

Vm2T3 10.58 b-d 44.95 j 475.62 fh 22.20 fh 17.99 j 4.21 g 12.44 m 9.76 a 

Vm2T4 11.57 a 45.08 j 521.64 de 24.34 de 19.71 gh 4.63 d 18.01 f 6.33 j 

Vm2T5 11.18 ab 46.25 i 517.14 de 24.13 de 19.78 gh 4.35 f 14.70 j 9.43 b 

Vm3T1 10.09 d-f 48.71 h 491.60 e-g 22.94 eg 19.05 i 3.89 k 17.43 g 5.51 k 

        Vm3T2 10.18 d-f 49.03 h 499.07 ef 23.29 ef 19.32 h 3.97 i 16.48 i 6.81 hi 

Vm3T3 10.28 de 49.81 g 512.21 de 23.90 de 20.08 g 3.82 l 16.79 h 7.11 g 

Vm3T4 10.59 b-d 57.87 d 612.64 b 28.59 b 23.64 d 3.81 l 21.11 d 7.48 f 

Vm3T5 9.63 fg 66.57 c 641.07 ab 29.92 ab 25.37 c 3.92 j 22.08 c 7.84 d 

Vm4T1 9.60 f-h 53.90 f 517.29 de 24.14 de 20.28 g 3.86 kl 16.91 h 7.23 g 

Vm4T2 9.70 e-g 54.97 e 533.36 d 24.89 d 20.91 f 3.98 i 17.25 g 7.64 ef 

Vm4T3 8.39 i 67.74 b 568.50 c 26.53 c 22.81 e 3.72 m 19.32 e 7.21 g 

Vm4T4 9.53 f-g 67.91 b 647.43 a 30.21 a 26.69 b 3.63 n 22.43 b 7.78 de 

Vm4T5 9.37 gh 71.66 a 671.36 a 31.33 a 27.59 a 3.74 m 23.37 a 7.96 d 

CV (%) 3.85 0.54 3.41 3.41 0.79 0.39 0.57 1.50 

LSD0.05 0.6579 1.1074 30.709 1.4331 0.5934 0.0548 0.3525 0.1864 

Level of 
significance 

** ** ** ** ** ** ** ** 

In a column means having similar letter (s) are statistically similar and those having dissimilar letter (s) 

differ significantly. ** = Significant at 1% level of probability; Vm1 – Control, Vm2 – 3 t ha-1, Vm3 – 6 t 

ha-1, Vm4 – 9 t ha-1, T1 5-10 g, T2 – 10-20g, T3 – 20-30 g, T4 – 30-40 g, T5 - >40 g 
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Weight of tuber hill
-1

 

Weight of tuber hill
-1

 due to different combination of vermicompost levels and tuber 
sizes was statistically significant. The highest (671.36 g) weight of tuber hill

-1
 was 

obtained from Vm4T5 which was statistically similar to Vm4T4 and Vm3T5. The 
lowest (309.64 g) weight of tuber hill

-1
 was attributed from Vm1T1 (Table 2). It was 

observed that plants from smaller seedling tubers mature later than the larger. The 
larger seedling tuber may increase the dry matter hill

-1
 than smaller seedling tuber. 

The increase in yield with the application of vermicompost could be attributed to 
corresponding increase in leaf area, which was responsible for synthesizing 
photosynthetic and increase in weight of tuber (Gangele, 2017). 

Tuber yield 

Tuber yield due to different combination of vermicompost levels and tuber sizes was 
statistically significant. The highest (31.33 t ha

-1
) tuber yield was attributed from 

Vm4T5 which was statistically similar to Vm4T4 and Vm3T5. The lowest (14.45 t ha
-1

) 
tuber yield was obtained from Vm1T1 (Table 2). The variation may be due to better 
haulm growth and average tuber weight. Weight of the TPS seedling tubers 
significantly affected the total tuber yields. The significantly maximum total tuber 
yield was obtained when larger seedling tubers were planted. Seedling tuber 20-40 g 
size produced the highest total (30.93 t ha

-1
) (Adhikari, 2005). An increase in 

seedling tuber size gradually increased the yield of tubers. It was primarily due to 
high food reserve in large seed tubers which ultimately contributed to produce high 
yield through increased vegetative growth of plants and development of tubers 
(Sultana et al. 2001). The increase in tuber yield was due to vermicompost has high 
porosity, aeration drainage and water-holding capacity which effects on tuber 
development and total yield (Joshi et al., 2015). 

Marketable yield 

Noticeable variation was observed among different combination of vermicompost 
levels and tuber sizes on marketable tuber yield. The highest (27.59 t ha

-1
) marketable 

tuber yield was observed from Vm4T5 and the lowest (10.49 t ha
-1

) was from Vm1T1 
(Table 2). Marketable tuber yield increase due to vermicompost at higher levels may 
be associated with the increment of total tuber yield and also due to the increment of 
the proportion of large tuber yield percentage. Seedling tuber 20-40 g size produced 
the highest marketable yield (27.14 t ha

-1
) (Adhikari, 2005). 

Non-marketable yield 

Significant dissimilarity was observed among different combination of vermicompost 
levels and tuber sizes on non-marketable tuber yield. The highest (4.88 t ha

-1
) non-

marketable tuber yield was observed from Vm1T3 and the lowest (3.63 t ha
-1

) non-
marketable tuber yield was observed from Vm4T4 (Table 2). Non-marketable tuber 
yield reduction due to vermicompost at higher levels may be associated with the 
increment of both marketable and total tuber yield and also due to the increment of 
the proportion of large tuber yield percentage. 
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Seed potato yield 

Significant variation was observed among different combination of vermicompost 

levels and tuber sizes on seed tuber yield. The highest (23.37 t ha
-1

) seed tuber yield 

was observed from Vm4T5 and the lowest (7.60 t ha
-1

) seed tuber yield was observed 

from Vm1T1 (Table 2). The present study revealed that, an increased in seedling tuber 

size gradually increased the yield of seed tubers. But the result of present research 

exhibited an antagonist agreement with Sultana et al. (2001) who stated that, an 

increased in seedling tuber size gradually decreased the yield of non-seed tubers. 

Non-seed potato yield 

Remarkable variation was observed among different combination of vermicompost 

levels and tuber sizes on non-seed tuber yield. The highest (9.76 t ha
-1

) non-seed 

tuber yield was found from Vm2T3 and the lowest (5.51 t ha
-1

) non-seed tuber yield 

was found from Vm3T1 (Table 2). The present study revealed that, an increased in 

seedling tuber size gradually decreased the yield of non-seed tubers. But the result of 

present research exhibited an antagonist agreement with Sultana et al. (2001) who 

stated that, an increased in seedling tuber size gradually increased the yield of non-

seed tubers. 

Tuber yield merit and monetary advantage (US $ ha
-1

) 

Vermicompost performed the better for increasing tuber yield of potatoes. Among the 

four vermicompost levels, Vm4 exhibited the best percentage (%) tuber yield increase  

(53.52 %) than that of control treatment (Table 3). Using vermicompost in potato 

field has shown a better monetary advantage on tuber yield. The result showed that, 

Vm4 treatment gave the highest money return (3273.01 $) over control treatment 

(Table 3). 

Table 3.  Tuber yield increase and monetary advantage of potato under 

vermicompost application 

Vermicompost 

levels 

Tuber yield 

increase (%) 

Monetary advantage 

($ ha
-1

) 

Vm1 – Control, Vm2 – 3 t ha
-1

, 

Vm3 – 6 t ha
-1

, Vm4 – 9 t ha
-1

 

Price of potato tuber: 0.12 $ kg
-1 

Vm1 00.00 2131.87 

Vm2 27.49 2717.96 

Vm3 44.07 3071.28 

Vm4 53.53 3273.01 

CONCLUSIONS 

From the above discussion, it was observed that yield sharply increased with 

increasing vermicompost level up to 6 t ha
-1

 and thereafter, exhibited statistically 

similar yield. Among the twenty (20) treatment combinations, although Vm4T5 i.e., 

vermicompost 9 t ha
-1

 and tuber size >40 g produced the highest yield (31.33 t ha
-1

) 
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but Vm4T4 and Vm3T5 showed statistically similar yield. Potato growers of 

Bangladesh can use vermicompost 6 t ha
-1

 and tuber size >40 g to get maximum 

economical potato yield. 
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ABSTRACT 

The tropical vegetable, brinjal is cultivated throughout the year in 
Bangladesh but the crop is infested by a number of insects including 
jassid. This study investigated the effects of different biophysical and bio-
chemical characteristics of twelve brinjal germplasms on the abundance 
and infestation of jassid. The experiment was conducted during 
September 2018 to March 2019 in Gazipur, Bangladesh with twelve 
brinjal germplasms namely BD-7320, BD-7328, BD-9952, BD-10154, 
BD-10158, BARI Begun-1, BARI Begun-4, BARI Begun-5, BARI Begun-
6, BARI Begun-7, BARI Begun-8 and BARI Begun-9. The incidence of 
jassid was recorded from 3

rd
 December to 26

th
 March, and the lowest 

population was found on BARI Begun- 6. Among the biophysical traits, 
plant height, number of branch and leaf per plant, and leaf area exerted 
significant positive correlation; whereas trichome on lower and upper 
surfaces of leaf, spine per stem and leaf showed significant negative 
correlation with the abundance of jassid. On the other hand, moisture, 
reducing sugar, total sugar and protein content of the leaves and fruits, 
chlorophyll content of the leaves exerts significant positive correlation but 
ash and pH contents of the leaves and fruits were negatively correlated 
with the abundance of jassid. Jassids showed the lowest level of leaf 
infestation on BARI Begun-6, which could be for further analysis to 
develop jassid resistant brinjal. 

Keywords: Germplasm, Resistance, Solanum melongena, Amrasca 
biguttula biguttula, 

INTRODUCTION 

Brinjal, Solanum melongena (Solanaceae), a widely used vegetable, is cultivated over 

52375.2 ha in Bangladesh, but the production is very low (530610 Mt) because of 
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different biotic and abiotic stresses (BBS, 2019). Amin et al. (2018) reported that the 

insects, thrips, aphid, jassid, whitefly, leaf hopper, epilachna beetle, and shoot and 

fruit borer frequently infest brinjal plants and cause damage. Kumar et al. (2019) 

observed jassid, whitefly, and shoot and fruit borer as the major pests of brinjal. 

The sucking insect, jassid, Amrasca bigutulla bigutulla Ishida (Hemiptera: 

Cicadellidae) is one of the important sucking pests of brinjal. Both the nymph and 

adult suck sap from the leaf and tender parts of brinjal plants resulting reduced 

growth and leaf curl symptoms. Jassids inject toxin into infested plants thus leads to 

leaf yellowing and hopper burn symptom (Kadu et al., 2018). Dahal et al. (2020) 

reported that jassids can cause 35-40% of crop yield losses in okra and their damage 

may reach 60-70% at optimum condition. The presence of certain characteristics in 

host plants can attract or deter the infestation of jassid. Sowmya and Pradeep (2020) 

screened different brinjal varieties against jassid on the basis of its variations of 

occurrence on them. In Bangladesh, Sultana et al. (2017) worked with different okra 

varieties to explore the varietal preference of jassid. 

The feeding and oviposition behavior, and fecundity of the herbivore insects are 

affected by the physicomorphic characteristics of the host plants (Bilal et al., 2017). 

Amin et al. (2017b) observed that the number of leaf trichome conferred resistance to 

cotton plants against Spodoptera litura. The abundance of jassid on cotton was 

negatively affected with trichome density of leaf (Amin et al., 2017a). The nutrient 

content of the host plants affects the growth and survival of phytophagous insects 

(Amin et al., 2011).  

Identifying the resistant germplasm can be a better scope to manage insect pests 

without environmental hazards. Intensive morphological, biochemical, molecular and 

genetic traits can be used to identify specific resistant or tolerant germplasm (Abang 

et al., 2016). Therefore, the present study was conducted to know the effects of 

different biophysical and bio-chemical characteristics of twelve brinjal germplasms 

in relation to the abundance and infestation of jassid on them. 

MATERIALS AND METHODS 

Cultivation of brinjal germplasms 

The study was conducted with twelve brinjal germplasms namely BARI Begun- 1, 

BARI Begun- 4, BARI Begun- 5, BARI Begun- 6, BARI Begun- 7, BARI Begun- 8, 

BARI Begun- 9, BD- 7320, BD- 7328, BD- 9952, BD- 10154 and BD-10158. The 

seeds of the germplasm were collected from the Horticulture Research Center, 

Gazipur, Bangladesh and cultivated during September 2018 to March 2019 in the 

experimental plots of Bangabandhu Sheikh Mujibur Rahman Agricultural University, 

Gazipur. Thirty days old seedlings were transplanted on 14
th
 November, 2018 in 3.0 

m × 3.0 m plots following randomized complete block design (RCBD) with three 

replications. Every plot contained 15 plants each apart from 60 cm. Fertilizers were 

applied according to Fertilizer Recommendation Guide (FRG, 2018) of Bangladesh 
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Agricultural Research Council (N = 40, P = 12.5, K = 30 and S = 5 kg ha
-1

, 

respectively, and cow dung 5 ton ha
-1

). All the required intercultural operations 

except insect management were done whenever necessary. 

Data collection 

Data were collected from five randomly selected plants of each germplasm at weekly 

intervals. The number of jassid was recorded from top leaf of each plant. Number of 

leaves, branch and spine of the plants were recorded and plant heights were 

measured. The selected leaves of the plants were collected and brought to the 

laboratory and the leaf area was measured using a digital leaf area measuring 

machine (LI-3100C Area Meter, China). The number of spines of the leaves was 

counted in necked eyes and the numbers of trichomes of the abaxial and adaxial leaf 

surfaces from a portion of one cm
2 

for each sample were observed under a stereo 

microscope (BOE3200, BOECO, Germany). At every inspection, the number of total 

leaves and the number of infested leaves of the selected plants were counted, and the 

infestation level was calculated in percentage. The phytochemical contents in the 

leaves and fruits of the selected plants were estimated.  

Estimation of bio-physiological contents 

The moisture content of leaf and fruit was determined through oven-drying method. 

Reducing sugar and total sugar content of leaf and fruit of each germplasm were 

estimated using Bertrand’s method (Kumar et al., 2011). The nitrogen content of leaf 

was estimated using Micro Kjeldahl method (Maehre et al., 2018). Each of the values 

was then multiplied by 6.25 to get the percentage of protein. Content of Chlorophyll 

of leaf was estimated using the procedure explained by Gagoi and Basumatary 

(2018). The ash content of leaf samples was estimated in wet basis using Muffle 

Furnace (Nielsen, 2010). A digital pH meter was used to determine the pH of the 

samples (Sharma and Rao, 2013). Proline content of leaf was determined with 

Colorimetric Assay (Abraham et al., 2010). 

Data analysis 

Multivariate analysis of variance (MANOVA) was employed to determine the 

abundance and infestation of jassid during the study. A one-way analysis of variance 

(ANOVA) was used for determining the mean abundance and infestation. The mean 

values were separated according to Tukey HSD posthoc test. Correlation coefficients 

were applied to determine the relationship of the abundance of jassid with plant bio-

physiological traits. All the analyses were performed using IBM SPSS 20.0. 

RESULTS AND DISCUSSION 

Incidence of jassid on the brinjal germplasms was recorded from 3
rd

 December to 26
th
 

March and the results showed significant variations among them (Table 1).  



 

Table 1. Abundance of jassid/3 leaves on twelve brinjal germplasms during December 2018 to March 2019. 

Observation 

 date 

Germplasms 

BD 7320 BARI 

Begun 5 

BD 7328 BD 9952 BARI 

Begun 1 

BARI 

Begun 6 

BARI 

Begun 4 

BARI 

Begun 7 

BARI 

Begun 8 

BARI 

Begun 9 

BD 10158 BD 10154 

03/12/18 2.2 df 0.2 f 1.6 e 1.0 f 2.0 g 0.0 h 0.8 g 0.4 g 0.6 i 3.8 cd 1.0 gh 1.2 h 

10/12/18 0.4 f 0.0 f 4.4 de 2.2 ef 2.0 g 0.4 gh 2.2 fg 1.8 fg 1.8 hi 3.5 cd 0.6 h 2.4 gh 

19/12/18 2.0 df 1.0 ef 3.6 e 0.8 f 1.8 g 1.4 fh 2.6 eg 4.2 eg 2.6 gi 2.5 cd 2.0 gh 3.4 gh 

26/12/18 3.6 ce 1.4 ef 3.8 e 4.6 df 3.8 fg 1.6 fh 2.6 eg 8.4 df 4.2 gi 1.6 d 2.2 fh 9.0 df 

02/01/19 2.4 df 0.4 f 3.0 e 3.0 ef 7.0 ef 2.2 eh 5.8 df 8.2 df 3.4 gi 2.4 d 3.2 eh 6.2 fg 

09/01/19 1.6 df 0.4 f 4.2 e 3.6 df 7.4 df 2.0 eh 6.6 cf 10.6 be 4.0 gi 2.6 cd 3.4 eh 10.8 ce 

15/01/19 1.4 ef 1.0 ef 6.2 ce 4.6 df 4.6 fg 1.8 eh 6.8 ce 5.2 dg 12.2 cf 2.8 cd 4.4 eg 2.6 gh 

24/01/19 0.8 ef 1.0 ef 12.8 b 4.4 df 3.4 fg 1.4 fh 1.2 g 7.2 dg 16.2 cd 3.0 cd 6.0 de 3.4 gh 

31/01/19 1.4 ef 2.6 de 10.8 bd 5.0 de 7.0 ef 3.0 eh 9.8 bd 16.4 ac 7.6 fh 11.2 ab 5.8 df 8.4 ef 

07/02/19 1.4 ef 3.4 cd 12.2 bc 5.0 de 9.6 de 2.6 eh 9.8 bd 15.4 ac 8.8 eg 12.0 ab 8.8 cd 9.6 df 

14/02/19 2.6 cf 4.4 cd 14.2 ab 7.4 cd 11.6 cd 4.2 dg 11.0 ac 16.0 ac 10.8 df 13.2 ab 11.0 bc 10.6 cf 

21/02/19 3.4 ce 5.2 c 15.2 ab 9.8 bc 14.2 bc 4.8 df 12.2 ab 17.4 ab 12.6 df 14.8 ab 13.6 ab 12.4 be 

28/02/19 4.4 cd 7.2 b 17.0 ab 11.8 ab 15.2 ac 5.6 de 13.6 ab 18.6 a 14.2 ce 16.8 ab 16.6 a 15.0 ac 

05/03/19 5.4 c 9.2 a 19.6 a 13.8 a 19.4 a 8.0 d 14.8 a 21.0 a 15.0 ce 17.8 a 13.2  ab 13.0 ad 

12/03/19 8.4 b 7.6 ab 15.0 ab 10.6 ac 17.6 ab 14.8 c 10.6 ac 16.2 ac 18.4 bc 14.8 ab 11.4 bc 15.0 ac 

19/03/19 16.0 a 8.8 ab 11.4 bc 11.8 ab 19.2 a 21.0 b 9.2 bd 9.8 ce 24.4 b 10.0 bc 8.4 cd 16.6 ab 

26/03/19 18.8 a 9.0 ab 11.4 bc 13.0 ab 19.2 a 27.4 a 9.4 bd 11.4 bd 31.4 a 10.0 bc 5.8 df 17.2 a 

Means within a column followed by same letter(s) are not significantly different according to Tukey′s HSD post hoc test at P < 0.05 level of significance. 
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All the germplasms revealed high abundance of jassid in the late growing period of 

the study which might be associated with the increased temperature at the end of the 

season. The result is in agreement with that of Shipa et al. (2021), who found the 

abundance of jassid on the tested cotton varieties as having significant positive 

correlation with temperature. The mean abundances of jassid on the germplasm 

differed significantly and the highest (11.7 ± 1.3 jassids/leaf) and the lowest (3.7 ± 

0.8 jassids/leaf) results were found on BARI Begun- 5 and BARI Begun- 6, 

respectively (Figure 1). Yousafi et al. (2013) found a number of 14.6 jassids/leaf on 

the susceptible variety of brinjal. 

 

Figure 1. Mean abundance of jassid (number/3 leaves) on twelve brinjal germplasms during 

December 2018 to March 2019. Data expressed as mean ± SE. Bars with common 

letter(s) are not significantly different by Tukey HSD posthoc statistic at P< 0.05. 

Relationship between abundance of jassid and morphological traits of the brinjal 

germplasms are shown in Table 2. The abundance of jassid was positively correlated 

with the morphological traits such as plant height (cm), number of branch and leaf 

per plant, and leaf area (cm
2
). Abundances of jassid were negatively correlated with 

the numbers of abaxial and adaxial leaf trichomes, and the numbers of spines on the 

stems and leaves of the germplasm. Bindra and Mahal (1981) reported that high 

density of hair on midrib was responsible to give resistance to brinjal against jassid. 

The presence of trichomes on leaf hinders free movement, ease of feeding, and 

oviposition of insects and thus affects the growth and development of them (Amin et 

al., 2011). That is why the abundance of jassid was lower on the germplasms where 

the presence of trichomes and spines was higher. Thus, the morphological 

characteristics of plants affect the growth of insect population as well as its 

abundance. 
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Table 2. Correlation between jassid abundance and plant morphological 

characteristics of twelve brinjal germplasms 

Germplasm 

Morphological characteristics 

Plant 

height 
(cm) 

Branch/plant Leaf/plant Leaf area 
Trichome on 

lower leaf 
surface 

Trichome on 

upper leaf 
surface 

Spine/ 
stem 

Spine/ 
leaf 

BD-7320 0.901* 0.910* 0.739NS 0.899* -0.846NS -0.681NS -0.645NS -0.645NS 

BARI Begun-5 0.905* 0.969** 0.848NS 0.764NS -0.884* -0.897* -0.945* -0.935* 

BD-7328 0.922* 0.871NS 0.967** 0.569NS -0.866NS -0.819NS -0.901* -0.921* 

BD-9952 0.922* 0.958** 0.867NS 0.956* -0.941* -0.641NS -0.891* -0.945* 

BARI Begun-1 0.903* 0.938* 0.937* 0.695NS -0.737NS -0.920* -0.945* -0.963** 

BARI Begun-6 0.905* 0.368NS 0.846NS 0.859NS -0.813NS -0.858NS -0.894* -0.881* 

BARI Begun-4 0.960** 0.981** 0.899* 0.767NS -0.909* -0.931* -0.918* -0.845NS 

BARI Begun-7 0.371NS 0.949* 0.905* 0.912* -0.860NS -0.919* -0.925* -0.877* 

BARI Begun-8 0.504NS 0.921* 0.938* 0.869NS -0.765NS -0.895* -0.921* -0.930* 

BARI Begun-9 0.144NS 0.942* 0.960** 0.937* -0.903* -0.927* -0.775NS -0.933* 

BD-10158 0.866* 0.942* 0.939* 0.879* -0.980** -0.955** -0.942* -0.942* 

BD-10154 0.867* 0.822NS 0.977** 0.945* -0.897* -0.926* -0.989** -0.949** 

NS, Non-significant, * Significant (P ˂ 0.05), ** Highly Significant (P ˂ 0.01). 

In addition to morphological traits, we have also analyzed the abundance of jassid 

with some of the physiological and nutritional parameters. We found that the 

moisture, total chlorophyll, proline, reducing sugar, total sugar, nitrogen and protein 

content exerted positive correlation, while ash and pH contents in the leaves were 

found to be negatively correlated (Table 3). Our results are in line with some of the 

previous findings such as Khan et al. (2015) reported that the abundance of A. 

biguttula biguttula had significant positive correlation with the moisture and protein 

content of leaf of brinjal but the ash content had negative effects. Host plant selection 

by insects relies upon their nutritional requirements (Gogi et al., 2010). The presence 

of high amount of moisture makes the plant succulent and palatable to insects, which 

ultimately leads to higher insect infestation. Gall and Behmer (2014) reported that 

protein and carbohydrate affect the body mass gain and development of juveniles of 

the phytophagous insects. The abundance of jassid thus is positively correlated with 

the presence of high moisture, nitrogen and sugar contents of leaf of brinjal. 
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Table 3. Correlation co-efficient (r) between jassid abundance and biochemical 

content of leaf of twelve brinjal germplasms 

Germplasm 

Biochemical content 

Moisture 

(%) 
pH 

Ash 

(%) 

Total 

Chlorop

hyll 

Proline 
Reducing 

sugar 

Total 

sugar 
N2 (%) 

Protein 

(%) 

BD-7320 0.584NS -0.873* -0.840NS 0.840NS 0.408NS 0.764NS 0.919* 0.873* 0.840NS 

BARI Begun-5 0.786NS -0.629NS -0.945* 0.643NS 0.786NS 0.845NS 0.786NS 0.945* 0.922* 

BD-7328 0.967** -0.943* -0.943* 0.943* 0.845NS 0.871NS 0.943* 0.871NS 0.871NS 

BD-9952 0.946* -0.943* -0.891* 0.891* 0.845NS 0.871NS 0.871NS 0.943* 0.945* 

BARI Begun-1 0.915* -0.748NS -0.791NS 0.748NS 0.948* 0.915* 0.915* 0.948* 0.948* 

BARI Begun-6 0.953** -0.930* -0.813NS 0.791NS 0.791NS 0.930* 0.845NS 0.930* 0.894* 

BARI Begun-4 0.963** -0.891* -0.901* 0.891* 0.764NS 0.943* 0.891* 0.945* 0.901* 

BARI Begun-7 0.949* -0.949* -0.877* 0.877* 0.896* 0.949** 0.949** 0.959** 0.949** 

BARI Begun-8 0.930* -0.930* -0.813NS 0.813NS 0.930* 0.930* 0.930* 0.894* 0.930* 

BARI Begun-9 0.971** -0.971** -0.971** 0.992** 0.923* 0.904* 0.904* 0.971** 0.983** 

BD-10158 0.942* -0.942* -0.970** 0.908* 0.970** 0.908* 0.970** 0.962** 0.985** 

BD-10154 0.949** -0.949** -0.949** 0.959** 0.987** 0.877* 0.987** 0.949** 0.989** 

NS, Non-significant, * Significant (P ˂ 0.05), ** Highly Significant (P ˂ 0.01). 

Abundance of jassid showed positive correlation with moisture, total sugar and 

reducing sugar, but revealed negative correlation with pH of the fruits of the 

germplasm (Table 4). The tissue hardiness, wax content and the presence of 

pubescence act as barriers and affect insect mobility and population. Lima et al. 

(2004) found that chlorophyll level and proline content of leaf manipulate insect 

feeding. Laichattiwar et al. (2018) reported that moisture content of brinjal leaf 

exerted positive impact on the abundance of sucking insects.  

Table 4. Correlation co-efficient (r) between jassid abundance and biochemical 

content of fruit of twelve brinjal germplasms 

Germplasm 
Biochemical content 

Moisture pH Reducing sugar Total sugar 

BD-7320 0.491NS -0.919* 0.873* 0.873* 

BARI Begun-5 0.967** -0.943* 0.945* 0.871NS 

BD-7328 0.954* -0.963** 0.846NS 0.943* 

BD-9952 0.846NS -0.963** 0.943* 0.871NS 

BARI Begun-1 0.886* -0.943* 0.915* 0.948* 

BARI Begun-6 0.813NS -0.930* 0.813NS 0.813NS 

BARI Begun-4 0.623NS -0.945** 0.871NS 0.891* 

BARI Begun-7 0.949** -0.949** 0.959** 0.877* 

BARI Begun-8 0.916* -0.930* 0.930* 0.930* 

BARI Begun-9 0.971** -0.923* 0.971** 0.942* 

BD-10158 0.977** -0.908* 0.948** 0.970** 

BD-10154 0.949** -0.949** 0.949** 0.949** 

NS, Non-significant, * Significant (P ˂ 0.05), ** Highly Significant (P ˂ 0.01). 
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Leaf infestation of the germplasm varied from 4.2% to 23.0%. The infestation was 

quite lower at early growth stages, during 3
rd

 December to 26
th
 December, and 

reached the peak on 28
th 

of February (Table 5). The findings of our study were not 

similar to Singh et al. (2015) who found the highest infestation of jassid in the 3
rd

 

week of August (35.4%) then declined gradually, and the lowest incidence occurred 

in the last week of December (9.1%). This difference might happen due to the 

variation of the study period. The finding of our study is in accordance with 

Bharadiya and Patel (2005) who found the lowest and the highest infestations of 

jassid in the second week of December (8.8%) and the fourth week of February 

(16.7%), respectively. 

Table 5. Infestation level of jassid on leaf of twelve brinjal germplasms during 

December 2018 to March 2019 

Observation 

 date 

Germplasms 

BD 

7320 

BARI 

Begun 5 

BD 

7328 

BD 

9952 

BARI 

Begun 1 

BARI 

Begun 6 

BARI 

Begun 4 

BARI 

Begun 7 

BARI 

Begun 8 

BARI 

Begun 9 

BD 

10158 

BD 

10154 

03/12/18 23.0 a 8.1 b 19.3 a 7.1 b 10.6 ad 7.9 ef 4.2 e 9.0 ad 7.2 b 13.9 bf 13.9 bd 13.9 ab 

10/12/18 21.0 a 10.1 b 17.1 ab 9.2 ac 11.1 ac 8.9 df 6.5 de 6.8 bd 9.4 ab 12.3 dg 13.6 be 15.3 a 

19/12/18 16.1 ac 19.9 a 20.5 a 11.8 ab 14.9 a 16.3 ab 12.9 ac 8.9 ad 10.5 ab 15.9 be 11.7 cf 12.1 ae 

26/12/18 14.2 ac 12.2 b 15.2 ac 14.4 a 12.2 ab 8.8 df 8.1 be 6.2 cd 13.3 a 13.4 cf 16.3 ac 10.7 ae 

02/01/19 10.2 bc 9.0 b 8.7 ce 6.2 b 10.5 bd 10.6 ce 12.1 ad 8.5 ad 10.7 ab 11.0 dg 11.7 cf 10.0 ae 

09/01/19 9.4 bc 8.3 b 7.7 de 5.6 c 10.4 bd 10.1 cf 11.1 ad 10.5 ad 11.4 ab 10.3 eg 10.4 cf 10.8 ae 

15/01/19 9.5 bc 6.2 b 8.5 ce 5.8 c 7.4 ce 6.4 ef 9.7 ae 5.8 d 10.9 ab 5.1 g 9.0 df 6.1 e 

24/01/19 8.8 c 6.2 b 8.6 ce 4.6 c 7.3 ce 5.7 f 7.9 ce 8.3 ad 11.6 ab 7.5 fg 10.1 cf 6.9 ce 

31/01/19 8.9 bc 8.7 b 4.9 e 6.6 b 6.0 e 6.3 ef 14.4 a 7.6 bd 6.6 b 9.5 eg 6.5 f 6.4 de 

07/02/19 9.1 bc 8.0 b 5.5 e 7.8 b 6.5 de 6.6 ef 14.9 a 7.3 bd 6.2 b 9.8 eg 6.8 df 7.8 be 

14/02/19 9.5 bc 7.8 b 5.6 e 8.2 b 6.9 ce 7.9 ef 14.9 a 8.0 ad 7.5 ab 11.7 dg 9.3 df 11.1 ae 

21/02/19 9.4 bc 7.9 b 5.6 e 8.0 b 7.3 ce 9.0 df 13.9 ab 9.3 ad 7.5 ab 14.7 bf 11.4 cf 12.2 ae 

28/02/19 13.9 ac 8.1 b 7.5 de 7.5 b 8.4 be 10.1 cf 14.0 a 11.1 ad 9.6 ab 16.8 ae 15.0 bd 12.8 ae 

05/03/19 15.9 ac 8.6 b 9.4 ce 8.1 b 10.4 bd 12.9 bd 13.4 ac 11.5 ad 11.0 ab 18.2 ad 15.3 ad 13.1 ad 

12/03/19 16.1 ac 8.3 b 10.2 be 8.2 b 10.2 be 14.5 bc 13.7 ac 12.7 ac 11.5 ab 20.2 ac 16.8 ac 13.5 ac 

19/03/19 18.2 ab 8.4 b 11.2 be 8.9 ac 10.4 bd 15.4 ab 14.0 a 12.8 ab 11.9 ab 21.2 ab 18.6 ab 13.5 ac 

26/03/19 20.8 a 10.1 b 14.2 ad 10.2 ac 12.1 ab 19.4 a 14.2 a 14.4 a 13.3 a 23.8 a 21.8 a 15.8 a 

Means within a column followed by same letter(s) are not significantly different according to Tukey′s 

HSD post hoc test at P < 0.05 level of significance. 

The mean infestation level of jassid varied significantly among the germplasm 

ranging from 7.4 ± 0.4% to 12.6 ± 0.6%. The lowest result was found on BARI 

Begun- 6 (7.4 ± 0.4%) (Figure 2). The germplasm BARI Begun- 5, BARI Begun- 9, 

BD- 10158, and BD- 10154 showed statistically similar and the highest infestation 

levels (12.4 ± 0.5, 12.2 ± 0.7, 12.2 ± 0.6, and 12.6 ± 0.6%, respectively).  
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Figure 2. Mean infestation level of jassid on twelve brinjal germplasms during December 

2018 to March 2019. Data expressed as mean ± SE. Bars with common letter(s) 

are not significantly different by Tukey HSD posthoc statistic at P< 0.05. 

Rank abundance curve based on the number of total jassid individuals on the tested 

germplasms is presented in figure 3. Rank abundance showed that the lowest rank 

was found in BARI Begun 6 with 3.9% jassids of total abundance, followed by BARI 

Begun 4 and BD 9952 (4.8% in both the cases). BARI Begun 5 showed the highest 

rank with 12.6% of the total abundance of jassid. 

 

Figure 3. Rank abundance curve of total jassid individuals on twelve brinjal 

germplasms during December 2018 to March 2019. 

The findings of the study revealed significant variations in the abundance and 

infestation of jassid on twelve germplasms of brinjal and showed that the germplasm 

BARI Begun- 6 had the lowest abundance and infestation. The result can be utilized 

by the plant breeders for development of jassid resistant brinjal variety. 
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ABSTRACT 

An experiment was conducted at Fruit Tree Improvement Project, Fruit Tree 
Improvement Programme, Bangladesh Agricultural University-Germplasm Center 
(FTIP, BAU-GPC), Bangladesh Agricultural University (BAU), Mymensingh 
during the period of April 2020 to June 2020 to study the performance of selected 
mango rootstocks for the saline area. The two-factor experiment consisted of four 
mango rootstock varieties such as V1 = BAU Aam-9, V2 = BAU Aam-6, V3 = 
BAU Aam-4 and V4 = Amropali and six salinity treatments namely control S1 = 0 
dSm

-1
, S2 = 4 dSm

-1
, S3 = 8 dSm

-1
, S4 = 10 dSm

-1
, S5 = 12 dSm

-1
 and S6 = 14 

dSm
-1

. The experiment was conducted following randomized complete block 
design with three replications. Results revealed that rootstock line and salinity 
levels had significant influences on various rootstock characters viz. length of 
rootstocks, number of leaves and percent rootstocks success and survivability. In 
case of varietal effect, the highest number of leaves (32.44) found in BAU Aam-6 
and the lowest number of leaves was recorded in Amropali (22.55) at 90 days 
after transplanting. The longest rootstock length observed in 90 DAT which 
(54.83 cm) found in BAU Aam-9and shortest rootstock recorded in Amropali 
(47.94 cm). The highest survivability (51.44%) was recorded in BAU Aam-9 and 
the lowest survivability recorded in Amropali (33.88%). In case of salinity 
treatments, the highest survivability (95.83%) was recorded in control and the 
lowest survivability (0.00%) recorded in 14 dsm

-1 
at 90 DAT. Interaction of 

rootstock varieties and different salinity treatments showed significant variation 
on the length leave and survivability of rootstocks at 90 DAT. The maximum 
number of rootstock leaves recorded in V2S2 (46.33) and lowest number of leave 
recorded in V4S6 (7.66). The highest rootstock length was found in V1S3 (78.00 
cm) and lowest in V1S2 (21.66 cm). The highest Survivability (100 %) observed 
in V1S1, V1S2, V2S1, V2S2 and V4S1. From the above mentioned it can be said 
BAU Aam - 9 and BAU Aam – 6 rootstock varieties performed best from 0-8 
dSm-1 salinity. The overall salinity tolerance was graded as follows: BAU Aam - 
9>BAU Aam – 6> BAU Aam-4>Amropali rootstock line. 
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INTRODUCTION 

Mango (Mangifera indica L.), a tropical and sub-tropical fruit belongs to the family 

Anacardiaceae which was originated in the Eastern India, Asam, Myanmar or in the 

Malayan region (Mukherjee, 1997). Bangladesh has achieved significant progress in 

mango production, only 1165804 M. tons from an area of 44365 hectares with an 

average yield of 26.27 t ha
-1

 (BBS, 2018) which is very high compared to that of 

other mango growing countries like India (8.95 t ha
-1

), the Philippines (9.41 t ha
-1

) 

(Ghosh, 1998; Espino and Javier, 1989). Mango has a unique position in respect of 

nutritional quality, taste and consumer’s performance etc. It grows in almost all p arts 

of Bangladesh but commercial and good quality of mangoes are mostly grown in the 

North-western districts due to the favorable soil and climate conditions and mangoes 

of unknown varieties (seedling mango) are mostly grown in the south -Eastern other 

parts of the country.  

In Bangladesh, mango is mainly grown by smallholder farmers as a source of food to 

meet their dietary (vitamins and minerals) needs, household income for resource poor 

farmers and earns foreign exchange as an export crop. Mango is delicious, nutritionally 

superior and very rich source of vitamins and minerals which make it as a most 

valuable fruits in the world. Ripe mango contains high amount of carotene & vit-c and 

provides energy as much as 74 kcal per 100g edible portion that is nearly the equals’ 

energy values of boiled rice of similar quantity by weight (Hossain, 1989a). Though 

mango is the leading seasonal cash crop of the country’s northwestern region and 

dominates its economy but the existing production of mango falls appreciably short to 

fulfill the national demand. Fruits are always an important part of human diet. In 

Bangladesh, the minimum dietary requirement of 85g per head per day, whereas 

present availability is 30-35 g (Anonymous, 1995). In another report showed that the 

present availability of fruits is only 70-75 gas against the minimum dietary requirement 

of 120g per head per day (BBS, 2010).  

For quality mango production in Bangladesh, there are a lot of problems such as 

saline, drought pests attack, insufficient knowledge for application of organic 

manures & pesticides, post-harvest loss reduction techniques, proper irrigation proper 

orchard sanitation etc. The production and marketing of mango are affected by a 

variety of factors of which pests and diseases are regarded to be one of the major 

constraints. In Bangladesh, a general decreasing trend in area and production of 

mango is observing during 1994-95 to 2003-04 (BBS, 2004). All mango rootstock 

did not grow well in saline prone area. Salinity is one of the major abiotic stress 

factors, which restricts plant growth and yield, and is a major threat to agriculture 

sustainability. It has been estimated that 20% of the irrigated land in the world is 

presently affected by the salinity (Yamaguchi and Blumwald 2005). The need for 

information concerning the tolerance and mineral nutrition of the mango rootstocks 

in the saline zones, and thus concerning the impact of salinity on fruit yield, has 

direct economic implications. In addition, mango is considered sensitive to saline 
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conditions (Maas, 1986), leading to scorched leaf tips and margins, leaf curling, and 

in severe cases reduced growth, abscission of leaves, and death of trees (Jindal et al., 

1976 a). 

The information or research work with mango in saline area of southern belt is very 

limited. Mango production is hampered due to restricted growth of the plant, root 

expansion hampered, low success and survivability due to high salinity. Considering 

the above facts, the present research work was undertaken to observe the mango 

rootstock performance for saline areas and to evaluate the salinity level of selected 

mango rootstock. 

MATERIALS AND METHODS 

The experiments were conducted at FTIP, BAU-GPC, Bangladesh Agricultural 

University (BAU), Mymensingh during the period of April 2020 to June 2020. The 

experimental area of FTIP, BAU-GPC was under a subtropical climate, which is 

characterized by heavy rainfall during the months from April to September and 

scanty rainfall during the rest of the time of the year. The soil of the experimental 

area belongs to the Old Brahmaputra Floodplain under AEZ 9 of Bangladesh and 

well-drained high land with sandy loam in soil texture. The soil pH of the 

experimental site was 6.8. The experiment consisted of two factors i.e. Factor-A: four 

type of mango rootstocks viz., V1 = BAU Aam -9, V2 = BAU Aam -6, V2 = BAU 

Aam- 4 and Amropali. Factor-B: six level of soil salinity viz. S1 = Control (0 dSm
-1

 

), S2 =4 dSm
-1

 , S3 = 8 dSm
-1

 , S4 = (10 dSm
-1

 ), S5 = 12 dSm
-1

 and S6 = 14 dSm
-1

.A 

two factor experiment was conducted in a Factorial Randomized Complete Block 

Design with four replications.  

 Healthy and heavy stones of four mango varieties were collected and placed in a 

bucket of water. Only those stones that sunk and touched the bottom of bucket 

(containing water) were selected. The stones were placed in polybags containing a 

mixture of soil and cowdung at the ratio of 1:1. One stone was placed in one polybag. 

After placing the seeds were germinated within 15 to 30 days. The experimental pots 

are used as half cut plastic drum containing 2-3 aeration holes at bottom for removal 

of excess water. Total 18 experimental pots were filled by soil; well decompose 

cowdung, sand & small pitches of broken stones at the ratio of 1:1:1:1. Then we have 

made artificial saline soil by using lab grade NACL such as 4 dSm
-1 

=55gm, 8 dSm
-1 

= 112gm, 10 dSm
-1

 = 140 gm, 12 dSm
-1 

= 168 gm and 14 dSm
-1

 = 198 gm NACL 

mixing with 20-liter water for individual treatment respectively and put into drum to 

saturated soil. Nearly one year mango rootstocks collected from four different types 

of mango cultivar which were raised in polybags previously & transplanted to the 

experimental pots. The healthy, vigorous, uniform in size and growth, pest and 

disease free rootstocks was selected for the experiment. Pots containing healthy and 

uniform size rootstocks were raised in each rootstock line. Intercultural operations 

like irrigation, weeding, application of fertilizer, spraying of insecticides and 
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fungicide were given whenever needed for the good health of stock plant. At first 

rootstocks were separated from different types of rootstock by their proper identity 

through individual tagging. Four rootstock lines were arranged according to their 

identical number for properly data collection as well as performance review of 

different rootstock lines. All necessary measures were adopted to make the pot free 

from weeds and create a favorable environment to ensure proper growth and 

development of grafted plants. Weeding and mulching were done whenever 

necessary during the period of investigation. As a preventive measure against insect, 

pest and disease, spraying with insecticide and fungicides were done following a 

routine schedule. For this, Diazinon and Diathane M-45 @ 2ml liter-1 of water were 

applied at 7-10 days interval. The recorded data viz. number of leave, length of 

rootstock and survivability were taken at 30, 60 and 90 DAT (Days After 

Transplanting) on different parameters of the experiment was tabulated and analyzed. 

The means of all the treatments were calculated and compared by Least Significant 

Difference (LSD) test at 5% level of probability (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSION 

Main effect of rootstock 

Results revealed that rootstock line and salinity levels had significant influences on 

various characters viz. length of rootstocks, number of leaves and percent rootstocks 

success and survivability. Effect of rootstock significant variation was noticed in the 

growth of rootstocks from 30 to 90 days after transplanting  

Number of leaves on per rootstock 

At 30 DAT the highest number of leaves (19.05) found in BAU Aam-6 followed by 

BAU Aam-9 (18.88) and the lowest number of leaves was recorded in Amropali 

(15.33) (Table 1). Similar trend was recorded at 60 DAT and 90 DAT. There was 

trend to increase length with the advancement of days (Table 1). 

Rootstock height 

At 30 DAT, BAU Aam-9 rootstock length was higher (39.44cm) followed by 

Amropali (38.94cm). (Table 1). At 60 DAT, the longest rootstock length (47.05cm) 

found in BAU Aam - 9 followed by BAU Aam-4 (44.11cm), the shortest rootstock 

length found in BAU Aam – 6 (41.38cm). The longest rootstock length observed in 

90 DAT which (54.83cm) found in BAU Aam-9 followed by BAU Aam-6 (49.77) 

and shortest rootstock recorded in Amropali (47.94). (Table 1). 

Rootstock survivability 

At 30 DAT, the highest survivability (59.72%) was recorded in BAU Aam - 9 

followed by BAU Aam – 6 (58.61%) and the lowest survivability recorded in 

Amropali (37.16%). At 60 DAT, the highest survivability (55.83%) was recorded in 

BAU Aam - 9 followed by BAU Aam – 6 (54.05 %) and the lowest survivability 

recorded in Amropali (30.27%). (Table 1). There was trend to decrease survivability 
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rate with the advancement of days. At 90 DAT, the highest survivability (51.44%) 

was recorded in BAU Aam - 9 followed by BAU Aam – 6 (47.44%) and the lowest 

survivability recorded in Amropali (33.88%) (Table 1). 

Table 1. Main effect of rootstock varieties on the length of rootstocks, leaves 

number and rootstock survivability (%) at different days after 

transplanting  

Treatments No. of leaves at different 

days after transplanting 

Length of rootstocks at 

different days after 

transplanting(cm) 

Rootstock survivability (%) 

at different days after 

transplanting 

30 60 90 30 60 90 30 60 90 

BAU Aam-9 18.88 24.88 31.16 39.44 47.05 54.83 59.72 55.83 51.44 

BAU Aam-6 19.05 25.55 32.44 34.55 41.38 49.77 58.61 54.05 47.44 

BAU Aam-4 18.38 22.44 27.77 38.16 44.11 48.44 45.55 43.72 38.33 

Amropali 15.33 18.77 22.55 38.94 43.89 47.94 37.16 30.27 33.88 

CV (%) 15.50 17.23 19.88 16.81  17.60 20.90 26.80 28.39 32.03 

LSD (0.05) 1.86 2.64 3.79 4.26 5.21 7.04 9.05 8.75 9.18 

Main effect of salinity 

Number of leaves per rootstock 

At 30 DAT, the highest number of leaves (23.58) found in control followed by4 dsm
-

1
 (20.25) and the lowest number of leaves was recorded in 14 dsm

-1
 (11.83). (Table 

2). At 60 DAT the highest number of leaves (31.33) found in control followed by4 
dsm

-1
 (28.83) and the lowest number of leaves was recorded in 14 dsm

-1
 (11.83). At 

90 DAT the highest number of leaves (41.33) found in control followed by4 dsm
-1

 
(39.75) and the lowest number of leaves was recorded in 14 dsm

-1
 (11.83). Here 

noticed that increase rate of salinity concentration the growth rate of leaves was 
minimum (Table 2). 

Rootstock height 

At 30 DAT, Control treatment gave the highest rootstock length (48.08 cm) followed 
by  4 dsm

-1
 (46.50 cm). The shortest rootstock recorded in 14 dsm

-1 
(28.00 cm) (Table 

2). At 60 DAT, the longest rootstock length (59.83 cm) found in Control followed by 
4 dsm

-1
 (56.41cm), the shortest rootstock length found in 14 dsm

-1
 (28.16cm). The 

longest rootstock length observed in 90 DAT which (70.58 cm) found in Control 
treatment followed by 4 dsm

-1
 (67.50 cm) and the shortest rootstock recorded in 14 

dsm
-1

 (25.50 cm) (Table 2). 

Rootstock survivability 

At 30 DAT, the highest survivability (97.41%) was recorded in control followed by 4 

dsm
- 
(95.83%) the lowest was 14 dsm

-1 
(0.00%) (Table 2). At 60 DAT, maximum 

survivability (95.83%) recorded in control treatment followed by 4 dsm
-1

 (92.50%). 

and lowest survivability (0.00 %) recorded in 14 dsm
-1

. At 90 DAT the highest 



98 Rahim et al. 

survivability (95.83 %) was recorded in control followed by 4 dsm
-1 

(92.50%) and 

lowest survivability (0.00 %) recorded in 14 dsm
-1

. Srivastava et al. (1989) reported 

that increases the salinity treatment decreases the rate of survivability of mango. 

(Table 2). 

Table 2. Main effect salinity treatment on the length of rootstocks, number of leaves 

and rootstock survivability at different days after transplanting 

Treatments No. of leaves at different 

days after transplanting 

Length of rootstocks at 

different days after 
transplanting (cm) 

rootstock survivability (%) at 

different days after 
transplanting 

30 60 90 30 60 90 30 60 90 

Control 23.58 31.33 41.33 46.50 56.41 67.50 97.41 95.83 95.83 

4 dsm-1 19.75 28.83 39.75 48.08 59.83 70.58 95.83 92.50 92.50 

 8 dsm-1 20.25 28.00 35.33 40.66 48.58 58.33 63.75 55.41 54.83 

10 dsm-1 18.25 22.00 25.41 32.41 38.75 44.20 32.91 25.83 10.41 

12 dsm-1 13.83 15.50 17.25 31.00 32.91 35.33 11.66 6.25 2.916 

14 dsm-1 11.83 11.83 11.83 28.00 28.16 25.50 0.00 0.00 0.00 

CV(%) 15.50 17.23 19.88 16.81 17.60 20.90 26.80 28.39 32.03 

LSD (0.05) 2.28 3.24 4.65 5.21 6.58 8.63 11.09 10.72 11.25 

Combined effect of rootstocks and salinity 

Interaction of rootstock lines and different salinity treatments showed significant 

variation on the length, leave and survivability of rootstocks are described below. 

Number of leaves per rootstock 

Result reveled that highest number of leaves at 30 DAT was found in V1S2 (26.67) 

followed by V4S1 (26.33) and lowest number of leaves recorded in V4S6 (7.66) 

(Table 3). Similar trend was observed at 60 DAT. The highest number of leaves was 

found in V1S2 (35.00) followed by V4S1 (34.00) and lowest number of leaves 

recorded in V4S6 (7.66). When we observed at the time of 90 DAT maximum leave 

was recorded in V2S2 (46.33) followed by V1S2 (46.00) (Table 3). 

Rootstock length 

In case of height at 30 DAT, the highest length was recorded in V4S2 (56.33 cm) 

followed by V1S2 (55.33 cm) minimum length was recorded in V1S6 (23.33 cm) 

(Table 3).  In case of 60 DAT, the highest length was found in V1S2 (68.33 cm) 

followed by V4S2 (68.00 cm)) minimum length was recorded in V1S6 (23.33 cm). 

At the time of 90 DAT the tallest rootstock was observed in V4S2 (78.00 cm) 

followed by (76.33 cm) and the shortest rootstock was found in V3S6 (21.66 cm) 

(Table 3). 
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Table 3. Combined effect of rootstocks and salinity treatments on the number of 

leaves & plant height at different DAT. 

Treatments No. of leaves at different 

days after transplanting 

Length of rootstocks at different days 

after transplanting (cm) 

30 60 90 30 60 90 

V1S1 20.66 27.66 38.66 50.00 61.00 73.00 

V1S2 26.67 35.00 46.00 55.33 68.33 76.00 

V1S3 21.33 32.66 41.66 46.00 58.66 76.33 

V1S4 17.66 24.00 28.00 35.33 40.33 43.00 

V1S5 14.33 17.33 20.00 26.66 30.66 37.33 

V1S6 12.66 12.66 12.66 23.33 23.33 23.33 

V2S1 22.66 33.66 45.00 41.67 51.00 62.66 

V2S2 22.00 34.00 46.33 33.66 44.33 57.00 

V2S3 17.66 25.33 34.00 38.66 46.66 56.33 

V2S4 22.00 26.66 31.33 37.00 46.33 59.66 

V2S5 17.33 21.00 25.33 30.66 34.33 37.55 

V2S6 12.66 12.66 12.66 25.66 25.66 25.66 

V3S1 24.66 33.00 43.00 45.33 54.33 66.00 

V3S2 14.33 21.33 32.66 47.00 58.66 71.33 

V3S3 24.33 30.66 38.00 41.33 48.00 55.66 

V3S4 17.66 20.33 23.66 31.66 40.00 44.00 

V3S5 15.00 15.00 15.00 32.00 32.00 32.00 

V3S6 14.33 14.33 14.33 31.66 31.66 21.66 

V4S1 26.33 31.00 38.66 49.00 59.33 68.33 

V4S2 16.00 25.00 34.00 56.33 68.00 78.00 

V4S3 17.66 23.33 27.66 36.66 41.00 45.00 

V4S4 15.66 17.00 18.66 25.66 28.33 30.33 

V4S5 8.66 8.66 8.66 34.66 34.66 34.66 

V4S6 7.66 7.66 7.66 31.33 32.07 31.33 

CV(%) 15.50 17.23 19.88 16.81 17.60 20.90 

LSD (0.05) 4.56 6.49 9.30 10.44 12.76 17.26 

Rootstock survivability 

This parameter is very important to conclude the experiment. 100% survivability 

recorded in six combination which on is- V1S1, V1S2, V2S1, V2S2, V3S1 and V3S2 
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followed by V4S2 (83.33%) and V1S6, V2S6, V3S5, V3S6, V4S5 and V4S6 

performed zero (0) % survivability (Fig.1). Similar result gave at 60 DAT (Fig. 2). At 

final stage i.e., 90 DAT, the highest Survivability (100%) observed in V1S1, V1S2, 

V2S1, V2S2 and V4S1 followed by V1S3 (72.00%) and V1S6, V2S5, V2S6, V3S4, 

V3S5, V3S6, V4S4, V4S5 and V4S6 performed zero (0)% survivability (Fig. 3 and 4). 
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V1= BAU Aam-9, V2= BAU Aam-6, V3= BAU Aam-4,      V4= Amropali,  
S1= control, S2= 4 dSm-1,     S3= 8 dSm-1,   S4= 10 dSm-1,S5= 12 dSm-1,    S6= 14 dSm-1 

Figure 1. Combined effect of rootstocks and salinity treatments on 

the survivability (%) at 30 DAT. 

 
V1= BAU Aam-9,     V2= BAU Aam-6,       V3= BAU Aam-4,      V4= Amropali,  
S1= control,     S2= 4 dSm-1,     S3= 8 dSm-1,   S4= 10 dSm-1,  S5= 12 dSm-1,    S6= 14 dSm-1 

Figure 2. Combined effect of rootstocks and salinity treatments on the 

survivability (%) at 60 DAT. 
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V1= BAU Aam-9, V2= BAU Aam-6,  V3= BAU Aam-4,      V4= Amropali,  

S1= control, S2= 4 dSm-1,     S3= 8 dSm-1,   S4= 10 dSm-1,  S5= 12 dSm-1,    S6= 14 dSm-1 

Figure 3. Combined effect of rootstocks and salinity treatments on the 

survivability (%) at 90 DAT. 

 

                   Figure 4. Pictorial view of the experiment 

CONCLUSION 

An inverse relationship was observed between the salt concentration and rootstock 

survivability, height and leaves, etc. Survivability rate decreased with the increasing 

levels of salinity of different rootstock. In conclusion, tree tolerance to soil 

salinity can be said BAU Aam - 9 and BAU Aam – 6 rootstock line performed best 

from 0 - 8 dSm-1 salinity. The overall salinity tolerance was graded as follows: BAU 

Aam - 9>BAU Aam – 6> BAU Aam-4>Amropali rootstock line. 
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ABSTRACT 

An experiment was conducted to evaluate the yield performance of 
potato varieties with chemical and organic fertilizer at Chilime, Rasuwa. 
The experiment consisted of eight treatment combinations laid out in two 
factors Randomized Complete Block Design (RCBD) with three 
replications. Four potato varieties (Khumal-Seto-1, Khumal-Ujjwal, 
Janak-Dev and Kufri-Jyoti) with fertilizer (Recommended dose of 
chemical fertilizer (100:100:60 NPK kg ha

-1
) and organic farmyard 

manure (15 mt ha
-1

) were used to make eight treatment combinations. 
The results showed that Janak-Dev had the highest plant height (69.3 
cm) and canopy diameter (60.92 cm). Khumal-Seto-1 had highest 
number of main stems per hill (3.75) which were statistically similar to 
Kufri-Jyoti (3.42) and Khumal-Ujjwal (3.25). Janak-Dev had the lowest 
number of main stems per hill (1.87). The effect of fertilizer was non-
significant. Flowering occurred earlier in Janak-Dev at 61.17 days after 
sowing while Kufri-Jyoti flowered after 73.17 days after sowing. The 
highest number of tubers were found in Khumal-Seto-1 (9.167) and 
lowest in Janak-Dev (5.750). Number of tubers per plant was not 
affected by types of fertilizers used. Maximum weight of each tuber 
(107.7 grams), yield per plant (780 grams) and yield per hectare (37.1 mt 
ha

-1
) were obtained from Kufri-Jyoti. These parameters were the highest 

from chemical fertilizer application. This field experiment showed that 
Kufri-Jyoti with recommended dose of chemical fertilizer was appropriate 
to get optimum yield under Chilime condition.  

Keywords: Fertilizers, Potato, Tuber, Varieties, Yield 

Potato (Solanum tuberosum) belongs to order Solanales in Solanaceae family of 

flowering plants (Grun, 1990). It is the third most important crop in terms of human 

consumption after rice and wheat; in 2016, 376.83 million metric tons of potato was 

produced from 19.25 million hectares land (CIP, 2017).  
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According to MoAD (2019), potato is cultivated in 195,173 ha producing 2,881,829 

metric tons. Potato ranks fifth on area coverage, second in production and 

consumption, and ranks first in productivity. Potato is cultivated at an altitude ranges 

between 100m to 4400m (Joshi, 1997). Gatlang-Local, Khumal-Ujjwal, Khumal-

Seto-1, Janak-Dev, Kufri-Jyoti etc. are the major varieties of potato grown in Rasuwa 

district of Nepal. Fertilizer application has an important effect on yield (Wastermann, 

2005). Varietal selection is another contributing factor for potato production. If the 

seed is healthy and of good quality, yield can increase up to 40% (Khairgoli, 1987). 

Potato demands high amount of nutrients as it has poorly developed shallow root 

system as compared to its yield. Potato produces large amount of dry matter as 

compared to cereals (Singh and Trehan, 1998). Large amounts of soil nutrients are 

depleted and the loss in nutrients are alarming. Hence inputs application like 

Nitrogen, Phosphorus and Potassium are essential and these major macronutrients 

have shown improvements in yield and quality (Wastermann, 2005). Daily 

requirement for growth of potato tubers during bulking stage are 4.5 kg ha
-1

 N, 0.3 kg 

ha
-1

 P and 6.0 kg ha
-1

 K (Haifa, 2014). Nitrogen is essential for increasing plant 

height, leaf area index, shoot dry matter and tuber yield (Zelalem et al., 2009). 

Phosphorus is required for early growth and tuber maturity (UIES, 2010). Potassium 

is necessary for translocation of carbohydrates and enhances the plant resistance 

against diseases and abiotic stresses like drought and heat (Pandey, 2000).  

The excessive use of chemical fertilizers is also harmful for soil health. The 

microbial activities are disturbed, infiltration and productivity are reduced. The use of 

chemical fertilizers can increase tubers but it has negative effects on tuber quality, 

environmental pollution, public health and economic losses; starch and sugar 

contents are reduced in tubers (Alva, 2004). During storage, if potatoes are not taken 

care, the loss of tuber quality could be more. Animal manure can improve chemical, 

physical and biological characteristics of the soil. Use of compost in agriculture fields 

is must for sustainable agriculture. Organic fertilizer has beneficial effects including 

hydraulic conductivity, improves water holding capacity, regulates soil pH, enhances 

soil aggregation and reduces incidence of diseases (Olson and Papworth, 2006). 

Combining inorganic fertilizer and organic manure showed significant effect 

particularly on yield parameters of potato (Suh et al., 2015). Integrated nutrient 

management is essential for sustainable potato production. Integrating organic 

fertilizer is very important for increasing potato yield and maintaining soil health. It 

also reduces the cost of production, as purchase of mineral fertilizers are reasonably 

expensive in markets for poor farmers. 
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MATERIALS AND METHODS 

The experiment was conducted in farmer’s field at Chilime, Rasuwa (28.182409
0
 N, 

85.302447
0
 E), Province-3, Nepal at an altitude of 1738 meters above mean sea level. 

Chilime is located at 30 km north from Dhunche, headquarters of Rasuwa. The 

average maximum and minimum temperature of the district are 29.2°C and 8.10°C 

respectively (DADO, 2019). Chilime comes under subtropical climate. 

Composite soil sample was randomly taken from different locations in field using 

screw auger to record the initial soil physical and chemical properties of the 

experimental site. Soil pH that affects the availability of mineral nutrients with value 

of 7.0 (Neutral). The total carbon and nitrogen content was 3.60% (Medium) and 

0.18% (Medium). Similarly, available phosphorus and potassium content were high 

having values of 93.70 kg ha
-1

 and 360.20 kg ha
-1

 respectively. Soil texture was sandy 

loam. 

The experiments were laid out in two factors Randomized Complete Block Design 

(RCBD) with 8 treatments having 3 replications and the treatments were randomly 

allocated using random number table. The total experimental area was 129.71 m
2 

(10.9m X 11.9m) having space between replications and plots with 1.0m and 0.5m 

respectively. The individual plot size was 2.1m × 0.9m i.e., 1.89m
2
. The row-to-row 

distance was 70 cm and plant to plant distance was 30 cm. There were three rows in 

each plot and three plants were planted in each row. Four sample plants were selected 

randomly for observation. 

Factor 1: Varieties 

1. Janak-Dev (V1) 

2. Khumal-Ujjwal (V2) 

3. Khumal-Seto-1 (V3) 

4. Kufri-Jyoti (V4) 

Factor 2: Fertilizer 

1. Government Recommended dose of fertilizer (100:100:60 NPK kg ha
-1

 (RDF)  

2. Farmyard manure (FYM) @15 t ha
-1

 

The recommended dose of nitrogen (100 kg ha
-1

) was applied through Urea (46% N) 

and Di-ammonium phosphate (18% N, 46 % P2O5) in the treatment for chemical 

fertilizer: phosphorus (100 kg ha
-1

) from Di-ammonium phosphate (46 % P2O5) and 

potassium (60 kg ha
-1

) from Muriate of Potash (60% K2O). Half dose of nitrogen and 

full dose of phosphorus and potassium were applied at the time of sowing. 

Remaining half dose was broadcasted at 50 and 75 days after sowing in equal 

amounts. Well sprouted potato seeds were sown on 29
th
 January with a spacing of 
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70cm × 30cm. As the field was dry, light irrigation was provided a week before 

sowing. Irrigations were given at 25 DAS, 45 DAS, 65 DAS and 80 DAS. First 

manual earthing up and side dressing with urea were done at 50 DAS and second at 

75 DAS. Haulm pulling was done at 117 DAS and potato was harvested at 128 DAS. 

The first data collection was done at 45 DAS from sample plant and subsequent data 

were taken at 15-day interval. The data related to plant height, Days to 50% 

Flowering, Number of tubers per plant, weight of each tuber, Yield per plant and 

Yield per hectare. 

Statistical Analysis 

Microsoft Excel and GenStat fifteenth edition were used for analysis of different 

parameters. Data were subjected to analysis of variance (ANOVA) to find out the 

significance of treatment effect. Means of the treatment were compared by Duncan’s 

Multiple Range Test (DMRT) at 5% level of significance.  

RESULTS AND DISCUSSION 

Plant Height 

Plant height of different varieties were significant after 75 DAS (Table 1). The 

highest plant height was found in Janak Dev at all stages of growth. At 105 DAS, 

Janak Dev was the tallest (69.3 cm) followed by Kufri Jyoti and Khumal Ujjwal 

(48.6 and 48.1 cm respectively). The variations in plant height among varieties were 

most probably due to plant genetics and quality of plant materials used (Eaton et al., 

2017).   

Statistical analysis showed that there was significant effect with the application of 

organic fertilizer with regard to plant height at 45 DAS, 60 DAS and at 75 DAS and 

effect of inorganic fertilizer was highly significant at 90 DAS and at 105 DAS. Mean 

height of plant treated with inorganic fertilizer at 105 DAS was 54.1 cm which was 

significantly higher than plant (46.5 cm) treated with organic fertilizer.  

The lower height during early stage of growth in plants treated with inorganic 

fertilizer might be due to salt toxicity on developing sprouts (Rosen and Bierman, 

2017). The non-significant difference in height at 75 DAS and this was largely due to 

utilization of reserved nutrient materials in the mother tuber (Love and Thompson-

Johns, 1999) and (Kabir et al., 2004).  At later stages of growth, the root assimilation 

of nutrients with inorganic fertilizers caused significant difference in plant height. 

The increased height of plants with inorganic fertilizer during late stages could be 

due to increased metabolic activities in crops with optimum fertility (Krishnappa, 

1995). 
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Table 1. Effects of varieties and fertilizers on plant height at different growth 

stages of potato at Chilime, Rasuwa, 2019 

Treatments Height of plant(cm) 

 45DAS 60 DAS 75 DAS 90 DAS 105DAS 

Varieties      

Janak Dev 10.04 19.71 45.58
a 

65.8
a 

69.3
a 

Khumal Ujjwal 7.83 15.25 35.58
b 

46.5
b 

48.1
b 

Khumal Seto-1 7.50 17.46 28.04
c 

33.8
c 

35.2
c 

Kufri Jyoti 9.00 17.12 29.75
c 

47.2
b 

48.6
b 

SEm (±) 0.72 1.14 1.570 2.04 2.23 

LSD (=0.05) Ns Ns 4.76*** 6.20*** 6.77*** 

Fertilizer      

RDF 6.77 15.65 34.98 52.50 54.10 

FYM 10.42 19.12 34.50 44.10 46.50 

SEm (±) 0.51 0.80 1.11 1.45 1.58 

LSD (=0.05) 1.55*** 2.45** NS 4.38*** 4.78** 

CV (%) 20.7o 16.10  11.10 10.40 10.90 

Grand  Mean 8.59 17.39 34.74 48.30 50.30 

Note: The treatment mean followed by common letters in same column does not significantly differ 

from each other based on DMRT at 5 % level of significance. 

Days for 50% flowering 

Days for 50% flowering’ was found highly significant among the varieties (Table 2). 

Flowering occurred earliest (61.17 days) in Janak Dev followed by Khumal Ujjwal 

and Khumal Seto-1 in which 50% flowering occurred after 71.83 days after sowing. 

50% flowering was at last in Kufri Jyoti (73.17 DAS).  

Days for 50% flowering might be influenced by varietal character. ‘Days for 

flowering’ is also influenced by temperature and other external environmental 

factors. 

Effect of fertilizer on days for 50% flowering was non-significant. It took 69.75 and 

69.25 days for flowering in plants treated with inorganic and organic fertilizers 

respectively. Non-significantly delay in flowering in plants treated with inorganic 

fertilizers might be due to prolongation of vegetative stage with the effect of nitrogen 

(Ojala et al., 1990).  
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Table 2. Effect of varieties and fertilizers on days for 50% flowering, number of 

tubers per plant, weight of each tuber, yield per plant and yield (ton ha
-1

) of 

potato at Chilime, Rasuwa, 2019 

Treatments Days for 50% 

Flowering 

Number of Tubers 

per Plant 

Weight of Each 

Tuber (gram) 

Yield (mt 

ha
-1

) 

Varieties     

Janak Dev 61.17
c 

5.75
c 

88.03
a 

23.90
b 

KhumalUjjwal 71.83
b 

8.91
ab 

58.87
b 

24.95
b 

Khumal Seto-1 71.83
b 

9.16
a 

60.71
b 

25.87
b 

KufriJyoti 73.17
a 

7.41
b 

107.70
a 

37.10
a 

SEm (±) 0.31 0.51 8.38 1.91 

LSD (=0.05) 0.95*** 1.57*** 25.43** 5.81*** 

Fertilizer     

RDF 69.75 8.00 88.90 31.70 

FYM 69.25  7.62 68.80 24.20 

SEm (±) 0.22 0.36 5.93 1.35 

LSD (=0.05) NS NS 17.98* 4.10*** 

CV (%) 1.10 16.20 26.00 16.80 

Grand Mean 69.50 7.81 78.80 27.96 

Note: The treatment mean followed by common letters in same column does not significantly differ 

from each other based on DMRT at 5 % level of significance. 

Number of tubers per plant 

The number of tubers per plant was found significant among varieties (Table 2). The 

highest number of tubers was recorded in Khumal-Seto-1 (9.167) followed by 

Khumal-Ujjwal (8.917) and Kufri-Jyoti (7.417). Janak-Dev had the lowest (5.75) 

number of tubers per plant. From the research results, number of tubers per plant 

depends on number of main stems per plant; variation on tuber numbers might also 

be genetic. 

Effect of fertilizer on number of tubers per plant was found non-significant. Plants 

treated with inorganic and organic fertilizer had 8.00 and 7.62 tubers respectively. 

Kumar and Wareing (1972) found that nitrogen increased Gibberellins biosynthesis 

which regulated number of stolons and ultimately the number of tubers increased.In 
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another study,  Sharma and Arora( 1987) reported no relationship between nitrogen 

and tuber numbers. Phosphorus also did not influence number of tubers. In relation to 

nutrition, tuber number is not an important for yield component (Lynch and 

Rowberry, 1997). There is inverse relation between number of tubers and average 

tuber weight (De La Morena et al., 1994). 

Weight of each tuber 

Significant effect was observed on weight of each tuber (Table 2). The highest (107.7 

gm) tuber weight was recorded in Kufri Jyoti and which was on par with Janak Dev 

(88.03 gm). Khumal Ujjwal had the lowest (58.87 gm) individual tuber weight which 

was statistically similar with Khumal Seto-1 (60.71 gm). 

Fertilizers showed significant difference on weight of each tuber. Weight of tuber of 

plants treated with inorganic and organic fertilizer was of 88.90 and 68.80 gram 

respectively. 

Plants treated with inorganic fertilizer had sufficient amounts of nitrogen, phosphorus 

and potassium which caused luxuriant growth, more foliage, higher supply of 

photosynthates ultimately bigger tubers were produced (Patricia and Bansal, 1999). 

Nitrogen and phosphorus maximize the tuber growth (De La Morena et al., 1994). It 

was found that nitrogen, phosphorus and potassium supplied by inorganic fertilizer 

increases the tuber size. Fertilizer application can increase dry matter content, protein 

content of potato tubers (Zelalem et al., 2009). 

Yield (mt ha
-1

) 

Varieties had highly significant effect on yield (mt ha
-1

) (Table 2). Kufri Jyoti had the 

highest (37.1 mt ha
-1

) yield. Khumal Seto-1, Khumal Ujjwal and Janak Dev had 

statistically similar yield i.e. 25.87, 24.95 and 23.90 mt ha
-1

 respectively. 

Effect of fertilizers was highly significant on yield per hectare. The yield from 

inorganic and organic fertilization was 31.70 and 24.20 mt ha
-1

 respectively. 

Sufficient supply of nitrogen, phosphorus and potassium from inorganic sources of 

fertilizer increased number of tubers,  weight of each tuber and yield per plant. Hence 

the yield per hectare was found higher in inorganic fertilizer application. (Kleinkopf 

et al. 1981) found strong relationship between yield and fertilization.  
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Interaction effect of varieties and fertilizers on plant height and canopy 

diameter 

Table 3. Interaction effect of varieties and fertilizer on plant height and canopy 

diameter of potato at Chilime, Rasuwa, 2019 

Treatments Plant Height (cm)  

Variety × Fertilizer    

 45 DAS 45 DAS  

V1FYM 14.33
a 

60.67
ab 

 

V1RDF 5.75
c 

63.25
a 

 

V2FYM 9.66
b 

49.42
e 

 

V2RDF 6.00
c 

60.60
ab 

 

V3FYM 8.00
bc 

50.30
de 

 

V3RDF 7.00
bc 

54.78
cd 

 

V4FYM 9.66
b 

57.50
bc 

 

V4RDF 8.33
bc 

60.17
ab 

 

SEm± 1.02 1.56  

LSD(0.05) 3.11* 4.73*  

Note: The treatment mean followed by common letters in same column does not significantly differ 

from each other based on DMRT at 5 % level of significance. 

The interaction effect of varieties and fertilizers was non-significant at 75, 90 and 

105 DAS but significant at 45 and 60 DAS (Table 3). At 45 DAS and 60 DAS, 

highest plant heights were recorded in Janak Dev planted with organic fertilizer 

(14.33 and 24.58 cm respectively) whereas Janak Dev with inorganic fertilizer had 

lowest height (5.750 cm) at 45 DAS. Height of other plants was similar at 60 DAS.  

Interaction effect of varieties and fertilizers on plant canopy diameter was found 

significant only at 90 days after sowing. The largest (63.25 cm) canopy diameter was in 

Janak-Dev treated with inorganic fertilizer followed by Janak-Dev with organic, Khumal-

Ujjwal with inorganic and Kufri-Jyoti with inorganic fertilizer with diameter 60.67, 60.60 

and 60.17 cm respectively. The least (49.20 cm) canopy diameter was found in Khumal-

Ujjwal with organic. There was no interaction effect in other parameters. 

CONCLUSION 

The maximum weight of each tuber, yield per plant and yield per hectare were 

obtained from Kufri-Jyoti. These parameters were the highest with the usage of 

chemical fertilizers. The field experiment showed that Kufri-Jyoti with recommended 

dose of chemical fertilizer was appropriate to get optimum yield under Chilime 

condition.  
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ABSTRACT 

Determination of antioxidant activity is one of the key elements for 
understanding the biological properties of a widely used spice onion (A. 
cepa). In contrast, physical properties help understand the textural 
quality of onion necessary for postharvest operations of sorting and 
grading in particular. Considering the physicochemical importance of 
onion, the present study focused on the determination of physical 
attributes and antioxidant content of the onion germplasm in Bangladesh 
using visual methods and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, 
respectively. The five-onion germplasms (BARI Piaz-2, BARI Piaz-3, 
BARI Piaz-4, BARI Piaz-5, Faridpuri Vati) collected from selected onion 
growers of the Department of Agricultural Extension (DAE) of the 
southwestern part of Bangladesh were used as treatments for 
physicochemical analysis at the Horticulture laboratory of the 
Agrotechnology Discipline, Khulna University, Khulna, Bangladesh 
during the period from February to August 2019. The laboratory study 
was laid out in Completely Randomized Design (CRD) with three 
replications. Most of the physical characteristics of onion were highest in 
germplasm-1 than those of the other germplasm tested. The results 
showed that the DPPH free radicals were scavenged by all onion 
germplasm extracts in a concentration-dependent pattern. The highest 
IC50 value (238.10 ppm) was noticed in germplasm-3 and the lowest in 
germplasm-5 (161.29 ppm) with no statistical difference from 
germplasm-4 (172.41 ppm). The lower IC50 value indicating that onion 
germplasms-5 and -4 extracts were more potent in scavenging free 
radicals than the other onion germplasms. Thus, the low IC50 value 
facilitated the germplasm-5 and -4  to be enriched with antioxidant 
compounds significantly in higher amounts than the others. 

Keywords: Antioxidant, DPPH assay, IC50, Onion germplasm, 

Physicochemical properties 
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INTRODUCTION 

Onion (Allium cepa L.) belongs to the family Alliaceae is one of the most widely 

used spices all over the world (Kuete, 2017). Its edible part is bulb which varies in 

size, shape, color, and pungency. It can be grown in any type of soil, but well-

drained, fertile silty to sandy loam soils rich in humus are best for onion cultivation 

(Azad et al., 2018; Rashid, 2010). Information about the physical properties of onion 

is crucial for postharvest operations involving sorting, grading, packaging and 

storage (Emana et  al., 2017). Naturally, onion bulb has several pigmented layers 

with papery scales enclosing fleshy leaf scales, intermediate parenchyma tissues and 

underneath epidermis (Rashid et al., 2019). Physical properties of different onion 

cultivars differ with their proximate composition and the effect of moisture content 

being the most obvious (Abhayawick et al., 2002). Kaveri and Thirupathi (2015) 

described that both geometrical and physical properties of the Co 4 onion varieties 

are the necessary parameters and required for the analysis of the behaviour of the 

products during processing and storage. Crop cultivars, agronomic practices and 

environmental factors have great effects on yield and quality of onion crops (Khan et 

al., 2002). All these essential appendages of onion are equally important for both the 

physical and chemical quality enhancement (Ng et al., 2000). Bahnasawy et al. 

(2004), and Vijaya and Srivastava (2006) researched on physical and mechanical 

properties of onion constituting weight and size of bulb, weight of dried scale, linear 

dimensions, shape index, surface area, friction angle, coefficient of static friction, etc. 

Bahnasawy et al. (2004) reveal that the equatorial and polar diameters ranged from 

5.12 ± 0.33 to 6.20 ± 1.5 cm for three popular cultivars of onion viz. Additionally, 

they mentioned that the coefficient of friction ranged from 0.67 to 1.34 for all three 

cultivars. Giza 6 (white), Beheri (red) and Giza 20 (yellow) in Egypt.  Vijaya and 

Srivastava (2006) reported that Pusa Red onion variety was larger in size than the 

Agrifound Dark Red and NP-53. Also, Pusa Red variety was found to be denser (270 

kg/m) than the other two varieties. 

Onion comprises a wide range of medicinal properties such as anti-microbial, anti-

spasmodic, anti-cholesterolaemic, hypotensive, hypoglycemic, anti-asthmatic, anti-

cancer, and antioxidant (Griffiths et al., 2002). Antioxidant is the type of molecule 

that neutralizes harmful compounds called free radicals causing damage to living 

cells and spoiling food materials. Antioxidant properties are part of a refined array of 

secondary compounds that have evolved to help scavenge free radicals and reduce 

the risk of cancer and cardiovascular diseases (Stajner et al., 2006, Jadid et al., 2017). 

Antioxidants are absorbed and metabolized in the body in several ways. The natural 

antioxidants in foods, fruits, vegetables, beverages, spices and supplements have 

received much attention for their nutritive value in recent years. Antioxidants 

counteract the damaging effects of reactive oxygen species (ROS) produced within 

the organisms and delays the oxidation reaction of an oxidizable substrate. The 

production of free radicals within the body due to oxidative stress is quite common 

that might cause different inflammatory diseases and disorders (Pham-Huy et al., 
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2008; Jadid et al., 2017). At this time human body synthesized endogenous 

antioxidants that counteract the available free radicals. The later uric acid, ubiquinol 

and glutathione were added to this system. However, human diet provides 

endogenous antioxidants such as ascorbic acid,  - carotene and vitamin E (Kim et al., 

2007). It might cause molecular damage when free radicle and antioxidant production 

imbalances within the cell (McCord, 2004).  

Bangladesh is one of the overpopulated countries in the world and most of the people 

are suffering from malnutrition problems due to lack of consumption of nutritious 

food. The daily per capita intake of vegetables is only 62 g which is far below the 

minimum consumption (220 g) according to Food and Agriculture Organization of 

the United Nations (FAO) and per capita deficiency of vegetables is 158 g per day. 

However, people usually can purchase onion to serve their culinary purposes but 

most of them do not know that it can also supply antioxidant molecules in body to 

fight against free radicals. The climate of Bangladesh is suitable for onion 

production, but it is not cultivated as much as we need due to the dominance of cereal 

crops especially paddy. It is possible to motivate the farmer and consumer for 

expediting production and consumption of onion by conveying the information of its 

exclusive physicochemical properties to them. Physical and chemical properties 

(flavor intensity) varies with cultivars and environment (Randle  and  Lancaster,  

2002). Small-sized bulb tends to increase flavonoids content (Williams  and  Grayer,  

2004; Mogren et al., 2006; Okamoto  et  al.,  2006). Researchers claimed that local 

cultivars of onion contained a better nutritional properties (antioxidant, volatile 

compounds, soluble solids, flavors, pungency, phenolic compounds etc.).  So, it is 

high time to give attention to utilize local onion cultivars and boost up onion 

production that will help to fulfill spices demand as well as to supply antioxidant-rich 

foods to the Bangladeshi peoples. Limited number of research was done previously to 

address the above-mentioned properties determination. Therefore, the current study 

was concerned with the determination of physical characteristics and antioxidant 

content of the onion germplasm using DPPH assay. 

MATERIALS AND METHODS 

Experimental site, design, and planting materials 

The experiment was carried out at the Horticulture Laboratory of the Agrotechnology 

Discipline, Khulna University, Khulna, Bangladesh during the period from February 

to August 2019.  To assess the physical and antioxidant properties of onion 

germplasms, a laboratory experiment was laid out in Completely Randomized Design 

(CRD) with three replications. The five-onion germplasms (BARI Piaz-2, BARI 

Piaz-3, BARI Piaz-4, BARI Piaz-5, Faridpuri Vati)  were collected from selected 

onion growers of Department of Agricultural Extension (DAE) of the southwestern 

part of Bangladesh which was used as the treatments of this experiment.  
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Determination of physical properties 

 The onion bulb weight was measured by an electric balance (Electric weighing 

machine, K Tek Analytics, India). The equatorial diameter and thickness of onion 

bulb were determined by an electronic digital slide caliper (Model: 14-648-17, Fisher 

brand, Traceable, Pittsburgh, PA). The equatorial diameter is the maximum width of 

the onion in a plane perpendicular to the polar diameter.  By using a sharp knife the 

dried scale was peeled out from onion. Then the skin weight was taken by keeping it 

in the chamber of an electric balance (Electric balance, Swastik Systems and 

Services, New Delhi, India ) and the reading was taken in gram (g)The percentage 

was determined using the following equation: 

                              

 
                                    

                    
     

Determination of antioxidant content  

The onion samples were washed, dried and ground into fine powder and then subject 

to maceration process.  A suitably diluted stock solutions (dry sample 0.04 g with 10 

ml methanol ) were spotted on pre-coated silica gel thin-layer chromatography (TLC) 

plates and the plates were developed in solvent systems of different polarities (polar, 

medium polar and non-polar) to resolve polar and non-polar compound of the extract. 

The plates were dried at room temperature and were sprayed with 0.02% 1, 1-

diphenyl-2-picrylhydrazyl (DPPH) in ethanol. Bleaching of DPPH by the resolved 

bands was observed for 10 minutes and the color changes (yellow on purple 

background) were noted. DPPH formed deep pink color when it was dissolved in 

ethanol. When it is sprayed on the chromatogram of the extract (Chloroform: 

Methanol: Water= 40:10:1), it forms pale yellow color which indicates the presence 

of antioxidants in the methanolic extract of five onion germplasms. 

Preparation of ascorbic acid standard 

At first ascorbic acid (10 mg) was dissolved in 100 mL methanol to obtain a solution 

of 100 ppm concentration. Solution was also made into several final concentrations 

of 1.57, 3.13, 6.25, 12.5, 25, 50, 100, 200, 300 and 400 ppm for further use in 

antioxidant activity assay. 

1, 1-Diphenyl-2-Picryl Hydrazyl (DPPH) Radical Scavenging Assay 

The free radical scavenging activity of the five onion germplasm extracts was 

analyzed using 2,2-diphenyl-1-picrylhydrazyl (DPPH) according to Jadid et al. 

(2015). The DPPH solution was prepared in methanol and subsequently added to 

various concentrations of the onion extracts (1.57, 3.13, 6.25, 12.5, 25, 50, 100, 200, 

300 and 400 ppm). The absorbance changes of each test tube were determined by UV 

spectrophotometer at 517 nm. Ascorbic acid was used as a positive control 

(standard). 10 mg of ascorbic acid  (SAP Chemical) were dissolved in 100 mL 
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methanol (BRATACO Chemical) to obtain a solution with a concentration of 100 

ppm. Solution was then prepared into several final concentrations for being used 

subsequently in antioxidant activity assay. These measurements were performed in 

blank and percentage of inhibition was calculated using the following equation: 

               
                                   

                
     

The IC50 values were calculated using a linear regression model (y=ax+b) and used to 

specify the antioxidant activity of five onion germplasms. 

Statistical analysis 

Recorded data from the experiment were analyzed statistically using the GLIMMIX 

procedure of SAS and mean separation was done with Tukey-Kramer adjustment at p 

≤ 0.05 (SAS software Version 9.4, SAS Institute Inc, Cary, NC). The graph was 

illustrated using SigmaPlot 10.0 (SigmaPlot®10.0, Systat Software Inc.). 

RESULTS AND DISCUSSION 

Physical characteristics of onion germplasm 

Different germplasms caused significant variation in weight of onion bulb (Table 1). 

The weight of onion bulb was the highest in germplasm-1 (94.13 g), while it was the 

lowest in germplasm-5 (6.20 g). Also, germplasm effect was significant for the 

thickness of onion bulb. The germplasm-1 had the longest thickness bulb (4.55 cm) 

which was statistically similar to the germplasm-2. In contrast, the shortest thickness 

of bulb (2.55 cm) was measured from germplasm-5. Similar trend was also observed 

in equatorial diameter of onion bulb. The equatorial dimeter was varied from 2.05 to 

6.07 cm. The highest equatorial diameter in germplasm-1 (6.07 cm) while the lowest 

was found in germplasm-2 (2.05 cm).  Different germplasms had significant effect on 

the weight of edible portion. The edible portion weight was the highest with 

germplasm-1 (93.04 g) and the lowest weight was observed in germplasm-4 (5.49 g). 

In contrast, the maximum weight of non-edible portion was found in germplasm-3 

(1.86 g), whereas, the minimum weight was found in germplasm-2 (0.36 g). The 

second-lowest non-edible portion was recorded from germplam-5 (0.68 g) followed 

by germplam-4 (0.96 g) and germplasm-1 (1.09 g), respectively. The percentage of 

edible portion was the highest in germplasm-1 (98.80%), which was statistically 

similar to the germplasm-2 (Figure 1), while the lowest edible portion was measured 

in germplasm-5 (88.56%), which did not statistically differ from germplasm -3 and 

germplasm-4. However, the percentage of non-edible portion was the maximum in 

germplasm-5 (11.43%) whereas the minimum in germplasm-2 (1.05%) with no 

difference from germplasm-1. 

The results suggested that physical parameters varied due to germplasms differences. 

Azad et al. (2017) reported that onion cultivars showed different shape and size due 

to variability in edaphic factors of the onion growing areas as well as genenic 
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makeup. Similarly, Bahnasawy et al. (2004) and Vijaya and Srivastava (2006) 

observed that physical properties varied due to the disparity of onion cultivars. Also, 

they mentioned that the shape and size are so important for onion in assessing the 

solubility of processing as well as their retail value. 

Table 1. Effect of onion germplasms on physical characteristics  

Means followed by the same letters within column do not differ significantly whereas 

means having dissimilar letters differ significantly and Tukey-Kramer adjustment for 

multiple comparisons. ** significant at p < 0.01,Germplasm-1 (BARI Piaz-2), 

germplasm-2 (BARI Piaz-3), germplasm-3 (BARI Piaz-4), germplasm-4 (BARI Piaz-

5), germplasm-5 (Faridpuri Vati). 

 

Figure 1. Effect of onion germplasms on edible and non-edible part 

[GP-1 (BARI Piaz-2), GP-2 (BARI Piaz-3), GP-3 (BARI 

Piaz-4), GP-4 (BARI Piaz-5), GP-5 (Faridpuri Vati). 

Treatments Weight of 

onion bulb 
(g) 

Thickness of 

onion bulb 
(cm) 

Equatorial 

diameter of 

onion bulb 

(cm) 

Weight of 

edible part 
(g) 

Weight of non-

edible part (g) 

Germplasm-1 94.13 a 4.55 a 6.07 a 93.04 a 1.09 b 

Germplasm-2 34.43 b 4.35 a 3.80 b 33.90 b 0.36 d 

Germplasm-3 22.74 c 3.65 b 3.52 b 21.04 c 1.86 a 

Germplasm-4 13.95 d 3.65 b 3.50 b 12.68d 0.96 b 

Germplasm-5 6.20 e 2.55 c 2.05 c 5.49e 0.68 c 

Significance ** ** ** ** ** 
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Radical scavenging activity determination 

The percentage of inhibition was calculated to assess the antioxidant activity of the 

onion germplasm extracts which can obstruct free radicles (Table 2). Nine varying 

concentrations (1.57, 3.13, 6.25, 12.5, 25, 50, 100, 200, 300 and 400 ppm) of 

different onion extracts showed various percentage of inhibition. The scavenging 

activity of each onion germplasm extract was increased with the rise of 

concentration. The 400 ppm onion extract showed the best antioxidant activity. 

Among the onion germplasms extract, the germplasm-5 (96.59%) was the highest 

inhibition followed by germplasm-4, germplasm-2, germplasm-3 and germplasm-1, 

respectively. At the highest concentration (400 ppm), the scavenging activity of 

germplasm-5 and-4 was higher than the ascorbic acid (standard).  

The DPPH assay was used to assess the free radical scavenging activity of five onion 

germplasms extract (Figure 2). It is a rapid and efficient method to determine the free 

radical scavenging activity. The DPPH forms a stable diamagnetic molecule after 

accepting an electron or hydrogen radicle (Jadid et al., 2017). The color changes from 

purple to yellow specifies a reduction in absorbance of DPPH radicle. This evidences 

that antioxidant found in the extract interacting with the free radicals (Kedare and 

Singh, 2011). Levels of radical scavenging activity increase from onion core to skin 

(Kim and Kim, 2006). 

Table 2. Effect of concentration in inhibition (%) of five onion germplasms extract 

Concentration 

(ppm) 

Inhibition (%) 

Germplasm Ascorbic 

acid  1 2 3 4 5 

1.57  4.26 e 4.73 e 2.95 e 4.26 f 15.38 e    28.99 f 

3.13  9.62 de 8.28 e 4.49 e 7.10 f 23.90 e 36.09 de 

6.25  13. 37 d 9.70 e 6.153 e 17.04 f 35.97 d 42.01 d 

12.5  
19.10 d 23.78 d 16.92 d 20.35 f 39.40 cd 57.39 c 

25  31.88 c 27.57 cd 28.04 c 32.30 e 49.11 c 83.43 b 

50 39.64bc 33.60 c 34.67bc 48.52 d 54.91 c 89.70 a 

100  47.53 b 40.71 c 40.47 b 58.46 c 60.59 c 91.83 a 

200 54.63 b 65.05 b 48.75 b 69.98 b 78.79 b 92.96 a 

400 69.45 a 82.12 a 68.82 a 95.34 a 96.59 a 94.02 a 

Significance ** ** ** ** ** ** 

Means followed by the same letters within column do not differ significantly whereas means having 

dissimilar letters differ significantly and Tukey-Kramer adjustment for multiple comparisons. ** 

significant at P < 0.01, Germplasm-1 (BARI Piaz-2), germplasm-2 (BARI Piaz-3), germplasm-3 (BARI 

Piaz-4), germplasm-4 (BARI Piaz-5), germplasm-5 (Faridpuri Vati). 
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Figure 2. TLC plate showing free radical scavenging activity of five onion 

germplasms extract after applying DPPH. 

The IC50 value of DPPH radical scavenging activity 

The results showed that germplasm-5 and germplasm-4 extract exhibited the highest 

antioxidant activity (161.29 ppm and 172.41 ppm) than the other germplasms extract 

(Figure 3). The IC50 value was measured to assess the concentration of the extract 

required to inhibit 50% of radical. The lower the IC50 value, the higher the 

antioxidant activity of the extract (Li et al., 2009). Similarly, Thampi and Jeyadoss 

(2015) reported that green onion leaves showed more IC50 value than onion bulb at 

higher concentration (1000 ppm) which is parallel to this study. Also, Hashem et al. 

(2018) found IC50 was higher in onion than garlic (Allium sativum) extracts from a 

comparative study of commonly used spice in Bangladesh. Antioxidant contents of 

onion cultivars varied among the sample extracts due to several causes. Alike 

findings were also reported by Yang et al. (2004) where they stated that antioxidant 

activity depends not only on the onion cultivars but also on the processing or on the 

different heat treatments applied to the onion. 

 

Figure 3. Effect of onion germplasms on IC50 value of DPPH radicle 

scavenging activity [GP-1 (BARI Piaz-2), GP-2 (BARI Piaz-3), 

GP-3 (BARI Piaz-4), GP-4 (BARI Piaz-5), GP-5 (Faridpuri Vati). 
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CONCLUSION 

In nutshell, the criteria for the selection of the onion may be weight, length, diameter, 

and edible portion. Most of the physical characteristics were highest in germplasm-1. 

The germplasm-5 followed by germplasm-4 exhibited high antioxidant activity. They 

acted in a concentration-dependent manner. Peoples can consume onion germplasm-5 

or germplasm-4 as a supplementary source of antioxidant. These different properties 

explored from the study would be directive for the spicy lovers in choosing of 

Bangladeshi onions to secure maximum health benefits and this finding suggests that 

onion germaplsm-4 and -5 intake will promote our immunity to high level against 

free radical-induced fatal diseases like cardiovascular complexity, cancer, 

neurological disorders, diabetes, atherosclerosis and inflammatory joint disease. 

Further study is recommended to incorporate more germplasms and to determine the 

quality parameters viz.  total phenols, anthocyanin, flavonoid, carotenoid content.  
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ABSTRACT 

A study on integrated pest management (IPM) practices adopted by the 
mango growers was carried out at Mujibnagar Upazila under Meherpur 
district of Bangladesh during August-September 2018 using structured 
questionnaire.  Randomly selected 112 mango growers were used for 
the study. Results indicated that 75.9% of the respondents were highly 
adopted with IPM practices during mango cultivation. According to IPM 
Practices Use Index (IPUI), harvesting at right stage was ranked 1

st
 and 

use of sex pheromone trap was ranked 10
th
 as commonly used IPM 

tactic by the growers. The use of logistic regression model in this study 
was identified as the significant factor of IPM adoption, explore several 
factors, including contact with IPM club, IFMC and Farmers Field School 
(FFS) and annual income from mango cultivation. 
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INTRODUCTION 

Global food production is seriously affected by several biotic and abiotic factors and 

insect-pests and diseases are the most limiting factors for crop production (Wilson, 

2001). On an average, about 32% of the world food production is lost due to insect-

pests and disease infestation every year (Dhawan et al., 2010).  Among all of the 

fruits, Mango is the king of fruits. It is very delicious and attractive fruit. Rajshahi, 

Satkhira, Jashore, Meherpur, Khulna are major growing areas of mango in 

Bangladesh. It shares about 25.22% of the garden area in Bangladesh and the total 

land under mango cultivation is  1,03,000 acres of and the total yearly production is 

about 12,88,000 metric tons (BBS 2018). 

In Bangladesh, mango production is seriously decreased due to the attack of insect 

pests and disease organisms (MOA, 2014). Only, the mango hoppers may cause a 

loss of 20-100% of the inflorescence (Khan et al., 2007). As a result, to ensure desire 
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production or to minimize loss due to pest infestation in mango, there is a tendency 

of farmers to use repeated application of toxic chemical pesticides in mango orchards 

across the country.  

Indiscriminate use of harmful pesticides not only creates environmental and health 

hazards, also promotes development of pest resistance to pesticides, destroys 

beneficial insect, upsets the balance between the pests and their natural enemies 

leading to the increase in the population of the target pests and even the creation of 

new pest problems (Wilson and Tisdell, 2001; Caracciolo and Lombardi, 2012; 

Macharia et al., 2013). As well as  the non-judicious use of pesticides cause 

environmental pollution through adulteration of soil surface, ground and surface 

water (Kabir and Rainis, 2012). To avoid such consequences and at the same time to 

increase the crop production on a sustainable basis, a viable alternative to sole 

dependence on chemical pesticides is integrated pest management (Zul-Ekram, 2014; 

Anderson et al.,1996; Migliore et al., 2012; Del Giudice et al., 2018). IPM maintain 

social, economical and environmental  dimension of sustainability  (Kabir and Rainis. 

2013) 

Implementation and adoption of an IPM strategy can help to reduce environmental 

and human health risks and pest management costs. Considering the importance of 

IPM practices, the present study was undertaken to focus on determining the extent 

of adoption of IPM practices by mango growers as well as identifying the factors that 

influenced the adoption of IPM practices in mango cultivation at Meherpur region in 

Bangladesh. 

MATERIALS AND METHODS 

Study area 

The study was conducted during August-September 2018 at Mujibnagar Upazila 

under Meherpur district, Bangladesh. The total area of Mujibnagar Upazila was 

112.68 square kilometers and the total population was 99,143 (BBS, 2015). There 

were 12 blocks with 32 villages under 4 unions of this Upazila. Out of 32 villages, 12 

villages were randomly selected for the study. The map of the study area was 

presented in Figure 1. 

Data collection procedure 

Data were collected from the respondents through the personal interview schedule 

with Structered questioniare during August 1, 2018, to September 30, 2018. A 

complete list of the farmers of these villages was collected from the Upazila 

agriculture office. The total number of mango growers of these villages was 1218. 

According to Yamane’s (1967) formula, 112 sample was determined randomly, in 

which the precision level was considered 9%. Finally data were collected from112 

mango growers carefully and randomly with the help of the agricultural officer of 

Meherpur upazila, Bangladesh. 
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Figure 1.  Map of Mujibnagar upazila under Meherpur district 

showing the study area 

Selection of independent variables 

The independent variables were some of the selected characteristics of the 

respondents. The characteristics were age, educational qualification, family size, farm 

size, land under mango cultivation, annual family income, annual income from 

mango cultivation, time spent in mango orchard, knowledge on IPM practices in 

mango cultivation, organizational participation, contact with IPM club, IFMC and 

FFS, cosmopolitanism, extension media exposure, training exposure, attitude towards 

IPM practices in mango cultivation, knowledge on pesticide application. Their 

adoption of IPM practices in mango cultivation constituted the dependent variable of 

the study. 

Measurement of dependent variables 

Adoption of integrated pest management (IPM) practices by the mango growers were 

the dependent variable of the study. The commonly used IPM practices were 

determined from literature and discussion with IPM experts. The respondents were 

asked to identify their extent of using 10 selected IPM practices in terms of 

‘frequently’, ‘occasionally’, ‘rarely’ and ‘never’ and the scores assigned in these 

responses were 3, 2 ,1 and 0 respectively. The total score of a respondent was 

calculated by summing up the scores obtained from the selected practices. The score 



128 Rahman et al. 

could range from 0 to 30. To compare among selected IPM practices used by the 

farmers, an IPM Practices Use Index (IPUI) was calculated using the following 

formula (Kamal et al., 2018), 

IPUI = Nf× 3 + No × 2 + Nr × 1 + Nn× 0 

  Where, 

IPUI = IPM Practices Use Index   

Nf = Number of respondents rated the extent of adoption as frequently 

No = Number of respondents rated the extent of adoption as occasionally 

Nr = Number of respondents rated the extent of adoption as rarely 

Nn = Number of respondents never adopted the IPM practices 

The IPUI score could range from 0 to 336 where “0” indicated no use and “336” 

indicate the highest use of particular IPM practice. 

Chi-square test 

The chi-square statistic is commonly used for testing relationships between 

categorical variables. It tests the weather that the distributions of categorical 

variables differ from each other. The test statistic is a chi-square  2  random variable 

defined by the following equation- 
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Where crO ,  is the observed frequency count at level r  of a variable and level c  of 

another variable, and crE ,  is the expected frequency count at level r  of a variable and 

level c  of another variable. 

Logistic regression 

Logistic regression is used to describe data and to explain the relationship between 

one dependent binary variable and one or more nominal, ordinal, interval or ratio-

level explanatory variables. The outcome in logistic regression analysis is coded as 0 

or 1, where 1 indicates that the high adoption of IPM practices and 0 indicates that 

low adoption of IPM practices. The logistic regression model for identifying the 

influencing factors of IPM adoption is mentioned in the following: 

    
 

   
      + e 

Where,  p = Probability of the outcome,  B is regression coefficient, X is independent 

variable, and e = random error term. 

 

http://www.statisticshowto.com/what-is-a-categorical-variable/
http://www.statisticshowto.com/what-is-a-categorical-variable/
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Data analysis 

Data were analyzed using the concerned software Microsoft Excel and Statistical 

Package for Social Science (SPSS). Chi-square test was used to identify the 

association between independent variables with the adoption of IPM practices and 

logistic regression was used to determine the factors that influenced adoption of IPM 

practices. 

RESULTS AND DISCUSSION 

Adoption of IPM practices in mango cultivation 

Adoption of commonly used IPM practices scores of the mango farmers ranged from 

8 to 18 with an average of 11.99 with standard deviation of 2.15, respectively. 

According to the Adoption of commonly used IPM practices in mango cultivation, 

the mango farmers were classified into two categories as shown in Table 1. 

Table 1. Distribution of the respondents according to their adoption of IPM practices 

Categories & score Respondents ( N=112) 
Mean SD Min Max 

Number Percent 

Low adoption (1-10) 27 24.1  

11.99 

 

2.15 

 

8 

 

18 High  adoption (11-30) 85 75.9 

Total 112 100 

Where, SD= Standard deviation, Min= Minimum and Max= Maximum 

Data presented in Table 1 revealed that 75.9% of the mango farmers had high 

adoption compared to low adoption 24.1%. The result indicated that the majority of 

the respondents had a high level of adoption of IPM practices. Kabir and Rainis 

(2015) conducted a study on the adoption and intensity of integrated pest 

management (IPM) vegetable farming in Bangladesh: an approach to sustainable 

agricultural development. They found that less than one-third of the farmers (30%) 

adopted IPM practices in vegetable cultivation. Ghimire and Kafle (2014) revealed 

that the majority (52.5%) of the farmers were satisfied with the IPM practice. The 

majority of the vegetable growers (63.7%) were falling under the medium adoption 

level of IPM practices (George et al., 2012). Haque et al. (2017) observed majority 

(61.6%) of the farmers had medium adoption of IPM practices in rice farming. About 

50% of farmers’ intentions to adopt integrated pest management practices in Serbia 

(Despotovic et al., 2019). Kamal et al. (2018) found more or less similar results in 

their previous study conducted to determine the adoption of IPM in vegetable 

cultivation. They found majority of the respondents had a medium level of adoption 

in commonly used IPM technology in vegetable production. The findings of the study 

also indicated that adoption of commonly used IPM practices by the mango growers 
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was considerably promising. Most of them used different practices related IPM 

practices frequently. It might be due to their considerable level of formal education, 

sound knowledge on IPM practices in mango cultivation, considerable level of 

cosmopolitanism, more knowledge on pesticide application which made their attitude 

favorable towards IPM practices. As a result, they adopted IPM practices more in 

mango orchard. 

Comparison among adoption of the different IPM practices by the mango 

growers 

IPM Practices Use Index (IPUI) was calculated to compare the adoption of different 

IPM practices in mango cultivation. The observed IPUI scores ranged from 7 to 336 

where the IPUI could range from 0 to 336. Based on the calculated IPUI, it was 

found that harvesting at right stage was adopted by the farmers to the highest extent 

(336) and it was followed by the use of pesticides (300), clean cultivation/weed 

management (235) and use of healthy planting materials (219). On the other hands, 

practices like training and pruning (122) were adopted by the mango growers to 

moderate extent where practices like the cultivation of resistant variety (52), bagging 

(36), collection and destroy eggs and larvae by handpicking (25), other indigenous 

methods (Botanical) (11) and use sex pheromone trap (7) were adopted by them to 

the lowest extent. 

The data indicates that people adopt harvesting at right stage at highest extent 

because there is a dictation by the government to harvest the mango at their attributed 

dateline. Though majority of the farmers are not satisfied at all on their ascribed 

dateline, they obliged to do this for the fear of punishment and fine by the law 

enforcement agencies and administration. 

The second adopted practice was use of pesticides. As we know that people use 

mainly pesticides for insect pest control. Pesticide acts very fast against insect pests 

and very easy to apply. No other alternatives have the fastest capacity to control pest 

like pesticides. Moreover, farmers can easily manage pesticides from local market or 

dealer. Kamal et al. (2018) found more or less similar findings in their previous study 

conducted to determine the adoption of IPM in vegetable cultivation. They found  

that Use of pesticide adopted by the farmers at highest extent compare with other 

management practices. For this reason, farmers of the area adopt this practice to a 

high extent. Weed management is an ancient and very usual practice used by farmers 

in all areas. Farmers adopt this practice as it is very easy to operate and required little 

technical knowledge. For successful mango production, healthy planting materials 

are one of the basic requirements. There is no alternative to using healthy planting 

materials for increasing production. Farmers easily collect healthy and disease-free 

planting materials from the nursery and other authorized sources. For this reason, 

farmers adopt these practices to a high extent . Training and pruning is very effective 

practices to direct tree growth and minimize cutting, make the plant more productive 

and bear quality fruits but these practices are not performed widely because majority 
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of the farmers are not familiar and aware of this term. So this practice is performed in 

a moderate scale. 

On the other hand, cultivation of resistant variety is an important factor for higher 

fruit production but unfortunately, the farmer of this are  much aware of the resistant 

variety and also do not know where they can purchase it. Bagging is an effective 

practice but it is practiced by a few farmers as it involves a considerable cost. 

Collection and destruction of eggs and larvae by handpicking is not possible to adopt 

in large areas. Other indigenous methods are not so effective against aggressive 

insect pest and use sex pheromone trap is a fruitful method but most of the sex 

pheromone trap are pest specific and they require well maintenance and almost all of 

the farmers know nothing about the pheromone trap that is used in mango. As a 

result, farmers adopt these practices to a lower extent. 

Status of adoption of IPM practices in mango cultivation according to selected 

characteristics 

The chi-square statistics was mainly used for testing relationship between categorical 

variations. The comparisons based on the resulting probabilities for selected 

covariates along with p-values obtained from chi-square were presented in Table 2. 

Table 2. Status of adoption of IPM practices in mango cultivation according to 

selected characteristics 

Categories 

Status of adoption of IPM 

practices in mango cultivation    
values 

p-values 
Low adoption 

(%) 

High adoption 

(%) 

Age (Years) 

Young (up to 35) 3 (15.8) 16 (84.2)  

2.237 

 

0.327 Middle (36 to 50) 14 (22.2) 49 (77.8) 

Old (>50) 10 (33.3) 20 (66.7) 

Educational qualification ( Years of Schooling) 

Illiterate (0) 3 (23.1) 10 (76.9)  

 

0.460 

 

 

0.928 

Primary (1-5) 5 (27.8) 13 (72.2) 

Secondary (6-10) 15 (25.0) 45 (75.0) 

Higher secondary  or above (>10) 4 (19.0) 17 (81.0) 

Family size (No.) 

Nuclear (1-4) 17 (27.9) 44 (72.1) 1.036 0.309 

Extended (>4) 10 (19.6) 41 (80.4) 

Farm Size (Ha) 

Small (Up to 1) 20 (42.6) 27 (57.4)  

15.061 

 

0.000** Large (>1) 7 (10.8) 58 (89.2) 

Land under mango cultivation (Ha) 
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Categories 

Status of adoption of IPM 

practices in mango cultivation    
values 

p-values 
Low adoption 

(%) 

High adoption 

(%) 

Small (Up to 1) 11 (42.3) 15 (57.7) 
6.131 0.013* 

Large (>1) 16 (18.6) 70 (81.4) 

Annual family income (000’Tk) 

Low ( Up to 300) 7 (43.8) 9 (56.3) 3.937 0.047* 

High ( >300 20 (20.8) 76 (79.2) 

Annual income from mango cultivation (000’Tk) 

Low ( Up to 75) 22 (45.8) 26 (54.2)  

21.672 

 

0.000** High ( >75) 5 (7.8) 59 (92.2) 

Time spent in mango orchard (Hours/Day) 

Short (Up to 1.50) 21 (40.4) 31 (59.6)  

14.057 

 

0.000** Long (>1.50) 6 (10.0) 54 (90.0) 

Knowledge on IPM practices in mango cultivation (Score) 

Low ( Up to 8) 12 (33.3) 24 (66.7)  

2.468 

 

0.116 Standard (>8) 15 (19.7) 61 (80.3) 

Organizational participation  

No 5 (33.3) 10 (66.7)  

2.468 

 

0.116 Yes 22 (22.7) 75 (77.3) 

Contact with IPM club, IFMC and FFS (Score) 

Low (1-10) 23 (31.1) 51 (68.9)  

5.798 

 

0.016* Standard (>10) 4 (10.5) 34 (89.5) 

Cosmopolitanism (Score) 

Low (1-5) 15 (35.7) 27 (64.3)  

4.948 

 

0.026* Standard (>5) 12 (17.1) 58 (82.9) 

Extension media exposure (Score) 

Low ( Up to 30) 24 (29.3) 58 (70.7)  

4.457 

 

0.035* Standard ( >30) 3 (10.0) 27 (90.0) 

Training exposure  

No 14 (34.1) 27 (65.9)  

3.563 

 

0.059 Yes 13 (18.3) 58 (81.7) 

Knowledge on pesticide application (Score) 

Low (Up to 10) 7 (35.0) 13 (65.0)  

1.579 

 

0.209 High (>10) 20 (21.7) 72 (78.3) 

** indicates the significance at  1% level of significance 

* indicates the significance at 5% level of significance 
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Data presented in Table 2 showed the row percentage of the different categories 

under covariates concerning adoption of IPM practices in mango cultivation. 

In different age group of the respondents, 84.2% of the young aged farmers highly 

adopt IPM practices. In the subsequent age group, adoption of IPM practices by 

mango grower was decreasing. Education plays an important role in adoption of IPM 

in mango cultivation. 72.2% of the primary passed (5 classes) farmers highly adopted  

IPM practices. The trends in the other categories of the educational qualification, 

adoption of IPM practices by mango grower was increasing. Farmer who completed 

higher secondary or above, 81.0% of them highly adopted IPM practices. Farmer 

belonged to extended family had high adoption. In case of extended family, 80.4% of 

the farmers highly adopt IPM practices. Mango growers belonged to large farm size 

had high adoption. 89.2% of farmers highly adopted IPM practices. Respondents 

under large land in mango cultivation had high adoption and 81.4% of the farmers of 

large land under mango cultivation highly adopted IPM practices. Mango growers of 

high annual income group (79.2%) were found to adopt and use IPM practices 

significantly higher than low-income groups and the alike trend was noticed for 

farmers with  high annual income from mango cultivation accounting for  92.2%. 

Farmer’s belonged to long time spent in the orchard had high adoption (90.0%) of 

IPM practices. Farmers having standard knowledge on usefulness of IPM practices in 

mango cultivation maximally (80.3%) adopted  IPM practices to control the mango 

pests. 77.3% of the farmers highly adopt IPM practices who participated in different 

organization.  89.5% of the respondents highly adopt IPM practices that had high 

contact with IPM club, IFMC and FFS. For standard cosmopolitan farmers, 82.9% of 

the farmers highly adopt IPM practices. Farmers with standard exposure to extension 

media were found to adopt IPM practices greater than those with low exposure to 

extension. In case of training exposed farmers, 81.7% of the farmers highly adopted 

IPM practices. 78.3% of the farmers highly adopted IPM technology had high 

knowledge on pesticide application. Farm size, annual income from mango 

cultivation, time spent in mango orchard are significantly associated at 1% level of 

significance and land under mango cultivation, annual family income, contact with 

IPM club, IFMC and FFS, cosmopolitanism, extension media exposure, training 

exposure are significantly associated at 5% level of significance. 

Factors influencing farmers’ adoption of IPM 

The most important objective in this research was to examine the adoption of IPM 

practices in mango cultivation. The logistic regression model was used to determine 

the factors that significantly influenced mango growers to adopt IPM. The degree and 

direction of the estimated parameters for the adoption of IPM were illustrated by this 

model were shown in Table 3.  

According to the model, five factors negatively influenced the adoption of IPM by 

the other 10 factors having a positive influence. However, two of the 15 factors, 

namely contact with IPM club, IFMC and FFS and annual income from mango 
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cultivation were significant factors and had positive influences. This denoted that the 

higher these variables, the higher the probability of IPM adoption. 

Middle-aged (OR: 0.455; 95% CI: 0.090, 2.314) and old (OR: 0.316; 95% CI.: 0.052, 

1.909) people were less likely adopt of IPM compared to the young people. In 

educational qualification, illiterate farmer was used as the reference category for this 

study. Primary (OR: 0.655; 95% CI.: 0.083, 5.167) , secondary (OR: 0.330; 95% CI.: 

0.051, 2.117) and higher secondary  or above (OR: 0.156; 95% CI.: 0.016, 1.522) 

educated farmers were less likely to adopt IPM practices than illiterate farmers. It is 

also strictly decreasing when educational qualification is increasing. For family size, 

Extended family farmers (OR: 1.462; 95% CI.: 0.415, 5.157) were more likely to 

adopt IPM practices than nuclear family farmers. In respect of farm size, large 

farmers (OR: 2.170; 95% CI.: 0.354, 13.288) were more likely to adopt IPM 

practices than small farmers. In case of land under mango cultivation, large 

landholders (OR: 0.878; 95% CI.: 0.198, 3.902) were less likely to adopt IPM 

practices than small land holder. For annual family income, high-income farmers 

(OR:  1.277; 95% CI.: 0.321, 5.081) were more likely to adopt IPM practices than 

low-income farmers. For annual income from mango cultivation, high income is 

significant at 10% level of significance and high-income farmers (OR: 5.550; 95% 

CI.: 0.899, 34.275) were more likely to adopt IPM practices than low-income 

farmers. In respect of time spent in mango orchard, long time spent farmers (OR: 

1.685; 95% CI.: 0.294, 9.647) were more likely to adopt IPM practices than short 

time spent farmers.Concerning knowledge on IPM practices in mango cultivation, 

low knowledge farmers (OR: 0.980; 95% CI.: 0.267, 3.600) were more likely to 

adopt IPM practices than high knowledge farmers. For organizational participation, 

participated farmers (OR: 1.878; 95% CI.: 0.431, 8.179) were more likely to adopt 

IPM practices than without participated farmers. In contact with IPM club, IFMC and 

FFS, standard contact is significant at 5% level of significance and standard 

contacted farmers (OR: 6.737; 95% CI.: 1.288, 35.243) were more likely to adopt 

IPM practices than low contacted farmers. 

In case of cosmopolitanism, standard cosmopolitan farmers (OR: 2.249; 95% CI.: 

0.722, 6.999) were more likely to adopt IPM practices than low cosmopolitan 

farmers. For media exposure, standard media exposed farmers (OR: 1.209; 95% CI.: 

0.207, 7.058) were more likely to adopt IPM practices than low media exposed 

farmers. Trained farmers (OR: 1.187; 95% CI.: 0.261, 5.406) were more likely to 

adopt IPM practices than without trained farmers. Lastly, for knowledge on pesticide 

application, high knowledge farmers (OR: 0.760; 95% CI.: 0.153, 3.764) were less 

likely to adopt IPM practices than low knowledge farmers. 
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Table 3.  Logistic Regression estimates of different categorical variables for adoption 

of IPM practices in mango cultivation 

Factors Coefficient 

(β) 

S.E. 

(β) 

Wald P 

values 

Odds 

ratio, 

Exp (β) 

95.0% C.I. for EXP 

(β) 

Lower Upper 

Age (Years) 

Young (up to 35) 

(ref) 
  1.580 .454 1.000    

 Middle (36 to 50) -.787 .830 .900 .343 .455 .090 2.314 

Old (>50) -1.151 .917 1.575 .209 .316 .052 1.909 

Educational qualification ( Years of Schooling) 

Illiterate (0) (ref)   2.851 .415 1.000    

Primary (1-5) -.423 1.054 .161 .688 .655 .083 5.167 

Secondary (6-10) -1.109 .948 1.367 .242 .330 .051 2.117 

Higher secondary  or 

above (>10) 
-1.860 1.163 2.556 .110 .156 .016 1.522 

Family size (No.) 

Nuclear (1-4) (ref)     1.000   

Extended (>4) .380 .643 .349 .554 1.462 .415 5.157 

Farm Size (Ha)  

Small (Up to 1) (ref)     1.000   

Large (>1) .775 .925 .702 .402 2.170 .354 13.288 

Land under mango cultivation (Ha) 

Small (Up to 1) (ref)     1.000   

Large (>1) -.130 .761 .029 .864 .878 .198 3.902 

Annual family income (000’Tk) 

Low ( Up to 300) 

(ref) 
    1.000   

High ( >300 ) .244 .705 .120 .729 1.277 .321 5.081 

Annual income from mango cultivation (000’Tk) 

Low ( Up to 75) (ref)     1.000   

High ( >75) 1.714 .929 3.403 .065 5.550 .899 34.275 

Time spent in mango orchard (Hours/Day) 

Short (Up to 1.50) 

(ref) 
    1.000   

Long (>1.50) .522 .890 .343 .558 1.685 .294 9.647 

Knowledge on IPM practices in mango cultivation (Score)  

Low ( Up to 8) (ref)     1.000   
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Factors Coefficient 

(β) 

S.E. 

(β) 

Wald P 

values 

Odds 

ratio, 

Exp (β) 

95.0% C.I. for EXP 

(β) 

Lower Upper 

Standard (>8) -.020 .664 .001 .975 .980 .267 3.600 

Organizational participation 

No (ref)     1.000   

Yes .630 .751 .704 .401 1.878 .431 8.179 

Contact with IPM club, IFMC and FFS (Score) 

Low (1-10) (ref)     1.000   

Standard (>10) 1.908 .844 5.105 .024 6.737 1.288 35.243 

Cosmopolitanism 

(Score) 
       

Low (1-5) (ref)     1.000   

Standard (>5) .810 .579 1.956 .162 2.249 .722 6.999 

Extension media exposure (Score) 

Low ( Up to 30) (ref)     1.000   

Standard ( >30) .190 .900 .045 .833 1.209 .207 7.058 

Training exposure  

No (ref)     1.000   

Yes .171 .774 .049 .825 1.187 .261 5.406 

Knowledge on pesticide application (Score) 

Low (Up to 10) (ref)     1.000   

High (>10) -.274 .816 .113 .737 .760 .153 3.764 

[Abbreviations: SE: Standard error; CI: Confidence Interval; Ref: reference Category.] 

CONCLUSION 

From the findings, it was evident that the adoption of IPM practices by mango 

growers was in satisfactory level. The IPUI index underlined that mango growers are 

used pesticides at high level from early stage of flowering to fruit maturity for 

controling the insect-pests and diseases with minimal use of other ecofriendly 

management tools. The adoption of IPM practices was influenced by several key 

factors, including contact with IPM club, IFMC, FFS and annual income from mango 

cultivation. Overall, it is worth mentioning that the initiatives to increase these 

facilities to cover a larger part of the mango growers could play an important role to 

increase the adoption of IPM practices. 
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ABSTRACT 

Botanicals are promising and attractive alternatives for pest 
management. In the present study, three botanical oils namely neem 
(Azadirachta indica), karanja (Pongamia pinnata) and mehogony 
(Swietenia mahagoni) were tested against the nymphs of Aphis 
craccivora Koch to evaluate the toxic and repellent effects under 
laboratory conditions (25 ± 5

o
C, 65-75% RH). Four concentrations (0.5, 

1.0, 1.5, and 2.0%) along with control were maintained with distilled 
water and tween-20 was used as emulsifier. Leaf dipped method were 
used for insect bioassay. Insect mortality was recorded at 24, 48 and 72 
hours after intervals while repellency was carried out at 2 hours after 
intervals upto 10

th
 hours and the collected data were analyzed through 

MSTAT-C program. Results indicated that all the tested oils had toxic 
and repellent effects against the A. craccivora nymphs. Among the 
tested botanical oils, no significant difference was observed in terms of 
mortality over treatment time. But significant difference was noticed over 
level of concentrations exerted by the botanical oils. The average highest 
mortality (28.62%) was recorded by the application of mehogony oil 
whereas neem oil showed the lowest mortality (27.21%) against the A. 
craccivora and the mortality was directly proportional to the level of 
concentrations and hour after treatment (HAT). Probit analysis showed 
the lowest LD50 values of mehogony oil which revealed the highest toxic 
effect against the nymph of bean aphid. The highest repellent effect 
(77.33%) was found in mehogony oil (repellent class IV) among all the 
botanical oils applied. On the contrary, neem (57.33%) and karanja 
(55.00%) oils belonged to the same repellent class that is repellent class 
II. Although all the tested botanical oils evaluated showed toxic and 
repellent effects but mehogony oil performed as the best potent oil 
against the nymphs. We therefore suggested using the mehogony oil for 
the management of bean aphid.  
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INTRODUCTION 

Country bean (Lablab purpureus L.) is a highly proteineous legume and a major 

winter vegetable crop in Bangladesh (Salim et al., 2013). About 21 to 38% of leaf 

protein and 20 to 28% crude protein was reported in leaves and seeds of country 

bean, respectively (Cook et al., 2005). Besides, seeds are rich micronutrients and 

minerals also (Kala et al., 2010; Shaahu et al., 2015). It is one of the atmospheric N-

fixing legume and a valuable green manure forming crop (Cook et al., 2005). 

However, crops are threatened by many insect pests resulting huge economic losses 

(Oliveira et al., 2014). 

Among the insect pests of legumes crops, bean aphid, Aphis craccivora Koch 

(Homoptera: Aphididae) is the most destructive and cosmopolitan pest. About 4700 

species of aphids have been found worldwide and cause enormous loss of different 

types of crops (Blackman and Eastop, 2007; Alikhani et al., 2010). Due to severe 

infestation of A. craccivora resulting from 20 to 40% yield loss of bean, Lablab 

purpureus L.  (Islam, 2008) while mustard aphid cause from 87.16 to 98.16% yield 

loss of mustard crop (Anonymous, 1995) in Bangladesh. Both the nymphs and adults 

of bean aphid suck cell sap from the leaves, twigs, inflorescences, pods, and may 

cause upto 100% yield loss (Akhtar et al., 2010; Razaq et al., 2011). Besides, A. 

craccivora transmit bean common mosaic virus (Kaiser and Mossahebi, 1974) 

groundnut rosette virus (Storey and Ryland, 2008), pumpkin mosaic virus (Singh, 

1981) etc. Moreover, aphid also serve as vector of 20 non-persistent plant viruses 

including broad bean mosaic, die back virus, Iranian strain viruses, etc., in many 

places of the world and transmit more than 50 viral diseases (Heneberry and Jech, 

2001). They also secrete honeydew causing the growth of sooty mould fungus, which 

inhibits photosynthetic activity of plant (Singh et al., 2014; Trivedi and Singh, 2014).  

Aphid is a prolific breeder and randomly corrosive insecticides are used to control 

them for quick knockdown (Pavela et al., 2009). But chemical protection measures 

suffer so many serious drawbacks (Lee et al., 2001; Ambethar, 2009).  Their 

extensive and indiscriminate use causes ecological imbalance, resistance of pesticides 

to pest, pest resurgence and outbreak of secondary pests, creates phytotoxicity, 

insecticidal residues in foods, feed and leads to health and environmental risks 

(Mahmud et al., 2002; Ashamo, 2004; Nas, 2004; Mweke et al., 2020). As a result, 

researchers and scientists all over the world are now trying to adopt alternatives to 

insecticides to protect crop from insect pest infestation as eco-friendly manner.  

Use of natural products is an excellent source and stands top most position to protect 

insect pests in the field among different alternatives (Franck et al., 2009). Various 

botanical products derived from different plants emerged as promising tools to 

control pests by offering several advantages over insecticides, such as host specific, 
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non-toxic to mammals and beneficial organisms, less prone to insect resistance, 

readily biodegradable and less expensive as well (Saxena, 1992). Among the 

botanicals, many plant derivatives essential oils have been reported effective against 

A. craccivora and other related insect pests (Tewary et al., 2006; Khater, 2012; Jahan 

et al., 2013). Various products of plants have been tried by several researchers with a 

good degree of success as crop protectants against aphids in Bangladesh (Khan et al., 

2019). For example, plant oils and extracts including neem, karanja and mehogony 

were reported to be effective in managing A. craccivora (Das et al., 2008; Yasmin et 

al., 2017). Further, numerous other studies by using oils from botanicals have also 

been implied (Aziz et al., 2015; Aziz et al., 2018). The present study was therefore, 

planned and, design in order to evaluate the mortality and repellent effects of three 

botanical oils of Azadirachta indica (neem), Pongamia pinnata L. (karanja) and 

Swietenia mahagoni L. (mehogony) on nymphs of bean aphid.  

MATERIALS AND METHODS 

Experimental site 

The experiment was carried out in the laboratory conditions (25 ± 5
o
C, 70 ± 5% RH) 

of the Department of Entomology, Hajee Mohammad Danesh Science and 

Technology University (HSTU), Dinajpur, Bangladesh during September 2016 to 

January 2017. 

Host plant 

Host plants were used as country bean (BARI sheem-4). Seeds were collected from 

the local market of Dinajpur town and raised seedling in pots in the entomology 

research lab corridor of HSTU, Dinajpur. Plants were fertilized as needed and 

watering was done as necessary but free from pesticide. 

Collection and rearing of test insects 

 The A. craccivora were collected from the infested bean plants of Entomology field 

lab, HSTU and maintained in the laboratory (25 ± 5
o
C, 70 ± 5% RH). Aphids were 

gently removed from the bean twigs with the help of soft camel hair brush and 

released on the fresh bean twigs kept in cylindrical jars (14H × 10.5 D cm) in the 

laboratory. The jars were covered with a piece of cloth fastened with rubber bands to 

prevent insect get away. For the mass culture, newly emerged crawlers were placed 

on to the fresh bean leaves. These processes were continued upto the experimental 

requirements. Only 3
rd

 - 4
th
 instar nymphs were used for the study. 
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Identification of A. craccivora 

Aphid species has been identified based on their morphological characteristics 

(Emden and Harrington, 2007). Late instar nymphs (3
rd

 and 4
th 

instar) were used in 

the experiment as stated by Blackman and Eastop (2000) and Trivedi and Singh 

(2014).  

Tested botanical oils 

Tested three crude plant oils of neem (Azadirachta indica), mehogony (Swietenia 

mahagoni) and karanja (Pongamia pinnata) were collected from the local market of 

Dinajpur town. Four concentrations of each oil viz. 2.0, 1.5, 1.0 and 0.5% were 

prepared separately (v/v).  For the preparation of concentrations, 2.0, 1.5, 1.0 and 0.5 

ml of neem, karanja and mehogony oils were taken in conical flask (100 ml) 

separately and added 98.0, 98.5, 99.0 and 99.5 ml of distilled water for each oil and 

concentrations, respectively. A single drop of tween-20 was added as an emulsifier 

for each concentration separately and mixed properly.  

Direct toxicity test 

Toxicity effects were performed in the laboratory conditions (25 ± 5
o
C, 70 ± 5% RH) 

against the A. craccivora. Fresh young bean leaves were collected and dipped in 

respective oil concentrations of each treatment separately for 5-10 seconds and then 

the leaves were air-dried for 15 minutes. Each leaf was placed separately in a Petri 

dish (90 mm). Ten (10) 3
rd

 to
 
4

th
 instar nymphs were released by the help of a camel 

hair brush. Three replications were done for each concentration. The mortality was 

recorded at 24, 48 and 72 hours after treatments. Mortality was corrected by Abbott’s 

(1925) formula: 

 

Where, 

P = Percentage of corrected mortality 

P' = Observed mortality (%) 

C = Mortality (%) at control 

Repellency test 

The repellency test was conducted according to described by Talukder and Howse 

(1995). Briefly, Petri dishes (120 mm) with filter papers (Whatman No. 40) were cut 

in two half and 1.0 ml of each prepared oil was applied to a half of filter paper 

uniformly with a pipette. The treated half were then air-dried and attached with the 

untreated half with a cello-tape such a way those could not interfere to the free 

movement of insect from one half to another. Distance between the treated and 

untreated filter paper remained sufficient to prevent seepage of test samples from one 

half of circle to another. Each filter paper was then placed in a Petri dish and 10 

100
100
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nymphs were released. Number of nymphs on each treated and untreated portion was 

counted at two-hour intervals up to the 10
th
 hour. The data were expressed as 

percentage repulsion (PR) by the following formula: [PR (%) = (Nc-50) × 2]. Where, 

Nc = the percentage of insects present in the control half. Positive (+) values 

expressed repellency while negative value represent (-) attractancy. The average 

values were then categorized according to the standard scale as described by  

McDonald et al. (1970). 

Statistical Analyses 

The data were analyzed using completely randomized design (CRD) through 

MSTAT-C program. All graphs were done using MS-Excel software. The treatment 

mean values were compared by Duncan’s New Multiple Range Test (DMRT). The 

median lethal values (LD50) were determined by probit analysis (Finney, 1947). 

RESULTS AND DISCUSSION 

Direct toxic effects of oils against A. craccivora 

 The toxicity effects of three botanical oils, doses and interactions against the A. 

craccivora nymphs are reflected in the Tables 1-3. The highest (28.62%) mortality 

was recorded in mehogony oil but the lowest in neem oil (27.21%) which are 

statistically non-significant (Table 1). On the basis of average nymphal mortality 

percentage, the order of the toxic effect of three botanical oils was found as 

mehogony > neem > karanja. Again, the nymphal mortality was dose dependent in 

where the highest mortality (48.78%) was found at 2.0% concentration. Conversely, 

the lowest mortality (20.32%) was recorded at the 0.5% concentration. Average 

mortality increased with the concentration levels. Very little mortality (2.20%) was 

recorded in untreated control. The interaction effects of oils, doses and times 

significantly the highest mortality (52.60%) was calculated in mehogony oil at 2.0% 

concentration while the lowest (2.20%) in the control (Table 3). 

Results from the present study indicate that all the tested botanical oils had promising 

toxic effects against the nymph of A. craccivora in laboratory conditions. The 

mehogony oil offered promising toxicity by applying the highest dose of 2.0% 

against the nymph (Table 2). Our present findings are also similar with those of 

Yasmin et al. (2017). They cited that mehogony oil proved the highest (29.83%) 

mortality whereas the lowest (22.96%) in karanja oil against the adult A. craccivira 

Koch under laboratory conditions. Present findings are also in close proximity with 

those of Bahar et al. (2007) and Pinto et al. (2013). They found that the eucalyptus, 

mehogony oils and neem-based product (neemseto) reduced aphid population but 

different among the field, net-house and laboratory conditions. Again, present results 
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are also in line with Lin et al. (2009) who reported that sugar apple (Annona 

squamosa) seed oil, an edible tropical fruit was also promising in controlling the 

cotton aphid, A. gossypii Glover on melon plant. Patil and Chavan (2009) cited that 

Acacia concianna extract was the most toxic   against sugarcane woolly aphid, 

Ceratovacuna lanigera Zehnter. Some plant oils have broad spectrum insecticidal 

activity against many destructive pests, affecting insect nervous and defense systems 

(Isman, 2000; Ketoh, 2004). Moreover, physiology of the destructive insects is 

arrested due to biological activity of oils might resulting quickened to death 

(Schoonhoven, 1978).   

Mortality of the tested extracts were concentrations and exposure time dependent 

under laboratory conditions. Significant level of success of potential suppression of 

aphid population as reported by various researchers with different botanicals 

including neem and karanja leaf extracts (Prabal et al., 2000; Katsvangwa and 

Chigwaza, 2004; Rawleigh and Boyd, 2008; Biswas, 2013). The result of this study 

indicates that all levels of tested oil except 0.5% and 1.0% concentrations had shown 

sufficient aphicidal effects. However, though all plant oils showed potential but 

mehogony oil exerted promising toxicity by applying the highest concentration 

(2.0%) against the nymph of bean aphid. The main phytoconstituents of mehogony 

oils are alkaloids, terpinoids, steroids, glycosides as cyclomahogenol, tannins, 

alkaloids, saponins and terpenoids (Sahgal et al., 2009; Hajra et al., 2011) might be 

attributed toxic to aphid. 

Table 1. Direct toxic effect of different botanical oils against the nymphs of A. 

craccivora at different HATs (Interaction of botanical oils and times) 

Botanical  

oils 

Nymph mortality (%) at different HATs Average 

mortality (%) 24 48 72 

Neem 17.33
a
 28.00

a
 36.30

a
 27.21

a
 

Karanja 18.00
a
 26.67

a
 37.78

a
 27.48

a
 

Mehogony 17.33
a
 29.33

a
 39.19

a
 28.62

a
 

LSD 2.723 2.941 3.278 2.178 

CV % 20.80 14.09 11.64 10.52 

Level of significant NS NS NS NS 

HAT= Hour after treatment. Within column values followed by same letter is insignificant by DMRT at 

5% level of probability. NS= Not significant. 
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Table 2. Direct toxic effect of different botanical oils at different doses against the 

nymph of A. craccivora at different HATs (Interaction of doses and times) 

Doses 

(%) 

Nymphs mortality (%) at indicated HATs Average 

mortality (%)     24      48       72 

2.0   33.33 
a
  51.11 

a
 61.85 

a
 48.78 

a
 

1.5   25.56
 b   

  40.00 
b
 51.24 

b
 38.93 

b
 

1.0   18.89 
c
  28.89 

c 
 38.02 

c
 28.61 

c
 

0.5   10.00 
d
  20.00 

d 
 30.99 

d
 20.32 

d
 

Control    0.00 
e
 0.00 

e
 6.67 

e
 2.20 

e
 

LSD    3.515 3.797 4.231 2.811 

CV %  20.80 14.09 11.64 10.52 

HAT= Hours after treatment. Within column values followed by different letter(s) are significantly 

different by DMRT at 5% level of probability. 

Table 3. Toxicity effect of different doses of botanical oils against the nymph of A. 

craccivora at different HATs (Interaction of botanical oils, doses and 

times) 

Botanical oils Doses (%)  
Nymphs mortality (%) at different HATs Average 

mortality (%)    24     48     72  

Neem 

2.0  30.00 bc 50.00 b       60.74 ab 46.93 b 

1.5  26.67cd 36.67 d     46.29 cd     36.53 c  

1.0  20.00 ef 30.00 e    35.55 ef 28.53 d 

0.5  10.00 g 23.33 efg 32.22 f 21.83 ef 

Karanja 

2.0  36.67a 46.67 bc 57.03 b 46.80 b 

1.5  26.67 cd 40.00 cd 53.71bc 40.13 c 

1.0  16.67 f 26.67 ef 35.55ef 26.30 de 

0.5  10.00 g  20.00 fg 35.92 ef 21.97 ef 

Mehogony 

 

2.0  33.33 ab 56.67 a   67.78 a        52.60 a 

1.5  23.33 de    43.33bcd 53.71 bc 40.13 c 

1.0  20.00 ef 30.00 e    42.96 de    31.00 d 

0.5  10.00 g  16.67 g  24.81 g  17.17f 

Control 0.0   0.00 h 0.00 h   6.67 h   2.20 g 

LSD 6.089 6.577 7.329 4.870 

CV % 20.80 14.09 11.64 10.52 

HAT= Hours after treatment. Within column values followed by different letter(s) are significantly 

different by DMRT at 5% level of probability. 
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Probit analysis of oils against A. craccivora 

The LC50 values of the tested oils are presented in Table 4. It was found that karanja 

oil (3.52%) attained the lowest LC50 values at 24 HAT while mehogony oil (1.76%, 

1.21%) at 48 and 72 HATs (Table 4). On the contrary, neem (5.0 and 1.55%, 

respectively 24 and 72 HATs) and karanja oils (48 HAT) possessed the highest 

toxicity. The chi-square (χ
2
) values were insignificant at 5% level of probability of 

three botanical oils at different HATs and mortality data did not show any 

heterogeneity. The relationship between probit mortality of insect and log doses of 

the tested botanical oils are presented in the probit regressions lines (Figure 1). The 

probit regression equations for the regression line of neem, karanja and mehogony 

oils were Y=1.291x+2.839, Y=1.553x+2.586, Y=1.307x+2.81 for 24 HAT, 

Y=1.145x+3.406, Y=1.284x+3.214, Y=1.821x+2.730 for 48 HAT and 

Y=1.155x+3.631, Y=0.973x+3.873, Y=1.821x+3.028 for 72 HAT. The insect 

mortality rate showed positive correlation with the doses in all treatments. The probit 

regression lines of three botanical oils showed a clear linear relationship between 

probit mortality and their log doses and the regression lines become sleeper as doses 

increased, because the nymphs were treated with more toxins for the same period at 

higher doses. 

Novel innovative research illustrated that diverse plant products have been tried by 

several researchers with a good degree of success against several species of aphids 

(Dimetry and EL-Hawary, 1995; Mareggiani et al., 2008; Mehetre et al., 2008).  

Different plant products were tested by many scholars and found promising against 

aphids, such as orange peel (Citrus sinensis), bitter gourd (Momordica dioica), garlic 

(Allium vineale), marigold, hot pepper (Capsicum frutescens) and tobacco (Nicotiana 

tabacum) to wheat aphid (Iqbal, 2011); garlic bulbs (Allium sativum), endod 

(Phytolacca dodecandra) and neem seeds (Azadirachta indica) to pea aphids, 

Acyrthosiphon pisum (Harris) (Megersa, 2016). Mexican marigold, garlic, sodom 

apples and ginger were also effective against the aphids Brevicoryne brassicaea 

(Peris and Kiptoo, 2017); neem and moringa (Moringa olifera) to wheat aphid 

species, Schizaphis graminum (R.), Rhopalosiphum padi (L.) and Sitobion avenae 

(F.) (Shah et al., 2017).  
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Table 4. Relative toxicity (probit analysis) of different botanical oils treated 

against the nymphs of A. craccivora after 24, 48 and 72 HATs 

Botanical  

oils  

Nymph  

used 
LD50 (%) values 

95% fiducially limits 2
 values 

   at 2 df Lower Upper 

24 HAT 

Neem 30 5.00 1.14
 

21.93
 

0.10 

Karanja 30 3.52 1.42
 

8.72
 

0.18 

Mehogony 30 4.81 1.21
 

19.22
 

0.16 

48 HAT 

Neem 30 2.38 1.09 5.20
 

0.60 

Karanja 30 2.39 1.16 4.93 0.30 

Mehogony 30 1.76 1.21
 

2.55
 

0.25 

72 HAT 

Neem 30 1.55 0.90 2.69 1.10 

Karanja 30 1.44 0.80 2.60 0.91 

Mehogony 30 1.21 0.90
 

1.64
 

0.17
 

HAT = Hour after treatment. Values were based on five concentrations, three replications of 10 insects 

each. χ2 = Goodness of fit. The tabulated value of χ2 is 5.99 (d.f = 2 at 5% level) 

Repellent effects of oils against A. craccivora 

The repellent effects of three botanical oils, doses and interactions against the A. 

craccivora nymphs are presented in the Tables 5-7. Among three tested oils, 

mehogony showed the highest (77.33%) repellency while the lowest (55.0%) from 

karanja (Table 5). Repellency value decreased with the progress of time and 

increased with increasing doses of all oils (Table 5). The repellency class of tested 

oils at different concentrations level varied between classes III to IV. Among the 

doses, 2% provided highest (66.67%) repellency at 10 HAT while the lowest at 0.5% 

but statistically non-significant (Table 6). Repellency percent was increased with the 

doses. In the interaction effects of three botanical oils and doses the highest (84.0%) 

repellency was recorded on 2.0% of mehogony oil, whereas the lowest (38.67%) on 

0.5% of neem oil (Table 7).  

A. craccivora nymph repelled significantly while treated with the tested botanical oils 

of mehogony, neem and karanja. This indicated that the pest repellency properties of 

tested botanical oils were dispersed inconsistently. Also, the repellency rate 

decreased with increasing of exposure times (Tables 5-7). Significant level of success 

due to repellency of plant oils on aphid suppression were accounted by several 

researchers (Hossain et al., 2014; Manzoor et al., 2015). The potency of the tested 

oils can be attributed to its alkaloids contents (Alice et al., 2007; Jastad et al., 2009). 
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These might associate with deterrent, repellent and anti-feedant actions against A. 

craccivora (Katsvangwa and Chigwaza, 2004; Yasmin et al., 2017).  

 

 

 

Fig. 1. Relationship between probit mortality and log doses of 

different botanical oils on the nymphs of A. craccivora at 

24 HAT (top), 48 HAT (middle) and 72 HAT (bottom) 

N:y = 1.291x + 2.839, R² = 0.988 
K:y = 1.553x + 2.586, R² = 0.970 
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K:y = 1.284x + 3.214,R² = 0.954 
M:y = 1.821x + 2.730,R² = 0.976 
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Log doses of botanical oils 

Neem (N) 

Karanja (K) 

N:y = 1.155x + 3.631,R² = 0.822 

K:y = 0.973x + 3.873,R² = 0.768 

M:y = 1.821x + 3.028,R² = 0.982 
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Log doses of botanical oils 

Neem (N) 
Karanja (K) 
Mahagony (M) 
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Table 5. Repellent effect of different botanical oils against the nymph of A. 

craccivora at different HATs (Interaction of botanical oils and times) 

Botanical  

oils  

Repellency (%) at different HATs Average 

repellency 

(%) 

Repellent 

class 
2 4 6 8 10 

Neem 71.67 
a
 63.33 

ab
 50.00 

b
 50.00 

b
 51.67 

b
 57.33 

b
 III 

Karanja 71.67 
a
 48.33 

b
 53.33 

b
 51.67 

b
 50.00

b
 55.00 

b
 III 

Mehogony 80.00 
a
 81.67 

a 
 71.67 

a
 73.33 

a
 80.00

a
 77.33 

a
 IV 

LSD 16.13 19.86 14.32 13.17 12.56 10.45  

CV % 25.72 36.57 29.14 26.80 24.62 19.61  

HAT= Hours after treatment. Mean followed by different letter(s) are significantly different by DMRT 

at 5% level of probability. NS= Not significant. 

Table 6. Repellent effect of different botanical oils at different doses against the 

nymph of A. craccivora at different HATs (Interaction of doses and 

times) 

Doses 

(%)  

Repellency (%) at different HATs Average 

repellency 

(%) 

Repellent 

class 
2 4 6 8 10 

 2.0  68.89 
a
 64.44 

a
 68.89 

a
 66.67 

a
 64.44

a
 66.67 

a
 IV 

1.5  84.44 
a
 66.67 

a
 57.78

ab
 57.78 

ab
 57.78 

a
 64.89

a
 IV 

1.0  77.78 
a
 66.67 

a
 57.78 

ab
 60.00 

ab
 64.44 

a
 65.33 

a
 IV 

0.5  66.67 
a
 60.00 

a
 48.89 

b
 48.89 

b
 55.56 

a
 56.00 

a
 III 

LSD 18.63 22.93 16.54 15.21 14.50 12.07  

CV % 25.72 36.57 29.14 26.80 24.62 19.61  

HAT= Hours after treatment. Mean followed by the same letter(s) did not differ significantly at 5% level 

by DMRT. 

Table 7. Repellent effect of different botanical oils and doses against the nymph of 

A. craccivora at different HATs (Interaction of oils, doses and times) 

Botanical 

oils 

Dose 

(%) 

Repellency (%)  at different HATs Average 

repellency 
(%) 

Repellent 

class 
2 HAT 4 HAT 6 HAT 8 HAT 10 HAT 

Neem 

2.0 60.00 a 66.67 ab 73.33 a 73.33 a 73.33 ab 69.33 abc IV 

1.5 93.33 a 66.67 ab 53.33ab 66.67 ab 66.67 abc 69.33 abc IV 

1.0 73.33 a 60.00 ab 46.67 ab 40.00 bcd 40.00 cd 52.00 bcd IV 

0.5 60.00 a 60.00 ab 26.67 b 20.00 d 26.67 d 38.67 d II 

Karanja 2.0 60.00 a 53.33 ab 60.00 a 60.00 abc 46.67 bcd 56.00 bcd III 
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Botanical 
oils 

Dose 

(%) 

Repellency (%)  at different HATs Average 

repellency 

(%) 

Repellent 

class 
2 HAT 4 HAT 6 HAT 8 HAT 10 HAT 

1.5 86.67 a 46.67 ab 46.67 ab 33.33 cd 33.33 d 49.33 cd III 

1.0 66.67 a 53.33 ab 53.33 ab 60.00 abc 66.67 abc 60.00 bcd IV 

0.5 73.33 a 40.00 b 53.33 ab 53.33 abc 53.33 bcd 54.6 bcd III 

Mehogony 

2.0 93.33 a 86.67 a 73.33 a 80.00 a 86.67 a 84.00 a  V 

1.5 73.33 a 86.67 a 73.33 a 73.33 a  73.33 ab 76.00 ab IV 

1.0 86.67 a 73.33 ab 73.33 a 66.67 ab 73.33 ab 74.67 ab IV 

0.5 66.67 a 80.00 ab 66.67 a  73.33 a   86.67 a 74.67 ab IV 

LSD 32.27 39.72 28.64 26.35 25.12 20.90  

CV % 25.72 36.57 29.14 26.80 24.62 19.61  

HAT = Hours after treatment Mean followed by different letter(s) are significantly different by DMRT 

at 5% level of probability. 

CONCLUSION 

It is concluded that the botanical oils tested in the present study had direct toxic effect 

on the nymphs of A. craccivora but mehogony showed the highest toxic and repellent 

effects. However, further studies need to be conducted in future to isolate, evaluate 

and characterization of active compound with its mode of action of the tested oils. 
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EFFECT OF ETHEPHON AND PACKAGING PRACTICES 

ON RIPENING OF MANGO cv. MALDAH  

S. Sapkota
*
, D. Kc, H. Giri, M. Saud, M. Basnet and S. Gautam 

Campus of Live Sciences, Institute of Agriculture and Animal Science, Dang, Nepal 

ABSTRACT 

The present research was conducted on two factor Completely 
Randomized Design (CRD) with eight treatments and three replications. 
A set of experiments were carried out to evaluate the effect of 
postharvest ethephon treatment and packaging on ripening of mango cv. 
Maldah. The treatments consisted of ripening agent i.e., ethephon and 
control treatment under different packaging condition i.e., fiber with hole, 
fiber without hole, plastic with hole and plastic without hole. The result 
revealed that different packaging condition and ripening agents 
influenced the ripening behavior of mango. The highest TSS (15.26), 
sugar-acid ratio (23.66) and juice content (126.05) were recorded with 
fiber (without hole) and the lowest TSS (12.60), sugar-acid ratio (9.01) 
and juice content (116.05) with plastic (without hole). The highest TA 
(1.44) was recorded with plastic (without hole) and the lowest (0.66) with 
fiber (without hole). Similarly, the highest BT (2.83) was recorded with 
fiber (with hole) and the lowest (1.66) with plastic (without hole). 
Firmness, sweetness, TSS and juice content were the highest with the 
interaction effect of fiber bag (without hole) and ethephon treatment. In 
conclusion, mango fruits with ethephon treatment packed in fiber bag 
(without hole) enhances quality and ripening of mango whereas under 
controlled condition and without hole plastic packaging mangoes had low 
quality performance in terms of physio-chemical properties. 

Keywords: Ripening agent, Ethephon, Packaging, Fiber, Plastic.  

INTRODUCTION 

Mangifera is a genus of flowering plants in the family, Anacardiaceae which is 

mainly known as Common Mango (Mangifera indica). The cultivation of mango has 

been originated from South East Asia (Mehta, 2017). Mango is one of the most 

popular tropical fruits grown commercially in 87 nations of the globe (Tharanathan 

et al., 2006). The total area under mango cultivation in Nepal is about 48,204 ha, 

(MoALD, 2017) mostly in the terai, low-hills, mid-hills and mountains regions. It is 
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commonly cultivated for commercial fruit production. A climacteric fruit, the mango 

ripens quickly after harvest (between 3 and 9 days) (Mitra and Baldwin, 1997). Fruit 

ripening is a physiological process which is primarily controlled by a gaseous plant 

hormone called ethylene. The chemical commonly used to ripen fruits commercially 

is ethephon (2-chloroethyl phosphonic acid) which penetrates into fruit and 

decomposes to ethylene (Alexander and Grierson, 2002). Growing and marketing of 

fresh produce are complicated by postharvest losses in quantity and quality between 

harvest and consumption leading to unprofitability. Post-harvest loss could be rightly 

stated as the qualitative and quantitative loss of horticultural produce at any moment 

along the post-harvest chain which includes the change in the edibility and 

wholesomeness i.e., quality of the produce finally preventing its consumption 

(Adeoye, 2009; Buyukbay et al., 2010). In Nepal, different studies have shown the 

postharvest losses of fruits and vegetables are 20-50% (Gautam and Bhattarai, 2012). 

Improper harvesting practices and improper post-harvest practices result in loss due 

to the spoilage of produce before reaching the market along with the loss in quality of 

the produce such as deterioration in appearance, taste and nutritional value. 

Therefore, it is necessary to extend consumption period of fruits, maintain regular 

supply to market and assured safe transportation means for long distance. 

Although mango is known to be remarkably tolerant of wide range of climatic 

conditions, the mango should always be grown within specific and well-defined 

ranges of temperature and rainfall for its profitable cultivation. A rainfall of about 

125 cm falling mostly during the monsoon is considered very suitable, favorable 

temperature for mango is 24-37°C during growing season along with high humidity. 

Though post-harvest losses of Mango in Nepal have been reported, no studies have 

been reported about significance of packaging conditions and chemical treatment to 

maintain the post-harvest quality of mango. In this study, the experiment was 

designed to assess the effects of different packaging practices and ethephon treatment 

on post-harvest of mango and its fruit quality to enhance the ripening process 

effectively. 

MATERIALS AND METHODS 

The experiment was conducted at Horticulture Laboratory of the Institute of 

Agriculture and Animal Science (IAAS), Campus of Live Sciences, Dang district of 

Nepal during monsoon season of year 2017 (July 10 to July 18). Dang district is 

located between 27.9904⁰ North latitude and 82.3018⁰ East longitude with an altitude 

of 725m from the mean sea level and sub-tropical climate. The district covers 2,955 

km
2
. This location falls in Inner-Terai region of Mid-Western Development Region 

of Nepal. The site was characterized with rainy season during the experiment. The 

temperature of laboratory was recorded using Alcohol thermometer and humidity 

was recorded using hygrometer.  
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The fruits used were collected from mango orchard of Campus of Live Sciences. 

Unripe mango with uniform peel colour, size and free from mechanical damage, 

bruises, sun burns and fungal/insect attack were selected. The fruits were washed 

with flowing tap water and air dried in laboratory. The experiment was conducted in 

Completely Randomized Design (CRD) with three replications. Two treatments i.e., 

with chemical (ethephon in liquid form) and without chemical (control) with two 

packaging conditions i.e., fiber bag packaging and plastic bag packaging were 

selected. Four mangoes were kept in each treatment bag. The bags were with or 

without hole. The holes were made with punching machine (20 holes in each 

package, size: 13cmx10cm) and placed randomly in laboratory. The fruits were then 

dipped first in the ethephon 1400 ppm solution as a common treatment for 2 minutes 

and placed in the laboratory at ambient storage condition. Later the fruits were 

labeled and packed in the various packaging materials (4 numbers in each bag) and 

kept according to lot in the laboratory.  

Mangoes were evaluated for Titrable Acidity (TA), Total Soluble Solids (TSS), 

Sugar-acid ratio, Sugar analysis (Benedict’s test) and Juice Content. Each data was 

recorded at 3 days interval up to 8 days.  

Titrable acidity 

Titrable acidity was determined by the method described by (Ranganna, 1986).  

Mango juice was extracted from the sample fruits and blended using juice blender. 

Then the titrable acidity (TA) was determined. Mango juice (10 ml) was diluted with 

20 ml distilled water and then five drops of phenolphthalein was added as an 

indicator. It was titrated with 0.1N NaOH until the indicator changed pink and then 

titrate volume of NaOH was recorded. The TA, expressed as citric acid (with 

equivalent weight of 64.04) using the following formula. 

% Acid = (ml NaOH) x (N of the base in mol/liter) x (Eq. wt. of acid) 

                                       (Sample volume in ml) x 10 

Where N= Normality 

Total soluble solids  

Total soluble solids (TSS) of mango juice were measured by a portable hand 

Refractometer with a range of 0 to 30° Brix and resolutions of 0.2. The brix reading 

was used to determine TSS by placing 1 to 2 drops of clear juice on the prism of the 

Refractometer. Between samples reading, the prism of the Refractometer was washed 

with distilled water and dried with a tissue paper. The brix value of mango was 

within the range of 10°-14°.  

Sugar/Acid Ratio 

It was determined by the method described by (Ranganna, 1986).  
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The °Brix value of the fruit concerned was obtained before calculation of the 

sugar/acid ratio. The calculations for determining the sugar/acid ratios of all produce 

are the same, but as some products contain different acids the appropriate 

multiplication factor must be applied to each calculation. Some products may contain 

more than one type of acid, it is the primary acid that is tested. For citric acid: 0.0064 

(Citrus fruit), which was used to calculate sugar/acid ratio. Following formula was 

used in calculation: 

Percentage acid = Titre × acid factor × 100 

                                 10 (ml juice) 

Sugar acid ratio = °Brix value 

                             Percentage acid 

Benedict’s test 

Benedict’s test was estimated by the procedures described by (Lane and Eynon, 

1923). 

Benedict’s test is used to test for simple carbohydrates. The Benedict’s test identifies 

reducing sugars (monosa1ccharide’s and some disaccharides), which have free 

ketone or aldehyde functional groups. When Benedict’s solution and simple 

carbohydrates are heated, the solution changes to orange red/ brick red. This reaction 

is caused by the reducing property of simple carbohydrates. The copper (II) ions in 

the Benedict’s solution are reduced to Copper (I) ions, which causes the color 

change. The red copper (I) oxide formed is insoluble in water and is precipitated out 

of solution. This accounts for the precipitate formed. As the concentration of 

reducing sugar increases, the nearer the final colour is to brick-red and the greater the 

precipitate formed. Sometimes a brick red solid, copper oxide, precipitates out of the 

solution and collects at the bottom of the test tube. 

For this test, approximately 1 ml of sample was placed into a clean test tube. Then, 2 

ml (10 drops) of Benedict’s reagent (CuSO4) was placed in the test tube. After that, 

the solution is then heated in a boiling water bath for 3-5 minutes. Finally, color 

change in the solution of test tubes or precipitate formation was observed. The six 

stages were represented as 1 = totally green; 2 = <25 % color change; 3 = 25-50 % 

color change; 4 = >50 % but <100 % color change; 5 =100 % color change; and 6 = 

color with many black spots. A color chart was used to support the visual or sensory 

observation. 
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Statistical Analysis 

The mean values of data of different parameters recorded in the study were analyzed 

by GEN STAT version 10.3 in the computer software. Data were subjected to 

analysis of variance (ANOVA) to evaluate the significance of treatment effect. 

Means of each other within the parameters were compared by Duncan's Multiple 

Range Test (DMRT) at 1% and 5% level of significance. Microsoft excel (2010) was 

used for tabulation of the data. 

RESULTS AND DISCUSSION 

TSS, TA, SUGAR/ACID 

Data presented in Table 1 indicates that TSS and TA both were found highly 

significant in case of packaging condition and were found significant in case of 

chemical treatment (Table 1). Moreover, TSS was higher on ethephon treatment and 

lower in case of control. This is due to the fact that ripening agent i.e., ethephon 

accelerates uniform ripening of the textural properties of mango. Untreated fruits 

exhibited the highest variation in pulp texture due to uneven ripening. On ripening 

stage, degradation of cell wall and hydrolysis of starch to sucrose becomes fast on 

ethephon treatment. Reduced respiration also retards softening on plastic bag and 

slows down various compositional changes such as TSS, which are associated with 

ripening. The observed increment in TSS of fruits stored on fiber packaging without 

hole may indicate higher respiration rate and ripening. 

Similarly, TA was higher for plastic bag without hole and lower for fiber bag without 

hole. Also, TA was higher under control and considerably lower on ethephon 

treatment. In general, the values of TA were the highest at earlier stage of storage 

indicating that unripe fruits are more acidic than ripen ones. 

Sugar-acid ratio was found highly significant on both the cases of chemical treatment 

and packaging condition. Sugar acid ratio was higher on fiber packaging and 

comparatively lower in case of plastic without hole. Not only this, ethephon treated 

bags attained higher value whereas under natural condition i.e., without any chemical 

treatments the mean score was obtained. At the beginning of the ripening process the 

sugar/acid ratio is low, because of low sugar content and high fruit acid content, this 

makes the fruit taste sour. During the ripening process the fruit acids are degraded, 

the sugar content increases and the sugar/acid ratio achieves a higher value. Mango 

flavor and taste are related to the level of soluble solids in the fruit, which are mainly 

sugars. 
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Table 1. Effect of ripening agents and packaging condition on total soluble solid 

(TSS), titrable acidity (TA) and sugar acid ratio of mango 

Treatments TSS TA Sugar/ acd 

Packaging condition  

(First factor) 

   

Plastic (without hole) 12.60 1.44 9.01 

Plastic (with hole) 13.65 0.98 13.84 

Fiber (without hole) 15.26 0.66 23.66 

Fiber (with hole) 14.56 0.69 21.80 

P ˂0.01 ˂0.01 ˂0.01 

Ripening agent 

(Second factor) 

   

Ethephon 14.78 0.837 20.07 

Control 13.26 1.054 14.08 

P ˂0.01 ˂0.05 ˂0.01 

 

Sugar test (Benedict’s test) and juice content 

The effect of ripening agents and packaging conditions on sugar content was found to 

be highly significant. The amount of reducing sugar was higher in case of Fiber (with 

hole) treatment. The increase in reducing sugars in mango during ripening could be 

due to hydrolysis of starch into reducing sugars. 

Juice content of mango fruits was found highly significant in both the condition at 

significance level. In ethephon treatment juice content had the highest mean score 

which is higher as compared to control condition. Fiber (without hole) contains juice 

content in greater amount followed by fiber (with hole) (Table 7). Juice content in 

ethephon treated mango is more because ethephon hasten the ripening process, 

degradation of cell wall and hydrolysis of starch to sucrose which is more as 

compared to the controlled situation (No chemical). In the controlled condition there 

is slow or natural breakdown of the cell wall along with the low or incomplete 

conversion of starch into the sucrose as compared to the chemical treated. 
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Table 2. Effect of ripening agents and packaging condition on Benedict’s test and 

juice content 

Treatments BT Juice content 

Packaging condition  

(First factor) 

  

Plastic (without hole) 1.66 116.05 

Plastic (with hole) 2.33 117.08 

Fiber (without hole) 2.5 126.05 

Fiber (with hole) 2.83 122.62 

P  ˂0.01 ˂0.01 

Ripening agent 

(Second factor) 

  

Ethephon 2.66 123.66 

Control 2.0 117.24 

P  ˂0.01 ˂0.01 

Interaction effects 

TSS, TA and juice content 

Data in Table 3 indicates that Total Soluble Solid of mango was significantly higher 

on interaction effect of fiber without hole and chemical treatment followed by fiber 

with hole and chemical treatment while the lower TSS obtained on plastic without 

hole and under control. Fiber packaging with or without hole accelerates ripening at 

faster rate and at uniform pattern which is greatly enhanced by ethephon treatment. 

Thus, we have evaluated that fiber without hole has overall better performances on 

most of the parameters in comparison with fiber with hole. This might be due to 

some external as well as internal suitability. Not only this, the aeration in fiber 

(without hole) might be quite sufficient for uniform ripening as well textural 

enhancement of mango in comparison with fiber (with hole). There is higher ethylene 

gas yielding capacity of mango in fiber bag (without hole) due to which it may or 

may not need holes for smooth operation of physio-chemical properties. Similarly, 

plastic decelerated ripening which is considered better to upgrade shelf-life of mango 

and it helps to increase postharvest longevity.  

Titrable Acidity was found to be highly significant on interaction effect. However, 

TA was higher in plastic bag without hole with control and lower in fiber bag without 

hole with chemical. It was found that, TA was lesser in mangoes treated with 

chemical (ethephon) than control (without chemical). It is evident from the data that 

as the days of storage progressed, acidity decreased progressively at ambient 

conditions. Organic acids are important for respiratory activity and as flavor 

constituents.  
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During maturation and ripening, Mango fruit experience a substantial loss of organic 

acids (Medlicott and Thompson, 1985). This could be attributed to the conversion of 

acids into sugars and utilization of organic acids during respiration (Srivastava et al., 

2000). 

Table 3. Interaction effect of ripening agents and packaging condition on Total 

Soluble Solid (TSS) and titrable Acidity (TA) 

Treatments TSS TA Juice content 

Packaging condition (First factor)    

Plastic (without hole) + chemicals 12.96 1.22 116.05 

Plastic (with hole) + chemicals 14.26 0.97 118.63 

Plastic (without hole) + control 12.23 1.67 113.50 

Plastic (with hole) + control 13.03 1.01 115.53 

Fiber (without hole) + chemicals 16.56 0.58 129.93 

Fiber (with hole) + chemicals 15.33 0.58 127.47 

Fiber (without hole) + control 13.96 0.74 122.17 

Fiber (with hole) + control 13.8 0.79 117.77 

P 0.01 0.01 0.01 

CONCLUSION 

The result of present findings concluded that among all the treatments attempted, 

postharvest treatment of ethephon with packaging treatment of fiber (without hole) 

was found excellent in terms of acceleration of uniform ripening. Plastic packaging 

with control treatment was found to extend post-harvest longevity as significantly 

higher fruit firmness during storage was observed in it. Moreover, from the above 

experiment it can be concluded that fiber packaging along with ethephon treatment 

had a considerable impact on consistent postharvest ripening of mangoes. These 

treatments not only maintained the fruits qualities, but also reduced post-harvest 

losses which may be due to spoilage without adversely affecting the organoleptic 

qualities viz., flavor, texture, taste and overall quality of mango fruits cv. Maldah. 
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ABSTRACT 

A field experiment was conducted at Jute Research Experimental 
Station, Manikganj, Bangladesh during 2017 and 2018 cropping seasons 
to study the feasibility of intercropping leafy vegetables at early stage of 
the fibre crop: kenaf along with conventional weeding methods for better 
weed suppression and higher productivity. A Randomized Complete 
Block Design (RCBD) was followed consisting of eight treatments with 
three replications. Three leafy vegetables: red amaranth, jute shak and 
kangkong were used as intercrop with kenaf following 1 hand weeding 
and 1 hand hoeing alternately. Sole kenaf (weeded twice) was also 
grown as control. The total weed vegetation was comprised of grasses 
49%, broadleaved 33% and sedge only 18%. Performance of kangkong 
as intercrop was found better in terms of weed suppression. Hand 
weeding was found more efficient as a cultural weeding method in 
reducing weed density. Although intercropping resulted in significant 
yield reduction of kenaf but increased net return and benefit-cost ratio 
(BCR) by increasing kenaf equivalent yield (KEY). The land equivalent 
ratio (LER) was found higher in all intercropping treatments than sole 
kenaf which indicated more efficient utilization of land under 
intercropping. Red amaranth intercropping+1 hand weeding resulted the 
maximum gross return (TK.1,36,200 ha

-1
) while the highest gross margin 

(Tk. 59,390 ha
-1

) and BCR (1.78) was obtained from jute shak 
intercropping+1 hoeing. Considering the production cost, monetary 
return and productivity, Kenaf intercropped with Jute shak+1 hoeing was 

found better than other intercropping treatments. 

Keywords: Fibre crop, Intercropping, Leafy vegetables, Productivity, 

Weed suppression. 
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INTRODUCTION 

Kenaf (Hibiscus cannabinus L. Malvaceae) is a warm season annual fibre crop 

related to cotton and okra but shows similar characteristics with White Jute 

(Corchorus capsularis L.). It is an industrial crop holding high cellulosic fibre 

content, predominantly grown in Asia and Africa (Ayadi et al., 2011; Niu et al., 

2015). Kenaf is an appealing fibre source for paper pulps, fabrics, textiles, building 

materials, bio-composites, bedding material, oil absorbents etc. Because of its 

versatile uses and wide environmental adaptability, its cultivation is gradually 

increasing in South Asian countries i.e., Bangladesh, India, Pakistan and Nepal. In 

Bangladesh, around 0.08-0.09 million tons of kenaf is produced from 0.04 million 

hectares of land (Islam, 2019). In the course of cultivation, weed is one of the most 

important pests in kenaf. Aluko and Ayodeli (2017) reported that delayed weeding 

and weedy kenaf fields might significantly reduce its fibre and seed yield by 50 to 80 

% while net return could be reduced by 86% in weedy plot and therefore 

recommended early and effective Kenaf weed control by farmers for optimum 

production of the crop. Hence, in order to achieve an economic and large-scale 

production of kenaf, weed management is essential in kenaf cultivation. 

Bangladesh is a densely populated country with rapidly declining cultivable lands 

which is subjected to be cultivated technically. Intercropping can be a viable 

approach in this situation. Intercropping is a cropping system which involves the 

intensification and diversification of cropping in time and space dimensions (Francis 

1986). Ahmad et al. (2018) reported that mixed/inter/multiple cropping may ensure 

proper utilization of resources towards increased production per unit area and time on 

a sustainable basis. It is a traditional but important approach of cropping system for 

increasing total productivity as well as farmer’s income particularly in South Asian 

developing countries including Bangladesh. 

Although intercropping is practiced to maximize land use, it has also a significant 

effect in suppressing weed growth. Colbach et al. (2014) reported that cropping 

systems composed of a diversity of crops with different life cycles are a great option 

to manage weeds and critical component of integrated weed management. Weed 

interference in crop fields are critical during the early crop plant establishment and 

growth reported by Chikoye et al. (2004). Kenaf is a long duration (110-130 days) 

and wide spaced (30-40 cm) crop. Leafy vegetables such as red amaranth, kangkong 

and jute shak being short structured and quick growing can be easily intercropped 

between two rows of kenaf at early growth stage. 

Manual weeding is an effective means of controlling weeds (Fischer and Hill, 2004). 

Hand weeding and hand hoeing are two predominant methods of manual weeding 

used by smallholder farmers in Bangladesh. In this study, these two cultural weeding 

methods are considered as treatments along with intercropping systems, since 

intercropping system alone is not sufficient to ensure adequate weed management 

practices because of diverse canopy coverage occurred by intercrop. Sustainable 

https://www.frontiersin.org/articles/10.3389/fpls.2017.00771/full#B3
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kenaf production requires effective weed management strategy which is ecologically 

friendly and economically profitable. Very little information is available in this 

regard. Therefore, the present study aims at finding the combined result of 

intercropping and cultural weeding practice on weed management of Kenaf and 

thereby increasing the crop productivity. 

MATERIALS AND METHODS 

The experiment was conducted in JAES, Jagir, Manikganj station (23°53’01.2” N 

90°02’13.5” E) of Bangladesh during April to August for two consecutive years 2017 

(1
st
 April to 2

nd
 Aug) and 2018 (4

th
 April to 5

th
 Aug). The soil was silt loam to silty 

clay loam in texture which belongs to the Young Brahmaputra and Jamuna floodplain 

soils (AEZ 8). The type of land was medium high and soil was slightly acidic (pH 

5.9-6.4). Soil fertility was moderate and organic matter content was low. 

Temperature and Relative humidity in both years ranges between 37°C to 28°C and 

74-78% respectively. The crop was grown rainfed. Total rainfall was 2376 mm in 

2017 and 2332 mm in 2018. Randomized complete block design was followed with 

three replications with unit plot size 4m×3m. Space between plot to plot and between 

replications was 60 cm and around the field was 1.0m. Seeds of kenaf variety was 

sown in row of 30cm apart after broadcasting the seeds of leafy vegetables (red 

amaranth, kangkong and jute leafy vegetable) according to the treatments. Other 

intercultural practices were followed as per recommendation. 

 

(a) Sole kenaf (b) kenaf in rows + broadcasted leafy 

vegetables 

Figure 1. Orientation of main crop (kenaf) and intercrop (leafy vegetables) in the 

field plots (a) and (b) 

Among the leafy vegetables red amaranth was harvested 20 DAS, both of jute shak 

and kangkong were harvested 30 DAS. After harvesting of vegetables (30DAS) all 

the treatment plots were weeded by two cultural weeding practices: hoeing and hand 

weeding as per treatments. The number of weeds/m
2
 was taken along with the weed 
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species composition 30 days (1 month) after weeding. Kenaf (main crop) was 

harvested 120 DAS. At maturity, 10 randomly selected plants were uprooted from 

inner rows of each plot for recording data on yield and yield contributing characters.  

Data of two years were analyzed statistically using MSTAT-C for stable 

recommendation and mean comparison was done by DMRT (Duncun’s Multiple 

Range Test) test at 5% level of significance. The relative yield was obtained by 

dividing the intercrop yield of a crop with the respective sole crop yield of that crop 

using the following formula of Dewit and Vander (1965). 

 

The relative yield of a crop= 

Yield of sole crop 

Yield of component crops 

Kenaf equivalent yield (KEY) was calculated by converting yield of intercrops on the 

basis of prevailing market price of individual crop following the formula of 

Anjaneyulu et al., (1982). 

 

KEY = Yield of intercrop Kenaf + 

Yi x Pi 

Price of Kenaf 

Where, Yi = yield of intercrops (leafy vegetables) and Pi = Price of intercrop (leafy 

vegetables). 

Land equivalent ratio (LER) values were determined from the yield data of the crops 

according to Mian (2008). 

 

 

 

 

Where, 

RYk= Relative yield of kenaf (main crop) 

RYi= Relative yield of intercrops (leafy vegetables) 

KIY = Intercrop yield of kenaf 

KSY = Sole crop yield of kenaf 

KEYCC = Kenaf equivalent yield of component crops {(component crop yield in 

intercrop × price of component crop)/price of Kenaf}. 

Variety: kenaf: HC-95, red amaranth: BARI lalshak-1, Kangkong: BARI gimakalmi-

1 and jute shak: BJRI deshi patshak-1. 

  

 

LER = RYk + RYi = 

KIY + KEYCC 

KSY KSY 
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Treatments: 

T1 = Sole kenaf with hand weeding 

T2 = Kenaf + Red amaranth with 1 hoeing (After harvest of Red amaranth) 

T3 = Kenaf + Kangkong with 1 hoeing (After harvest of Kangkong) 

T4 = Kenaf + Jute shak with 1 hoeing (After harvest of Jute shak) 

T5 = Kenaf + Red amaranth with 1 hand weeding (After harvest of red amaranth) 

T6 = Kenaf + Kangkong with 1 hand weeding (After harvest of Kangkong) 

T7 = Kenaf + Jute shak with 1 hand weeding (After harvest of Jute shak) 

T8 = Sole kenaf (No weeding). 

 

      

 (a) (b) 

Figure 2. Pictorial view of the experiment: (a) 20 Days old Kenaf crop intercropped 

with leafy vegetables; (b) Kenaf crops after harvesting of intercrops. 

Benefit-cost Analysis 

A Benefit cost analysis was also carried out to determine the most economically 

acceptable treatment practice. The prevailing wage rates paid for labor were used to 

estimate the labour costs. Economic data from cost of inputs and farm operations 

used for each treatment were used to estimate the total cost of production (TCP). The 

gross income (GI) was a product of the total yield (Kenaf yield and KEY) and 

prevailing price of fibre and stick which was TK.32 per kg and TK.4 per kg 

respectively. The GI minus TCP is the net income.  

RESULTS AND DISCUSSION 

Weed flora composition and density 

The total weed vegetation in the experiment comprised of grasses 49%, broadleaved 

33% and sedge 18% (Fig. 3). Buhler (1999) reported that weed population in a 
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specific area depends on several factors and within different species composition, 

70% - 90% of the total species is usually found dominating. In this study, grass 

weeds (49%) were found to be dominating. 

 

Figure 3. Population (%) of different types of weeds found in kenaf-leafy vegetable 

intercropping systems in cropping season 2017 and 2018. 

Only 10 weed species from 7 families were found in both years of the study, majority 

of which belonged to the Poaceae family (Table 1). According to the population, 

Cyperus rotundus, Cynodon dactylon, Echinochloa colonum, Anhydra fluctuans and 

Amaranthus viridis were found to be the major weed in this experiment. 

Table 1. Weed species found in different intercropping treatments in 2017 and 2018 

Weed species name Family Common name Morphology 

Cyperus rotundus Cyperaceae Nutsedge Sedge 

Cynodon dactylon Poaceae Bermuda grass Grass 

Echinochloa colonum Poaceae Jungle rice Grass 

Anhydra fluctuans Asteraceae Hingcha Broadleaf 

Amaranthus viridis Amaranthaceae Green amaranth Broad leaf 

Physalis heterophylla Solanaceae Clammy groundcherry broadleaf 

Euphorbia hirta Euphorbiaceae Garden spurge Broadleaf 

Elusine indica Poaceae Goose grass Grass 

Phyllanthus niruri Euphorbiaceae Corn spurge Broadleaf 

Corchorus acutangulus Malavaceae Wild jute broadleaf 

The weeded, intercropped and non-weeded plots were evaluated for the number of 

weed species/m
2
 present in the experiment (Table 2). The highest weed density was 

found in unweeded sole kenaf and the lowest was recorded in control treatment in 

Grass 

49% 

Sedge 

18% 

Broadleaf 

33% 

Population (no. m-2) 
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both years. The author also found that weed flora composition was influenced by the 

treatments of the study. The control treatment had only 5 weed species, while 10 

species was found in unweeded plots. Both species composition and weed density 

were found comparatively lower in hand weeded plots than the hoeing plots. This is 

because the efficiency of manual weeding was higher than mechanical weeding 

reported by Abbas et al. (2018). 

Table 2. Density of weeds found in different intercropping treatments in 2017 and 

2018 

Treatments Types of cultural 

weeding practice 

Weed Density 

(No.m
-2

) 

No. of 

species 

T1 (weed free sole kenaf) 2 hand weeding 26.00 5 

T2 (Kenaf + Red amaranth)  

1 Hoeing (30 DAS) 

71.67 8 

T3 (Kenaf + Kangkong) 67.83 6 

T4 (Kenaf + Jute shak) 88.17 7 

T5(Kenaf + Red amaranth) 1 Hand weeding 

(30 DAS) 

36.00 6 

T6 (Kenaf + Kangkong) 41.83 7 

T7 (Kenaf + Jute shak) 43.17 7 

T8 (unweeded sole kenaf) No weeding 136.70 10 

Moreover, Kangkong was found to be better than other intercrops in terms of 

reducing weed density. Liebman and Davis (2000) reported that intercropping is also 

indicated as an alternative to the use of herbicides, by reducing or suppressing weed 

growth. 

Kenaf yield influenced by different treatments 

Significant variation was found in all the yield contributing parameters under the 

treatments, except for plant population (Table 3). Results showed that the tallest 

kenaf plant (2.88m), the highest base diameter (19.96 mm) and the highest fibre yield 

(0.296 kgm
-2

) were recorded in control treatment in both years of the trial which were 

statistically similar to all the intercropping treatments except T2 (Kenaf-Red amaranth 

intercropping with 1 hoeing). The lowest yield was recorded in unweeded sole kenaf 

treatment (T8). 
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Table 3. Yield and yield contributing characters of kenaf under kenaf-leafy 

vegetables intercropping systems for cropping seasons 2017 and 2018 

 

Treatments 

Plant 

popn 

(m-2) 

Plant 

Height 

(m) 

Base 

Diameter 

(mm) 

Fiber 

yield 

(kgm-2) 

Stick 

yield 
(kgm-2) 

2017-18 2017-18 2017-18 2017-18 2017-18 

T1 (weed free sole kenaf) 27.23 2.88a 19.96a 0.296a 0.565a 

T2 (Kenaf + Red amaranth with 1 hoeing) 26.16 2.72ab 18.20ab 0.270b 0.514ab 

T3 (Kenaf + Kangkong with 1 hoeing) 27.93 2.62ab 17.26b 0.277ab 0.522ab 

T4 (Kenaf + Jute shak with 1 hoeing) 27.20 2.63ab 18.16ab 0.285ab 0.539a 

T5(Kenaf + Red amaranth with 1 hand weeding) 26.53 2.71ab 18.70ab 0.276ab 0.517ab 

T6 (Kenaf + Kangkong with 1 hand weeding) 27.90 2.70ab 18.66ab 0.277ab 0.514ab 

T7 (Kenaf + Jute shak with 1 hand weeding) 27.10 2.64ab 17.83b 0.278ab 0.522ab 

T8 (unweeded sole kenaf) 28.53 2.53b 17.00b 0.246c 0.473b 

LSD (0.05) NS 0.254* 1.652* 0.019** 0.047* 

CV (%) 8.22 5.45 5.18 4.17 5.23 

*significant   ** highly significant 

Values having same lowercase letters in a column do not differ significantly at P< 

0.05 by Duncan’s multiple range tests. Different letters e.g., a and b after the 

numerical values in each column indicate significant differences (P≤0.05) according 

to Duncan's Multiple Range test. 

Among the intercropping treatments, the highest fibre yield (0.285 kgm
-2

) was 

obtained in Kenaf intercropped with Jute shak with 1 hoeing and the lowest fibre 

yield (0.270 kgm
-2

) was found in Kenaf intercropped with red amaranth with 1 

hoeing (Table 3). 

Reduction in kenaf component yield from weed invasion may be aggravated under 

limited soil nutrients reported by Aluko and Ayodeli (2017). Hence, the introduction 

of intercrops to smother weeds may be responsible for the reduction in kenaf yield 

and yield contributing parameters compared to the maximum from the control plots.  
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Table 4. System productivity (expressed as kenaf equivalent yield), percent increase 

of productivity and land equivalent ratio of kenaf-leafy vegetables 

intercropping systems for cropping seasons 2017 and 2018 

 

Treatment 

Yield of 

component 

crop 

(kgm
-2

) 

KEY 

(Kenaf 

Equivalent 

Yield (kgm
-2

) 

Percent (%) 

increase of 

KEY over 

sole kenaf 

LER 

(Land 

Equivalent 

Ratio) 

2017-18 2017-18 2017-18 2017-18 

T1 (Sole kenaf + 2 hand weeding) -- 0.373 -- 1.00 

T2 (Kenaf + Red amaranth + 1 hoeing) 0.308 0.431 15.54 1.15 

T3 (Kenaf + Kangkong + 1 hoeing) 0.320 0.411 10.18 1.10 

T4 (Kenaf + Jute shak with 1 hoeing) 0.326 0.434 16.35 1.16 

T5 (Kenaf + Red amaranth+ 1 hand 

weeding) 

0.300 0.435 16.62 1.17 

T6 (Kenaf + Kangkong + 1 hand 

weeding) 

0.310 0.403 8.04 1.08 

T7 (Kenaf + Jute shak + 1 hand weeding) 0.310 0.417 11.79 1.12 

T8 (Sole kenaf + no weeding) -- 0.302 -- 0.81 

Total productivity of each system was expressed as its kenaf equivalent yield (KEY) 

which was found to differ significantly among the various treatments tested (Table 

4). The highest KEY (0.435 kgm
-2

) was obtained in T5 (Kenaf + Red amaranth + 1 

hand weeding) followed by 0.434 kgm
-2

 found in T4 (Kenaf + Jute shak + 1 hoeing), 

0.431 kgm
-2

 found in T2 (Kenaf + Red amaranth + 1 hoeing) and the lowest (0.302 

kgm
-2

) was in T7 (Unweeded sole kenaf) (Table 4). The treatment of kenaf 

intercropped with kangkong gave lower KEY than the other intercropping treatments 

due to the lower market price of kangkong. In this study, the intercropping treatments 

increased 8-16% equivalent yield over sole kenaf. Begum S. A. and M. A. Kader 

(2018) found that pumpkin-leafy vegetables intercropping systems did not reduce 

pumpkin yield but increased system productivity by 39-120% over sole cropped 

pumpkin. Ahmed et al. (2013) reported 28 to 45% yield advantages in okra-

vegetables intercropping system and Islam M. R. (2015) found 9-27% yield increase 

in brinjal-leafy vegetables/legumes intercropping system.   

The highest land equivalent ratio (1.17) was found in T5 (Kenaf + Red amaranth + 1 

hand weeding) followed by 1.16 in T4 (Kenaf + Jute shak with 1 hoeing), 1.15 in T2 

(Kenaf + Red amaranth with 1 hoeing) and the lowest (0.81) was in T7 (sole kenaf 

with no weeding) (Table 4). Mazaheri and Overysi (2004) stated that any value 

greater than 1.0 indicates yield advantage for intercropping than monoculture. In this 

study, The LER values of different intercropping systems were greater than one in all 
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the intercropping treatments which revealed that the land was more efficiently 

utilized under intercropping than under sole cropping of kenaf. Higher LER in 

intercropping compared to monocropping of kenaf was also reported by J. A. Raji 

(2008). 

Cost benefit analysis 

The simultaneous planting of cover/intercrop for weed suppression reduce cost of 

weed control and production in food crops was reported by Chikoye et al. (2000). 

The findings of the research also followed this trend. Intercropping combination of 

kenaf with leafy vegetables showed higher monetary return than the sole kenaf 

(control) in both years of the study (Table 5). 

Table 5. Economic performances of kenaf-leafy vegetables intercropping systems 

for cropping season 2017 and 2018 

 

Treatments 

GI 

(Tk. ha
-1

) 

TCP 

(Tk. ha
-1

) 

GM 

(Tk. ha
-1

) 

BCR 

2017-18 2017-18 2017-18 2017-18 

T1 (Sole kenaf +2 hand weeding) 1,19,360 75,000 44,360 1.59 

T2 (Kenaf+Red amaranth+1 hoeing) 1,37,920 78,000 59,920 1.77 

T3 (Kenaf+Kangkong+1 hoeing) 1,31,520 76,500 55,020 1.72 

T4 (Kenaf+Jute shak with 1 hoeing) 1,38,880 76,500 62,380 1.82 

T5 (Kenaf+Red amaranth+1 hand weeding) 1,39,200 81,000 58,200 1.72 

T6 (Kenaf+Kangkong+1 hand weeding) 1,28,960 79,500 49,460 1.62 

T7 (Kenaf+Jute shak+1 hand weeding) 1,33,440 79,500 53,940 1.68 

T8 (Sole kenaf no weeding) 96,640 55,000 41,640 1.76 

GI (gross income), TCP (total cost of production), GM (gross margin), BCR (benefit-cost ratio) 

1hactare (ha) =10,000 m-2. Price: Kenaf: Tk. 32/kg (fibre); Tk. 4/kg (stick), Red amaranth: Tk. 10/kg, 

Jute (as leafy vegetable): Tk.8/kg, Kangkong: Tk.7/kg. 

The highest gross income (GI) TK.1,39,200 ha
-1

 was recorded in T5 (Kenaf + Red 

amaranth + 1 hand weeding) due to having higher market price of red amaranth. This 

was followed by TK. 1,38,880 ha
-1 

in T4 (Kenaf + Jute shak + 1 hoeing), TK. 

1,37,920 ha
-1

 in T2 (Kenaf + Red amaranth + 1 hoeing) and the lowest GI (TK. 

96,640 ha
-1

) was obtained from T8 (Unweeded sole kenaf). But the highest gross 

margin (Tk. 62,380 ha
-1

) was obtained from T4 (Kenaf + Jute shak + 1 hoeing) and 

this intercropping combination also gave the highest BCR (1.82) (Table 5). 

According to the results, all intercropping treatments were suitable as compared to 

sole treatments. It has been discovered that 25-40 people are needed to weed one 

hectare of maize farm and this may account for 50-80% of total labor budget 

(Darkwa et al., 2001). The mass migration from rural farm areas to urban centre 
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increased cost of labour (Fischer and Hill, 2004). This in turn increases the cost of 

production which was minimized by intercropping systems. The results of increased 

productivity and returns and yield advantage of crop mixture compared to 

monoculture is also reported by Ahmed et al. (2013), Islam et al. (2015) and Rabeya 

et al. (2018). Considering the production cost, monetary return and productivity, 

Kenaf intercropped with Jute shak with 1 hoeing performed better than other 

treatment methods.   

CONCLUSION 

All the intercropping treatments performed better than sole cropping not only in weed 

management but also in productivity, land utilization and financial benefit. Hence it is 

clear from the experiment that intercropping kenaf with short duration leafy vegetables 

ensures initial weed suppression and guarantee profitable kenaf productivity. 

Intercropping kenaf with jute as leafy vegetable followed by 1 hoeing can be 

recommended for practicing at field level. This research can be further studied by 

intercropping with other short duration vegetables with or without including any cultural 

weeding practices for examining the level of weed suppression and profitability. 
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ABSTRACT 

An experiment was conducted to know the effect of supplemental 
phosphorus on biomass growth and composition of a floating aquatic 
fern, Azolla pinnata, cultured in a pit system for 21 days with 4 levels of 
phosphorus (0, 5, 10, and 15 ppm) supplementation. Water quality 
parameters of the pits were within a suitable range for A. pinnata culture. 
It was observed that fresh and dry weights of A.  pinnata increased with 
phosphorus supplementation up to 10 ppm. Doubling time was the 
fastest when the culture medium was supplemented with 10 ppm of 
phosphorus. Phosphorus content of A. pinnata was proportional to the 
phosphorus supplementation in the culture medium. Supplementation of 
phosphorus also improved the protein and lipid contents of A. pinnata. It 
was concluded that supplementation of 10 ppm phosphorus to water 
used for culturing A. pinnata is optimum under outdoor conditions. 

Keywords: Azolla, Nutrient, Growth, Phosphorus 

INTRODUCTION 

Azolla is a free-floating aquatic fern, which is a member of the family Salviniaceae. It 

is a dichotomously branched plant and naturally available on moist soils, ditches, and 

marshy ponds. This fern grows extensively in association with nitrogen-fixing 

bacteria (Anabaena azollae), which allows it to thrive on waters low in nitrogen but 

containing phosphorus.  Azolla grows on floating water surfaces in the temperate and 

subtropical regions (Katole et al., 2017). It can reproduce sexually, by forming 

spores.  However, it mainly reproduces vegetatively by breaking off side branches at 

a rapid rate. Under ideal conditions, it grows exponentially, doubling its biomass 

every 2 to 5 days (De et al., 2015; Kathirvelan et al., 2015). 
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Azolla is a good source of protein. It contains almost all essential amino acids, 

minerals such as iron, calcium, magnesium, potassium, phosphorus, manganese, etc., 

apart from appreciable quantities of vitamin A’s precursor, beta-carotene, and 

vitamin B12. It is also found to contain probiotics and biopolymers (Bhaskaran and 

Kanappan, 2015). Thus, Azolla appears to be a potential source of nutrients and has a 

considerably high feeding value (Anitha et al., 2016).  

Azolla is used as a feed or feed supplement for a variety of animals, including broiler 

chicken (Balaji et al., 2009), laying hens (Alalade et al., 2006), black tiger Shrimp 

(Sudaryono, 2006), tilapia (Das et al., 2018; Hundare et al., 2018) and buffalo calves 

(Indira et al., 2009). Azolla is also used in diets for sows and for partial replacement 

of protein for growing or fattening pigs (Leterme et al., 2010). Due to easy 

cultivation and high biomass yield, Azolla can be an ideal feed substitute for animals. 

Apart from animal feed, Azolla is also widely used as a bio-fertilizer for paddy 

cultivation. It is a mosquito repellent and bio-scavenger as it takes away all heavy 

metals from water (Bhuvaneshwari, 2012; Bhuvaneshwari and Singh, 2015).  

Phosphorus (in the form of phosphate) is the primary limiting nutrients for Azolla 

growth and yield.  The importance of phosphorus on Azolla growth has been 

confirmed in the Anzali wetland (Sadeghi et al., 2013). In laboratory experiments, 

Janes (1998) found that increasing phosphorus supply led to increased sporulation in 

Azolla. There have been few reports about the requirement of phosphorus for 

sustained Azolla spp. growth (Herzalla et al., 2003; Cheng et al., 2010). Most of those 

studies have been conducted with pure nutrients in laboratory conditions.  However, 

scientific information on phosphorus’s effect on Azolla culture in the outdoor 

conditions is limited. Therefore, the present study was undertaken to know the impact 

of supplemental phosphorus on biomass growth and composition of A. pinnata. 

MATERIALS AND METHODS 

The experiment was conducted during September and October, 2018 in the Faculty of 

Fisheries, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur, 

Bangladesh. Twelve outdoor pits, each having a dimension of 1.5 m ×1.5 m × 0.3 m, 

were made for A. pinnata culture. Silpaulin sheets of 2.0 m × 2.0 m were spread out 

over each of the pits. 15 kg of sieved fertile soil (pH 6.2, organic matter 2.85%, 

available phosphate 0.11 P2O5/100 g dry soil) was uniformly spread over the sheet. 

Two kg of cow dung mixed with 10 liters of water was poured over it. Finally, the 

water depth of the pits was raised to 20 cm with underground water.   

The experiment was laid out in a complete randomized design (CRD) with 3 

replications. The P was added through triple superphosphate (TSP) at 4 levels, 0, 5, 

10, and 15 ppm and designated as P0, P5, P10, and P15, respectively. The required 

amount of TSP was measured, dissolved in an aliquot of water and mixed well with 

the respective pit's water.  A. pinnata inoculum, used in this experiment, was 

collected from the rice fields of Bangladesh Rice Research Institute (BRRI), Gazipur, 
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Bangladesh. The inoculum was starved by keeping it in demineralized water for 7 

days before inoculating into the culture pit. Water was periodically added to maintain 

20 cm water depth. A. pinnata was harvested after 21 days of inoculation. 

The water temperature (°C) was recorded using a thermometer (9337U20, Thomas) 

and pH by a digital pH meter (HQ11D, HACH) at the spot. Ammonia (mg/l) 

determination of water sampled in leveled 250 ml black plastic bottles were done in 

the laboratory with a spectrometer (DR 6000, Hach Co., Colorado, USA).   

In order to monitor growth of A. pinnata, 100 plants were collected on every third 

day, blotted and weighed, and the average weight was calculated.  At the end of 21 

days experimental period, fully grown A. pinnata was harvested from the pits, 

washed, blot-dried gently and weighed for calculating fresh weight, relative growth 

and doubling time.   The harvested A. pinnata sample from each pi    s             

              C for about 24 hours until constant weight, and the dry value was 

calculated. The dried sample was put into a polythene bag and kept into the 

refrigerator until further analysis. Dry matter, crude protein, crude lipid, and crude 

ash contents were determined, following the methods described by AOAC (2007).  

For P determination, the oven-dried sample was digested with a nitric acid-perchloric 

acid mixture, and P in the digested sample was determined following the method 

followed by Hossain and Furuichi (2000).   

Growth was measured in terms of total fresh weight (kg), dry weight (kg), relative 

growth rate (RGR), and doubling time (DT). In order to determine the RGR and DT, 

the formulae RGR= (log Wt - logW0) /t and DT = t × log 2 [log (Wt Wo
-1

)]
-1

 were 

used, respectively, where DT is the doubling time (days), RGR is the relative growth 

rate expressed as g/g per day, t the experiment duration (days), Wt the final weight, 

and Wo the initial weight.   

Data were analyzed with one-way analysis of variance (ANOVA) to determine 

whether there was any significant difference among treatments mean, while LSD test 

was used to compare the treatment means (Hofmann, 2008). 

RESULTS AND DISCUSSION 

There was no variation in water quality parameters during the culture of A. pinnata 

with different levels of P.  Temperature, pH, and ammonia varied from 24.3-25.7 °C, 

6.85-7.46, and 0.02-0.32 mg/l, respectively in all the P levels and did not differ 

significantly as a result of P supplementation. These three parameters were within 

suitable range for growth of A. pinnata.  It grows relatively well in a temperature 

range of 20-30°C (Cheng et al., 2010; De et al., 2015) and pH 5-8 (Sadeghi et al., 

2013). Maejima et al. (2001) reported that the lower levels of total ammonia in water 

are better for Azolla. 

The dry weight of A. pinnata (mg/plant) is shown in Table 1. The weight did not vary 

much with P supplementation up to the 6
th
 day as compared to the control but was 
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significantly more later. The maximum weight (4.65 mg/plant) was observed on 21
st
 

day in P10. Sadeghi et al. (2013) observed that deficiency of P affects the growth of 

A pinnata.   

Table 1. Growth of Azolla pinnata cultured under different P supplementation (dry 

weight mg/plant) 

Days Dry weight mg/plant* 

P0 P5 P10 P15 

0 3.51 ± 0.15 3.51 ± 0.28 3.51 ± 0.28 3.51 ± 0.28 

3 3.74 ± 0.25 3.69 ± 0.28 3.64 ± 0.33 3.64 ± 0.29 

6 3.68 ± 0.42 3.69 ± 0.46 3.72 ± 0.44 3.65 ± 0.41 

9 3.81 ± 0.34
b
 3.95 ± 0.39

a
 3.97 ± 0.33

a
 3.93 ± 0.39

a
 

12 3.85 ± 0.43
b
 4.11 ± 0.35

a
 4.15 ± 0.22

a
 4.14 ± 0.37

a
 

15 3.76 ± 0.21
b
 4.21 ± 0.26

a
 4.20 ± 0.35

a
 4.12 ± 0.12

a
 

18 3.62 ± 0.22
b
 4.37 ± 0.31

a
 4.55 ± 0.42

a
 4.14 ± 0.13

a
 

21 3.42 ± 0.21
c
 4.25± 0.292

b
 4.65 ± 0.32

a
 4.44 ± 0.29

c
 

*Mean ± SD. Data in the same row bearing different letters are significantly different (p<0.05).  

The doubling time was calculated, which was the minimum (3.71 days) when the 

culture medium was supplied with 10 ppm P (Table 2). However, further increase in 

P supplementation level could not decrease the DT. DT was the highest (4.08 days) 

without P supplementation to the water.  Fresh weight, RGR and dry weight of A. 

pinnata were enhanced by the supplementation of P and were maximum (5.01 kg/m
2
, 

0.82 g/g per day and 0.25 kg/m
2
, respectively) with 10 ppm P. De et al. (2015) 

observed that under P depletion, A. pinnata had recorded a significant restriction of 

growth by dry matter loss. Temmink et al. (2018) in a laboratory experiment 

observed significant increase in RGR in A. filiculoides, when culture medium was 

supplied with 0.3 ppm P and further increase in P up to 10 ppm could not improve 

the RGR.  Gerek (2001) reported that 1122 g/m
2
 of fresh Azolla mexicana can be 

harvested after15 days with the initial fresh weight of 300 g/m
2 

of Azolla. The final 

fresh weight at harvest was more in the present study due to the difference in Azolla 

species and relatively longer culture period (21 days).  
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Table 2.  Effect of P supplementation on different growth parameters of A. pinnata 

P in medium 

(mg/L) 

Doubling time RGR 

(g/g) 

Fresh weight 

(kg/m
2
) 

Dry weight 

(kg/m
2
) 

P0 8.39 ± 0.12
a
 0.36 ± 0.02

c
 3.90 ± 0.21

c
  0.27 ± 0.05

b
 

P5 5.47 ± 0.21
b
 0.42 ± 0.06

b
 4.51 ± 0.18

b
 0.32 ± 0.03

b
 

P10 3.74 ± 0.31
c
 0.54 ± 0.05

a
 5.92 ± 0.17

a
 0.41 ± 0.07

a
 

P15 3.83 ± 0.18
c
 0.43 ± 0.04

b
 4.60 ± 0.15

a
 0.39 ± 0.05

a
 

*Mean ± SD. Data in the same row bearing different letters are significantly different (P<0.05).  

There have been variations in the levels of phosphorus reported by researchers for 

sustained growth of Azolla. In laboratory experiments, a concentration of around 0.06 

ppm was reported to be adequate to sustain Azolla growth. However, a range between 

0.3 and 10 ppm was suggested from field surveys (Cheng et al., 2010).  The response 

of Azolla to different concentrations of phosphorus for optimum growth varies with 

the species (Herzalla et al., 2003). Field surveys of Azolla in the Philippines showed 

that P concentrations of A. microphylla were higher than those of A. pinnata var. 

imbricata, and the available P contents of the soils where this species was growing 

were higher (Sadeghi et al., 2013). In a pot experiment, Cheng et al. (2010) observed 

that maximum biomass occurred when A. pinnata received 1 ppm of N and 5 ppm of 

P, whereas A. filiculoides required 10 ppm N and up to 20 ppm P. 

Supplementation of P influenced the dry matter, protein and lipid contents of A. 

pinnata (Table 3).  

Dry matter (4.65%), protein (28.52%) and lipid (4.15%) were the highest with 10 

ppm P at the end of 21 days experimental period. Dry matter was the lowest in 

control group. De et al. (2015) reported that the limitation of P resulted in a 

significantly lower dry matter and protein contents of A. pinnata.   

Table 3. Proximate composition of A. pinnata cultured in water with different levels 

of supplemental P.  

Parameters 

 

Supplemental P level  

P0 P5 P10 P15 

Dry matter (%) 4.05 ± 0.48
a
   4.90 ± 0.29

b
 4.65 ± 0.69

b
 4.85 ± 0.28

ab
 

Protein (% dm) 26.84 ± 0.70
ab

 26.02 ± 0.63
b
 28.52 ± 0.51

a
 27.23 ± 0.19

b
 

Lipid (% dm) 5.55 ± 0.70
b
 4.15 ± 0.58b

c
 7.77 ± 0.71

a
 2.65 ± 0.13

c
 

Ash (% dm) 18.37 ± 0.10
b
 17.37 ± 0.82

b
 21.36 ± 0.99

a
 14.65 ± 0.21

c
 

*dm= dry matter basis.   *Mean ± SD. Data in the same row bearing different letters are significantly 

different (P<0.05).  
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Oyange et al. (2019) attributed variations in the nutrient composition of Azolla to 

differences in the response of Azolla strains to environmental conditions such as 

temperature, light intensity and soil nutrient which consequently affect their growth, 

morphology and composition. Cheng et al. (2010) concluded that the N accumulation 

potential of A. filiculoides under future climate warming depends primarily on the 

temperature change and P availability. The average crude protein content of A. 

pinnata estimated in the present study matched with the previous findings. The P 

supplementation also affected tissue P content of A. pinnata (Figure 1) and it was 

maximum in P15 treatment. Tissue P content in Azolla was positively correlated with 

the concentration of P in water used for culturing (Oyange et al., 2019). 

 

 

Figure 1. Effect of P supplementation in culture water on the tissue P content of A. 

pinnata (Different letters indicate significant difference). The different 

alphabets on each bar show level of significance (P<0.05). 

CONCLUSION 

Among the many inorganic nutrients required by plants, P is one of the most 

important elements that significantly affect plant growth and metabolism. In the 

present study, P supplementation @10 ppm to the water enhanced the growth, 

decreased the doubling time and increased nutrient content of A. pinnata suggesting 

that it is the optimum dose for the outdoor cultivation of A. pinnata in the ponds.  
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ABSTRACT 

This study was aimed to investigate the socio-economic characteristics 
and present scenario of farmers engaged in sheep production at Sherpur 
district in Bangladesh. Data were primarily collected with a pre-tested 
interview schedule from the local sheep farmers. Results showed that 
average family size, male and female ratio and age was 5.58, 3:10, and 
45.23 year, respectively. Family size, land size and yearly livestock 
income was found significant (P<0.01). Most of the farmers belong to 
primary education (46.70%) and illiterate (30.00%). Maximum numbers 
of farmers belong to small holder (81.91 decimal of land). The average 
monthly income and expenditure of farmers was estimated BDT 
10123.00 and 11476.00, respectively. The male partner was dominant 
over female partner in different decision-making process. The co-efficient 
of family size (-9843.99), land size (404.27) and yearly livestock income 
(1.02) was significantly different (P<0.05). It is implied that one unit 
increases of land size and yearly livestock income might help in 
increasing 404.27 and 1.02 unit in family yearly income, respectively 
whereas, one unit increase of family size, resulted 9843.99 unit 
decreases of yearly family income, considering all other variables 
constant. It is concluded that there is great opportunity to improve 
livelihood of the small farmers particularly increase family income 
through sheep farming in the study areas.  

Keywords: Income generation, Land size, Present scenario, Sheep 

farmers, Socio-economic characteristics.  

INTRODUCTION 

Small ruminants play a vital role in the economy of Bangladesh. This is an integral 

component of agriculture in Bangladesh and makes diversified contributions to the 

                                                           
* Corresponding author: anwar.kbd82@gmail.com 

 

Received: 30.04.2020  Accepted: 14.12.2020 

mailto:anwar.kbd82@gmail.com


186 Hossain et al. 

growth and development in the agricultural sectors (Begum et al., 2007). About 3.537 

million sheep heads are distributed throughout the country and the sheep is the 3
rd

 

largest livestock population in the country (DLS, 2019). Meat production is one of 

the most important targets to rear livestock and poultry as well as fulfilling the 

requirement of animal protein and livelihood improvement of poor farmers. Although 

the growth of livestock production is the second highest among all other sub-sector of 

agriculture in Bangladesh (BER, 2012), the increasing trends of meat consumption 

have already been evident in several Southeast Asian countries i.e., Indonesia, 

Malaysia, Philippines and Thailand (Skunmun et al., 2002). The requirement of meat 

per head per day is 120 g whereas, the availability is 124.99 g (DLS, 2019). Sheep is 

one of the most important contributors of this meat revolution in Bangladesh 

(Hashem et al., 2020; Sun et al., 2020). Sustainable meat production is the main 

objectives of DLS (Department of Livestock Services) to ensure animal protein 

security for building meritorious nation. Jamuna basin, Barind tract and coastal belt 

sheep have the great potentiality for profitable lamb production that might fulfil the 

meat requirement, livelihood improvement and sustainable earning option. Lacks of 

public awareness, misconception about sheep meat (lamb/mutton), and inadequate 

nutrition supplementation are the limiting factors for sheep farming in Bangladesh 

(Ahmed et al., 2017). Under traditional feeding systems, sheep are raised on 

harvested or fallow lands, roads, and canal sides and also grazed on aquatic weeds 

and grass in knee-deep water without any supplementation (Sultana et al., 2010). This 

traditional system of production causes reduced growth rate and poor reproductive 

performance, which in turn results in severe economic losses. Good nutrition and 

management play a vital role on sheep and other ruminant production (Sarkar et al., 

2008; Rahman et al., 2013). Consumers are becoming more aware day by day of 

safety and quality food products consumed by them. Furthermore, as purchasing 

power of common people is increasing persistently, they are interested to consume 

safer products without bothering to pay more. So, the safe lamb/mutton production 

without any chemical and microbial residues is the demand of the day. However, the 

information related to sheep production by the farmers in Bangladesh is very limited. 

Limited attention has been paid in respect of popularize lamb/mutton for consumers 

in small scale farming. Detailed study is needed in different district of Bangladesh to 

know the socio- economic characteristics scenario of sheep farmers for sustainable 

earning option. Accordingly, an empirical study was undertaken among100 

households to document the socio-economic characteristics and present scenario of 

sheep farmers at Sherpur district. In fact, the study was undertaken to know the 

socio-economic characteristics and present scenario of sheep farmers to explore the 

potentialities and identify the existing problems of sheep production and their 

solutions. 
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MATERIALS AND METHODS 

Study area 

The study was conducted in 24 villages at two Upazila namely Sherpur sadar and 

Nalitabari of Sherpur district. Farmers were randomly selected from each village. A 

structured interview schedule was carefully prepared and data were collected 

adopting face to face interview method from respondents. The practical observations 

of their responses were also applied for calculating of the results. After ending data 

collection, the collected data were digitalized coded, compiled, tabulated and 

analyzed.  

Beneficiary selection process 

The research team pays more attention on selecting the beneficiary. The research 

team sat together and consults with other relevant experts for developing the 

selection criteria. More importantly, comments and suggestions were made during 

inception meeting incorporated in developing the selection criteria. Among different 

selection criteria- manpower of households, farming experiences, economic status, 

tribal people, gender, available space for animal shelter, availability of grazing land 

and willingness to involve in lamb rearing were taken into account. An index value 

(each parameter has given the value and by summing them an index value was 

created) was developed based on above elements for every household. Moreover, an 

aggregate value was estimated for selecting the beneficiaries. In the first step, there 

were about 72 households (out of 100 households) found to be eligible for inclusion 

as research beneficiary. Due to research requirement throughout screening processes 

were made and finally selected 60 households for research intervention  

 

Figure 1. Beneficiaries selection process 

Framing the sample  

A detailed list of the sheep farmers was collected from each selected village. 

Afterwards, simple random sampling technique was used to select respondent 
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households to perform baseline survey. Accordingly, 60 households had been 

selected using simple random technique from the sampling frame (population) of 

2000 households (HHs) from 24 working villages to conduct baseline survey for 

collecting specific information. Data were collected by trained enumerators. 

Collected data had been edited and entered into computer and analyzed using SPSS 

software by the research team. Both qualitative and quantitative data were collected 

from the selected respondents through structured pretested questionnaire. In fact, 

before finalizing the questionnaire, the questionnaires were pre-tested with five 

samples. These activities (pre-testing) help in refining the questionnaire as well as the 

help of the enumerators to familiar with the interview process. People in the Sherpur 

district did not keep written documents on various factors like income, expenditure, 

consumption, education, nutrition, water, sanitation and health etc. They replied 

various questions asked by the enumerators based on their memories. There could be   

happen some response errors. These errors were minimized by the repeating the 

questions and cross- checking with previous responses. Sometimes repeated visits 

were made to clarify the doubtful responses. In many cases, mobile communication 

was also performed with the respondents for authentication of the given information.  

Statistical analysis 

Data were tabulated and analyzed with descriptive statistical method by fulfilling the 

objectives of the study. SPSS- v-16 version computer software (SPSS, 2015) was 

applied for the statistical analysis of survey data.  

RESULTS AND DISCUSSION 

Socioeconomic characteristics of households 

According to the collected data, the age of farmers ranged from 25 to 70 years. The 

respondents were classified into three categories like young age (up to 35 years), 

middle age (36-50 years), and old age (above 50 years) on the basis of their age are 

shown in Table 1. Sarker et al. (2017) showed the three categories of age group of 

farmers in their study. The collection of survey data was counted purely on the basis 

of present farmers during survey period. The findings indicate that the highest 

proportion (37%) of the farmers in the studied areas was in the middle-aged category 

compared to 28% to young aged and 35% to old aged category. These findings were 

not similar to Sarker et al. (2017) due to different location. Average age of 

respondents was 45.00 years which varied significantly among sub-districts. The 

results of this study were similar with the findings of Rahim et al. (2018) where they 

reported that average age was 46.00 years in their study which is almost similar to 

this present study. It was observed that young and middle-aged farmers (65%) were 

more active, energetic and enthusiastic in performing livestock related activities. 

Particularly the middle-aged farmers were well experienced and more acquainted 

with the sheep production. The household size of the farmers ranged from 2 to 10 

numbers and the mean was 5.23. On the basis of their household size, the families 
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were divided into three categories like small family (up to 5), medium family (6-8) 

and large family (above 8 members) in Table 1. Data contained in Table 1 showed 

that the majority of the farmers family members were small (55%), medium (42%) 

and large (3%), respectively. These findings were not similar with the findings of 

(Sarker et al., 2017; Rahim et al., 2018). The average family size was 5.23 of the 

respondents in the studied area which was higher than that of the national average 4.9 

(BBS, 2008).  Average education of the respondents was reported as about four years 

of schooling with significant variations among sub-districts (Table 1). There were 

30% household heads were absolutely illiterate and 70% households were educated 

among them 13.3, 8.3 and 1.7% passed SSC, HSC and BA, respectively. Among the 

respondents’ households farming, housewives, businessmen, and having job holders 

were 90, 6.7, 1.7 and 1.7%, respectively (Table 1). These results were not in 

accordance with the findings of Sarke et al. (2017). It was found that only 13% 

members received training on different IGAs and 11farmers have access and 

exposure to institutional facilities. Hossain et al. (2018) stated that only 10% 

respondents received training on IGAs from Upazila Livestock Office (ULO) in their 

study. This result was not in accordance with the present study. The farmers needed 

training for their skill build up on sheep rearing in the study areas. Male and female 

ratio was 3:1 in the studied areas. Male and female had access and exposure to the 

institutional facilities 12 and 7%, respectively. Male and female needed to be more 

access and exposure to institutional facilities for their social status improvement in 

the study area and maintained gender balance. Among the respondents Muslim, 

Hindu and other races people were 63.00, 30.00 and 7.00%, respectively. 

Table 1. Distribution of respondents according to age, family size, education, 

occupation and others 

Parameters Categories No. of 

respondents 

Percent of 

respondents 

Age (Years) Young aged (up to 32) 

Middle aged (36 to 50) 

Old aged (>50) 

17 

22 

21 

28.00 

37.00 

35.00 

Family size (per HH 

members) 

Small family (up to 5) 

Medium family (6-8) 

Large family (>8) 

33 

25 

2 

55.00 

42.00 

03.00 

Education            BA 

           HSC 

           SSC 

 Primary 

           Illiterate 

1 

4 

9 

28 

18 

01.70 

06.70 

15.00 

46.70 

30.00 
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Parameters Categories No. of 

respondents 

Percent of 

respondents 

Occupation            Farming 

           Housewife 

           Business 

           Service 

54 

04 

01 

01 

90.00 

06.70 

01.70 

01.70 

Training received            Male 

           Female 

8 

0 

13.00 

0.00 

Access and exposure to 

institutional facilities 

           Male 

           Female 

7 

4 

12.00 

07.00 

Religion            Muslim 

           Hindu 

           Others 

38 

18 

4 

63.00 

30.00 

07.00 

Sex            Male 

           Female 

45 

15 

 

HH-Household; BA-Bachelor of arts; SSC-Secondary School Certificate; HSC- Higher Secondary 

Certificate 

Landholding farmers 

Most of the people were marginal, poor and ultra-poor. They had very limited 

cultivable and homestead land. Average cultivable land was recorded as 83.31 

decimal with significant variations between sub-districts. Similarly average 

homestead land was 29.58, own land 132.67, fodder land 17.14, rented in and rented 

out land 57.83 and 200.00, orchard land 32.32 and ponds land 46.36 decimal, 

respectively (Table 2). Sarker et al. (2017) stated that the total land of farmers was 

750.00 decimal in their study which was not in accordance with the present study. 

Land size distribution of rural Bangladeshi livestock owners is more or less similar in 

the whole country. Landless or small farmers have an affinity to rear sheep or goat 

and medium or large farmers have an affinity to rear cattle and buffalo (Begum et al., 

2007).  Rahman et al. (2002) studied the socio-economic status of livestock farmers 

and found a similar land size, education level and income generating activities. 
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Table 2. Description of landholding farmers (Decimal) 

Upazila Cultivated 

Land 

Own 

land 

Homestead 

land 

Fodder 

Land 

Rented 

in land 

Rented 

out land 

Orchard 

land 

Ponds 

land 

Decimal (ME ± SD) 

Sherpur 

Sadar 

103.62 ± 

10.18 

166.07± 

12.89 

37.76 ± 

6.14 

0 

 

65.00 ±  

8.06 

200 ±  

0.00 

35.62 ±  

5.97 

36.32 ±  

6.03 

Nalitabari 63.67 ± 

7.98 

98.04 ± 

9.90 

21.94 ± 

4.68 

17.14 ± 

4.14 

47.56 ±   

6.90 

0 27.70 ±  

5.26 

110.00 ±  

10.49 

Total 83.31 ±  

9.13 

132.67 ± 

11.52 

29.58 ± 

5.44 

17.14 ± 

4.14 

57.83 ±  

7.61 

200 ±  

0.00 

32.32 ±  

5.69 

46.36 ±  

6.81 

ME = Mean, SD = Standard deviation 

Income and expenditure of households 

Study reveals that 10 different sources of income in which crop sector contributed 

more income to the households and average yearly income from crop sector was 

BDT 34792.00 with significant variations (F=7.925) between sub-districts. The 

second important sector was cattle and average annual income earned from cattle 

sector was BDT 30633.00 with significant variation (F=0.015) between sub-sectors. 

Average lowest income generated from forestry was BDT 3775.00 with significant 

variations (F=2.715) between sub-sectors (Table 3). Kamal (2014) stated that income 

for the top 10% people was Taka 120000.00. Among the livestock sector, the sheep 

and buffalo accounted for nearly 46 and 32 %, respectively (Suresh et al., 2007). It 

was seen that as per distribution of asset and income, wealth accumulates faster as 

income rises. It was found that no income earned from sheep in the study area 

indicated that rural people in this area were not engaged in sheep farming. Selected 

farmers had no sheep during baseline survey. Lack of awareness about mutton/lamb 

consumption might be the possible cause. ANOVA on yearly family income was 

estimated. Independent variables were yearly livestock income, family size, age, land 

size, education, farm experiences and dependent variable was yearly family income. 

The output of the ANOVA analysis and there was statistically significant difference 

between the family income (P<0.001). The highest expenditure item for the 

households was food and the amount of annual expenditure on food was BDT 

73740.00. The second and third important cost items were education and health and 

the amount of expenditures were BDT 23950.00 and 15000.00, respectively. Total 

annual expenditure was BDT 137720.00 (Table 3), which was higher than annual 

household’s income BDT 121480. Hossain et al. (2019) showed that annual 

expenditure of farmers was BDT 83055.00 which was not in accordance with the 

present study. 
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Table 3. Income and expenditure of household 

Item 

Income 

SS NB Average F 

Value 

Item 

expenditure 

SS 

Mean 

NB 

Mean 

Total 

Mean 

Cattle 30200.00 31066.67 30633.33 0.015 Fish 19880.00 13040.00 16460.00 

Goat 8900.00 10133.33 9516.67 0.319 Meat 13680.00 8040.00 10860.00 

Chicken 7616.67 2690.00 5153.33 2.968 Rice 27400.00 15160.00 21280.00 

Crops 55133.33 14450.00 34791.67 7.925 Vegetable 16800.00 2780.00 9790.00 

Fish 18400.00 2766.67 10583.33 8.944 Flour 3580.00 3044.00 3312.00 

Homestead 

gardening 

3716.67 4236.67 3976.67 0.039 Onion/ 

garlic 

4188.00 2256.00 3222.00 

Forestry 6750.00 800.00 3775.00 2.715 Oil 5300.00 3764.00 4532.00 

Service/ 

job 

10833.33 0.00 5416.67 4.083 Spices 4040.00 2100.00 3070.00 

Business 22466.67 3000.00 12733.33 2.204 Salt 1608.00 820.00 1214.00 

Other 

sources 

4800.00 5000.00 4900.00 0.001 Total Food 96476.00 51004.00 73740.00 

Total 

income 

168816.67 74143.33 121480.00 16.066 Education 34060.00 13840.00 23950.00 

 Health 23520.00 6480.00 15000.00 

Clothing 20000.00 6920.00 13460.00 

Electricity 11284.00 1116.00 6200.00 

Fuel 10200.00 540.80 5370.40 

Total 

expenditure 

195540.00 79900.00 137720.00 

SS- Sherpur Sadar, NB- Nalitabari 

Decision making process 

It was found that male had shown dominancy in taking decision than female in all 

decision-making activities (Table 4) whereas, female have taken dominant decision 

over male on cleaning animal shed (59.33%), feeding animal (61%), bathing animal 

(60.58%) and collecting milk (62.83%). It was also found that male and female 

enjoyed their full participation only in their democratic rights (voting during 

election). Mekonnen and Asrese (2014) stated that out of 100% response rate, 15.5% 

women involved in all areas of decision, and 5.9% were in any of it. They also stated 

that 53.4% respondents made independent decisions on household purchases for daily 

needs. Empowering women through education and raising income generating 

activities might be helpful to improve the position of women household. Extension of 

household education level and male and female needed to be more actively 

participated in all decision-making item for woman empowerment in the study areas. 
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Table 4. Decision making activities of different household 

Decision/activities Sex Sherpur Sadar 

(%) 

Nalitabari 

(%) 

Total (%) 

1. Crop Male 61.83 56.00 58.92 

Female 38.17 44.00 41.08 

2. Fish Male 61.67 84.33 73.00 

Female 38.33 15.67 27.00 

3. Cleaning animal shed Male 33.00 48.33 40.67 

Female 67.00 51.67 59.33 

4. Feeding animal Male 30.00 48.00 39.00 

Female 70.00 52.00 61.00 

5. Treatment animal Male 46.00 64.00 55.00 

Female 54.00 36.00 45.00 

6. Bathing animal Male 24.17 54.67 39.42 

Female 75.83 45.33 60.58 

7. Collecting milk/wool Male 20.33 54.00 37.17 

Female 79.67 46.00 62.83 

8. Selling animal Male 61.83 83.67 72.75 

Female 38.17 16.33 27.25 

9. Utilized earn money Male 71.67 69.33 70.50 

Female 28.33 30.67 29.50 

10. Buying/selling household asset Male 58.00 96.00 77.00 

Female 42.00 04.00 23.00 

11. Buying food item Male 51.00 96.67 73.83 

Female 49.00 03.33 26.17 

12. Buying non-food item Male 51.50 86.33 68.92 

Female 48.50 13.67 31.08 

13. Buying/selling land Male 67.83 100.00 83.92 

Female 32.17 0.00 16.08 

14. Buying farm equipment assets Male 58.33 99.33 78.83 

Female 41.67 0.67 21.17 

15. Family planning Male 50.33 60.33 55.33 

Female 49.67 39.67 44.67 

16. Children education Male 51.33 70.00 60.67 

Female 48.67 30.00 39.33 

17. Medical treatment Male 50.50 93.67 72.08 

Female 49.50 06.33 27.92 

18. Marriage of children/siblings Male 50.00 64.33 57.17 

Female 50.00 35.67 42.83 

19. Voting in election Male 50.00 50.00 50.00 

Female 50.00 50.00 50.00 
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Results of regression analysis 

To estimate the influence of independent or explanatory variables over yearly 

income, linear regression model was fitted. A total 6 explanatory variables were 

found to close relation with yearly household income.  Among 6 explanatory 

variables, 3 variables including family size, land size and livestock income estimated 

statistically significant. Age, education and farm experiences were observed positive 

association with income but statistically not significant. Suresh et al. (2007) reported 

that family size had positive linear with flock size and family size was positively 

correlated with livestock population possibly because the labor demand for livestock 

rearing can be meet from the higher family size. They also showed that age of 

farmers was not a significant factor with any of the livestock flock size. The co-

efficient of land size was estimated 404.27 indicated that every unit increase in land 

size, 404.27 unit increases in yearly family income was predicted, holding all other 

variables constant. The co-efficient of yearly livestock income was estimated 1.02, 

which can be explained as every unit increase in yearly livestock income might 

contribute to 1.02 unit increase in yearly family income considering all other 

variables constant (Table 5). The co-efficient of age (139.79), education (1357.76) 

and farm experiences (461.20) was not significantly different. On the other hand, the 

co-efficient of family size (-9843.99), land size (404.27) and yearly livestock income 

(1.02) was significantly different where its p-value was 0.010, 0.000 and 0.000, 

respectively (Table 5). 

Table 5. Regression co-efficient of yearly family income 

Model Unstandardized 

coefficients 

Standardized 

Coefficients Beta 

t Significant 

Beta SE 

Constant 31547.56 39277.36  0.803 0.425 

Age 139.79 966.20 0.015 0.145 0.886 

Education 1357.76 1932.79 0.058 0.702 0.485 

Farm 

experiences 
461.20 942.05 0.051 0.490 0.626 

Family size -9843.99 3668.15 -0.201 -2.684 0.010 

Land size 404.27 44.94 0.684 8.994 0 

Yearly livestock 

income 
1.02 .212 0.340 4.818 0 

Dependent Variable: Yearly family income, SE- Standard error 
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Aspiration and prospects of sheep farming 

The responses regarding aspiration of sheep farming were recorded and ranked 

accordingly. Most of the respondents expect more income through rearing sheep 

followed by “no prejudice on sheep meat”, available medicine and doctor supports 

and no problems of selling meat and live sheep etc. in which ranking was first, 

second and third, respectively (Table 6). Initial support for sheep farming practices 

would help to increase their income as well as socio-economic status in the study 

area. Respondents were demanded have needed some grazing facilities, lamb/mutton 

marketing facilities, management and treatment facilities and established modern 

slaughter house as a result thus sheep rearing practices would help to establish 

employment facilities as well as livelihood improvement of rural poor people           

(Table 6). 

Table 6. Respondent’s aspiration and prospects in the study areas 

Aspiration and prospects 
Beneficiary 

Frequency Ranked 

Generate more income 56 1 

No prejudice on sheep meat 55 2 

Available medicine and doctor supports 52 3 

No problems of selling meat and sheep 52 3 

Enough grazing land 48 4 

Better livelihoods option 46 5 

Community sheep farming established 44 6 

No risk of theft 44 6 

Self-employment generation 42 7 

Available water resources 35 8 

   Reduce poverty level 34 9 

Others 24 10 

Problems, constraints and solution related to sheep farming 

Respondents were asked the extent of problems and constrains they face in rearing 

livestock and sheep based on pre-listed questions. There were nine listed questions 

and one open ended question. The index value of the problems and constraints are 

presented in Table 7. Among different problems, lack of improved breed reported as 

highest problem and then followed by high price of feed, lack of credit facilities and 

high interest rates, lack of medicine and low price of livestock and its by-products 

reported by beneficiary households (Table 7). It was apparent from the study that 

beneficiary respondents faced almost similar problems. Both beneficiary and non-
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beneficiary households proposed similar solutions with a bit variation of weight.  

Hossain et al., (2018) found that lack of technical knowledge and training, pasture 

land and high cost of vitamin mineral supplementation of selected farmers in their 

studied areas. Bath et al. (2016) showed that average lack of information for famers, 

lack of training and lack of expert assistance were 9.70, 9.20 and 8.80, respectively. 

To overcome the problems, an open-ended question was asked to the respondents 

having their diverse options. A great number of variations recorded as they proposed 

different solutions. Their proposed solutions were listed in the beginning then 

categories and sub-categories and presented as follows. It was observed that requires 

high performance ram ranked was top by the beneficiary (Table 7). Solutions 

proposed by beneficiary were shown as per ranking wise addressing problems (Table 

7). Needed of high-performance ram, ensure rationale price of products, and disease 

diagnostic facilities were first, second and third ranking, respectively by proposed 

suggestion of the farmers. 

Table 7. Problems, constraints and solution related to sheep farming 

Problem Proposed solutions 

Beneficiary 

Problem Frequency Valid Percent 

Problem of 

housing 
facilities 

Not at all 31 51.70 Frequency Ranked 

Moderate 23 38.30 High performance ram 58 1 

High 6 10.00 Ensure rationale price of 

products 

55 2 

Total 60 100 Disease diagnostic 

facilities 

49 3 

Problem of 

management 

facilities 

Not at all 28 46.70 Government should 

provide subsidy 

48 4 

Moderate 24 40.00 Slaughter house 45 5 

High 8 13.30 Control market actors 44 6 

Total 60 100 More treatment facilities 43 7 

Problem of 

sheep 

availability 

Not at all 0.00 0.00 Cooperative marketing 

system developed 

35 8 

Moderate 27 45.00 Male partners 

involvement 

34 9 

High 33 55.00 Fellow land should be 

allocated among farmers 

32 10 

Total 60 100 Local service providers 32 10 

Problem of 

treatment 

facilities 

Not at all 31 51.70 Needed better 

communication 

32 10 

Moderate 7 11.70 Exposure visit 30 11 
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Problem Proposed solutions 

Beneficiary 

Problem Frequency Valid Percent 

Problem of 

housing 
facilities 

Not at all 31 51.70 Frequency Ranked 

Moderate 23 38.30 High performance ram 58 1 

High 6 10.00 Ensure rationale price of 

products 

55 2 

Total 60 100 Disease diagnostic 

facilities 

49 3 

High 22 36.70 Others 28 12 

Total 60 100  

Problem of 

high price of 

feed 

Not at all 2 3.30 

Moderate 31 51.70 

High 27 45.00 

Total 60 100 

CONCLUSIONS 

Sheep farming plays a vital role in improving livelihoods of small farmers. It also 

contributes significantly to meet national meat requirements. Present study keep 

records the socio- economic characteristics of sheep farmers in Sherpur district. Farm 

size and livestock income were estimated significant association with total household 

income justify the importance of sheep farming. Study reveals that young, small and 

marginal farmers were involved more in sheep farming as means of their livelihoods. 

Despites their strong motivation of sheep farming, lack of improved breed, high price 

of feed, lack of credit facilities, medicine and marketing facilities, respectively 

obstructed smooth development of sheep farmers in the study location. Therefore, it 

was suggested to develop sheep production community thereby reduce existing 

challenges. It was recommended to organize and management related training by 

government and nongovernment organizations. Considering limited grazing land, 

khas and fallow land should be allocated as pasture land for sustainable development 

of sheep farmers in the study areas. 
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ABSTRACT 

Foot and mouth disease (FMD) is a devastating viral disease and endemic in 

nature in Bangladesh that causes huge economical losses. The present research 

work was aimed to determine the prevalence of FMD outbreaks and molecular 

detection of FMDV serotypes by uRT-PCR and gsRT-PCR test, respectively 

from crossbred cattle in the Rajbari district of Bangladesh during the period 

from January to June 2018. A total of 16 tongue epithelial samples were 

collected from clinically FMD suspected 2 to 3 years old crossbred cattle. 14 

samples were positive by uRT-PCR. The detection rate of FMDV by uRT-PCR 

was 87.50%. Then uRT-PCR positive samples were serotype by gsRT-PCR. 

Serotype based prevalence of FMDV was 42.86%, 100%, 21.43% and 21.43% 

in O serotype, Asia-1 serotype, A serotype and mixed infection with Asia-1 and 

A, respectively. Considering the age, the prevalence of confirmed FMD 

outbreak was 42.86%, 35.71% and 21.43% at the age of 2, 2.5 and 3 years, 

respectively. Serotype A, O and Asia-1 is circulated in Rajbari district and 

required trivalent vaccine for prevention and control of FMD in that area. 

Keyword: Cattle, FMD, PCR, Prevalence, Serotype. 

INTRODUCTION 

Foot and mouth disease (FMD) is, one of the world's most important contagious viral 

diseases, responsible for large-scale epidemics, huge global losses of livestock 

production and trade (Knowles and Sameul, 2003; Kitching et al., 2005; Samuel and 
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Knowles, 2001; OIE, 2019). FMD is a highly contagious disease of cloven-footed 

animals like domesticated cattle, buffalo, pigs, sheep, goats, and deer (Kitching et al., 

2005). FMD is now a threat to the livestock population throughout the world 

including Bangladesh due to its high contagiousness, a rapid multiplicity of the type 

and subtypes, wide species of animal’s susceptibility, short-lived immunity and the 

existence of persistent or carrier state (Bachrach, 1968; Saiz and Doming, 1996; 

Sevilla and Domingo, 1996). Crossbreed cattle are highly susceptible to FMD in 

Bangladesh (Rahman et al., 2015). In Bangladesh, annual loss due to FMD has been 

estimated at US $125 million per year (Sil and Taimur, 2000). The virus has seven 

serotypes (0, A, C, Asia-1, SAT-I, SAT-II, and SAT-III) and more than 65 subtypes 

(Bachrach, 1968). Cross protection has not been observed between serotypes and 

even between some subtypes within a serotype. Out of seven serotypes, serotypes 0, 

A, C and Asia1 have been detected in Bangladesh (Freiberg et al., 1999; Marquardt 

et al., 2000; Loth et al., 2011; Jannat et al., 2019). The disease is characterized by a 

short-lasting fever, epithelial lesions on the tongue, dental pad and inner mouth area 

leading to excessive salivation and drooling. Lesions on the feet cause lameness. 

Secondary infection of epithelial lesions can significantly increase the severity of the 

disease (Rhyan et al., 2008). Asia 1, O and A serotypes were circulating in 

Bangladesh (Jannat et al., 2019). For control of FMD outbreaks or complete 

elimination of the virus, reliable, rapid and confirmatory diagnosis of the disease is 

important and outbreaks should be detected at an early stage and persistent infections 

should also be recognized to prevent further transmittance. The present research has 

been designed to determine the prevalence of FMD virus from a recent outbreak of 

crossbreed cattle and characterizing the serotypes of FMD virus circulating in 

naturally infected crossbred cattle by uRT-PCR and gs RT-PCR, respectively. 

MATERIALS AND METHODS 

Ethical Approval 

This research work was approved by the institutional animal experimental and ethical 

committee of Bangladesh Livestock Research Institute, Savar, Dhaka. However, it 

was properly concerned with the Dept. of Microbiology, HSTU and DLS authority of 

Rajbari district. 

Study area 

The study was carried out in the Rajbari district (Fig. 1) of Bangladesh and the 

laboratory tests were conducted in the Foot and Mouth Disease (FMD) Research 

Laboratory, Animal Health Research Division, Bangladesh Livestock Research 

Institute (BLRI), Savar, Dhaka-1341 during the period of January- June 2018. 
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                         Figure 1. Map showing the sampling areas. 

Sample Collection  

A total of 16 field samples (tongue epithelium) were aseptically collected from 

clinically FMD suspected crossbred cattle having age between 2 to 3 years 

approximately (Fig. 2) within virus transport media (VTM) and immediately 

transported to the laboratory for identifications and serotyping. 

 

  Figure 2. Sample collection from tongue epithelia of crossbred cattle 

Inoculum Preparation and RNA Extraction  

A piece of the epithelial tissue was removed from the glycerol buffer, blotted dry on 

absorbent paper to reduce the glycerol content. Approximately 1-2 gm tissue was 

weighted by an electric balance and homogenized by grinding with sterilized mortar 

and pestle. Then 20% suspension was prepared by adding phosphate buffer saline 

(PBS). The suspension of each of the samples was then centrifuged at 3,000 rpm for 

10 minutes maintaining the temperature at 4°C. The supernatant of each of the 
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samples was taken for further processing according to the OIE-2004 manual. For the 

sterility test, a small number of inoculums was inoculated into bacteriological media 

to identify the presence of any type of bacteria. RNA extraction was carried out from 

FMD inoculums by using the QIAamp® Viral RNA kit (Qiagen, Germany) 

according to the manufacture’s protocol. Mastermix volume per reaction was 25 μl 

was given below in Table-01. 

Table 1. Mastermix table for PCR 

Reaction Component Volume Per Reaction (μl) 

Nuclease free water 4.5 

2RT-PCR Buffer 

Kit lot 

12.5 

25RT PCR Enzyme Mix 

Kit lot 

1 

Forward Primer (100 pmol/μl) 1 

Reverse Primer (100 pmol/μl) 1 

Total Volume 20 

Template RNA 5 

Total 25 

Conventional Reverse Transcription Polymerase Chain Reaction (RT-PCR)  

The target in the genome was amplified by one-step RT-PCR using the FMD 

universal and serotype specific primer (Reid et al., 2000). Primer details were 

mentioned in the Table-02.  

Table 2.  List of Oligonucleotide primers used for universal FMDV and serotyping of 

FMDV by RT-PCR 

Serotype 
Primer 

name 
Primer sequence (5' to 3') Location 

PCR 

Products 

(bp) 

Reference 

Universal 
1F GCC TGG TCT TTC CAG GTCT 5ʹUTR 

328 

Vangrysperre 

and De Clercq, 

(1996) 

1R CCA GTC CCC TTC TCA GATC 5ʹUTR 

O 
P38 GCTGCCTACCTCCTTCAA 1D 

402 
P33 AGCTTGTACCAGGGTTTGGC 2B 

Asia 1 
P74 GACACCACTCAGGACCGCCG 1D 

292 
P33 AGCTTGTACCAGGGTTTGGC 2B 

A 
P110 

GT(G:A:T:C)ATTGACCT(G:A:T:C)A

TGCA (G:A:T:C) AC 

(G:A:T:C) CAC 

1D 
732 

Callens and De 
Clercq, (1997) 

P33 AGCTTGTACCAGGGTTTGGC 2B 
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The amplification was performed on a thermal cycler with one-step RT-PCR kit 

(Qiagen, Germany) with one cycle of reverse transcription conditions of 50°C for 30 

min and 95°C for 10 min and followed by 30 cycles of 94°C for 1 min, 55°C for 1 

sec (type A), 55°C for 30 sec (type O) and 72°C for 1 min and finally one cycle of 

final extension of 72°C for 10 min. After PCR, the amplified products were 

visualized by agarose gel electrophoresis using 2% agarose gel containing 0.6 mg/ml 

ethidium bromide at 100V in 1X tris borate EDTA (TBE) buffer. At the end of 

electrophoresis, the gel was documented on a UV transilluminator 

(AlphaImager®Mini System, USA). 

RESULTS AND DISCUSSION 

All the collected samples initially subjected to uRT-PCR followed by gsRT-PCR for 

the detection of serotypes. All of the 16 field samples of tongue epithelia were 

subjected to uRT-PCR for the detection of FMDV by yielding an amplicon size of 

328 bp through 2% agarose gel electrophoresis (Figure-03). Among these 16 

samples, 14 samples were positive and 2 samples were negative for FMDV by uRT-

PCR (Table 3). 

 

 Figure 3. uRT-PCR products of representative field samples after 2% 

agarose gel electrophoresis, Lane1-8 = FMD Universal, Lane 9 = 

negative control (RNase-free water), Lane 10 = positive control, 

Lane 11 = 1 KB plus DNA ladder (Invitrogen, USA). 

The uRT-PCR positive samples (14 samples) were further subjected to gsRT-PCR 

for confirmation of serotypes of FMDV by using gene specific primers. The FMDV 

serotypes were identified as O, A and Asia-1. The product amplicon size of gsRT- 

PCR were 402 bp for O type, 732 bp for A and 292 bp for Asia-1 respectively. 

Among the 14 uRT-PCR positive samples, 14 was positive for Asia-1, 6 was positive 

for type O, and 3 was positive for A which was mixed infection with Asia-1 in the 

circulating area (Fig. 4)  

 

328 bp 
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Figure 4. Showing the specific band of gsRT-PCR products of representative 

field samples in 2% agarose gel electrophoresis. (A) Lane -1: 1 KB 

plus DNA ladder (Invitrogen, USA), Lane 2=positive control for O 

type, Lane 3-9: (O type), Lane - 10: negative control (RNase-free 

water).(B) Lane-1: 1 KB plus DNA ladder (Invitrogen, USA), Lane- 

2-10: Asia-1, Lane- 6,9, 10 A and Lane-11: negative control (RNase-

free water). 

The overall prevalence of FMDV was 87.5% in clinically infected cross breed cattle. 

It may due to vesicular, eruption of tongue epithelia could be the major source of 

FMD virus shedding. However, considering the age the prevalence of confirmed 

FMD outbreak was 42.86% (n=6), 35.71% (n=5) and 21.43% (n=3) at the age of 2, 

2.5 and 3 years respectively in cross breed cattle in Rajbari region that shown in 

Table 4. It was seems that young animals are more susceptible to FMD than adults. 

Furthermore, serotype-based prevalence of FMDV was 42.86% (n=6), 100 % (n=14), 

21.43% (n=3) and 21.43% (n=3) in O serotype, Asia-1 serotype, A serotype and 

mixed infection with Asia-1 and A respectively that are circulating in the Rajbari 

district of Bangladesh that are shown in Table 5.  

  

296 bp 

732 bp 
402 bp 
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Table 3. Results of Collected sample by uRT-PCR 

Upazila of Rajbari 

District 

Union Village Collected 

Sample 

Age 

(Aprx. Years) 

RT-PCR 

positive 

Rajbari sadar Chandoni Raypur 3 2 3 

Kalukhali Kalikapur Sattajitpur 4 2 3 

Kalukhali Boalia Hatgram 1 3 1 

Kalukhali Mrigi Kolkolia 2 3 1 

Pangsha Pourosova Dhekipara 2 2.5 2 

Pangsha Pourosova Puraton bazar 1 3 1 

Pangsha Bahadurpur Meghna 2 2.5 2 

Pangsha Machpara Nivakrishnapur 1 2.5 1 

Total sample collected 16  14 

Table 4. Prevalence of FMD outbreak according to age 

Age (Years) RT-PCR Positive Samples (N =14) Prevalence (%) 

2 6 42.86 

2.5 5 35.71 

3 3 21.43 

Table 5. Serotypes of FMDV positive by primer specific gsRT-PCR and its 

prevalence 

Outbreak areas 

and species 
Total samples 

No.of 

positive 
samples 

Overall 

prevalence 

Serotypes of FMDV 

positive by RT-PCR and its prevalence 

O Asia-1 A 

Mixed 
serotypes 

A+Asia-1 

Rajbari 

Cross breed 
cattle 

 

16 

 

14 

 

87.5% 

n= 6 

(42.86 %) 

n=14 

(100%) 

n=3 

(21.43%) 

n=3 

(21.43%) 

Total 14  6 14 3 6 

Bangladesh has been considered as an endemic country of FMD. It causes massive 

damage to the livestock population in this country. Rapid detection and their serotype 

confirmation are important to take rapid measure against the disease. In general, 

serotyping of FMDV is done using the antigen capture ELISA, but RT-PCR is more 

sensitive and specific than ELISA for differentiating the serotypes of FMDV from 
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clinical samples (Giridharan et al., 2005). The molecular biological technique is 

rapid, accurate, highly sensitive and only small quantities of material are needed to 

perform the test. In this study, the uRT-PCR/gsRT-PCR was used to confirm the 

FMDV genome from clinical samples of different outbreaks in farm animals 

(Crossbreed cattle). Among the 16 field samples, 14 were found positive by uRT-

PCR. Detection rate of FMDV by uRT-PCR was 87.50%. Although the causes of 

failure of detection of FMDV from 2 (12.50%) field samples of this study are not 

very clear but, this may be due to sample collection of recovered animals or might be 

treated with an antiviral agent before sampling. Serotyping confirmation of FMDV 

was done by RT-PCR using gene specific primers. In this study, 14 uRT-PCR 

positive field samples were tested to differentiate into serotypes. The prevalence rate 

of serotypes was 37.50% for type O, 87.50% for type Asia-1, 37.50% for mixed 

infection (O+Asia-1) in the Rajbari district. These results are almost similar to the 

findings of Alam et al. (2015), Hossen et al. (2014), Nandi et al. (2013) and Loth et 

al. (2011). Alam et al. (2015) reported that out of the 12 samples, 10 (83.33%) were 

found positive for FMDV and all of those were of serotype O in Kapasia upazila 

under Gazipur district of Bangladesh. Hossen et al. (2014) found 60.00% positive for 

serotype O and 20.00% for Asia-1 in Gazipur district and 67.56% for serotype A, 

8.10% for serotype Asia-1 and 10.81% for mixed infection (serotype A+ Asia-1) in 

Pabna district. The overall prevalence rate of serotypes of FMDV was 37.50% for 

type O, 87.50% for Asia-1, 37.50% for mixed infection (O and Asia-1) in the Rajbari 

district of Bangladesh. This result was partially similar to Hossen et al. (2014). 

Hossen (2014) et al. found 30.58% positive for type O, 36.47% for type A, 11.76% 

for type Asia-1 and 4.70% for mixed infection (serotype A +Asia-1). Results of the 

present study indicated that FMDV serotypes O, Asia-1 are prevailing in cattle in 

Rajbari district of Bangladesh and outbreaks in different regions of Bangladesh may 

be due to the circulation of these serotypes among susceptible animals.  

CONCLUSION 

Foot and Mouth Disease (FMD) is one of the most fatal endemic disease in 

Bangladesh and economical losses ascribed as 180 billion TK (BD) annually due to 

high calf mortality, production losses, medication cost, labor cost and others. Hence, 

This MS research work was conducted for the determination of prevalence of FMDV 

and identification of the serotypes of Foot and Mouth Disease Virus (FMDV) from 

the field samples (Tongue Epithelia) of the recent outbreak areas in Bangladesh 

during the period from January to June, 2018. The overall prevalence of FMDV was 

87.5% in clinically infected cross breed cattle through molecular detection method 

(PCR). The prevalence rate of serotypes was 37.50% for type O, 87.50% for type 

Asia-1, 37.50% for mixed infection (O+Asia-1) in the Rajbari district of Bangladesh 

respectively. It is most interesting that 14 tongue epithelial samples were PCR 

positive out of 16 samples. This may due to tongue epithelia may be the first and 

predilection site for FMDV multiplication. However, further genetic and 
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immunological study is required for planning effective control strategies against 

FMDV in Rajbari district of Bangladesh. 
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ABSTRACT 

An experiment was carried out to investigate the performances with 1080 male 

Cobb-500 broiler chicks using different levels of a microbial phytase in plant-

based diet. Six dietary treatments were formulated as follows; the first 3 diets 

were balanced with Ca and Av. P according to the recommendation of Cobb-500 

served as basal diet without phytase enzyme (T1), basal diet with 100g phytase 

ton
-1

 feed (T2) and basal diet with 200g phytase ton
-1

 feed (T3), while the last 3 

diets were deficient in Ca and Av. P and containing no phytase enzyme (T4), diet 

with 100g phytase/ton feed (T5) and diet with 200g phytase ton
-1

 feed (T6). All 6 

treatments were replicated 6 times. Body weight, feed consumption and 

mortality of broilers were recorded weekly. The highest body weight was found 

in T3 with 200g phytase ton
-1

 feed with recommended Ca and Av. P level in the 

diet, followed by T6 with 200g phytase/ton feed with deficient in Ca and Av. P 

level in the diet (P<0.05). The lowest weight was found in T1 without phytase 

with recommended Ca and Av. P level in the diet. The feed consumption, feed 

conversion ratio and mortality of the birds during 35 days of experimental 

period did not differ significantly (P<0.05). The meat yield characteristics at 35 

days of age were non-significant among different treatments (P>0.05). 

Significantly lower value of total ash (%), Ca (%) and total P (%) of tibia was 

found in control group (T1) and T4. The results of this experiment revealed that 

phytase supplementation at 200g ton
-1

 of feed improved broiler performances at 

either recommended or deficient level of Ca and Av. P.   

Keywords: Broilers, Growth performance, Meat yield and Microbial Phytase 

INTRODUCTION 

The feed ingredients from plant origin used in poultry diet have some limitation that 

is the presence of anti-nutritional factor, phytic acid or phytate (Farrell, 1998), limits 

its use in poultry diet. Maize and soybean meal are the major feed sources in poultry 
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diets. Again, rice polish, an important by-product of the rice milling industry, has the 

potential to be used as an alternative to grains in the poultry diet (Mujahid et al., 

2003). More than 60% of P in maize and soybean meal (Reddy et al., 1982) and 90% 

in rice polish (Lamid et al., 2014) are in the form of phytate. Phytate not only does 

reduce P availability, but also decreases the absorption of elements such as zinc, iron, 

calcium and magnesium (Lamid et al., 2014). In addition, it decreases protein 

digestibility and energy use through inhibition of the enzymes such as pepsin, trypsin 

and α-amylase (Ravindran et al., 1995).  Moreover, as the phytate P has low P 

availability (NRC, 1994), leads to use of inorganic P sources to meet the P 

requirement of poultry.  

The inclusion of feed enzymes in poultry diets enhances nutrient utilization and 
performance by counteracting the negative influence of targeted substrates.  A 
number of studies have shown that inclusion of microbial phytase in broiler diet 
releases the phytate bound P and to improve the utilization of P in plant derived 
ingredients including energy and amino acids (Selle et al., 2000). Phytase increased 
tibia ash in duck ration containing 20% rice bran (Farrell and Martin 1998). Leske 
and Coon (1999) reported that phytate P retention is dependent on feed ingredients 
and phytase efficacy is influenced by type of feed ingredient used in diets, phytase 
addition in defatted rice bran increased both phytate phosphorus hydrolysis and total 
P retention. Martin et al. (1998) reported improved amino acid digestibility when 
phytase was added to vegetable protein diets. Phytase are present in most cereals, but 
their activity varies widely amongst cereals (Bartnik and Szafranska, 1987). Farrell et 
al. (1993) reported significant beneficial responses when a microbial Phytase is 
added to chicken and duckling diets. 

Recent advancement in enzyme technology has led to the development of new 
phytase formula, which is dust-free concentrated micro-granulated form developed 
for premix systems and thermo-stable exceptionally suitable to use in pellet system. 
Moreover, this type of microbial phytase greatly increases the amount of plant 
phosphorus available to the animal. It reduces both environmental impact and feed 
costs by dint of increasing live weight gain. In this experiment, a novel microbial 6-
generation phytase will be evaluated by feeding diets containing either recommended 
or deficient level of dietary calcium and available phosphorus (available phosphorus; 
Av.P) in terms of growth performance and meat yield characteristics.  

MATERIALS AND METHODS 

Statement of the Experiment 

The experiment was conducted at Nourish Research and Development Farm, 

Uzilapur, Gazipur to study the effect of microbial and thermo-stable 6-phytase 

(Ronozyme HiPhos) supplementation in broiler diet on performances and dressing 

parameters. A total of 1080 one day-old Cobb-500 commercial male broiler chicks 

were collected from the Nourish Poultry and Hatcheries Ltd. to carry out this 

research for a period of 35 days (from 10
th
 April to 16

th
 May, 2016). 
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Preparation of the experimental house 

Broiler was reared in a gable type open sided house with a room of 2840 sq ft. The 

room was partitioned into 36 pens of equal size using wire net. Area of each pen was 

49 sq ft. (7x7). Feeders, drinkers, buckets and all other necessary equipments were 

also properly washed and disinfected by 0.5% TH
4+ 

solution. Rice husk was used as 

litter material.  

Layout of the experiment 

The experimental broiler chicks were equally and randomly divided and distributed 

into six dietary groups and each group was replicated into 6 sub-groups. Each dietary 

group consists of 180 chicks distributed into 6 replicated pens having 30 chicks in 

each replication.  

Formulation of broiler diet 

Broiler diets were formulated for two phases (starter and grower). Ingredient 

composition of broiler starter and grower diet were mainly corn, soybean meal, full 

fat soybean, meat and bone meal, soybean oil, mono-dicalcium phosphate, limestone 

etc. All diets were isocaloric and isonitrogenous. Feed was in pellet form and the 

nutrient requirements of Cobb-500 broiler strain were satisfied (according to the 

recommendation of Cobb-500 strain producing company). Ca and Available P (av. P) 

content of starter and grower diet as dietary treatment is shown in Table 1. Diets for 

each treatment was prepared separately and distributed into 6 treatments and kept in 

separate plastic containers for each replication. 

Table 1. Ca and Available P content of starter and grower diet 

Ingredients 

 

Dietary Treatment 

T1 T2 T3 T4 T5 T6 

Starter 

Ca 0.90 0.90 0.90 0.72 0.72 0.67 

av. P 0.45 0.45 0.45 0.30 0.30 0.27 

Phytase (gm ton
-1

) 0 100 200 0 100 200 

 Grower 

Ca 0.80 0.80 0.80 0.62 0.62 0.57 

av. P 0.36 0.36 0.36 0.21 0.21 0.18 

Phytase (gm ton
-1

) 0 100 200 0 100 200 

Management of experimental birds 

The management practices were identical for all dietary groups. In all cases, ad-

libitum feeds were offered to the broilers. Fresh and clean water was made available 

at all times. 
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Fresh and dried rice husk was used as litter material and spread over the floor at a 

depth of about 3cm. The chicks were provided with a temperature of 35
°
C at first 

week of age, decreasing gradually at the rate of 3°C per week continued up to 4 

weeks of age. The birds were exposed to a continuous lighting period of 23 hours and 

a dark period of 1 hour in each 24 hours. Infectious bronchitis and New Castle 

disease vaccine were given at 3
rd

 day and again booster dose was given at 25
th
 day. 

Infectious Bursal disease vaccine was given at 14
th
 day and again at 23

rd
 day. A strict 

bio-security program was maintained and all birds were immunized regularly. 

Processing of broilers 

At the end of the trial, 3 birds were taken from each pen through random selection for 

recording dressing parameters and for total Ash, Ca and total P deposition in Tibia. 

Birds were slaughtered and allowed to bleed for 2 minutes and immersed in hot water 

(51-55°C) for 120 seconds in order to lose the feathers and this procedure was called 

semi-scalding, followed by removal of feathers by hand pinning. Then head, shank, 

viscera, giblet (heart, liver and gizzard) and abdominal fat were removed.  

Data recording and statistical analysis  

The following parameters were recorded during 35 days experimental period 

replication wise for each diet; weekly body weight, feed intake and feed conversion 

ratio, mortality when occurred, and meat yield parameters at the end of the 

experiment. All recorded and calculated data were statistically analyzed using 

analysis of variance technique by a computer using SAS statistical package program 

in accordance with the principles of Completely Randomized Design (SAS, 2009).  

DMRT was done to compare variations among treatments where ANOVA showed 

significant differences. 

RESULTS AND DISCUSSION 

Weekly body weight and weight gain 

In respect to initial body weight, there was no significant difference (P>0.05) among 

the dietary groups. At the end of 35 days of age, the highest live weight (1798.79g/b) 

was found in broilers fed diet supplemented with phytase enzyme at the level of 200g 

ton
-1

 and fortified with Ca and Available P according to the recommendation of 

Cobb-500 (T3). This was followed by broiler belonging to phytase supplementation at 

the level of 200g/ton (1760.52g/b) with deficient in Ca and Available P requirement 

(T6), phytase supplementation at the level of 100g ton
-1

 (1718.72g/b) with 

recommended Ca and Available P level (T3), phytase supplementation at the level of 

100g/ton (1659.85g/b) with deficient in Ca and Available P level, and no phytase 

supplementation (1640.79g/b, T4 and 1585.60g/bird, T1). Significantly highest weight 

gain was found in T3 and lowest in T1 (Figure 1). The first 3 diets T1, T2 and T3 were 

fortified with Ca and Available P according to the recommendation of Cobb-500, 

while the last 3 diets T4, T5 and T6 were deficient in Ca and Available P level. 
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However, broilers receiving phytase supplemented feed had significantly higher 

weight than that of control (P<0.05) although their Ca and Available P level was 

fulfilled or not according to the requirement of Cobb-500.  

Lelis et al. (2012) found diet supplemented with phytase increases growth 

performance of broiler. Singh et al. (2003) showed that phytase supplemented diets 

improved growth performance, relative retention of nutrients (N, Ca and P) and 

minerals (Ca and P) status in blood and bone in broiler chickens with a better efficacy 

in maize-based diets. Phytase is an enzyme that acts in the bonds of the phosphate 

group of phytate, releasing  

 

Figure 1. Pattern of weekly body weight gain of broilers fed diet 

supplemented with microbial and thermo-stable 6-phytase 

P and other minerals that are part of this molecule (Cromwell and Coffey, 1991). 

This way, besides increasing P availability, the use of phytase also improves the 

availability of other minerals, such as magnesium, manganese and copper. Thus, its 

use in diets for broilers may provide positive responses on the digestibility of feeds 

and broiler performance, having a direct effect on productive efficiency. However, 

the worst result of control group (T1) having Ca and Available P according to the 

need may be due to without supplementation of Phytase.  A number of studies have 

shown that inclusion of microbial phytase in broiler diet releases the phytate bound P 

and to improve the utilization of P in plant derived ingredients including energy and 

amino acids (Selle et al., 2000). 

Exogenous phytase is included in feed formulations not only to reduce phosphorus 

supplementation, but also to release minerals, particularly calcium, as well as amino 

acids and carbohydrates by the hydrolysis of phytate, improving nutrient utilization 

(Slominski, 2011). However, the calcium content of control may affect the growth 

performances. Dietary calcium content may negatively influence phosphorus 
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utilization, particularly phytic phosphorus, due to the formation of insoluble 

complexes with calcium in the digestive tract, counteracting the effect of phytase, 

which is not able to hydrolyze such complexes (Leeson et al., 1996). Nelson et al. 

(1964) reported that dietary calcium levels higher than 0.70% at pH 6.0 promote the 

reaction of calcium with phytic acid, resulting in calcium phytate, which precipitates 

and cannot be broken down by phytase, consequently reducing phosphorus 

bioavailability. High dietary calcium levels change the pH of the upper sections of 

the digestive tract, inactivating phytase. Phytase activity is optimal at pH between 5.0 

and 6.5, and it is reduced when pH is lower or equal to 3.0 (Casey and Walsh, 2004).  

On the other hand, the better result of T6 with phytase supplementation of 200g/ton 

and deficient in Ca and Available P level than control may be due to low inorganic 

calcium and phosphorus levels. Because, broilers fed diets with low inorganic 

calcium and phosphorus levels have higher capacity to hydrolyze phytate than those 

fed high levels of these minerals (Denbow et al., 1995). Therefore, minimal calcium 

and phosphorus levels need to be maintained in the diet; however, their interaction 

should not be overlooked, particularly considering phytase activity (Qian et al., 

1997). Protein utilization and amino acid absorption may also be influenced by 

dietary phytic acid levels (Walk et al., 2012). These authors observed that phytic acid 

is a potent chelating agent. Its negative charges react with the positive charges of 

some amino acids (lysine, arginine, histidine), some proteins (including those 

involved in protein digestion, such as pepsin and trypsin), and carbohydrates (α-

amylase), forming insoluble complexes, thereby reducing their availability and 

digestibility (Maenz, 2001) and consequently affecting metabolism and organ 

biometry. The better performance of broilers fed reduced Ca and P levels and phytase 

obtained in the present study suggest that phytase promoted better Ca and P 

utilization which is supported by the findings of Sousa et al. (2014). This is 

consistent with the results of Powell et al. (2011), who found that phytase is used 

more efficiently when dietary Ca levels are deficient. 

Feed consumption and feed conversion efficiency 

Total feed consumption did not significantly differ (P>0.05) among the treatments 

during 35 days experimental period, although higher value of feed consumption was 

found in the treatments where phytase supplemented feed at the level of 200g/ton was 

provided (Figure 2). Santos et al. (2013) found feed consumption did not differ 

significantly with phytase supplementation by the lower mineral diets during 21 days 

experimental period. Abeyrathna et al. (2014) stated that phytase supplementation did 

not affect feed consumption and FCR of Laying Japanese Quail. All these results 

agreed our results during 35 days experimental period in this experiment. Richtar et 
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al. (1991) conducted an experiment on Ross broilers and reported that average feed 

intake across all P contents was 2447, 2531, and 2490 g for phytase 0, 500 and 

100unit/kg respectively. However, improved feed intake was found by some 

researcher while using phytase enzyme in poultry diet (Naher, 2002). Naher (2002) 

carried out an experiment on utilization of rice polish-based diet with 

supplementation of phytase and carbohydrase in ducks. She showed that addition of 

mixed enzyme increased feed intake of ducks.  

 

Figure 2. Pattern of cumulative feed consumption of broilers fed 

diet supplemented with microbial and thermo-stable 6-

phytase 

In respect to FCR at 1
st
 week, there was significant difference (P<0.05) among the 

dietary groups (Table 2). FCR was better in T3 and T6 treatments (Phytase 

supplementation at 200g ton
-1) and worst was found in T4 (No phytase 

supplementation with deficient in Ca and Available P). No significant differences 

were found at 2
nd

, 3
rd

, 4
th
 and 5

th
 week in FCR among the dietary treatments. During 

the whole experimental period, FCR did not show significant differences among the 

dietary treatment (P>0.05). Santos et al. (2013) stated that the use of high doses of 

phytase may allow significantly improved FCR in broilers. Abeyrathna et al. (2014) 

stated that phytase supplementation did not affect feed consumption and FCR of 

Laying Japanese Quail. However, many researchers reported that addition of phytase 

and carbohydrase on parboiled rice polish-based diet promoted feed conversion 

(Moshad et al., 2003; Naher, 2002; Rahman et al., 2009). 
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Table 2. Weekly feed conversion ratio of broilers fed diet supplemented with 

microbial and thermo-stable 6-phytase 

Age (wks) Dietary Treatment Level 

 of Sig. T1 T2 T3 T4 T5 T6 

1st Wk 1.13±0.01abc 1.09±0.03bc 1.05±0.02c 1.18±0.04a 1.16±0.03ab 1.08±0.01c 0.0077 

2nd Wk 1.66±0.04 1.68±0.05 1.67±0.06 1.77±0.06 1.66±0.03 1.61±0.03 0.3474 

3rd Wk 1.91±0.08 1.89±0.04 1.82±0.04 1.77±0.04 1.80±0.06 1.77±0.04 0.2581 

4th Wk 1.88±0.06 1.83±0.05 1.79±0.02 1.77±0.04 1.77±0.03 1.77±0.03 0.3687 

5th Wk 2.85±0.26 2.43±0.14 2.36±0.11 2.95±0.27 3.12±0.37 3.21±0.29 0.1135 

FCR of 

total 

period 

2.03±0.04 1.94±0.05 1.90±0.05 2.04±0.06 2.05±0.10 2.05±0.07 0.4432 

Where T1 = Phytase 0g/ton + Recommended Ca & Av. P, T2 = Phytase 100g/ton + Recommended Ca & Av. P 

            T3 = Phytase 200g/ton + Recommended Ca & Av. P, T4 = Phytase 0g/ton + Deficient Ca & Av. P 

            T5 = Phytase 100g/ton + Deficient Ca & Av. P,   T6 = Phytase 200g/ton + Deficient Ca & Av. P 

Performance of broiler during whole experimental period 

Table 3 represents the performance of broiler during whole experiment. In case of 

final body weight and body weight gain there was significant difference among the 

treatments (P<0.05). Higher body weight and body weight gain observed in a group 

where phytase supplementation was at highest level and lower in lowest level 

supplementation of phytase followed by control group. In case of initial body weight, 

total feed consumption, FCR for total period, mortality and survivability there were 

no significant differences among the dietary treatments (P>0.05). 

Table 3. Performance of broilers during whole experimental period fed diet 

supplemented with microbial and thermo-stable 6-phytase 

Age (wks) Dietary Treatment Level 

 of Sig. T1 T2 T3 T4 T5 T6 

Initial wt 43.9±1.08 43.0±0.29 42.6±0.68 42.7±0.55 43.4±0.47 42.4±0.70 0.62 

Final weight 1585.6±48.6c 1718.7±46.7abc 1798.8±44.4a 1640.8±44.3bc 1659.9±42.1bc 1760.5±29.2ab 0.0143 

Final wt gain 1541.7±48.9c 1675.7±46.6abc 1756.2±43.0a 1598.1±44.6bc 1616.4±42.3bc 1718.1±29.5ab 0.0138 

Total feed 

Consumption 

3114.4±52.83 3247.1±77.47 3344.2±145.8 3244.4±83.5 3290.9±74.79 3510.0±94.65 0.1070 

FCR of total period 2.03±0.04 1.94±0.05 1.90±0.05 2.04±0.06 2.05±0.10 2.05±0.07 0.4432 

Survivability 93.89±1.81 92.22±2.94 92.78±3.38 90.56±2.34 92.78±2.64 91.11±2.22 0.9520 

Where T1 = Phytase 0g/ton + Recommended Ca & Av. P, T2 = Phytase 100g/ton + Recommended Ca & 

Av. P  

        T3 = Phytase 200g/ton + Recommended Ca & Av. P, T4 = Phytase 0g/ton + Deficient Ca & Av. P 

        T5 = Phytase 100g/ton + Deficient Ca & Av. P,  T6 = Phytase 200g/ton + Deficient Ca & Av. P 
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Dressing parameters  

Table 4 represents the dressing parameters of broiler among the dietary treatments 

during the experimental period. There was no significant difference in live weight, 

blood weight, feather and skin weight, carcass yield and visceral organ weight among 

the dietary treatments (P>0.05). Atapattu and Gamage (2007) stated that carcass 

parameters such as the weight of the pancreas, liver, digestive tract and gizzard of 

broiler were not affected by diet containing high levels of rice bran with microbial 

phytase. Moshad et al. (2003) found that total meat yield and breast meat 

significantly improved due to dietary supplementation of phytase and carbohydrase 

enzyme on parboiled rice polish-based diet. He also noted that there was no 

significant difference among giblet yield attributable to enzyme supplementation. 

Naher (2002) noted that dressing yield was significantly increased by enzyme 

supplementation in parboiled rice polish-based diet in meat type duck. Total meat and 

breast meat also significantly increased. Rahman et al. (2009) observed that addition 

of phytase and carbohydrase enzyme promoted meat yield characteristics at all 

parboiled rice polish levels. 

Table 4. Dressing parameters of broilers fed diet supplemented with microbial and 

thermo-stable 6-phytase  

Age (wks) Dietary Treatment Level 

 of Sig. T1 T2 T3 T4 T5 T6 

Blood weight (% of 

live weight) 

4.03±0.

43 

4.31±0.

47 

3.74±0.

22 

3.84±0.

63 

4.22±0.

25 

5.09±0.

37 

0.2867 

Feather & skin 

weight (% of live 

weight) 

12.33±0

.44 

12.02±0

.16 

12.54±0

.30 

12.02±0

.35 

12.00±0

.71 

11.23±0

.07 

0.3203 

Carcass yield (% of 
live weight) 

66.30±1
.02 

66.54±0
.92 

67.29±0
.82 

67.71±1
.05 

67.08±2
.25 

69.28±0
.64 

0.5986 

Visceral organ 

weight (% of live 

weight) 

17.35±0

.92 

17.12±0

.91 

16.43±1

.29 

16.44±1

.19 

16.71±1

.40 

14.40±0

.53 

0.4750 

Where T1 = Phytase 0g/ton + Recommended Ca & Av. P, T2 = Phytase 100g/ton + Recommended Ca & 

Av. P  

      T3 = Phytase 200g/ton + Recommended Ca & Av. P, T4 = Phytase 0g/ton + Deficient Ca & Av. P 

      T5 = Phytase 100g/ton + Deficient Ca & Av. P,    T6 = Phytase 200g/ton + Deficient Ca & Av. P 

Tibia content 

It is shown from Table 5 that the significantly lower value of total ash (%), Ca (%) 

and total P (%) of tibia was found in control group (T1, without phytase with 

recommended level of Ca and Av. P) and T4 (Phytase 0 g ton
-1

 + Deficient Ca & Av. 

P). The results agreed with the results of Ceylan et al. (2012) and found that tibia P% 
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was significantly lower when diet was formulated with deficit level P without 

phytase. 

Table 5. Total Ash (%), Ca (%) and total P (%) of tibia of broilers supplemented 

with microbial phytase  

Treatment Total Ash (%) Ca (%) Total P (%) 

T1 46.54
b
±0.76 16.69

b
±0.21 7.75

b
±0.13 

T2 51.39
a
±0.47 18.35

a
±0.23 9.80

a
±0.12 

T3 52.48
a
±1.18 18.44

a
±0.32 9.49

a
±0.26 

T4 46.65
b
±0.56 16.84

b
±0.20 7.83

b
±0.53 

T5 50.62
a
±0.99 18.07

a
±0.51 9.32

a
±0.33 

T6 50.84
a
±1.15 18.32

a
±0.43 9.17

a
±0.55 

Level of Sig. 0.008 0.007 0.026 

Where T1 = Phytase 0g/ton + Recommended Ca & Av. P, T2 = Phytase 100g/ton + Recommended Ca & 

Av. P 

T3 = Phytase 200g/ton + Recommended Ca & Av. P, T4 = Phytase 0g/ton + Deficient Ca & Av. P 

T5 = Phytase 100g/ton + Deficient Ca & Av. P,           T6 = Phytase 200g/ton + Deficient Ca & Av. P 

CONCLUSION 

The study revealed that microbial and thermo-stable 6-phytase supplementation at the 

rate of 200g/ton of diet improved body weight gain of broilers at either recommended 

or deficient level of Ca and Av. P. On the other hand, microbial phytase 

supplementation did not affect total feed consumption, total FCR, meat yield 

characteristics, but significantly improve total Ash (%), Ca (%) and total P (%) of 

tibia. In conclusion, the present study reports that broiler growth performance may 

probably be enhanced through microbial and thermo-stable 6-phytase 

supplementation in their diet.   
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ABSTRACT 

The study was conducted to evaluate the impact of training facilitated by 
Nuton Jibon Livelihood Improvement Project (NJLIP) under Social 
Development Foundation (SDF) for transfer livestock technologies and 
livelihood improvement for rural poor farmers in Bangladesh. A total of 
650 farming households were selected by baseline survey during 
January 2018 to June 2018.The training and non-training beneficiaries 
were primary level educated and their family size (4.52) was little lower 
than the national average (4.9). Average age was 36.73 and 35.12 years 
for training and non-training farmers, respectively. The rate and amount 
of loan was found higher with respondent received training than without 
training. Adoption rate of technologies was higher than the level of idea 
on the concept of housing, feeding, breeding and marketing. The training 
beneficiaries improved knowledge and skill on feeding, management and 
health care of livestock and poultry. Training and demonstration are 
considered two strong tools for adoption and dissemination of livestock 
technology. Herd and flock size was increased by training beneficiaries 
than non-training beneficiaries. Beneficiaries having training on various 
IGAs have expanded their land and asset possession to a greater extent 
compared to non-training beneficiaries. Housing and sanitation condition 
of training beneficiaries were higher than non-training beneficiaries. 
Increased annual income of training and non-training households was 
19.43% and 13.30% where income from different IGAs of livestock was 
32.19% and 14.53%, respectively. Livestock were not extremely price 
sensitive but more sensitive on non-price factors logistic support like 
institutional support, quality of input and availability of input. Thus, 
training was treated as vital tools for transfer livestock technologies to 
influence the poor farmer’s livelihood improvement of training household 
than non-training household. 
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INTRODUCTION 

Training is an essential tool for developing attitude, knowledge and skill in a specific 

field. More than half of the total population is engaged on agricultural and livestock 

farming in Bangladesh. In case of livestock, poultry sub-sector is an important 

avenue in fostering agricultural growth, improve food security and employs over five 

million people, making it the second largest source of rural jobs (Modak et al., 2019). 

About two-third of the world’s poor people live in rural areas, and most of them 

depend on agriculture for their livelihoods (Mogues et al., 2009). This large 

population needs training on improved management and technology for optimum 

livestock and poultry production. This study represents the findings of training 

impact on farmers’ practices and livelihood resulting from training courses conducted 

through Natun Jibon Livelihood Improvement Program (NJLIP). The training 

programmers’ are aimed at building the competencies, skills and capabilities of 

farmers for improving their farm practices and productivity. Skill development 

training programmers’ are aimed at imparting skills to the youth and providing them 

the opportunities of entrepreneurship development and be productive, while 

improving their economic status (Sharma et al., 2017). This study depicts the primary 

objective of the training program to explore the impact of training in changing 

farmer’s livelihood and economic status. The challenges of the twenty-first century, 

among others are alleviate poverty in Bangladesh (Akteruzzaman et al., 2008). The 

agriculture sector consists of crops, livestock, fisheries and forestry and indispensable 

role to play in meeting the challenges. Livestock is the integral parts of the 

agricultural farming system of Bangladesh and livestock producers may gain through 

increased income and employment through access to cheaper livestock products. It is 

evidence from field studies in developing countries indicates that rural poor and hard-

core poor households typically derive a larger share of their cash income from 

livestock than do well-off farmers. The distributions of livestock population are more 

or less equal than the distribution of land. It indicated that any investment in livestock 

sub-sector would be greatly benefited by smallholders, which would help for 

equitable distribution of income and reduces rural poverty in Bangladesh. 

Participation of rural people in livestock farming activity plays a vital role in the 

economic development of Bangladesh. Realizing the great contribution of the rural 

people in the production process of farm facilities, government planners, policy 

makers and administrators are trying to take necessary steps to include rural people in 

livestock development process during the recent years. It is observed that 

smallholders can play an integral role and would get far better opportunities to 

organize themselves as functional group for livestock development. In the production 

of livestock, both men and women integrated together in rearing and management 

practices. However, in addition to Directorate of Livestock Services (DLS), several 

private organizations and non-government organizations (NGOs) are also trying to 
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organize rural poor people especially landless and marginal landholding as the active 

income generating groups, and at the same time to increase the overall productivity 

of different species of livestock in the country. Realizing the potential of poultry to 

meet the need of the country both government and NGOs have taken poultry as a 

device for solving some problems of rural disadvantaged and destitute women. 

Consequently, Participatory Livestock Development Project (PLDP) has been 

launched since 1998 to implement the poultry model to improve the status of those 

women, reduced poverty and increased rural employment (Akteruzzaman et al., 

2008). Raha (2003) observed that major components of poultry production chain 

under PLDP were profitable. There are many opportunities to increase poultry 

production by rural women. A need based comprehensive training should be 

imparted to the concerned project beneficiaries. Recently government of Bangladesh 

has launched a goat/sheep project as a means of poverty alleviation through the 

technical assistance from DLS. This would be a viable project for poverty reduction 

in rural areas of Bangladesh (Akteruzzaman et al., 2008). Social Development 

Foundation (SDF) has launched a Nutan Jibon Livelihood Improvement Project 

(NJLIP) financed by IDE of World Bank on improving livelihood of the poor and 

ultra-poor smallholders through livestock and other agricultural technologies. The 

duration of this project was 2015 to 2020. The goal of the project was to improve 

livelihoods and food security of poor and hard-core poor households. Women 

empowerment through training on adoption of livestock technologies depends for 

sustainable IGAs. The emphasis of present skill development training is on self-

reliance. Training is a way to enhance knowledge and improve skills about new 

innovations and ideas in different fields. It was found from a survey that about 33% 

farmers had short term trainings from different Govt., private and NGOs on goat 

fattening and rest 67% farmers had no training experience regarding this issue 

(Barman et al., 2017). Sarker et al. (2017) also found that only 3% farmers had some 

training experience on goat and sheep production technologies and 97% had no 

training on that area. So, training is a big issue to enhance knowledge and skill as 

well as the production of rural agriculture and livestock. Moreover, it also encourages 

the young generation to participate in agricultural and agro-based industries. Hence, 

the study was to examine the extents of transfer livestock technologies through 

training and explore socioeconomic impact of training on livestock technologies for 

livelihood improvement of rural poor and ultra-poor farmers. 

MATERIALS AND METHODS 

Study area and selection of farmers 

A field visit was conducted before sample selection and a population list of 

beneficiaries with training and credit holders were prepared and discussed the process 

of NJLIP activities. Then a multi-stage stratified random sampling was applied for 
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conducting socioeconomic survey. A total of 650 farm households were selected 

where 220, 215 and 215 households from Sirajgonj, Jamalpur and Gaibandha 

districts, respectively (Table 1) covering three upazila from each district. Six 

technologies out of nine technologies were considered namely layer farming, broiler 

farming, duck rearing, goat rearing, cow rearing and beef fattening. This survey was 

conducted during the month of January to June, 2018. 

Table 1. Distribution of sample beneficiaries under NJLIP project 

IGAs Training status Respondents 

Sirajgonj Jamalpur Gaibandha Total 

Layer farming With training 

Without training 

30 

8 

23 

15 

20 

16 

73 

39 

Broiler farming With training 

Without training 

24 

8 

22 

12 

20 

11 

66 

31 

Duck rearing With training 

Without training 

6 

4 

5 

4 

8 

12 

19 

20 

Goat rearing With training 

Without training 

28 

10 

26 

12 

30 

15 

84 

37 

Cow rearing With training 

Without training 

32 

14 

30 

16 

31 

8 

93 

38 

Cattle fattening With training 

Without training 

35 

11 

30 

15 

27 

12 

92 

38 

Total With training 

Without training 

155 

55 

136 

74 

136 

74 

427 

203 

Grand Total  210 210 210 630 

Preparation of interview schedule 

The interview schedule was carefully prepared based on objectives of the study. A 

draft schedule was developed before preparing the final schedule. The draft schedule 

was then pre-tested with selected farmers in study area and then it was rearranged 

and modified as required of study. The schedule was developed so simple manner to 

avoid misunderstanding and to get accurate information from respondents of research 

areas. Then it was finalized according to the experience gathered in primarily field 

level survey 

Collection of data 

The researchers collected all information through personal interview from individual 

respondent in their own house. An introductory visit was made to study area when 
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the aims and objects of study were explained to the most of the respondents. This 

helped to create a friendly atmosphere of respondents. The researchers also 

established desired rapport building systematically and explained whenever it was 

felt necessary. The information supplied by respondents was recorded directly on the 

interview schedule. The information was cross checked carefully before leaving 

study area to avoid errors. Data was collected in local unit. These were subsequently 

converted into desirable standard level unit. Excellent cooperation was received from 

all respondents during data collection period. The data generated from this 

experiment were entered in Microsoft Excel worksheet, organized and processed for 

further analysis.  

Methods of measurement of livelihood change 

The changes in the socio-economic and livelihood parameters due to involvement in 

NJLIP project are determined. Though livestock is traditionally practiced by the 

respondents, the intervention through NJLIP, by which they received training on 

semi-intensive livestock and credit assistance through NJLIP and other NGOs for two 

years is expected to have brought about livelihood improvement. In this session, a 

detailed discussion on the impact of the adoption of livestock technology under 

NJLIP on family and housing assets has been investigated. 

Statistical Analysis 

After ending data collection, the collected data were digitalized coded, compiled, 

tabulated and analyzed. The collected data were analyzed statistically by using 

simple statistical tools like average, percentages, frequency distribution and rank 

through descriptive statistics. 

RESULTS AND DISCUSSION 

Socio-economic status of the respondents 

From the Table 2, it is revealed that there was six IGAs namely Layer farming, 

Broiler farming, Duck rearing, Goat rearing, Cattle rearing and Cattle fattening. Age 

of the respondents is an important factor in any income generation activities (IGAs). 

Average age of the respondent was 36.73 and 35.12 years, respectively for with and 

without training in all IGAs. It was highest (41.05 years) in case of cow rearing 

respondent with training and lowest (26.5 years) in case of layer farming respondent 

without training.  
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Table 2. Socio-economic status of respondents of studied areas 

IGAs Training status 

Socio-economic status 

Age (yrs) 
Education 

(class) 

No. of 

poultry and 

livestock 

Family 

size 

(no.) 

Layer farming With training 

Without training 

32.5 

31.4 

6 

7 

35 

25 

5.5 

5.6 

Boiler farming With training 

Without training 

35.2 

33.4 

8 

6 

200 

125 

4.8 

4.5 

Duck farming With training 

Without training 

30.7 

28.9 

8 

4 

325 

250 

3.4 

3.2 

Goat rearing With training 

Without training 

40.0 

39.0 

9 

7 

5 

3 

4.8 

3.5 

Cow rearing With training 

Without training 

47.0 

44.0 

8 

7 

4 

3 

5.0 

4.0 

Cattle rearing With training 

Without training 

35.0 

34.0 

9 

8 

3 

2 

5.1 

4.8 

 All average With training 

Without training 

36.73 

35.12 

14.96 % 

20.12 % 

N/A 

N/A 

4.77 

4.27 

The results of this study were almost similar with Rahman et al. (2012) where they 

reported that 45.3% farmers were in middle aged category, and 16.0% farmers was in 

young age category, respectively. It was expected that young and middle-aged 

farmers (67%) were more active, energetic and enthusiastic in performing livestock 

related activities. Particularly the middle-aged farmers were well experienced and 

more acquainted with the livestock production (Sarker et al., 2017).  Average level of 

education of the training and non- training respondent was 14.96 and 20.12%, 

respectively (Table 2). More than 80% beef fattening farmers were educated but only 

20% were illiterate only known to sign (Anwar et al., 2019). Anwar et al. (2019) 

reported that 67% and 13% had primary and below SSC level of education, 

respectively.  Average family size of the training and non- training respondent was 

4.77 and 4.27, respectively. The family size of the present study was slightly lower 

than the national average 4.9 (BBS, 2008). Hossain et al. (2018) reported that average 

family size up to 5 and up to 8 was 80 and 20%, respectively.  

Extent of training and rate of adoption of livestock technology 

It was reported that more than 50% respondents received training on livestock IGAs 

from NJLIP. 

About 325 respondents received training on technical IGA and 102 on social issues. 

The respondents also received training on IGAs from other GO and NGOs. The 
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extent and rate of adoption of different parameters of livestock technologies is shown 

in Table 3. The score range was 1-10 for different technologies. The score for rate of 

adoption was higher than the score for idea about the concept for parameters of 

housing, feeding and treatment, breeding and marketing of livestock products. These 

results were agreed with the findings of Akteruzzaman et al. (2008). 

Table 3. Extent and rate of adoption of different parameters of livestock technologies 

Parameters Extent and rate of adoption Livestock Technologies (Average score out of 10) 

Layer 
farming 

Broiler 
farming 

Duck 
rearing 

Goat 
rearing 

Cow 
rearing 

Beef 
fattening 

Animals’ 
housing 

Idea about the concept 

Reception during training 

Adoption 

1.3 

8.8 

7.2 

3 

9.2 

9.8 

1.2 

9.0 

7.2 

1.5 

9.5 

7.9 

2.0 

9.6 

8.7 

2.5 

9.6 

8.2 

Animals’ 
feeding 

Idea about the concept 

Reception during training 

Adoption 

1.9 

9.4 

8.7 

4.1 

8.9 

9.1 

2.2 

9.4 

8.5 

2.3 

8.7 

8.5 

2.4 

9.5 

9.1 

3.9 

9.7 

9.2 

Animals’ 

treatment 

Idea about the concept 

Reception during training 

Adoption 

1.1 

7.4 

6.4 

2.2 

7.2 

7.3 

1.6 

9.1 

7.8 

1.2 

8.2 

7.4 

1.2 

8.5 

7.8 

2.5 

8.4 

8.1 

Animals’ 
breeding 

Idea about the concept 

Reception during training 

Adoption 

0 

3.5 

3.3 

0.4 

0.6 

0.7 

0.2 

1.0 

1.2 

1.4 

8.4 

8.0 

1.6 

9.5 

8.7 

2.1 

5.6 

6.6 

Livestock 
products 

marketing 

Idea about the concept 

Reception during training 

Adoption 

1.2 

7.0 

6.5 

3.0 

7.4 

7.6 

2.0 

6.7 

6.4 

1.3 

7.4 

7.6 

1.4 

7.9 

7.1 

2.2 

7.6 

7.7 

The extent of credit received by the respondents in three areas of the study is given in 

Table 4. Credit was one of the vital problems of the farmers for rearing livestock due 

to their poor economic conditions (Hossain et al., 2000). From Table 4, it reveals that 

the credit received by the training respondents was higher than the non-training 

respondents. First cycle loan proportion (%) was higher compared to 2
nd

 and 3
rd

 cycle 

loan of the studied areas. This result was similar to the findings of Akteruzzaman et 

al. (2008).  

Table 4. Extent of credit (%) received by the respondents in the studied areas 

Loan 

frequency 

With training Without training Total 

No. of 

household 

% of total No. of 

household 

% of 

total 

No. of 

household 

% of 

total 

First cycle 202 47.31 152 74.88 354 56.19 

Second cycle 165 38.64 45 22.17 210 33.33 

Third cycle 60 14.05 06 2.95 66 10.48 

Total 427 100 203 100 630 100 
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The loan size increased with the increase of frequency of loan received due to 

reliability of the farmers’ activities (Table 5). The amount of loan ranges from 4500-

25000 BDT and the rate and amount of loan was higher than the non-training 

beneficiaries. This finding was higher than the findings of Akteruzzaman et al. 

(2008). These results were not agreed with the present study 

Table 5. Average loan received (BDT) by the respondents 

Loan 

frequency 

With training Without training 

Amount/household % of total Amount/household % of total 

First cycle 8000 22.06 5000 16.19 

Second cycle 10500 32.04 6850 27.8 

Third cycle 18950 45.9 10525 56.01 

Total - 100 - 100 

Dissemination to popularize the technologies of livestock  

The dissemination methods of livestock technologies are presented in Table 6. These 

should be helpful to popularize and enhancing of transfer livestock technologies. 

Upgrading training and exposure visit was the best method of popularizing livestock 

technologies and demonstration was the second for the farmers in studied areas. 

Focus group discussion (FGD) was the third option of popularizing livestock 

technologies for IGA beneficiaries. This finding was in accordance with the findings 

of Akteruzzaman et al. (2008). Moreover, case studies, role plays, and part of task 

trainers might have the established base of livestock development to support the 

effectiveness of training related attitudes, knowledge, and skills of livestock farmers. 

Rahman et al. (1999) stated that rural farmers used only indigenous knowledge for 

livestock production and they had no scientific knowledge or training in this regard. 

Therefore, it needs a massive training program as well as FGD on livestock 

production technologies along with practical demonstration, campaign through 

leaflet, poster, mass media (Radio and TV) and printing media to increase the 

knowledge and skill of rural farmers. 
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Table 6. Method of dissemination to popularize livestock technologies (ranking 

according to important)  

Dissemination 

methods 

Layer 

farming 

Broiler 

farming 

duck rearing Goat rearing Cow rearing Beef 

fattening 

With With 

out 

With Witho

ut 

With Witho

ut 

With Witho

ut 

With With 

out 

With Witho

ut 

Upgrading 

training 

1 1 1 1 1 1 1 1 1 1 1 1 

FGD 3 2 2 3 3 3 2 2 3 2 3 3 

Poster 5 5 4 5 4 5 5 4 4 5 5 6 

Leaflet 7 7 7 7 5 7 7 7 5 7 7 7 

Radio 8 8 8 4 6 4 8 8 6 8 4 8 

TV 9 6 9 6 8 6 6 9 7 9 6 9 

Demonstration 2 3 3 2 2 2 3 3 2 3 2 2 

Peer group 4 4 5 8 7 8 4 5 9 4 8 4 

Campaign 6 9 6 9 9 9 9 6 8 6 9 5 

Livelihood changes 

From Table 7, the changes were shown of land, family and housing assets between 

with and without training households in respect of IGAs. The land of farmers with 

training and non- training was increased 35.29 and 14.85%, respectively. Bicycle, 

rickshaw/van, radio/ TV and sewing machine of farmers with training were increased 

22.66, 30.43, 7.8 and 15.62%, respectively. Tin shed house and semi-pucca latrine 

were increased 4.68 and 26.34%, respectively. Some assets of farmers without 

training like rickshaw/van, radio/TV, tin shed house and semi-pucca latrine were also 

decreased in the studied areas compared to training farmers. Increasing assets of 

farmers indicated that training exposure earned more money than the farmers having 

non-training. The results guided that training is a vital part for increasing family 

income of the poor farmers. Hossain et al. (2018) found that impact of livelihood 

activities on food, cloth, social status, health care, education and housing were 32.74, 

27.42, 22.22, 18.75, 15.25, and 9.36%, higher than previous stated of bull rearing 

respectively. 
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Table 7. Changes of land area and assets of respondent household 

Assets Duration of time With training Without training 

Land(decimal) Before 

After 

% change 

85 

115 

35.29 

105 

120 

14.85 

Bicycle (no. of hh) Before 

After 

% change 

75 

92 

22.66 

61 

66 

8.2 

Rickshaw/Van (no. of hh) Before 

After 

% change 

46 

60 

30.43 

19 

16 

-14.78 

Radio/TV (no. of hh) Before 

After 

% change 

154 

166 

7.8 

80 

77 

-3.75 

Sewing machine (no. of 

hh) 

Before 

After 

% change 

32 

37 

15.62 

8 

8 

0 

Tin shed house (no. of hh) Before 

After 

% change 

384 

402 

4.68 

190 

185 

-2.63 

Semi- pucca latrine (no. of 

hh) 

Before 

After 

% change 

186 

235 

26.34 

101 

98 

-2.97 

Changes of household and income 

From Table 8, it is revealed that the number of training and non-training households 

increased 19.43 and 13.30%, respectively and income increased from different IGAs 

of livestock was 32.19 and 14.53%, respectively. This finding was not agreed with 

Akteruzzaman et al. (2008) where they showed that income increased was 68.2 and 

56.04%, respectively. 

Table 8. Increased households and income from livestock rearing in studied areas 

Category (HH No.) Initial (No.) Final (No.) Per cent 

With training 

Without training 

427 

203 

510 

230 

19.43 

13.30 

Category (income) Initial (BDT) Final (BDT) percent 

With training 

Without training 

8510 

4540 

11250 

5200 

32.19 

14.53 

Factors affecting sustainability of livestock technology 

Table 9 showed the factors affecting sustainability of livestock technology. The 

factors were broadly categorized such as technical, economic and social aspect. The 
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institutional and input supports of farmers with training were 97% and 89%, 

respectively. These factors were more important for sustainability of NJLIP training 

beneficiaries. Disease affected farmers were 72% which was an important factor for 

sustainability. Input availability, input price and market demand within economic 

factors were 86, 82 and 84% with training receiving farmers which was an important 

factor for sustainability of training beneficiaries. Akteruzzaman et al. (2008) reported 

that input availability, input price and market demand was 95, 84 and 94%, 

respectively. These findings were higher than the present study. Price of products 

(90%) was lower than the finding of Akteruzzaman et al. (2008) where they showed 

the price of products 

95% Social factors were also important factor for adoption and sustainability of 

livestock IGAs. Natural disaster (86%) such as flood, drought, heavy rain, thundering 

and earthquake was considered as major factor that affecting the sustainability of 

training beneficiaries. Social conflict was 80% including sharing of grazing areas, 

social status, position etc. were the affecting factors for sustainability. 

Table 9. Factors affecting sustainability of NJLIP training household 

IGA group TS Ts Technical (%) 

HH 

Economical (%) HH Social (%) HH 

IS IQ D IP IA MD PP SC ND 

   Layer 

farming 

With 

Without 

73 

39 

96 

77 

97 

82 

68 

74 

89 

64 

93 

72 

84 

72 

94 

85 

77 

88 

93 

81 

Broiler 

farming 

With 

Without 

66 

31 

94 

66 

90 

78 

60 

48 

88 

77 

95 

66 

89 

62 

93 

66 

87 

61 

66 

60 

Duck 

rearing 

With 

Without 

19 

20 

88 

62 

95 

78 

91 

64 

85 

54 

95 

62 

92 

66 

96 

59 

90 

62 

91 

65 

Goat 

rearing 

With 

Without 

84 

37 

91 

84 

87 

75 

74 

42 

77 

46 

95 

68 

93 

63 

91 

56 

77 

52 

95 

74 

Cow 

rearing 

With 

Without 

93 

38 

98 

95 

93 

91 

79 

81 

90 

81 

96 

92 

88 

82 

98 

94 

84 

79 

87 

92 

Beef 

fattening 

With 

Without 

92 

38 

95 

75 

98 

85 

77 

42 

82 

50 

88 

56 

85 

54 

88 

54 

81 

48 

85 

63 

All average With 

Without 

427 

203 

67 

30 

61 

28 

52 

20 

61 

21 

62 

24 

62 

22 

66 

24 

58 

22 

61 

25 

Grand total  630 97 89 72 82 86 84 90 80 86 

TS= Training status, TS, Total sample, IS= Institutional support, IQ= Input quality, D= Disease, IP= 

Input price, IA= Input availability, MD= Market demand, PP= Price of product, SC= Social conflict and 

ND= Natural disaster 
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CONCLUSIONS 

It reveals from the study that the adoption rate of livestock technology like housing, 

feeding, treatment, breeding and marketing of livestock products were satisfactory 

for training receiving beneficiaries which enhance livestock production. Hence, 

training should be urgent needed to all the training beneficiaries for higher adoption 

of livestock technology. The support of institutional input quality and availability of 

input also effect on sustainability for dissemination and adoption of livestock 

technology. Upgrading training and demonstration method were found to be the best 

methods for the beneficiaries. It was found a positive and significant impact of 

training on asset development and income generation of livestock farmers. Therefore, 

training might be an effective tool for technology transfer regarding livestock 

management and to improve the livelihood status of the livestock farmers.  A holistic 

training approach also, could be an ample opportunity for prompt dissemination of 

livestock technology. 
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ABSTRACT 

Immunostimulants have been used as a prospective substance against 
several disease events in aquaculture, although subsequent impact is 
not clearly explored yet. The present study was conducted to investigate 
the use of immunostimulants for fish health management in Mymensingh 
district of Bangladesh. Questionnaire survey was performed with a total 
of 40 fish farmers and 20 chemical and drug retailers. Altogether, 41 
immunostimulants under 7 different categories including glucans and 
polysaccharides, vitamins, minerals, vitamin-mineral premixes, enzymes, 
nucleic acids and plant extracts were reported. ACI, Eon, Acme, Square, 
Renata and SK+F were noticed as the prominent sources among 24 
listed companies in this study. The most frequently used 
immunostimulants were recorded as Megavit-aqua (88.75%), 
Multivitamin (87.5%), Aqua-boost (87.25%), Eskalina (83.25%) and Eon 
fish grower (82.5%). Farmers in this study mentioned about improved 
health condition with lower average disease incidence (29.3%) and 
reduced mortality (65.35%) in fish after application of immunostimulant. 
The findings of this study will be useful to perform further research 
regarding the efficacy and impacts of a wide range of immunostimulants 
used in aquaculture of Bangladesh. 

Keywords: Immunostimulants, Aquaculture, Fish health management 

INTRODUCTION 

Aquaculture being one of the fast-growing food sectors in the world constantly 

requires new technologies. Technical innovations have become a key to healthy and 

productive farmed aquaculture candidates (Mishra et al., 2020) and farming intensity 

with improved husbandry are playing essential role to aim the quality production. But 

several disease outbreaks have been always one of the primary limiting factors for 
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this industry. Immunostimulants have been used in fish and shrimp farming recently 

to overcome this challenge whereas antibiotics and chemotherapeutics are mostly 

used in fish farms and hatcheries against diseases (Jadhav et al., 2006; Suheyla et al., 

2003). 

Though the preventive measures have come out as partially successful actions for the 

last 20 years, huge economic loss due to disease is still reporting every year 

(Harikrishnan et al., 2011). Modern science is working on this issue to lower the 

economic loss and to ensure the better growth of farmed aquaculture species. 

Immunostimulants are such a discovery of this era as ‘bio‐friendly agents’ which 

may be incorporated as biological factors, probiotics and vitamins into the culture 

environment. It is used to control and kill the pathogenic bacteria and to promote 

growth of the farmed organisms. Immunostimulants are non‐pathogenic and 

non‐toxic, and have been reported with no undesirable side effects when 

administered to aquatic animals (Wang et al., 2017). 

Immunostimulants are mainly used as prophylactic interventions but are not 

recommended if disease is already present in the host. These agents may have 

modulatory effects on immunocompetence of fish and crustaceans. Conversely, the 

application of immunostimulants may compensate for the limitations of 

chemotherapeutants and vaccines. It may also increase the potency of vaccination 

when combined with inactivated and some other vaccines. Diverse commercial 

immunostimulants are available these days in aquaculture. Good efficacy, wide 

spectrum of activity, no residues and eco-friendly nature of this agent can enhance 

the non-specific immune system and a very few cases of specific immunity (with 

vaccines). However, the effects of each immunostimulant are varied depending on its 

source, dose, route of administration, length of exposure, and the species to which it 

is administered. Sometimes, overdoses of immunostimulants may induce 

immunosuppression as well (Amar and Amar, 2015; Dhama et al., 2015; Kunttu et 

al.,2009). 

Various microbial components and plant products such as polysaccharides, lentinan, 

levamisole, schizophyllan, oligosaccharides, muramyl dipeptide and yeast derivatives 

have been used as immunostimulants in aquaculture. So far, glucans as the polymer 

of glucose appear to be most promising immunostimulant in fish and shrimp through 

oral administration (Dalmo and Bogwald, 2008; Mastan, 2015). No specific research 

on the use of immunostimulants in aquaculture have been carried out yet in 

Bangladesh. The present study was therefore, directed to investigate the use of 

immunostimulants in fish health management in Mymensingh district of Bangladesh. 

MATERIALS AND METHODS 

This study was conducted in four upazilas of Mymensingh district namely 

Mymensingh Sadar, Trishal, Bhaluka and Muktagachha. The primary data was 
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collected from target groups of fish farmers and veterinary drug shops through pre-

tested questionnaire. A total of 40 fish farmers (10 farmers from each upazila) and 20 

drug retailers (Mymensingh Sadar-4, Trishal-6, Bhaluka-6 and Muktagachha 

upazilla-4) were interviewed through structured questionnaire about the use of 

immunostimulants, their types, active ingredients, sources, most commonly used 

immunostimulants and their effects on fish health and disease. All the collected data 

were then integrated and processed in Microsoft Excel 2010 for further analysis. 

RESULTS AND DISCUSSION 

Immunostimulants used in fish health management  

Both monoculture and polyculture farming at grow-out stage fish were considered in 

this study where farm areas were ranged between 5-10 acres. Pangus (Pangasius 

hypophthalmus) was found as the main monoculture species, while polyculture fish 

species were Tilapia (Oreochromis niloticus), Rui (Labeo rohita), Catla (Catla catla), 

Mrigal (Cirrhinus cirrhosus), Gulsha (Mystus cavasius), Shing (Heteropneustes 

fossilis), Silver carp (Hypophthalmichthys molitrix), Carpio (Cyprinus carpio) and 

Pabda (Ompok bimaculatus).  

A total of 41 different types of immunostimulants were recorded in this study through 

24 distinct companies in the market. Among the companies, ACI, Eon, Acme, 

Square, Renata and SK+F were mentioned as the prominent ones by the farmers. 

Depending on the active ingredients and contents, listed immunostimulants were 

grouped under 7 major categories namely glucans and polysaccharides, vitamins, 

minerals, vitamin-mineral premixes, enzymes, nucleic acids and plant extracts. 

Glucans and polysaccharides 

Three glucans including Aqua-boost, Renuzyme and Enzyme vet were recorded from 

the drug shops. Major constituents were found as β-glucan and β -xylanase. Enzyme 

vet was the only one in this category which is generally used in aquaculture as off 

labeled immunostimulants since it is actually prepared for poultry but were seen to 

use by fish farmers (Table 1). According to the correspondence, all the glucans and 

polysaccharide based immunostimulants were usually incorporated in the aqua feeds 

for enhancing immunity of fish.  Price was found to vary between 162 and 245 BDT 

per kg according to the packaging details. 
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Table 1. Glucans and polysaccharides found in this study  

Vitamins 

Eighteen vitamins with major active ingredients as vitamin C were found in the 

animal drug shops (Table 2). Some of the vitamins were administered through feed 

and some in water according to the instruction given in the level of the product. 

Farmers also mentioned that they sometimes follow the dose instruction from the 

pharmaceutical representatives. The price of the vitamins was found as minimum 60 

BDT/per kg for BC mix (B+C) and maximum 394 BDT/kg for liverzyme vet (Table 

2). Farmers applied vitamins to increase growth and to reduce the vitamins deficiency 

in fish. Farmers have experienced better fish health after applying vitamins in fish. 

Table. 2. Vitamins found in the drug shops in the study areas  

Trade name   Active ingredients Dose/kg feed 

(g) 

Company 

Aqua boost β-glucan, hemicellulose, 

mineral, amylase, amino acid, 

pectinase 

0.5 Elanco 

Renuzyme β-glucan, amylase, lipase, 

Bacillus subtilis, protein fat 

0.5 Star Agro Product 

Enzyme vet β-glucan, hemicellulose, 

minerals, amylase, amino acid, 

pectinase 

0.5 Biocare 

Vitamins applied through feed 

Trade name Active ingredients Dose/Kg feed (g) Company 

Bio-C Vitamin C 2.0 Aquatech 

Vital-C Vitamin C premix 3.0 Navana 

Nutr-C Water soluble vitamin C premix 2.0 Nutriforti Ltd. 

Cevit aqua Vitamin C 1.0 Square 

BC mix B+C Vitamin (B & C) 2.5 Opsonin 

Revit -C Vitamin C 0.7 Opsonin Pharma 

Eskavit-C Vitamin C 2.0  SK+F 

Safe gut Vitamins & enzyme 2.0 SK+F 

Liverzyme vet Vitamin B1, B12 1.0 Golden Agrovet 

Panvit-aqua Liquid multivitamin- Vitamin (A, C, 

B1, B2) 

1.0 Square 
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Minerals 

Two minerals (DCP-Plus and DCP-Gold, off labeled) were detected as the most 

commonly used immunostimulants to increase the growth and protection against 

overall diseases in farmed fish as opined by the farmers. Calcium, phosphate, 

magnesium sulphate, trace elements and sodium chloride were the major active 

ingredients of these mineral products (Table 3). Price ranged from 52 to 70 BDT for 

each kilogram.   

Nucleic acids 

According to the retailers, nucleic acids were mentioned as a very important 

immunostimulants for fish because of various physiological and biochemicals 

functions. The listed nucleic acids (Han milk for fish and Krill meal) are described in 

Table 3 with active constituents as nucleic acid, vitamin, fat, asthaxanthin and omega 

enriched vitamins, fat and mineral components. Price varried from 135 to 390 

BDT/kilogram. Nucleic acids were applied by the farmers in general during fish 

transportation to avoid stress in fish.  

Enzymes 

Enzymes (Acmezyme, Autozyme, Rena-phytase, Saltose plus and Safe gut) were 

mainly applied with feed in fish by the farmers as a growth and immunity stimulator 

containing elements like Multi enzyme premix, enzymes, vitamins and probiotics 

(Table 3). Some enzyme products were found as quite expensive immunostimulants 

with maximum price of 1125 BDT/kilogram (Saltose plus) while few with reasonable 

price like Rena-phytase for 150 BDT/Kg. Krill meal, Acmezyme, Autozyme and 

Saltose plus were used as off-label immunostimulants.  

Plant extracts 

Only one type of immunostimulants from plant extracts was used by the fish farmers 

incorporated into the feed. The trade name was reported as Eskalina which is actually 

found as a rich source of safe and inexpensive chemical compounds as per the level 

of the product. The manufacturing company was SK-F and the major constituent of 

Vitamins applied in water 

Trade name Active ingredients Dose/L water (g) Company 

Vitax- BC Vitamin (C, B2, B5, B6, B12), 

Nicotinamide, Folic acid 

2.0 Eon 

C-plus premix Vitamin C 1.3 Agrovet 

Energy plus Vitamin C, Glucose 2.0 ACI 

Biomix-c Vitamin C 0.1  Techno 

Oralite Vitamin A 1.2 Opsonin 

Rena-C Vitamin C 0.2 Renata 

Glucolite Vitamin A 1.2 Acme 
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this immunostimulant was observed as organic spirulina (Arthrospira platensis). 

Farmer were usually getting this product with a price of 300 Tk/kg and were applying 

at a dose of 5g/kg in fish feed. 

Table 3. Minerals, Nucleic acids and Enzymes found in the study 

Vitamin-mineral premixes 

Eon fish grower, Revit ES, Orgal-p-plus, Vitatech, Provit super, Gamma organ, 

Megavit aqua, Chemovit DB and Eskalina were found as the commonly used 

Vitamin-mineral premixes. Vitamin A, Vitamin B, Vitamin C, Calcium, phosphate, 

Antioxidant, selenium, mineral, Vitamin-mineral premix, Amino acid and 

magnesium were found as the active ingredients. Revit ES, Orgal-p-plus, Chemovit 

DB were used as off-label immunostimulants among all the listed products. Most of 

the vitamin- mineral premixes products were applied in with feed following different 

dose (Table 4) excluding nutrigel (from SK+F) which was usually applied with water 

at (10 ml/Kilogram). Market price was widely varied from 120 BDT to 550 BDT for 

each kilogram. Revit ES, Orgal-p-plus, Chemovit DB were used as off-label 

immunostimulants.  

Categories Trade name Active ingredients Dose/Kg feed (g) Company 

Minerals DCP-Plus Mineral salts: Calcium, 

phosphate, magnesium 

sulphate, trace element 

- Opsonin 

 DCP-Gold Calcium, phosphate, 

magnesium sulphate, 

mineral (Fe, I, Cu, Zn, Co, 
Mn) sodium chloride 

- Confidence 

pharma Ltd. 

Nucleic acids Han milk for 

fish 

Nucleic acid, vitamin and 

fat 

-  Hanvet 

 Krill meal 

 

Asthaxanthin and omega 

enriched (protein, fat, 
mineral) 

2.0 ACI 

Enzymes Acmezyme Multi enzyme premix 0.5 ACME 

 Autozyme Multi enzyme premix 0.5 ACME 

 Rena-phytase Lysine, Isolysine, 

arginine, histidine, 

mineral, protein 

1.5 Renata 

 Saltose plus Enzyme & probiotics, 

Beta-xylanase, cell wall 

lyase, Bacillus group, 
enterococcus 

0.5 Opsonin 

 Safe gut Enzyme & Vitamins 2 SK+F 
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Table 4. Vitamin -Mineral Premixes from this study 

Trade name Active ingredients Dose/Kg feed (g)  Company 

Eon fish grower Vitamin mineral premix: Vitamin 

(E, D, E, K) Mineral, Calcium, 

Antioxidant 

3.0 EON 

Revit ES Vitamin & selenium 1.0 Opsonin 

Orgal-p-plus Vitamin & mineral 2.0 International 

Biologicals 

Vitatech Vitamin mineral premix: 

(vitamin A, B1, B2, B6, D, E) 

Niacin, calcium 

5.0  Aquatech 

Revit ES Vitamin & selenium 1.0 Opsonin 

Orgal-p-plus Vitamin & mineral 2.0 International 

Biologicals 

Megavit aqua Vitamin, mineral & amino acid 

(vitamin B1, B2, B6, B12, D, K, 

Biotin 

1.0 Elanco 

Chemovit 

DB 

Vitamin & mineral (Vitamin A, 

B complex, D, E) Zink, copper, 

iron, calcium carbonate 

3.0  Chemist 

Laboratory 

Eskalina Vitamin (B1, B2, B6) mineral 10.0  SK+F 

Frequent use of immunostimulants by the farmers  

More than 80% of the most frequently used immunostimulants were recorded as 

Megavit-aqua (88.75%), Multivitamin (87.5%), Aqua-boost (87.25%), Eskalina 

(83.25%) and Eon fish grower (82.5%). Even the lowest (43.75%) frequently used 

immunostimulant (Enzyme vet) was about half of the stated immunostimulant 

application (Figure 1).  Farmer from the study areas stated about the above-

mentioned immunostimulants in the farms for different health management purposes 

like to prevent skin and fin erosion of fish, to increase the survival rate and to reduce 

the mortality rate of fish to enhance the immunity of fish, to supply sufficient 

nutrients (vitamin and minerals) to avoid deficiency, and to control stress and disease 

in fish. 
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Figure 1. Most frequently used immunostimulants (%) by the farmers 

Effect of immunostimulants on fish health and diseases 

Majority of the interviewed farmers mentioned about improved health condition with 

lower average disease incidence (29.3%) in the farmed fish after using different 

immunostimulants. Before the use of immunostimulant, the highest disease incidence 

was found in Muktagacga (71.6%) and in Mymensingh Sadar (71.5%). However, 

after the use of immunostimulants, both of the areas had the lower disease events 

(28.5%) (Figure 2). Average 65% farmers mentioned that the mortality rate of their 

farmed fish reduced after using immunostimulants. Among four study areas, highest 

reduced mortality was recorded in Trishal (72.2%), while the lowest was in 

Mymensingh Sadar (58.6%) (Figure 3). Reduced mortality in fish experienced by the 

farmers might be due to the inefficiencies or inappropriate usage of a few 

immunostimulants from different companies.  

 

 

 

 

 

 

 

 

 

 

Figure 2. Disease incidence (%) changes upon the use of immunostimulants 
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Figure 3. Reduced mortality (%) due to immunostimulant application 

To achieve successful production, chemicals and drugs are commonly used in 

aquaculture of Bangladesh. It is a very common practice by the farmers with a view 

to maintaining good health, reduced pathogen susceptibility and stress. However, it 

may impose multiple adverse impacts on the organisms and the environment onwards 

which is urging us to think about the emerging impact issues and respective 

solutions. Immunostimulants and nucleotides have such a potential to reduce 

susceptibility to various stressors and diseases as well as to enhance the overall health 

of fish (Ringo et al., 2012). Different types of immunostimulants are used in the fish 

farming of Bangladesh but not well documented. All the above-mentioned 

immunostimulants are classified based on their major constituents, although 

immunostimulants can also be classified based on the origin and mode of action 

(Labh and Shakya, 2014) under the groups like synthetic chemical agents, bacterial 

products, polysaccharides (complex carbohydrates), animal or plant extracts, 

vaccines (antigens and adjuvant), immunoenhancing drugs, nutritional factors and 

cytokines (Barman et al., 2013; Vijayan et al., 2017, Shahbazi and Bolhassani, 2016). 

In a recent review article about the application of immunostimulants in aquaculture, 

the author also mentioned about the major immunostimulant classes as 

polysaccharides, nutrients, oligosaccharides, herbs, antibacterial peptides and 

microorganisms (Wang et al., 2017). 

In this study, it was found that several glucan products were found commercially 

available and were used in fish farms. It has been found that, a majority of the 

immunostimulants have come from bacterial derivatives including the main 

constituents as β-glucan which is a promising stimulators of non-specific defense 

mechanism in fish. β-glucan is found as a homopolysaccharide of glucose molecule 
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linked by the glycoside bond. It forms the major constituents of cell wall of some 

plants, fungi, bacteria, mushroom, yeast, and seaweeds. Research has also been 

reported that β-glucan dosages, quality, route, and time of administration and 

duration of treatments can play a significant role in enhancing the growth, survival, 

and immunity  (Meena et al., 2013). Enhanced immunity in fish can be ensured 

through effective defense mechanism includes lysozyme activity, phagocyte activity, 

complement activity and bactericidal activity of macrophages (Gantner et al., 2003; 

Herre et al., 2004; Raa, 2000). The present study, farmers stated that they have got 

remarkable positive impacts on fish health (reduced disease incidence) due to the use 

of vitamins in their farms compared to the other immunostimulants. It might because 

of the essential role of vitamins on fish physiology including growth, resistance to 

infections, wound healing, response to stressors and possibly lipid metabolism. In 

addition, Vitamin C is a co-factor in many biological processes including collagen 

synthesis and cellular functions related to neuromodulation, hormone and immune 

systems (Mastan, 2015). Ultimately, the use of different types of immunostimulants 

is becoming an effective means to increase the immune competency and disease 

resistance in both fish and shellfish cultures.  But the lack of knowledge among 

farmers about the selection and application of these immunostimulatory products has 

been identified as a remarkable problem in this study. 

CONCLUSION 

Immunostimulants has been emerging as the most promising prophylactic treatment 

for the farmed fish. These days, the use of immunostimulants in aquaculture has 

become an immense potential, but series of focused research is necessary to 

capitalize on this issue. The present study has been performed only as a baseline field 

investigation based on the farmers’ perception and experiences regarding the use of 

immunostimulants in Mymensingh district. To get a holistic picture on this aspect in 

aquaculture, further in-depth and detailed research work should be conducted to find 

out the efficacy, actual composition and appropriate method of administration for 

aquaculture immunostimulants in greater Mymensingh as well as in Bangladesh.  
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ABSTRACT 

The role of Information Communication and Technology (ICT) is yet to be 
fully realized to receive its full potential benefits in agricultural information 
dissemination services. The present study is undertaken to enhance 
agricultural knowledge and minimize the information gaps between 
farmers’ needs and new technologies. It reviews recent ICT initiatives in 
agriculture and farmers access to agricultural information services in 
Bangladesh. The role of ICT on farmers enhanced agricultural production 
is also discussed in the paper. The current research proves that 
agriculture information is not only for libraries, research stations, and 
national and international agricultural database. Agriculture information 
services are to be provided by the Government, NGO, private 
organizations, agricultural research organizations, and advisory centers. 
The data were collected from questionnaire and interviews and they 
were coded, decoded, and interpreted in descriptive statistics through 
tables, graphs, and chart. The findings were arranged in separate 
sections with respective manners. This study contributes to the field of 
agricultural information dissemination systems of Bangladesh. It 
significantly elicits strong relationship between the use of ICT and 
farmers’ enhanced production led income. It was concluded with 
recommendations for the information providers, researchers, policy 
makers, and stakeholders for making extension services more effective.  
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Dissemination system. 

                                                           
* Corresponding author: susmitabarc@gmail.com 

 

Received: 14.10.2020  Accepted: 25.03.2021 

mailto:susmitabarc@gmail.com


250 Das et al. 

INTRODUCTION 

Bangladesh is blessed with positive agro-economic conditions of agriculture for 

growing a number of crops. However, the cultivation, the processing and the 

marketing of agricultural products are hampered to some extent due to the non-

availability of right information at the right time to the farmers from a reliable source 

at the community level. Once upon a time, agriculture information was confined to 

libraries, research stations, and national and international agricultural database. 

Therefore, it is noticed that farmers’ access to getting proper information on 

agriculture, packaging and dissemination of knowledge generated by the researchers 

and lastly farmers’ affordability of receiving that information are main obstacles to 

booster agricultural productivity in Bangladesh. The major objective of the present 

study is to examine the strategies of extension service providers to meet information 

needs of the farmers at all levels in Bangladesh.  

Warren (2002) coined the acronym ICT (Information and Communication 

Technologies) and meant those technologies for the multitude of stand including 

telephone, television, video, voice information systems, and fax. Information 

Communication and Technology (ICT) is presently being used in developing 

agricultural programs. ICTs have the potential strategies to reduce the gap of 

information availability, irretrievability communication among the farmers. The 

current study was undertaken with a view that ICTs could play a significant role in 

establishing the strategies of extension policy as well as enhancing the agricultural 

production and by connecting with the available and verifiable authentic sources of 

data, information and knowledge. The prosperous farming system can be well 

established through using data. Realizing the potential of ICT, the study results 

would show that ICT can trace the agricultural knowledge delivery systems and 

farmers’ information needs in Bangladesh and identify the gaps to minimize the 

information gap between farmers’ needs and new technologies.  

The agricultural information service agents of Bangladesh are apparently involved in 

introducing agricultural information services based on farmers’ specific needs. The 

Government, NGOs, private organizations, agricultural research organizations and 

advisory centers comprise these information service providers. Some government 

bodies like Department of Agricultural Extension (DAE), Department of Livestock 

Service (DLS), Department of Fisheries (DoF), Agricultural Information Service 

(AIS), National Agricultural Research System (NARS), concerned ministries and 

also some other non-government organizations have been providing agricultural 

information the farmers of Bangladesh in various modes both in print and electronic 

ways.  

Agricultural information delivery services are accelerated by use of different ICT 

tools. Some studies related to those services are reviewed here for identifying the 

effective benefits of ICTs in agricultural information services. Agricultural 

information matters much in agricultural knowledge being interacted with farmers 
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and it influences agricultural productivity in various ways. Farmers are much 

benefitted by agricultural information in taking right decision about land, labour, seed 

variety, fertilizer, capital and farm management and many other things. Demiryurek 

et al. (2008) illustrates that agricultural productivity can be arguably improved by 

relevant, reliable and useful information and knowledge. Relevant evidence shows 

that ICTs have easier access to agricultural development to the standard of the 

livelihood of the farmers. Computers, internet, mobile phone, traditional media such 

as radio and TV comprise the study of the ICTs.   

In the study conducted by Islam and Islam (2008), it is evident that the use of ICT 

has become increasingly an integrated and important part of farmers’ information 

needs all over the world. In developing countries, Information and Communication 

Technologies are the data transferring media of agricultural information. Rao (2007) 

points out that these developing countries are connected with the developed countries 

and are getting the latest information and technologies in the fields of weather, 

natural resources and other related information. Mannan and Bose (1998) remark that 

ICTs have a key role in agro-food sectors to render a fast information and knowledge 

about agriculture in the world.  Ekbia and Evans, 2009; Ommani and Chizari (2008) 

rightly utter that different ICT tools such as mobile phone, radio, television, and 

internet have the facilities to transfer related and rightly information that helps a 

farmer take right decisions to use resources in the most productive and profitable 

way. ICTs have played a very effective role in agricultural development and in 

decision making of farmer communities in different countries (Cash, 2001; Galloway 

and Mochrie, 2005; Opara, 2008; Taragola and Van Lierde, 2010). Herselman (2003) 

is in the opinion that technologies are the real source of information and knowledge 

for farmers and thus these reduce the distance among different communities of the 

world. Birkhaeuser, Evenson, and Feder (1991) have opined that ICTs have brought 

significant changes in agricultural development and transferring information and 

knowledge through various technologies among farmers.   

MATERIALS AND METHODS 

To collect the data, few instruments like questionnaire, interviews and field visit were 

conducted in the study. For secondary data, the researchers searched literature such 

as journal publications, books, reports, online papers and dissertations on the use of 

ICT addressing the farmers’ information needs in respect of agricultural production. 

The main instrument was questionnaire. The research employed two different sets of 

questionnaires-one set for the farmers involved in using ICT tools in farming and 

other set for the farmers involved in farming with traditional instruments. The study 

also used formal and informal interviews for data collection. Random sampling was 

used in the study. Selected villages representing different agro-ecological zones of 

the country were chosen for the study. All villages included in the survey were 

absolutely farm based livelihood. 
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The surveyed areas comprise of two distinct types of locations based on department 

sponsored ICT initiatives and other without any such initiative. The first type consists 

of Agricultural Information and Communication Centers (AICC), Farmers 

Information Advisory Centers (FIAC), audio programs, television programs, mobile 

services. Other surveyed area comprises of traditional farmers who are not involved 

within service area with ICT based initiatives. The ICT service area covers 58.8% 

whereas non-ICT 41.2% of the data. The study area comprises of two category 

respondents. Farmers of ICT based service areas use ICT tools like radio, television, 

mobile phone, e-mail etc. These sorts of respondents were introduced as ICT oriented 

farmers. The other type of respondents is the farmers who not involved in activities 

of those services.  

RESULTS AND DISCUSSION 

The data of the present study were analyzed with traditional statistical means. The 

interpreted data showed how the uses of ICT tools would influence the extension 

activities through applying ICT tools in delivering information delivery services. The 

cumulated results indicated meeting the importance the farmers’ information needs 

for generating proper extension strategies.  The formal analysis was performed to 

investigate respondents’ proper access to and utilization of agricultural information 

for the purpose of increasing various agricultural products. Farmers’ category in 

accordance of their land possession was illustrated in another part.  

The study further showed how many farmers use ICT tools such as radio, television, 

mobile phone and computers. The purpose of using such devices in retrieving 

farming related information was measured in the analysis description portion. A list 

of farmers’ sources of information media for agricultural programs was analyzed. 

The farmers were interviewed why they kept mobile radios. The results of the 

collected data distinguished the annual income of the two types of respondents- ICT 

based farmers and non-ICT based farmers. The popularity and effective usefulness of 

agricultural technologies were calculated in the last part of the analysis.    

ICT tools such as radio, television, mobile, computer and internet are thought to be 

the best means of communication. These tools play a vital role in making agriculture 

more efficient and effective. These tools are highly related to e-agriculture and proper 

application of these tools can make the way to delivering best information for the 

marginal farmers. Radio, television, mobile, computer and internet are mostly used in 

the ICT service areas. Television is a common ICT tool available in almost every 

house of all farmers. Computer is the information source to be used by the digital 

farmers. Now mobile phone is the easy and the quickest means of ICT tools. Radio is 

one of the commonest ICT tools used in agriculture information. All the four tools 

are equally used everywhere by the farmers in the same areas. The use and holding of 

ICT tools differ from area to area.   
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The farm category of ICT using farmers is different from that of ICT not using 

farmers. The large farm category in ICT service area is little more than that of non-

ICT service area. The five farm categories are traced in both groups of farmers. 

 

Figure 1. Farm category of respondents 

The survey result indicates that in ICT service area, small farmers represent 46.32% 

of the total respondents. The number of landless farmers is proportionately less 

(3.25%) in ICT service area. The marginal category of farm is more (37.95%) in the 

ICT service area. The aggregation of farmers of small and marginal farm category is 

84.27%. So, it is notice that this category dominates all other categories in the service 

area. 

Table 1. Frequency distribution of ICT tools by service area 

Assets 

Service Area 

ICT Non-ICT Total 

No. % No. % No. % 

Radio 
No 620 47.00 655 20.00 1275 64.07 

Yes 550 53.00 165 80.00 715 35.93 

Mobile 
No 35 3.00 205 25.00 240 12.06 

Yes 1135 97.00 615 75.00 1750 87.94 

Television 
No 468 40.00 492 40.00 960 48.24 

Yes 702 60.00 328 60.00 1030 51.76 

Computer 
No 770 65.81 730 89.02 1500 75.38 

Yes 400 34.19 90 10.98 490 24.62 

The table (1) shows the frequency and the percent of ICT tools used by the farmer 

respondents in the two service areas. 93.22% farmers have at least one set of mobile 

phone. Of the total respondents, 61.46% farmers belong to ICT and 38.54% farmers 
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to non-ICT service areas. 97% farmers of the ICT service areas hold mobile phone. 

Television occupies the second position and 60% farmers of ICT and non-ICT 

service areas have at least one set of television. It is notice that the number of 

computer and radio using farmers is less than the farmers who watch television and 

use mobile phone. However, the computer using farmers are less than radio listening 

farmers. Out of the total farmers, 35.93% farmers have radio sets and they listen to 

the tool for current information and 24.62% have access to computers to watch video 

documentary. The researcher got an important message from the survey that more 

farmers from the ICT service areas use these four ICT tools. This section describes 

the sources of information from different ICT tools. It analyses access to television, 

and farmers’ favorite television programs with channels. Its different subtitles 

describe different technologies, access to mobile phone, purpose of using mobile 

phone, access to radio, radio listener with their station and programs along with 

weather forecast, crop variety selection.  

Different ICT based information services have emerged to all farmers in many ways. 

The farmers skilled with ICT tools learnt many technologies from those centers 

practically. Institutional learning and knowledge inherent in them were blended into 

some resultant technologies that the farmers can use in cultivation. Of them, method 

of different natural manure was found the most learnt technology.  

 

Figure 2. Technologies learnt from ICT based services 

The figure 2 shows that method of making different organic fertilizer is the 

technology (30.8%) that the farmers have learnt from the ICT based service centers. 

The less-learnt technology 2.06% is using the leaf colour chart (This relates plant leaf 

colour into plant nutrient status). It is noticed that about 24.32% of the ICT based 

farmers learnt the different types of pest management like IPM and ICM from ICT 

based service centers. They have learnt about the uses of agricultural machinery. 

There are some other technologies that the farmers learnt proportionately such as 

making improved seed bed 11.38%, managing proper fertilizer 13.63%.  
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Table 2. Frequency distribution of television programs by service area 

Television Program 

Service Area 

ICT Non-ICT Total 

No. % No. % No. % 

News 870 74.36 580 70.73 1450 72.86 

Movies 80 6.84 135 16.46 215 10.80 

Agricultural Programs 200 17.09 75 9.15 275 13.82 

Others 20 1.71 30 3.66 50 2.52 

Total 1170 100.00 820 100.00 1990 100.00 

=71.54, Sig=0.00 

Table 2 shows that about 70.73% of non- ICT farmers listen to news whereas 74.36% 

respondents of the ICT area do the same. Agricultural programs are watched by about 

17% ICT farmers and 9.15% non-ICT farmers. It is proved that ICT farmers are more 

conscious in watching agricultural programs than non-ICT based farmers. Movies are 

watched by 16.46% non-ICT farmers and 6.84% ICT farmers. Farmers watch TV for 

other purposes too. Service area also affects watching TV. ICT farmers watch 

agricultural programs on TV regularly more than those of non-ICT service area.  

In the past, radio was the only common source of entertainment for the rural people 

when TV set was very expensive for them. In the early twentieth century TV 

occupied its place. However, very recently Band radios with FM, community and 

Krishi radios have become more popular among the farmer society. Mobile radio is 

another addition to easy and cheap access to information and entertainment world.  

Farmers’ radio listening period varies from one service area to another. Famers of 

some area listen to radio for longer and some for shorter. Listening time is divided 

into three periods 1–10-year, 10-20 year and 20-30 year. Here the ICT farmers are 

regarded as long-time radio listener. 

Table 3. Frequency distribution of radio listening by service area 

Listening 

Period 

Service Area 

ICT Non-ICT Total 

No. % No. % No. % 

01-10 years 273 66.59 137 33.41 410 100 

10-20 years 251 89.96 28 10.04 279 100 

20-30 years 26 100.00 0 0.00 26 100 

Total 550 76.92 165 23.08 715 100 

=59.21, Sig. = 0.000 
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Table 3 shows the relationship between farmers’ listening period (radio) and the 

service area. 36% of the total respondents listen to radios whereas 28% of the ICT 

based farmers do the same. 66.58% of the ICT and 34% of the non-ICT based 

farmers listen to radio programs for one to ten years. 38.18% ICT based farmers of 

the total respondents (listening radio) listen to radio for this period. This is the 

highest percentage of radio listening farmers. For 10 to 20 years, radio is listened to 

by 90% of the ICT and 10% of the non-ICT based farmers. This group is the second 

highest radio listening group of respondents. However, 30 to 40 years of listening 

radio is done by 5% of only ICT based farmers.  

It is also shown in the table that the ICT based farmers are more alert and thus their 

listening period is longer than any other age group. Here the relationship between 

farmers’ period of listening radio program and the service area is highly significant as 

Chi-square is 59.21 (P<0.05). 

Farmers of two groups listen to different radio at different degrees of times. 

Bangladesh Betar, FM Radio, Regional Radios and Community Radios are listened 

to by the farmers for amusement, recreation and agricultural activities. Among these 

stations, they prefer Bangladesh Betar for the reason that the station is available to 

them and its frequency is smooth and after all, they are habituated to listening 

Bangladesh Beter. 

ICT centers cater different services to farmers. The centers provide the farmers with 

many up-to-date services. The services are assessed by the farmers. Some farmers are 

satisfied with the services but some are not at all. They are up to the satisfaction level 

as those services have been able to meet the farmers’ agricultural problems. In 

addition, those who are up to the mark of satisfaction with the services think that 

there is a fault either in their assessment or the centers are weak enough to cater them 

with their expected services with adequate content, timely flow of information etc. 

 

Figure 3. Evaluation of different ICT services 

The figure justifies the evaluation of different ICT based services determined by the 

farmers. About 51% of the respondent farmers within ICT based service area pointed 

out that these services rendered by the ICT based initiatives are good, 28% expressed 
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that those services are very good to them and only one percent farmers did not feel 

good about the services. But the farmers who thought the services are neither good 

nor bad are made of about 20% of the total respondents.   The result is bended 

forward more than half of the total respondents who think the ICT based services are 

really good.  

 

Figure 4. Reasons of upgrading ICT service centers 

For the reasons of upgrading ICT service centers shown in the figure 4 above, the 

respondents conspicuously expressed some opinions. The ICT centers are thought to 

be upgraded for the ICT tools need to be modern. The slow speed internet and 

infrastructure development are main barriers behind this reason of up-gradation. 

About 83.12% of the farmers think that the centers should be upgraded by the 

authority but about 16.88% of the respondents are not feel interested in upgrading the 

ICT centers. The result indicates that the real picture of maximum dissatisfaction 

about the modernization of the ICT based service centers. It means that maximum 

farmers are in the opinion for up grading the centers.  

CONCLUSION 

The study investigated the effective uses of ICT tools in agricultural extension 

delivery services. The survey indicates different uses of ICT tools in different service 

areas. The results proves that effective extension activities are important to ensure 

demand driven services. Farmers’ positive attitude indicated more utilization of 

digital tools. The comparative study clarifies that effective use of ICT tools can help 

farmers get extension services more quickly than the traditional sources. The study 

results focus on the spread and development of technology supported by ICT tools 

for solving farming constraints. The experiences of ICT services through establishing 

ICT based centers show better benefit to the farmers. The appropriate extension 

policy should be in place to appreciate the strength of ICT. The agriculture ministry 

needs to equip extension workers with ICT tools to provide services to farmers’ 

doorsteps. Finally, development agencies including research need to develop location 
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specific farming practices for achieving the sustainable development goals and zero 

hungers. 
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ABSTRACT 

The study was conducted in Nawalpur district of Nepal to assess status 
of on-farm management and associated knowledge of agrobiodiversity. 
Further, this study identified the farmers perception and their local 
interventions in on-farm agrobiodiversity conservation and management. 
The snowball and simple random sampling technique were used to 
identify the farmers practicing on-farm management and those who do 
not respectively. The pretested questionnaire was administered to 100 
farmers of two villages, 50 from each village, from 2

nd
 to 5

th
 March 2018. 

Descriptive and analytical statistical tools were used to determine and 
compare the factors associated with on-farm management of 
agrobiodiversity. The study revealed that out of 98.0% of the 
respondents practicing on-farm management, almost all had home 
garden followed by 74.50% involved in value addition, 59.20% agro-
diversity fair, 55.10% Community Biodiversity Management (CBM) and 
36.10% travelling seminar. There was a significant relation between the 
type of the farming system and CBM (at p 0.00), travelling seminar (at p 
0.043) and value addition (at p 0.036). The majority of respondents were 
commercial farmers, they sell what they produce for livelihood, and were 
practicing on-farm management of agrobiodiversity. Different means of 
information were used, where major being the information given by the 
respondents. Lack of government’s technical support and information on 
Community based Biodiversity Management (CBD), were the major 
reasons for farmers for not being able to acquaint with it, and practice it 
on local conditions. Proper training and awareness, agricultural 
promotion programs are the absolute imperative to improve on-farm 
agrobiodiversity conservation and management status. 

Keywords: Agro-biodiversity, Climate smart village, In-situ 

conservation, On-farm management. 
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INTRODUCTION 

Nepal predominantly being an agrarian country, agriculture is the mainstay of 

Nepalese economy, where agriculture share in national GDP is about 27.10% 

(MoALD, 2019). It is evident that, Nepal is blessed with large diversity of local crop 

varieties that have capacity of adapt into the their local conditions, and tolerate stress 

of biotic as well as abiotic nature  (Joshi and Upadhya, 2019). Such diversity of crops 

is being maintained by farmers since long time ago by planting the seed, selection of 

harvest and exchanging it with other farmers, and replanting them. Unfortunately, 

due to evolving modern and hybrid varieties of crops, such local diversity is being 

replaced in present days. In such pretext, since 1995, on-farm conservation and 

management of  local diversity has been practiced by farmers of Nepal (Joshi and 

Upadhya, 2019).  Agricultural biodiversity being a sub-set of general biodiversity 

(CBD, 2008), constitutes genetic resources for food and agriculture that includes 

domesticated and non-domesticated  crop varieties, breeds of livestock and species of 

fishes, resources found within field, forest and range land; and non-harvested species 

and production ecosystems such as soil micro-biota, pollinators, agricultural, 

pastoral, forest and aquatic ecosystems (FAO, 2004). Methods that can be adopted 

for conserving food and agriculture genetic resources are in-situ (on-farm), in its 

place of origin and ex-situ (off-site), outside the origin place (Joshi et al., 2017). On-

farm (in-situ) conservation is the process in which plant and native wild relatives are 

conserved in their very place, where they were originated and developed present day 

characteristics.  It can be defined as the choice by farmers to continue managing 

agricultural biodiversity in their communities, in the agro-ecosystems, where the 

agricultural biodiversity has historically evolved through human and natural selection 

process (Bellon, 1991). The use of agricultural biodiversity can contribute to food 

security, nutrition security and livelihood security (Frison et al., 2011) 

Although, agriculture remains as the basis of livelihood and backbone of national 

economy, all kinds of biodiversity relating to food and agriculture are threatened, 

while, several losses of agricultural biodiversity are irreversible, with serious 

negative consequences on environment and livelihoods of people. In this very 

context, one of the best solutions is conservation of agro-biodiversity on farm, that 

allows these materials to conserve and make available for crop production. Therefore, 

this study was conducted to assess the farmers’ knowledge, associated practices and 

status of on-farm management of agrobiodiversity in Nawalpur district of Nepal. 

MATERIALS AND METHODS 

The study was conducted in Nawalpur district of Gandaki province of Nepal. Since 

the study was to interview farmers for assessing the agrobiodiversity management 

and conservation on-farm, of two climate smart villages namely Rajahar (Devchuli 

Municipality) and Agyouli (Kawasoti Municipality) of Nawalpur district were 

purposively selected for the study. The district is located in 27.6498°N and 
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83.8897°E. Farmers of the two climate smart villages were selected purposively, and 

snow ball sampling technique was used to select the progressive farmers. The total 

number of 100 farmers were selected from two villages, Rajahar and Agyouli. 

Primary data were collected by face-to-face interview from farmers during 2
nd

 to 15
th
 

March 2018, pretested semi-structured questionnaire was used during the interview. 

Data on farmers knowledge, practices and measures taken at local level to conserve 

agro-diversity were taken during the study. Farmers perception about on-farm 

management, and status of on-farm management were also recorded by interviewing 

them. These data were supplemented by the information obtained through the 

secondary source of information (Published journals, articles, Bulletins, etc), and 

validated by Focused Group Discussion and Key Informant Interview. Data analysis 

and various comparisons were made to obtain results. The data were entered in 

Microsoft Excel, SPSS (version 23) and analysis was done by using SPSS. Both 

descriptive and analytical analysis were done. Mean, Median, Frequencies and 

Standard deviation were used for the descriptive analysis, whereas Chi-square test, 

regression and binary logistic were used for analytical statistics. 

RESULTS AND DISCUSSION 

Know-how of on-farm management 

According to the survey conducted, 98% of the respondents had known and practiced 

on-farm conservation and 2% of them were unknown and had not practiced it (Fig. 

1). The reasons for more respondents having knowledge about on-farm management 

and adopting the methods in their local condition is due to outreach programs like 

FFT (Farmers Field Trial), Mini-kit demonstrations, Transfer of Technology (TOT) 

by LI-BIRD and NARC. Almost 100% farmers in the study area asserted that LI-

BIRD was the principal organization providing training and technical know-how on 

the subject matter to them.  

 

           Figure 1. Respondents know how of the on-farm management 

98% 

2% 

Yes 

No 
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Farmers have been conserving the agricultural resources for centuries, they have been 

planting the same seed that is being already used since long time, which has 

conserved and maintained genetic diversity at farmers’ level (Joshi and Upadhya, 

2019). It is only after mid-nineties, farmers were doing the same thing with more 

systematically and scientifically, with the support of key role players like LI-BIRD, 

NARC, FORWARD Nepal, etc. There are more than fourteen organizations working 

on on-farm conservation and management, and has spread over 77 districts through 

direct, partnership and joint presence. They have got numerous different approaches 

developed and implemented along with different supporting programs. Among these 

organizations, LI-BIRD and NARC are some notable organizations performing on-

farm conservation strategies by conserving, managing and utilizing agrobiodiversity 

(Joshi and Upadhya, 2019). Sustainable management of agrobiodiversity has been 

found instrumental through effective intuitional mechanism of multi-stakeholder 

partnership approach.  

Reasons for practicing on-farm management 

From response given by the respondents, 99% of the respondents told that, economic 

benefits were the reason for practicing on-farm management, 55.10% for social 

benefits, 77.60% for genetic and 41.80% for ecological benefits (Fig. 2).   

 

Figure 2. Reasons for on-farm conservation adoption 

The farmers stated that, the economic benefits derived were due to production of 

local crop cultivars that supports food needs of their family (99%). 87.6% of farmers 

were benefitted by direct selling of their produce in market (Figure 3). In addition to 

this, conserving the already used cultivars of crops has helped them saving thousands 

of rupees, which would otherwise be spent on purchasing seeds from the market. The 

farmers also responded with different associated social, genetic and ecological 

benefits of conserving and managing the local diversity on their local conditions as in 

figure 3. Among the social benefits obtained by the respondents, conservation of 

traditional varieties and conservation of Indigenous Knowledge (IK) accounted for 

99.00% 
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94.5%. While, increase in social status and use in social rituals were responses of 

27.30% and 18.20% of farmers respectively (Fig. 3). 

 

Figure 3. Different economic, social, genetic and ecological benefits derived 

Similarly, out of 77.6% of respondents who figured genetic benefits made them 

practice on-farm management of agriculture diversity, 96% of them found access to 

local varieties and cultivars as direct genetic benefit. Recording of local varieties and 

cultivars and protection from genetic loses were advantages as told by 78.70% and 

53.30% of farmers (Figure 3). The farmers who responded with ecological benefits 

found that, soil structure amelioration (95.20% farmers), pollution reduction (76.20% 

farmers) and disease pest management (42.90% farmers) by conserving and 

managing local diversity on-farm as in Figure 3.                     

Sthapit et al. (2006), found that management of agrobiodiversity on-farm has 

economic, social, genetic and ecological benefits associated with it. There are two 

options specifically to consider in adding benefits; the first through participatory 

plant breeding, that provides improved quality, disease resistance, high yield, better 

taste, and other preferred traits obtained through seed systems and farmers selection 

(Sthapit et al., 2006). The second through public awareness, marketing and incentives 

program, that includes value addition of local crop diversity that makes the demand 

of crop and their product surge upwards. Socioeconomic factors like wealth, 

education status of decision makers, land holdings, number of livestock reared, type 

of farming system holds degree of management interventions at household level 

according to Gauchan et al. (2003).                               
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These diverse options of benefits cannot be achieved unless the local capacities of 

farmers are recognized and valued. In addition to this, they need to brought into the 

mainstream of decision making and intervention programs by the concerned 

institutions and authorities. These players ought to take up the responsibility of 

monitoring local crop diversity after conservational and managerial interventions.  

Land holding of the respondents and on-farm management practice year 

duration 

From the study it was found that average land holding of the respondent was 0.36 ha, 

and maximum and minimum was found to be 2 ha and 0.03 ha respectively (Table 1). 

Increasing fragmentation, de-intensification and abandonment of agriculture fields, 

conversion of agriculture land to settlements, double ownership structure and unclear 

land tenure rights, and a large landless population are other major problems having to 

do with land management in Nepal (Paudel et al., 2013). 

Table 1.  Average land holding of the household and time duration of practicing on-

far management 

 N Minimum Maximum Mean 

Self-cultivated area 100 0.0300 2.0000 0.362626 

For how long have you 

been practicing on-farm 

100 1(years) 5(years) 3.09(years} 

About 14.7% of land in Nepal is arable (Worldbank, 2016), which is only is 0.81 

square kilometers arable land for 1000 people, which is very low when compared 

with the neighboring countries (Worldstat, 2020). In addition, there are many 

challenges pertaining to land management, and this has resulted to national average 

land holding of 0.68 ha (Pandey and Basnet, 2018)     

Also, the table shows 3.09 years as the average time duration that farmers have been 

practicing on-farm management. The maximum and minimum years were found to 

be 5 and 1 year respectively. The agrobiodiversity, despite being a panoply of 

diversity for food and agriculture, has been only conserved and managed by the 

farming communities in the past. Having the history dating back to centuries ago, in 

conservation of local biodiversity, systematic conservation and management of 

agricultural biodiversity in Nepal has been initiated only after the establishment of 

National Agriculture Genetic Resource Centre (NARGC) in 2010 (Joshi and 

Upadhya, 2019).  

Practiced on-farm management method 

According the farmers interviewed (Fig. 4), all of them were practicing home garden 

followed by 74.50% practicing value addition, and none of the farmers were 

practicing Community Biodiversity Registration (CBR).  55.10% of the farmers were 
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found to be practicing Community Biodiversity Management (CBM), 36.70% 

travelling seminar, and 59.20% of the respondents were found to be involved in 

diversity fair as a measure of on-farm management. 

 

Figure 4. Different on-farm management methods practiced by the respondents 

Crop genetic resources can only be managed through the concerted effort of natural 

and human managed processes. Natural processes such as environmental and 

biological, and human-managed that is socioeconomic factors, tend to influence the 

selection and maintenance of the crop cultivar at any time in any farming situation 

(Jarvis and Hodgkin, 2000). Human managed process either formal or informal are 

accountable for conserving, increasing or decreasing and modifying the genetics of 

the crop diversity on-farm. 

A three steps conservation ladder is promoted in Nepal; local, national and 

international level for sustainable conservation of local diversity (Joshi et al., 2017a). 

There are 14 different methods developed for on-farm conservation, which in fact it 

self the local level intervention. Among those 14 methods the most common and 

mostly practiced are community seed bank and community gene bank (Joshi and 

Upadhya, 2019).  According to Sthapit et al. (2006), in a study conducted in Kaski 

district of Nepal, numerous conservation and utilization practices like community 

biodiversity register, seed bank, diversity block, diversity fairs, production and 

marketing of local crop seeds and adding value by processing and marketing the local 

crop products are being fully institutionalized.  

Binary logistic of effect of ethnicity, education and gender on different methods 

of on-farm management 

According to interviewees, gender and literacy are highly related with the type of 

method practiced for on-farm agrobiodiversity management. The elite groups were 

practicing almost every and either method of on-farm biodiversity management, 
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while illiterate group of people were found reluctant towards biodiversity 

conservation and management. The role of gender in agriculture was found to be 

differing with the task involved. In more laborious work, males were dominant while 

females were found be involved more in less demanding work. 

According to study, 75.5% of the elite groups were practicing CBM. The role of 

ethnicity was found significantly affecting CBM with p value 0.04 which is less than 

0.05 (Table 2). While other independent variables (gender and education) do not have 

any significant role on above measures of on-farm management.  

Table 2. Effect of ethnicity, education and gender on different methods of on-farm 

management 

Factors affecting CBM Travelling 

Seminar 

Value 

Addition 

Diversity fair Home Garden 

Ethnicity (elite=1)  0.18 (-1.67) 1.316 (0.27) 1.30 (0.26) 1.85 (0.61) 39599824.85 (17.49) 

Education 

(Illiterate=1)  

0.00 (-21.06) 1.83 (0.604) 10.90 (2.38) 0.42 (-0.86) 0.00 (-18.74) 

Gender  1.81 (0.59) 0.67 (-0.39) 1.66 (0.50) 0.78 (-0.24) 3055662.41 (17.23) 

Constant  1.68 (0.52) 2.84 (1.04)  0.51 (-0.66) 1.37 (0.31) 0.00 (-33.26) 

Model X2 15.174* 2.089 6.559 3.62 8.472 

Negelkerke’s R2 0.207 0.031 0.102 0.053 0.468* 

% Correct 66.7 64.4 75.6 65.6 97.8 

Note: * represents significant at probability level 5% 

Agrobiodiversity has an important role to play in livelihood and traditional culture of 

the farmers of the particular region. It functions to provide direct beneficial products 

to human, regulates climate and environment, forms unique culture within farming 

communities and many other unnoticed functions (Schen et al., 2017). A study on 

gender and the environment highlights that women are denied equal access and 

control over the natural resources, including agrobiodiversity management (Bhattarai 

et al., 2015).  

CONCLUSION 

The study was conducted to assess the farmers practice and knowledge associated to 

on-farm conservation and management of the agricultural biodiversity. The study 

revealed that the majority of the respondents were commercial farmers, whose main 

occupation was found to be the agriculture, and they were practicing on-farm 

management of agro-biodiversity in their local conditions for varied reasons like 

social, economic, genetic and ecological gains. The method of on-farm management 

was found varying within farmers, the most practiced being the home garden 

followed by value addition. The study also unveiled that majority of the on-farm 
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practitioners had higher education, and had attended some sort of training from 

different institutions, that were supporting local communities with different means, 

for promotion of on-farm management and conservation of the agricultural diversity. 

It is imperative to understand the scientific basis of on-farm conservation and 

management of crop genetic resources, for maintaining genetic diversity, and for 

their economic, sociocultural, genetic and ecological values, which in other hand aids 

to formulate development and national research policies for poverty alleviation, food 

security and sustainable climate resilient agriculture. In this regard, prioritizing the 

local products and supporting different activities are imperative to encourage farmers 

for continuation of local diversity. 
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ABSTRACT 

Capacity needs assessment (CNA) is a procedure of assessing genuine 
existing capacity gaps within group members concerning knowledge, skills, 
strengths, weaknesses, opportunities, threats, assets, and supplementary 
elements obligatory for them to accomplish the pre-specified objectives. This 
study was undertaken to evaluate the existing capacity gaps among 
agroforestry researchers’ group through a closed and structured 
questionnaire with the six different topics consisting 24 different indicators to 
evaluate the existing capacity gaps among 30 participants involved with 
agroforestry research from different universities and the National Agricultural 
Research Institutes using MS Excel data schoring sheets during November 
2018 to February 2019. The study focuses different functional capacity, like, 
capacity to navigate the complexity, collaboration, learning and reflection, 
engage in strategic and political processes. Age, sex, education, and 
occupation were the independent variables used for functional capacities. 
Among all the age groups, above 55 years old agroforestry researchers 
secured the highest score in most of the topics. Based on the analysis of the 
scores, the existence of opportunities to better know each other and improve 
collaboration recorded the highest score (2.59) which considered the major 
capacity strengths, and understanding of knowledge flows recorded the 
lowest score (1.65), which was major capacity weaknesses of the niche, 
individually. Within them, females participant reported greater responsible 
leadership and more cooperative among each other. This research 
concluded that agroforestry researchers need strong collaboration and well 
known to each other for minimize the capacity gaps in agroforestry research. 
The tudy suggested to estabilish “National agroforestry research and 
development Institute” for effective and efficient agroforestry research and 
development by the government of Bangladesh and the concern ministry. 
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INTRODUCTION 

Capacity needs assessment (CNA) is recognized as an important part of the capacity 

development process wihich is essential for a country’s successful development and 

requires adequate and long-term resources. The Organization for Economic Co-

operation and Development (OECD) defines Capacity as “the ability of people, 

organizations, and society as a whole to manage their affairs successfully” (OECD, 

2006). Agricultural research and development strategy aspires to reduce poverty, 

promote economic growth, food and nutrition security, and sustainable management 

of natural resources in an emerging economy and mounting the livelihood of rural 

people. 

Over the last couple of decades’ agricultural research has evolved from on-farm 

research like  farming systems research, investigation on sustainable livelihoods and 

more client-oriented research like action research, value-chain analysis, and 

innovation systems. This is due to the intervention of new technologies and practices 

in the process of innovation. Agricultural research is one of the mechanisms in the 

wider context of innovation systems of the public sector because the private sector 

and civil society also play essential roles in innovation (Ludemann et al., 2012). 

Capacity development must be well designed and executed to produce sustainable 

effects. It is a process that is only successful when built on a clear vision, a broad-

based commitment, and active stakeholder participation. People engage in an 

innovation process if they can adapt and respond to opportunities using ‘functional 

capacities’. These include the ability to navigate complexities, collaborate, learn, and 

reflect, and engage in the strategic and political process (CDAIS Global Overview, 

2016). 

Agroforestry in Bangladesh is an integrated form of both traditional and modern 

land-use systems, where trees are managed together with crops and/or animal 

production systems in agriculture. The total country area of Bangladesh is around 

144,000 km
2
 and a higher population density of about 1103/km

2
 in 2017 (BBS, 

2020). Over 57.41% (8.52 million ha) of this area is currently used for agricultural 

purposes (BBS, 2011). A decade ago, the total arable land area was estimated to be 

83,000 km
2
, which indicates that loss of arable land is a continuous threat for 

Bangladesh agriculture that needs to be addressed timely (IDBG, 2013). According to 

Banglades Economic Review 2019 stated clearly that 21.8% of the households were 

absolute poor and 11.3% were extremely poor in rural Bangladesh (BER, 2019). 

Though Bangladesh is ahead of many developing countries in poverty alleviation, 

still an approximately one-fifth portion of the total population of the country lives 

below the poverty line (BER, 2019). The major causes of rural poverty in Bangladesh 

are population explosion, unemployment, illiteracy, low rate of production, low 

income, malnutrition, landlessness, indebtedness, gender inequality, degradation of 

natural resources, poor sanitation, insufficient organization, lack of coordination, 

natural calamities, exploitation, and other social problems. These causes are directly 
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affects the livelihood of rural people. Many rural people living adjacent to forest 

areas maintain their livelihood on forest resources, particularly on the daily 

collection, consumption, processing, and selling of non-timber forest products. Forest 

degradation creates scarcity of these resources and accelerates poverty and hunger in 

Bangladesh. The rapid degradation of the natural resource base of the country is 

further worsening rural poverty. Unless the natural resources like forest, soil, and 

water of the country are maintained and enhanced, poverty, malnutrition, and hunger 

will grow continuously.  

However, the success of agroforestry depends on the efficiency and capacity of 

researchers to purposive designing of agroforestry models at the field level. With 

these ideas, the principal objective of the study was to evaluate the potential gaps of 

functional capacities as well as suggestions on capacity improvement of the 

agroforestry resrarchers. 

MATERIALS AND METHODS 

The quantitative analysis was done through a closed-form of a structured 

questionnaire to assess the existing capacities (functional, structural, and technical) 

gaps of agroforestry researchers’ group as well as suggestions on capacity 

requirements. The three groups (scientist group, academia groups, and data 

enumerator’s group) of participants were instructed to evaluate the niche 

(agroforestry researchers) level as a whole and not their capacity, based on their 

knowledge and understanding of the functional capacities that exist within the 

partnership. The capacity needs assessment (CNA) was conducted to agroforestry 

researchers from Bangladesh Agricultural Research Institute (BARI), Bangladesh 

Forest Research Institute (BFRI), Bangladesh Tea Research Institute (BTRI) and 

Bangladesh Sugarcrop Research Institute (BSRI), academia from Bangladesh 

Agricultural University (BAU), and Bangabandhu Sheikh Mujibur Rahman 

Agricultural University (BSMRAU) and some data Enumerator’s (learner group) 

those who have collected agroforestry research information according to “CD Tools” 

(CD Tools, 2020) which is considered as “Agricultural Innovation Systems (AIS)”. A 

total of thirty stakeholders were engaged to evolve the CNA through a structured 

individual questionnaire (FAO, 2017) prepared by the Capacity Development in 

Agricultural Innovation Systems (CDAIS) project implemented by FAO-Agrinatura 

based on a common approach developed under the Tropical Agricultural Platform 

(TAP). Three types of stakeholders (33.3% of scientists, 33.3% of academia, and 

33.3% of data enumerators) with a balanced proportion of male and female (1:1) 

were involved in the CNA process.  

Capacity assessment questionnaire 

According to TAP (2016), individual participants were asked according to the 

concept of TAP common framework within six topics including 24 indicators to 

score from 0 to 3 with the following ratings: 0 = Very Little or None; 1 =Partially; 
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2=Mainly; 3 = Very Much or Fully. There was also a blank space that represented not 

applicable. Each topic had several indicators and each indicator was determined by 

two/ three questions (TAP, 2016). The topics have been shown in Table 1. 

Table 1. The topic-wise indicators to assessing capacities perfectly used in the 

capacity scoring questionnaire 

TOPIC 1: Capacity to navigate the complexity 

Indicator 1.1 Access to and mobilization of resources (understand and solve 

problems) 

Indicator 1.2 Access to and mobilization of skills to lead collective work 

(Management skills) 

Indicator 1.3 Access to and mobilization of financial resources by the partnership 

Indicator 1.4a Sharing of information within the partnership 

Indicator 1.4b Sharing of information with outside actors 

Indicator 1.5 The extent of decision-making based on past experiences in the 

partnership 

Indicator 1.6 Development and identification of a collective strategy to achieve the 

innovation 

TOPIC 2: Capacity to collaborate 

Indicator 2.1 Collaboration among actors in the partnership 

Indicator 2.2 Opportunities to better know each other and improve collaboration 

Indicator 2.3 Incentives for networking and partnership 

TOPIC 3: Capacity to reflect and learn 

Indicator 3.1 Joint learning and experimentation 

Indicator 3.2 Training covering multi-stakeholder innovation processes 

Indicator 3.3 Understanding of knowledge flows 

Indicator 3.4 Documentation and monitoring processes 

TOPIC 4: Capacity to engage in strategic and political processes 

Indicator 4.1 Role and responsibilities of the leader 

Indicator 4.2a Degree of awareness of agricultural development priorities among 

stakeholders 

Indicator 4.2b Awareness of innovation priorities and innovation support 

mechanisms at the national level 

Indicator 4.3 Awareness of opportunities for policy change 

Indicator 4.4 Influence on decision/policy-making processes 

Indicator 4.5 Effectiveness of communication channels 
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TOPIC 5: Technical skills 

Indicator 5.1 Availability of required technical skills 

TOPIC 6: Enabling environment 

Indicator 6.1 Favorable socioeconomic circumstances for linking agroforestry 

researchers 

Indicator 6.2 Favorable political and socio-economic circumstances to develop 

new value chains 

Indicator 6.3 Existing investments funds for innovation 

Indicator 6.4 Existing mechanisms for registration of patents 

For the capacity profile, a CoxComb plot was used, which succinctly illustrates the 

scores for the 20 capacity indicators (except TOPIC 6, for the four indicators of 

enabling environment), with each color representing one of the topics, like, TOPIC 1 

represents ash color, TOPIC 2 represents blue color, TOPIC 3 represents green color, 

TOPIC 4 represents yellow color, and TOPIC 5 represents orange color. 

RESULTS AND DISCUSSION 

Capacity profile by gender 

From the given steatement of self-ranking of the agroforestry reserchrers and 

academia, Figure 1, showed that the overall functional capacity of female 

agroforestry researchers was higher than male except for management skills 

(indicator 1.2) and financial management resources (indicator 1.3). Females were 

very much active in making cooperation among them (indicator 2.1) and act as a 

responsible leader (indicator 4.1). Eagly and Johnson (2001) conclude that women 

leaders tend to adopt a more democratic and collaborative style than do men. This 

statement was later supplemented by Meinhard and Foster (2003) also observed 

similar women characteristics in not-for-profit institutions.  

Capacity profile by age group 

Figure 2, illustrated the capacity profile by four different age groups, e.g., less than 

25 years, 25 to 39 years, 40 to 55 years, and above 55 years. Figure 2 showed that the 

overall functional capacity of the above 55 years old agroforestry researchers was 

higher than the rest of the three categories of age groups. The age group “above 55” 

scored the highest score in most of the topics, except the joint learning and 

experimentation category (3.1) which have the lowest position in the entire 

indicators. Katherine (2009) found that age and previous experience of higher 

education influenced professionals' attitudes negatively: mature individuals may 

require more support when entering the workforce. But, Hyo and Tomas (2007) 
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found that the participants who perceived high levels of collaborative learning tended 

to be more satisfied with their distance course than those who perceived low levels of 

collaborative learning. It can be concluded that age and experience is a vital factor for 

functional capacity development. 

 
 

Figure 1. Capacity Profile by Gender                     Figure 2. Capacity Profile by Age Group 

Note: Capacity score indicated by 0.00 to 3.00 in Figure 1 and 2.  

Individual scoring 

The participants were subjected to respond to the list of questions based on their 

knowledge and understanding. The responses from the individual scoring (Figure 3) 

questionnaire indicated that the capacities were mostly above ‘partially’. The highest 

score from the questionnaire was above 2.59 point against indicator 2.2 meaning "the 

existence of opportunities to better know each other and improve collaboration" and 

the lowest score around 1.65 against indicator 3.3 ‘understanding of knowledge flows 

(understanding origin and transfer of knowledge)’ (Table 1). All the other scores 

ranged from 1.53 to 2.52 representing ‘partially’ to ‘mainly’ score on all six topics 

(Figure 3).  
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Figure 3. Capacity  Profile for Capacity 

Needs of Agroforestry Researchers 

Figure. 4. Capacity Profile - All 

respondents 

Note: Capacity score indicated by 0.00 to 3.00 in Figure 3 and 4.  

Based on the analysis of the scores, the “Sharing of information within the 

partnership (no. 1.4a)” and “Opportunities to better know each other and improve 

collaboration (no. 2.2)” were major capacity strengths, and the “Understanding of 

knowledge flows (no. 3.3)” and “Sharing of information with outside actors (no. 

1.4b)” were the major capacity weaknesses of the niche (Figure 4). 

Enabling environment 
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simple bar graph with four indicators that are not a part of capacity profiles (FAO, 
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Capacity by topic 
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researchers among the different six topics from the questionnaire. The meaning of 

TOPIC 2 was the capacity to collaborate with the existence of opportunities to better 
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incentives to work together.  
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Figure 5. Capacity Profile by Ebabling 

Environment 

Figure 6. Capacity Profile by Topic of 

the questionnaire 

Actions to improve the situation 

Based on the findings from the individual questionnaire, the key actions to improve 

the situation may be taken by improving the functional capacity of the “Capacity to 

navigate complexity” (TOPIC 1), training among agroforestry stakeholders, e.g., data 

enumerators, researchers, and academics. Besides, sharing information and 
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Group, Bangladesh (NAWGB) for agroforestry at the policy level, and identify the 
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However, the authority should also be concerned about organizing regular meetings to 
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taken to organize meetings among all agroforestry stakeholders that enable joint 

learning and reflection. Introducing the documentation and monitoring processes 

within the platform designed to share information is required. Distributing scientifically 

established local knowledge in the innovation process among the farmers is also a key 

concern. Establishing an administration of the agroforestry stakeholders (all 

stakeholders need to be represented) including internal rules of partnership. For TOPIC 

3 “Capacity to engage in strategic and political processes”, action should be taken to 

support the partnership by establishing effective communication channels with the 

government and development partners. Specifying the roles and responsibilities of 

different actors to achieve the vision, increasing awareness of opportunities for policy 

dialogue and linking the partnership with political influencers, and providing training 

on influencing decision/policy-making processed by the stakeholders are the key 

points. Nevertheless, organizing policy level market place for agroforestry, developing 

awareness of agricultural development priorities are also mandatory. In the case of 

“Technical skills” (TOPIC 4), it is very essential to describe the orientation of training 

on good agricultural practices with agroforestry, organize training on climate smart 

agricultural concerning agroforestry, post-harvest management, processing, packaging, 

and marketing of agroforestry products, and introduce good governance in the multi-

stakeholder platform. In the end, to improve TOPIC 6, “Enabling environment”, it is 

necessary to establish different divisions/unite for agroforestry research in NARS, 

especially in BARI, BFRI, BTRI, BSRI, and Cotton Development Board (CDB). 

Banladesh Agriculturall Research Councuil (BARC) may coordinate the agroforestry 

research by establishing, “National agroforestry research and development Institute.” 

Introducing favorable policies for backward and forward linkage in the partnership to 

develop of the policy for agroforestry, GIS platform for agroforestry application, 

providing information and training for access to investment funds for innovation in 

partnership (i.e., training on how to write a project proposal for agroforestry research 

and development), and providing information on patent registration are significantly 

essential.   

CONCLUSION 

Females have responsible leadership and cooperation among each other through the 

higher aged and the higher educated with previously experienced person inclined 

higher professionals' attitudes. National Agroforestry Working Group, Bangladesh 

(NAWGB) should work for the legislation of agroforestry at policy level, and 

identify the collective strategy to achieve innovation for it’s development. 

Legislatives should develop mechanisms to provide incentives (technical, functional 

and financial, etc.) to work in partnerships in the agroforestry niche.  The 

agroforestry researchers showed greater needs of opportunities to better know each 

other and improve collaboration among them. Finally, agroforestry practices need 

strong collaboration to minimize the capacity gap in agroforestry practices by 

stablishing “National agroforestry research and development Institute”.  
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GUIDE FOR AUTHORS 

INTRODUCTION 

SAARC Journal of Agriculture (SJA) is one of the official journals of the South 

Asian Association for Regional Cooperation (SAARC) and published from SAARC 

Agriculture Centre (SAC), Dhaka, Bangladesh.  It is an open accessed, peer-reviewed 

international journal with two issues in each year. The aim of the journal is to 

advance and share scientific knowledge in all spheres of agricultural sciences. The 

SJA welcomes the manuscripts relevant to the SAARC Member States namely 

Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and Sri Lanka. 

Articles from rest of the world are also welcome subject to its applicability over the 

agricultural sciences. 

SCOPE OF JOURNAL 

Topics include (but are not restricted to): 

Crop: Agronomy, soil science, plant breeding and genetics, cytogenetics, post-

harvest processing and agricultural engineering, agricultural biotechnology, agro-

forestry, horticultural sciences, microbiology, pest, weed control, molecular biology, 

plant pathology, innovative technology, crop modeling, physiology and biochemistry, 

stress breeding, land use, forestry, climate change, conservation agriculture, 

extension, economics, watershed, farm mechanization, etc.  

Livestock: Animal nutrition/ biotechnology/ production and management/genetics 

and breeding/ physiology/ reproduction, meat science, dairy technology, veterinary 

medicine/bacteriology/ virology/ surgery/ public health/ immunology/ parasitology/ 

epidemiology, fodder production and conservation, poultry production and 

management, nutraceuticals, safe food production, antimicrobial usages and 

antimicrobial resistance, greenhouse gas emission and mitigation, veterinary 

extension etc. 

Fisheries: Aquaculture- coldwater, freshwater, brackish-water/ marine, inland 

fisheries/ fish nutrition and biochemistry/ aquatic animal health/ ecosystem/ 

processing and value addition/ climate change/ fisheries economics/ resource 

management/ fish genetics and bio-technology/ aquaculture engineering etc.  

Socio economics/cross cutting issues: 

Gender mainstreaming, agricultural market, food safety, value chain system, food 

systems, safe food, biofortification, Policy, nutrition etc. 

TYPE OF ARTICLES 

Authors are requested to mention the type of articles i.e., original research article, 

review, case study and short communication. At the time of submitting the article, the 

corresponding author must choose one or more areas mentioned above. 
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SUBMISSION OF ARTICLES 

Articles from all SAARC Member Countries are invited. Nevertheless, manuscript 

from rest of the world with direct or indirect impact on agriculture/ livestock/ 

fisheries will also be considered for publication subject to its applicability in the 

SAARC region. Manuscripts complete in all aspects may be e-mailed to the editorial 

desk (saarcjournal@yahoo.com). For any queries regarding the submission, potential 

authors are requested to contact with editorial desk of SAARC Journal of Agriculture 

through email. 

COVERING LETTER TO THE MANAGING EDITOR 

During submission of articles, it is compulsory to include a covering letter to the 

managing editor. The covering letter must be attached separately stating following: 

(i) Broad topic (crop science or livestock or fishery or cross cutting issues); 

(ii) That all the authors have given consent to submit the manuscript to the SJA; 

(iii) It is the original work of the authors and all authors have contributed 

significantly for the pursuance of research; 

(iv) The manuscript is not submitted to any other journal or not under consideration 

for publication elsewhere; 

(v) State the novelty in results/findings, or significance of results (two to three 

bullet points); 

(vi) Three potential referees name, affiliation, mail id, and reason for their selection. 

STRUCTURE 

Follow this order while preparing the manuscript:  

TITLE PAGE 

Title, details of authors (names, affiliations, email), abstract, keywords, 

corresponding author. The corresponding author should be marked using asterisk 

(check the spelling) 

MAIN MANUSCRIPT 

Title, names of authors, abstract, keywords, introduction, materials and method, 

results and discussion (combined), conclusion including future researchable issues, 

acknowledgment, conflict of interest if any, reference, tables with title, figure with 

captions.  

TEXT LAYOUT 

Prepare manuscript using ‘Times New Roman’ with font size 12 pt having double 

spacing and wide (0.3 cm) margins on right and left side in word format. Please 
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ensure that each new paragraph is clearly indicated. Present table and figure with 

appropriate title and caption, respectively. Number all pages consecutively using 12 

pt. font size and standard fonts.  

MANUSCRIPT LENGTH 

The maximum word count of the manuscript should be restricted to 5000, 4000, and 

2500 for review, original research article and case-study/short communication, 

respectively.  

PEER REVIEW  

The SJA is a journal that operates on single blind review process. All submitted 

manuscripts are initially assessed by the editorial desk for its scientific merit and 

suitability of publication in the SJA. Manuscripts deemed appropriate are then sent to 

expert reviewer to assess the scientific merit of the article. The reviewer’s comments 

are communicated to the corresponding author and she/ he is expected to comply 

with recommendations/ suggestions. The author is expected to revise the manuscript 

after incorporating suggestions or remarks of the referee. The changes of the revised 

manuscript need to be marked in different colour. Finally, the corresponding author 

will submit revised manuscript with colour marking, cleaned version and compliance 

report in separate files. The editorial team is responsible for the final decision 

regarding the publication of the manuscript.  

ARTICLE STRUCTURE (Research articles) 

Authors are requested to divide their manuscript into clearly defined sections as 

mentioned below: 

TITLE 

Please be concise and informative as it is often being used for the scientific 

information retrieval.  Title should be self-explanatory to convey message about the 

article. Avoid stale words. A small running title may be provided. 

ABSTRACT 

The manuscript should contain an abstract. It should be self-contained and citation-

free, and should not exceed 250 words. An ideal abstract should contain introductory 

lines, objectives, materials and method, results and conclusions of the experiment. 

Abbreviations that appear in the abstract must be defined before they are first used. 

KEYWORDS 

List up to 5 keywords in alphabetical order and separated by comma at the end of the 

abstract. The first letter of each of the keyword should be in upper case.  
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INTRODUCTION 

Introduce the topic with relevant and appropriate background information evading 

detailed literature survey or results. Try to use latest references. This should not 

exceed three pages. 

MATERIALS AND METHODS 

Describe the methods in such a way that an independent researcher could reproduce 

the same during their future investigation. Methods which are already published 

should be mentioned in brief citing the reference. Any modifications or changes 

made on the established protocol should be described in detail.   

RESULTS AND DISCUSSION 

Results should be elaborated clearly and briefly. Discuss significance of the results 

based on available and published literature. Repeated citation and discussion should 

be avoided. 

UNITS 

Please follow internationally accepted rules. Always use the international system of 

units (SI).  

CONCLUSION 

The main conclusions arrived from results should be presented briefly (maximum 

150 words). Authors may also point out the future research scope on the particular 

topic. Should be avoided repetition of sentences. 

ACKNOWLEDGEMENTS 

It should appear at the end of the article, before the references. Provide funding 

details with project or sanction number. Please acknowledge the individuals (if any) 

who have extended help during the research, assisted in language editing, helped in 

procurement of research materials etc.  

ARTICLE STRUCTURE (Short communication) 

It should restrict the word count to 2500 including title, names of authors and 

affiliation, abstract (150 words), brief introduction, materials and methods, results 

and discussion (combined), references, relevant tables and figures. 

ARTICLE STRUCTURE (Review) 

It should restrict the word count to 5000 including title, name of authors and 

affiliation, abstract (250 words), introduction, aim, headings and sub-headings 

(context specific), references, relevant tables and figures. The authors of the review 

should have adequate number of research publications on the subject. 
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REFERENCE STYLE IN TEXT 

1.  Single author: the author surname followed by year of publication (Singh, 2020). 

2.  Two authors: both authors surnames followed by the year of publication (Singh 

and Jahan, 2020). 

3.  Three or more authors: first author surname followed by 'et al.' and the year of 

publication (Singh et al., 2020). 

REFERENCES 

1. Restrict the references which are relevant to the particular topic. Recent and 

relevant, not more than 20 years old references are encouraged; 

2. All references quoted in the text must appear at the end of the article and vice-

versa. The spelling of names of author and date or year at the two places should 

be carefully checked; 

3. The references should include names of all authors, year (within brackets), full 

title of the article, full name of the journal (in italic, no abbreviation), volume 

number, issue number in bracket, and pages. For book or monograph, the name 

of the publisher should also be given as well as its volume, edition and relevant 

pages; 

4. The references cited together in the text should be arranged chronologically. The 

list of references should be arranged in alphabetical order. A few examples for 

correct citation of references are mentioned herewith. 

JOURNAL ARTICLE 

Khan, M.M.H. (2018). Abundance, damage severity and management of guava 

mealybug, Ferrisia virgata CkII. SAARC Journal of Agriculture, 16(2): 73-82. 

Khan, M.M.H., Islam, M.M., Asaduzzaman, M. and Uddin, M.N. (2018). Mutants 

and weather parameters affecting the population dynamics of three major insect 

pests of mungbean. SAARC Journal of Agriculture, 16(2): 1-12. 

REFERENCE TO A JOURNAL PUBLICATION WITH AN ARTICLE 

NUMBER 

Van der Geer, J., Hanraads, J.A.J. and Lupton, R.A. (2018). The art of writing a 

scientific article. Heliyon, 19: e00205.  

BOOK/ POLICY BRIEF 

Gyeltshen, K. and Sharma, S. (2019). Integrated plant nutrition system modules for 

major crops and cropping systems in South Asia. SAARC Agriculture Centre, 

Dhaka, Bangladesh. Pp. 176. 
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Ali, Y., Shrestha, R.B., Bokhtiar, S.M. and Samanta, A.K. (2019). Food safety in 

South Asia: Challenge, opportunity and policy perspectives. SAARC 

Agriculture Centre, Dhaka, Bangladesh. Pp. 184  

George, G. and Hassan, M.S. (2020). Policy brief on “Guidelines for ensuring 

sustainability of fisheries and aquaculture in South Asia”. SAARC Agriculture 

Centre, Dhaka, Bangladesh. Pp. 1-4. 

CHAPTER IN A BOOK 

Bhatta, R., Anandan, S. and Giridhar, K. 2019. Livestock feeds and feeding practices 

in India. In: Samanta, Ashis Kumar, Bokhtiar, Shaikh Mohammad and Ali, 

Mohammad Younus (Editors). Livestock feeds and feeding practices in South 

Asia. SAARC Agriculture Centre, Dhaka, Bangladesh. Pp. 64 - 100.  

CONFERENCE/SYMPOSIUM/ PROCEEDINGS  

Joshi, B.K. (2004). Crossing frequency and ancestors used in developing Nepalese 

mid and high hill rice cultivars: Possible criteria for yield improvement and 

rice genes conservation. Proceedings of 4
th 

National Conference on Science 

and Technology held at Kathmandu, Nepal. Pp. 502-523. 

REFERENCE TO A WEBSITE 

Cancer Research UK. (2003). Cancer statistics reports for the UK.  

https://www.cancerresearchuk.org/about-cancer/bowel-cancer. Accessed on 8
th
 

June, 2019.  

FIGURES 

The number of figures should be restricted to 4 and it should have title below the 

figure. Citation of figures should appear within the main manuscript chronologically.  

TABLES 

The number of tables should be restricted to 4, should be numbered and have title 

(above the table). Avoid large tables, which are not comprehendible. In case of large 

tables, the data could be presented using graphs for better understanding. Citation of 

table should appear within the main manuscript chronologically. The combined 

number of tables and figures should be restricted to eight only. 

ABBREVIATIONS 

Should use internationally accepted abbreviations. New abbreviation for manuscript 

should be defined during their first use. 
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AUTHORSHIP AND ITS SEQUENCE 

Before submission, authors are anticipated to consider carefully the list and order of 

authors and mention the definitive order of authors at the time of the original 

submission based on their contribution. Any addition, deletion or rearrangement of 

author names will lead to rejection of the manuscript by the editorial board of the 

journal. Only in exceptional circumstances, the corresponding author can submit such 

request through their head of organization stating the reason.  

MANUSCRIPT PREPARATION 

Authors should follow “guide for authors” stringently, else the manuscript would be 

rejected without peer review. Editors reserve the right to adjust the style to certain 

standards of uniformity. 

ARTICLE PROCESSING CHARGE 

Articles of any type (review, research, short communication and case study) are 

accepted based on scientific merit and published free of cost. 

SUBMISSION CHECKLIST 

Before sending the manuscript to the designated email id of SJA, the authors are 

requested to undertake final check of the prepared manuscript: 

(i) Covering letter; 

(ii) Among all the authors, one has been designated as corresponding author; 

(iii) Affiliations along with email id of all authors at the title page; 

(iv) Full postal address of the organization where particular research has been 

approved and carried out; 

(v) Title page including title of manuscript, authors name/ address/email id, 

abstract, keywords, corresponding author; 

(vi) Entire file should have two parts: 

 Title page: as mentioned before. 

 Main manuscript: title, running title, name of authors (initial followed by 

surname), abstract, keywords, introduction, materials and methods, results and 

discussion (combined), conclusion including future researchable issues, 

acknowledgment, conflict of interest if any, references, tables with title and 

figures with caption. 

(vii) Manuscript has been spelling and grammar checked; 

(viii) Permission is taken for the use of copyright material; 

(ix) All references mentioned in the body of the manuscript are being cited in the 

reference list and vice versa. 




