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ABSTRACT 

A field experiment was carried out at Rahuri (Maharashtra) India in 
consecutive years of 2011 to 2012 to study the response of split and 
foliar application of nitrogen on leaf nitrogen concentration, SPAD index 
and photosynthesis in Bt cotton (Gossypium hirsutum L).  Ten treatments 
comprising nitrogen–management practices (application of 
recommended dose of nitrogen in 3, 4, 5, 6 splits; foliar application of 20 
g KNO3 litre

-1
 water, 20 g urea litre

-1
 water, combination of split 

application of nitrogen and foliar spray of 20 g KNO3 litre
-1

 water, 20 g 
urea litre

-1
 water and control) were tested on inceptisol. Results indicated 

that application of nitrogen in six splits (20% at sowing as basal and 
remaining in 5 equal splits at 30, 45, 60, 75 and 90 DAS) registered 
significantly higher leaf nitrogen content, SPAD index and rate of 
photosynthesis except 60 DAS where 4 nitrogen split showed higher leaf 
nitrogen content and SPAD index. Similarly the same treatment 
registered significantly higher plant height, dry matter accumulation, 
number of bolls plant

-1
 and lint yield. 

Keywords: Leaf nitrogen, SPAD, photosynthesis, lint yield, split 
   application of nitrogen, foliar fertilization 

INTRODUCTION 

Cotton is the world’s leading fibre crop and grown in more than 80 countries. 

India accounts for about 32% of the global cotton area and contributes to 21% of the 

global cotton, currently ranking second after China (Anonymous, 2012). The 

indeterminate growth habit of cotton (Gossypium hirsutum L.) dramatically affects its 

response to nitrogen fertilizer supply (Reddy et al., 1997). More than any other 
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nutrient, nitrogen (N) can increase or decrease yields of cotton. Yield can be drop 

sharply if apply inadequate nitrogen whereas apply nitrogen at improper time resulted 

slow growth of fruit, more attack of insects pests and delay in maturity. Insufficient 

nitrogen supply often affects the growth of cotton and developmental processes, 

resulting in a reduced leaf area index (LAI), low leaf chlorophyll concentration, 

photosynthetic rate, and biomass production (Zhao and Oosterhuis, 2000), as well as 

reduced lint yield and poor fibre quality (Reddy et al., 2004).  

Estimation of the total chlorophyll and nitrogen contents is a potentially 

important aspect for both growers and researchers. Photosynthesis is an important 

chemical reaction in plants, and its measurement plays a critical role in agricultural 

production and scientific research (Wang et al., 2006). The nitrogen requirements of 

cotton plants vary depending on the growth rate and growth stage. Cotton leaves 

contain 60-85% of the total nitrogen before flowering; after flowering, the nitrogen 

content declines because it is translocated from the leaves to the developing bolls. A 

greater amount of nitrogen is required in the later growth stages when nitrogen 

supplies typically diminish and there is less root activity (Gerik et al., 1998).  

The nutrient supplementation period can be increased with number of splits, 

which provides long time from square formation to boll development. Hence, nutrient 

requirement during critical stages can be better met with split application pattern. As 

such present investigation was planned to find out the response of split and foliar 

application of nitrogen in Bt cotton. 

MATERIALS AND METHODS 

The study was conducted during 2011 and 2012 in the Water Management 

Project, Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra (India) (19
O
 – 47’ 

and 19
O
 57’ North latitude and 74

O
 –52’ and 74

O
 –19’ East longitude and its mean 

height above sea level is 569 meter). The experiment was conducted in a randomized 

block design with 3 replications. The plot size was 6.3 m × 5.4 m. The soil of 

experimental plot was clay loam and slightly alkaline (pH 8.03), low in available 

nitrogen (147 kg ha
-1

), medium in available phosphorus (16 kg ha
1
) and high in 

potassium content (482 kg ha
-1

). The crop was fertilized with 125: 62.50: 62.50 kg 

NPK ha
-1

 + 10 t FYM ha
-1

. The treatments consisted of T1: nitrogen (N) application 

in 3 equal splits at sowing, 30 and 60 Days after sowing (DAS); T2: N application in 

3 splits as 20, 40, 40% at sowing, 30 and 60 DAS; T3: N application in 4 equal splits 

at sowing, 30, 45 and 60 DAS; T4: N application in 5 equal splits at sowing, 30, 45, 

60 and 75 DAS; T5: N application in 6 splits as 20% at sowing and remaining in 5 

equal splits at 30, 45, 60, 75 and 90 DAS; T6: T1+ foliar application of 20 g urea litre
-

1
 water at 60, 75 and 90 DAS; T7: T1 + foliar application of 20 g KNO3 litre

-1
 water 

at 60, 75 and 90 DAS; T8: T2 + foliar application of 20 g urea litre
-1

 water at 60, 75 

and 90 DAS; T9: T2 + foliar application of 20 g KNO3 litre
-1

 water at 60, 75 and 90 

DAS and T10: no nitrogen (Control). A uniform basal application of 62.50 kg 
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phosphorus (P) through single superphosphate and 62.50 kg potassium (K) ha
-1

 

through murate of potash was done in all the treatments. Nitrogen was applied 

through urea as per the treatments. For the foliar application of nutrients at 60 DAS, 

100 litres water ha
-1

 was used in which 2.0 kg urea and KNO3 as per treatments was 

mixed and used as spray solution. At 75 and 90 DAS, 200 litres water ha
-1

 along with 

4.0 kg urea and KNO3 as per treatments was mixed and utilized as spray solution. 

Two seeds of cotton var.‘BG-II’ (NCS 207) were sown by dibbling with 90 cm × 45 

cm spacing on 24 April 2011 and 26 April 2012, respectively. One healthy seedling 

hill
-1

 was maintained after thinning operation at 30 DAS. Three manual weedings 

were done to keep the crop free of weeds. Timely recommended plant protection 

measures were followed to save the crop from sucking pests (aphids, jassids, thrips 

and white flies) and diseases. Immediately after sowing, surface irrigation was 

applied to cotton crop followed by second irrigation within 1 week of sowing to 

ensure the good germination. Subsequent irrigations were given to the cotton crop at 

vegetative, square initiation, flowering, boll formation and boll-development stages 

during both the years. The cotton crop was harvested in 3 pickings during both the 

years. 

For leaf nitrogen analysis fourth leaf from the top of cotton plant were 

collected at 60, 90 and 120 DAS. Collected leaf samples were washed with distilled 

water for removing the dust and then dried, crushed to fine powder for estimating leaf 

nitrogen (N) content using micro Kjeldahls’ method, (Jackson, 1973). SPAD reading 

was measured with the help of chlorophyll meter SPAD- 502 Plus (Konika Minolta) 

from fully expanded leaf in between the leaf margin and the mid rib. The average of 

three SPAD values were taken as SPAD Index as the final value (Tewolde et al., 

2008 and Hallikeri et al., 2011). The readings were taken at 60, 90 and 120 DAS.  

The leaf level photosynthesis was measured by using portable photosynthesis system 

LI-COR 6400 (LICOR, Inc. Lincoln, NE) at 120 DAS. The observations were 

recorded on the five randomly selected plants (Arriaga et al., 2009) on the red and 

adjacent green leaves and then averaged for per plant.  

The data on various parameters recorded from experimental plot were 

statistically analyzed as suggested by Panse and Sukhatme (1995) by using ‘F’ test at 

P=0.05. 

RESULTS AND DISCUSSION 

Leaf nitrogen concentration and SPAD Index 

N application in 4 equal splits at sowing, 30, 45 and 60 DAS recorded 

significantly higher leaf N concentration and SPAD index at 60 DAS and it was at 

par with rest of the treatments except no nitrogen. At 90 and 120 DAS N application 

in 6 splits as 20% at sowing and remaining in 5 equal splits at 30, 45, 60, 75 and 90 

DAS recorded significantly higher leaf N concentration and SPAD index over all 

other treatments except treatment N application in 5 equal splits at sowing, 30, 45, 60 



4 M. D. Giri et al. 

and 75 DAS, which was at par with N application in 6 splits as 20% at sowing and 

remaining in 5 equal splits at 30, 45, 60, 75 and 90 DAS at 90 and 120 DAS. The 

increase in the leaf N concentration and SPAD value might be due to the fact that the 

supply of sufficient nitrogen throughout the crop growth period through split 

application up to 90 DAS might have helped to maintain the sufficient N 

concentration in the leaves of Bt. cotton, which led to the maintenance of the 

chlorophyll reflected in the higher values of SPAD index. Hallikeri et al. (2011) 

found that the application of nitrogen in seven splits (15 days interval) recorded 

higher SPAD index and leaf nitrogen concentration at 120 and 150 DAS over  four 

splits application (30 days interval) in Bt. Cotton (Table 1 and 2). 

Table 1. Leaf N concentration of Bt. cotton as influenced by split and foliar 

application of nitrogen (Pooled) 

Treatment 
Leaf N concentration (%) 

60 DAS 90 DAS 120 DAS 

T1: N application in 3 splits (33% at sowing, 33% at  

30 DAS and 34% at  60 DAS) 
1.82 1.63 1.42 

T2: N application in 3 splits (20% at sowing, 40% 30 

DAS and 40% 60 DAS) 
1.87 1.61 1.40 

T3: N application in 4 equal splits (at sowing, 30, 45 

and 60 DAS)  
1.89 1.66 1.52 

T4: N application in 5 equal splits (at sowing, 30, 45, 

60 and 75 DAS) 
1.82 1.82 1.68 

T5: N application in 6 splits (20% at sowing and 

remaining in 5 equal splits at 30, 45, 60, 75 and 90 

DAS) 

1.82 1.91 1.77 

T6: T1 + foliar application of 20g urea litre
-1

 water at 

60, 75 and 90 DAS 
1.82 1.73 1.49 

T7: T1 + foliar application of 20g KNO3 litre
-1

  water at 

60, 75 and 90 DAS 
1.84 1.75 1.56 

T8: T2 + foliar application of 20g urea litre
-1

  water at 

60, 75 and 90 DAS 
1.87 1.70 1.47 

T9: T2 + foliar application of 20g KNO3 litre
-1

  water at 

60, 75 and 90 DAS 
1.84 1.70 1.47 

T10: No nitrogen 1.56 1.33 0.89 

SEm + 0.02 0.03 0.05 

CD (P=0.05) 0.07 0.09 0.14 

CV (%) 3.17 4.37 7.65 
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Table 2. SPAD Index of Bt cotton as influenced by split and foliar application of 

nitrogen (Pooled) 

Treatment 

SPAD Index 

60 DAS 90 DAS 120 DAS 

T1: N application in 3 splits (33% at sowing, 

33% at  30 DAS and 34% at  60 DAS) 
34.05 35.66 30.66 

T2: N application in 3 splits (20% at sowing, 

40% 30 DAS and 40% 60 DAS) 
34.36 34.79 27.52 

T3: N application in 4 equal splits (at sowing, 30, 

45 and 60 DAS)  
35.01 36.26 31.75 

T4: N application in 5 equal splits (at sowing, 30, 

45, 60 and 75 DAS) 
34.19 39.00 34.40 

T5: N application in 6 splits (20% at sowing and 

remaining in 5 equal splits at 30, 45, 60, 75 

and 90 DAS) 

34.07 39.88 37.62 

T6: T1 + foliar application of 20g urea litre
-1

 

water at 60, 75 and 90 DAS 
34.15 36.14 30.68 

T7: T1 + foliar application of 20g KNO3 litre
-1

  

water at 60, 75 and 90 DAS 
34.62 36.64 31.30 

T8: T2 + foliar application of 20g urea litre
-1

  

water at 60, 75 and 90 DAS 
34.36 34.81 28.41 

T9: T2 + foliar application of 20g KNO3 litre
-1

  

water at 60, 75 and 90 DAS 
34.80 36.08 30.19 

T10: No nitrogen 28.83 27.13 22.28 

SEm + 0.42 0.29 0.32 

CD (P=0.05) 1.25 0.87 0.94 

CV (%) 3.04 2.01 2.55 

Photosynthesis 

The leaf level photosynthesis of healthy leaf was significantly influenced by 

various treatments at 120 DAS (Figure 1 and Table 3). Nitrogen application in 6 

splits as 20% at sowing and remaining in 5 equal splits at 30, 45, 60, 75 and 90 DAS 

recorded significantly higher photosynthesis in healthy leaves (15.47 µmol CO2 m
-2

 s
-

1
) over all other treatments except N application in 4 equal splits at sowing, 30, 45 
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and 60 DAS (13.95 µmol CO2 m
-2

 s
-1

), N application in 5 equal splits at sowing, 30, 

45, 60 and 75 DAS (15.07 µmol CO2 m
-2

 s
-1

) and N application in 3 splits as 20, 40, 

40% at sowing, 30 and 60 DAS + foliar application of 20g urea  litre
-1

 water at 60, 75 

and 90 DAS (14.27 µmol CO2 m
-2

 s
-1

) which were at par with nitrogen application in 

6 splits as 20% at sowing and remaining in 5 equal splits at 30, 45, 60, 75 and 90 

DAS. Nitrogen application in 6 splits as 20% at sowing and remaining in 5 equal 

splits at 30, 45, 60, 75 and 90 DAS recorded significantly higher photosynthesis (2.46 

µmol CO2 m
-2

 s
-1

) in red leaf also. The mean rate of photosynthesis in healthy leaf 

was higher by 988 % than the mean net photosynthesis (Pn) in red leaf. The 

premature photosynthetic decline of the cotton canopy due to an apparent 

remobilization of ribulose 1,5 biphosphate carboxylase- oxydase (Rubisco) to support 

the strong developing reproductive sink demand (Pettigrew et al., 2000) suggests that 

extra and timely N fertilization could maintain the canopy’s photosynthetic capacity 

longer and potentially support even greater yield increases. Dhopte and Zade (1980) 

also reported the remarkable drop in the rate of photosynthesis in red leaf of cotton. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Rate of photosynthesis (µ mol CO2 m
-2

 s
-1

) in healthy and red leaf of Bt.  

Cotton as influenced by split and foliar application of nitrogen (Pooled) 
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Table 3. Rate of photosynthesis (µ mol CO2 m
-2

 s
-1

) in healthy and red leaf of Bt. 

Cotton as influenced by split and foliar application of nitrogen (Pooled) 

Treatment 

Rate of photosynthesis (µ mol 

CO2 m
-2

 s
-1

) at 120 DAS 

Healthy leaf Red leaf 

T1: N application in 3 splits (33% at sowing, 33% at  30 

DAS and 34% at  60 DAS) 
13.25 0.87 

T2: N application in 3 splits (20% at sowing, 40% 30 DAS 

and 40% 60 DAS) 
12.77 0.59 

T3: N application in 4 equal splits (at sowing, 30, 45 and 60 

DAS)  
13.95 1.08 

T4: N application in 5 equal splits (at sowing, 30, 45, 60 and 

75 DAS) 
15.07 1.98 

T5: N application in 6 splits (20% at sowing and remaining in 

5 equal splits at 30, 45, 60, 75 and 90 DAS) 
15.47 2.46 

T6: T1 + foliar application of 20g urea litre
-1

 water at 60, 75 

and 90 DAS 
13.36 1.17 

T7: T1 + foliar application of 20g KNO3 litre
-1

  water at 60, 

75 and 90 DAS 
13.54 1.98 

T8: T2 + foliar application of 20g urea litre
-1

  water at 60, 75 

and 90 DAS 
14.27 1.01 

T9: T2 + foliar application of 20g KNO3 litre
-1

  water at 60, 

75 and 90 DAS 
13.22 1.79 

T10: No nitrogen 10.51 0.49 

SEm + 0.60 0.04 

CD (P=0.05) 1.78 0.12 

CV (%) 10.83 7.48 

Yield contributing parameters and lint yield  

Data regarding yield contributing parameters (plant height, dry matter 

accumulation, No. of bolls palnt
-1

, boll weight and ginning outturn) lint (g) plant
-1

 

and lint yield (kg ha
-1

) as influenced by various treatments on inceptisol are presented 

in table 4. 
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Split and foliar application of nitrogen significantly influenced the cotton plant 
height, bolls plant

-1
, dry-matter accumulation, seed cotton yield plant

-1
 and boll 

weight. Application of nitrogen in 6 splits (20% at sowing and remaining in 5 equal 
splits at 30, 45, 60, 75 and 90 DAS) recorded significantly higher plant height, bolls 
plant

-1
, dry-matter accumulation and seed-cotton yield plant

-1
 compared to the other 

treatments. Nitrogen plays an important role in multiplication of cells and formation 
of plant parts, which resulted in higher growth of cotton. Cotton being an 
indeterminate crop having long duration, timely supply of nitrogen under split 
application might have increased bolls, dry matter accumulation plant

-1
, which 

resulted in higher seed-cotton yield plant
-1

. Split application of nitrogen encourages 
more dry-matter accumulation and finally resulted into better yield (Srinivasan, 
2003). Application of nitrogen at 0, 30, 45, 60, 75 and 90 DAS might have been 
congenial to meet the peak nitrogen requirement of Bt. Cotton crop. The effect of 
various treatments on ginning out turn was found to be non significant. This can be 
attributed to the fact that the quality parameter viz., ginning outturn (%) is genetically 
governed and in general agronomic practices have very less impact on these 
genetically governed parameters. Therefore in the present investigation the effect of 
various treatments on this parameter was found to be non- significant. The important 
yield component boll weight was significantly influenced by foliar nutrition. 
Nitrogen application in 3 equal splits at sowing, 30 and 60 DAS + foliar application 
of 20 g KNO3 litre

-1
 water at 60, 75 and 90 DAS recorded significantly higher boll 

weight over rest of the treatments except treatment T9 which was on a par with T7. 
This could be attributed to the role of nitrogen (N) and potassium (K). The positive 
effect of mineral nutrients supplied through KNO3 on a number of sink organs results 
not only from an increase in mineral nutrient supply, but also an increase in the 
photosynthate supply to the sink sites (Borowski, 2001). Increase in boll weight with 
foliar application of KNO3 is in agreement with results of Reddy et al. (2004) and 
Read et al. (2006). 

Nitrogen (N) application in 6 splits as 20% at sowing and remaining in 5 equal 
splits at 30, 45, 60, 75 and 90 DAS recorded significantly higher lint yield (kg ha

-1
) 

over all other treatments. The best treatment (T5) recorded 35 and 47% more lint 
yield than the recommended practices (T1 and T2, respectively) whereas the same 
treatment recorded 200% more lint yield over the treatment no nitrogen (T10). The 
lowest lint yield (kg ha

-1
) was observed with the treatment no nitrogen. It could be 

attributed to the improvement of physiological parameters viz., higher chlorophyll 
and nitrogen content in the leaf, higher photosynthetic rate of the leaf observed with 
the treatment nitrogen application in 6 splits as 20% at sowing and remaining in 5 
equal splits at 30, 45, 60, 75 and 90 DAS, which cumulatively resulted in higher lint 
yield (kg ha

-1
). Gawade and Bhalerao (2012) observed the significantly higher seed 

cotton yield with the application of nitrogen in six splits. Similar observation was 
made by However, Hosmath et al. (2012) that higher seed cotton yield with the 
application of nitrogen in six splits along with foliar application of 2% KNO3 in Bt 
cotton. 
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Table 4. Plant height, dry matter accumulation, number of bolls plant
-1

, boll weight, 

ginning outturn and lint yield of Bt. cotton as influenced by split and foliar 

application of nitrogen (Pooled) 

Treatment 

Plant 

height 
(cm) 

Dry 

matter     

(g plant-

1) 

No. of 

bolls 
plant-1 

Boll 

weight (g 
boll-1) 

Ginning 

outturn 
(%) 

Lint 

yield 

(g plant-
1) 

Lint 

yield (kg 
ha-1) 

T1: N application in 3 splits 

(33% at sowing, 33% at  

30 DAS and 34% at  60 
DAS) 

95.03 177.88 22.83 4.26 35.15 34.15 788.73 

T2: N application in 3 splits 

(20% at sowing, 40% 30 
DAS and 40% 60 DAS) 

95.02 175.27 21.90 4.28 35.22 32.38 725.15 

T3: N application in 4 equal 

splits (at sowing, 30, 45 
and 60 DAS)  

102.20 188.17 29.53 4.28 35.29 43.84 911.04 

T4: N application in 5 equal 

splits (at sowing, 30, 45, 
60 and 75 DAS) 

105.17 188.63 30.93 4.29 35.38 46.40 974.86 

T5: N application in 6 splits 

(20% at sowing and 

remaining in 5 equal 

splits at 30, 45, 60, 75 
and 90 DAS) 

114.66 200.64 37.13 4.34 35.47 57.00 1069.36 

T6: T1 + foliar application 

of 20g urea litre-1 water 
at 60, 75 and 90 DAS 

98.89 182.03 23.83 4.28 35.31 35.62 896.41 

T7: T1 + foliar application 

of 20g KNO3 litre-1  

water at 60, 75 and 90 
DAS 

100.56 187.60 26.17 4.51 35.31 41.60 908.59 

T8: T2 + foliar application 

of 20g urea litre-1  water 
at 60, 75 and 90 DAS 

98.60 181.71 22.60 4.31 35.28 34.06 774.48 

T9: T2 + foliar application 

of 20g KNO3 litre-1  

water at 60, 75 and 90 

DAS 

100.76 183.24 23.83 4.46 35.37 36.95 898.89 

T10: No nitrogen 64.77 112.98 15.57 3.28 34.98 19.53 357.17 

S.E.(m) + 2.38 3.14 0.79 0.03 0.11 1.30 28.61 

CD (P=0.05) 7.06 9.34 2.35 0.10 NS 3.86 85.01 

CV (%) 5.97 4.33 7.62 2.02 0.76 8.05 8.22 
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CONCLUSION 

The result showed that splits application as 20% days after sowing (DAS) and 

remaining 5 splits at 30, 45, 60, 60, 75 and 90 DAS resulted higher lint yield and 

yield attributes of cotton as well as improvement physiological parameters. 

REFERENCES 

Anonymous. 2012. All India Coordinated Cotton Improvement Project, Annual Report, 

2011-2012 

Arriaga, F. J., Prior, S. A., Terra, J. F. and Delaney, D. P. 2009. Cotton gas exchange 

response to standard and ultra-narrow row systems under conventional and no-tillage. 

Communications in Biometry and Crop Science, 4(2): 42–51 

Borowski, E. 2001. The effect of nitrogenous compounds on the growth, photosynthesis and 

phosphorus uptake of sunflower. Annales Universitaties Marie Curie- Sklodowska. 

Sectio EEE, Horticultura, 9: 23-31 

Chandrashekara, C. P., Hallikeri, S. S., Nandagavi, R. A., Aladakatti, Y. R., Vamadevaiah, 

H. M. and Patil, B. C. 2012. Management of leaf reddening through integrated and 

foliar nutrition approach in Bt cotton. Extended summaries, Vol. 2: 3
rd

 International 

Agronomy Congress, Nov. 26-30, 2012, New Delhi, India: 391-392 

Dhopte, A. M. and Zade, V. C. 1980. Comparative Physiological studies of arboretum and 

hirsutum cottons in relation to leaf reddening. Science and culture, 46 2: 62 

Gawade, R. T. and Bhalerao, P. D. 2012. Effect of fertilizer application on leaf reddening 

and yield of Bt cotton. Bioinfolet, 9 (3): 382-384 

Gerik, J. T., Oosterhuis, D. M. and Torbert, H. A. 1998. Managing Cotton Nitrogen Supply. 

In: “Advances in Agronomy”, (Ed.): Sparks, D. L. Academic press, San Diego, CA 

Hallikeri, S. S., Halemani, H. L., Patil, B. C. and Nandagavi, R. A. 2011. Influence of 

nitrogen management on expression of cry protein in Bt cotton (Gossypium 

hirsutum). Indian Journal of Agronomy, 56 (1): 62-67 

Hebber, K. B., Perumal, N. K. and Khadi, B. M. 2007. Photosynthesis and plant growth 

response of transgenic Bt cotton (Goyssypium hirsutum L.) hybrids under field 

condition. Photosynthetica, 45(2): 254-258 

Hosmath, J. A., Biradar, D. P., Patil, V. C. and Malligawad, L. H. 2012. Assessing the effect 

of temperature on leaf reddening in Bt cotton. Extended summaries Vol. 2: 3
rd

 

international Agronomy Congress, Nov. 26-30, New Delhi, India:  32-34 

Jackson, M. L. 1973. Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., New Delhi 

Pettigrew, W. T., Heitholt, J. J. and Vaughn, K. C. 2000. Leaf senescence- like 

characteristics contribute to cotton’s premature photosynthetic decline. Photosynthetc 

Research, 65: 187-195 



NITROGEN APPLICATION EFFECTS ON PHOTOSYNTHESIS  11 

Read, J. J., Reddy, K. R. and Jenkins, J. N. 2006. Yield and fibre quality of upland cotton as 

influenced by nitrogen and potassium nutrition. European Journal of Agronomy, 

24(3): 282–290 

Reddy, K. R., Hodges, H. F. and McKinion, J. M. 1997. Crop modeling and applications: A 

cotton example. Advances in Agronomy, 59: 225-290 

Reddy, K. R., Koti, S., Davidonis, G. H. and Reddy, V. R. 2004. Interactive effects of 

carbon dioxide and nitrogen nutrition on cotton growth, development, yield, and fiber 

quality. Agronomy Journal, 96: 1148-1157 

Singh, J., Blaise, D., Rao, M. R. K., Mayee, C. D. and Deshmukh, M. S. 2003. Assessment 

of agronomic efficiency of Bt cotton in rainfed vertisol. Journal of Indian Society of 

Cotton Improvement, 28: 185-190 

Srinivasan, G. 2003. Response of cotton (Gossypium hirsutum) to split application of major 

nutrients. Indian Journal of Agronomy, 48(1): 59–61 

Tewolde, H., Shankle, M. W., Sistani, A. and Rowe, D. E. 2008. No- till and conservational 

till cotton response to broiler litter fertilization in upland soil: lint yield. Agronomy 

Journal, 100 (3): 503-509 

Wang, J., Xing, D. and Xu, W. 2006. Development of a Portable Photosynthesis Rate 

Measurement Device. Proc. SPIE 6047, Fourth International Conference on 

Photonics and Imaging in Biology and Medicine, 60473W (October 27, 2006) 

Tianjin, China 

Zhao, D. and Oosterhuis, D. M. 2000. Nitrogen application effect on leaf photosynthesis, 

nonstructural carbohydrate concentrations and yield of field-grown cotton. In D.M. 

Oosterhuis (Ed.), Proceedings of the 2000 Arkansas Cotton Research Meeting. AAES 

Special Report, 198: 69-71 

 

 

 



SAARC J. Agri., 14(2): 12-19 (2016) 

ASSESSMENT OF PERFORMANCE AND LIVELIHOOD 

GENERATED THROUGH COMMUNITY BASED GOAT 

PRODUCTION IN BANGLADESH 

M. O. Faruque
*1

, M. P. Choudhury
2
, C. H. Ritchil

3
, F. Tabassum

4
 

M. A. Hashem
5
 and A. K. F. H. Bhuiyan

6 

1
Sheep Development Project, Bangladesh Livestock Research Institute, Savar, Dhaka-1341

 

2
Sheep and Goat Division,

 
Bangladesh Livestock Research Institute, Savar, Dhaka-1341 

3
Department of Animal Breeding and Genetics,  Bangladesh Agricultural University, 

Mymensingh-2202
 

4
Fodder Development Project, Bangladesh Livestock Research Institute, Savar, Dhaka-1341

 

5
Department of Animal Science, Bangladesh Agricultural University, Mymensingh-2202

 

6
Department of Animal Breeding and Genetics, Bangladesh Agricultural University, 

Mymensingh-2202 

ABSTRACT 

The study was undertaken to investigate the performance of Black 
Bengal goats and livelihood generated through goat rearing at 3 different 
villages namely Kaichapur, Salia and Shimulia at Phulpur Upazila (GPS: 
24.9500°N and 90.3500°E) of Mymensingh district in Bangladesh. The 
average birth weight, body weight at 6 and 12 months of Black Bengal 
goat (BBG) were 1.03 ± 0.01 kg, 7.75 ± 0.09 and 12.77 ± 0.16 kg, 
respectively and daily body weight gain at 0-6 and 6-12 months of age 
were 34.38±0.54 and 24.62±0.57 g respectively. The average litter size 
of does was 1.51±0.05 and kid mortality rate was 12.58%. The study 
revealed that, most of the goat owners were housewives. The 
educational status and goat rearing system of the farmers were also 
observed. Most of the farmers were either Primary (55%) or illiterate 
(38.3%). About 3.33% were below Secondary School certificate and 
1.67% Higher Secondary School certificate level. Few farmers have 
completed their graduation (1.67%). The average net profit from one 
goat in a year was Tk.754. The expenditure on food purchase, health 
care, education, clothing, housing condition and social status of the 
farmers were increased, respectively at a scale of 22.79%, 6.56%, 
14.47%, 4.34%, 14.22% and 19.35% due to increase of their income 
from goat rearing.  

Keywords: Goat, livelihood, mortality, performance, weight gain 
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INTRODUCTION 

Goats are one of very important livestock species because of their short 

generation intervals and higher prolificacy. The technical assistance can be provided 

to the goat producers by organizing the rural goat keepers through community based 

goat production system. The local folks could be encouraged to establish their new 

herds with introduction of superior male germplasm, using modern techniques to 

regularize the production, improvement of performance of flocks and marketing of 

animals. The current study was undertaken to assess the contribution of income 

generated through Black Bengal goats rearing in changing household income and to 

the scale of livelihood changes at the rural community level.    

MATERIALS AND METHODS 

Data of the study was collected during November, 2011 to November, 2012 

from the on-going UNEP-GEF-ILRI-FAnGR Asia research project through co-

operative village started from October 2009 under the technical supervision of 

Department of Animal Breeding and Genetics, Bangladesh Agricultural University 

(BAU), Mymensingh and Area Development Project(ADP), World Vision 

Bangladesh, Phulpur, Mymensingh. All the society members were trained on 

scientific approaches of goat production, breeding, feeding, housing, disease control, 

record keeping and other management practices. Two hundred Black Bengal does 

were collected from different villages of Mymensingh district on the basis of their 

phenotypic character i.e., body size, and record of having at least two kids in each 

kidding. Four Black Bengal bucks were collected from the Bangladesh Livestock 

Research Institute (BLRI), Savar, Dhaka. These four bucks were given to four 

farmers who had previous experience on maintaining breeding buck. Forty goat 

rearing landless women farmers with previous experience of goat rearing were 

selected to form the Community Based Organization (CBO). Later 20 more goat 

rearing landless women farmers were joined to the CBO. Initially four does were 

randomly distributed to each of the 40 CBO members and later on two does were 

randomly distributed to each of 20 CBO members. The birth weight, live weight, 

average daily weight gain, litter size, and kid mortality of 200 male and female goats 

at different periods and socio-economic variables were recorded during the study. 

The data generated from this experiment were entered in Microsoft Excel Worksheet, 

organized and processed for further analysis. Mean and standard errors (SE) for 

different traits were estimated with the help of Statistical Package for Social Science 

(SPSS) v.14.0 (2005). In addition, for significant independent variables, means were 

compared using Duncan’s Multiple Range Test (DMRT).   
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RESULTS AND DISCUSSION 

Performance of goats 

Birth weight 

Average birth weights of male and female kids were 1.08±0.01and 0.98 ± 0.01 

kg respectively with average of 1.03 ± 0.01 kg (Table 1). Average birth weight of 

Black Bengal kids were 1.03 and 0.93 kg for male and female in Bangladesh (Husain, 

1993) which is similar with the present findings. Husain et al. (1996) reported that 

weight at birth varied significantly (p<0.01) according to sex in Black Bengal goats, 

the male kids have higher birth weight (1.06±0.02 kg) than females (0.93±0.02 kg) 

which are similar to this study. Faruque et al. (2010) reported that birth weight of 

kids of Black Bengal goat were 1.49±0.13 and 1.28±0.11 kg, respectively for 

intensive and semi intensive rearing system. Paul (2012) reported that average birth 

weight (kg) of kids of Black Bengal goat in Nucleus Breeding Flock (NBF) at 

Bangladesh Agricultural University, Modhupur, and Nilphamari were 1.09±0.27, 

1.09±0.25 and 1.10±0.27 kg, respectively. Jalil (2014) found that birth weight of 

Black Bengal kid of either sex was 1.31±0.35 kg. 

Table 1. Body weights and body weight gain of male and female goats 

Trait Male Female Total Level of 

significance 

N 100 100 200  

Birth weight (kg) 1.08 ± 0.01 0.98 ± 0.01 1.03 ± 0.01 *** 

Body weight at 6 months (kg) 8.43 ± 0.13 7.078±0.11 7.75± 0.09 *** 

Body weight at 12months (kg) 14.28±0.20 11.27±0.13 12.77± 0.16 *** 

Weight gain 0-6 months (g) 37.71±0.71 31.05±0.66 34.38±0.54 *** 

Weight gain 6-12 months (g) 27.41±0.85 21.83±0.67 24.62±0.57 *** 

    *** p<0.001, N=number of observations 

Body weight at different ages 

The average body weights of male and female at 6 and 12 months of age were 

8.43 ± 0.13, 14.2 ± 0.20 kg and 7.078± 0.11, 11.27 ±0.13 kg, respectively and 

average overall body weight of male and female at 6 and 12 months of age were 

7.75± 0.09 and 12.77± 0.16 kg (Table 2). Effect of sex of goat on the body weight 

was highly significant (p<0.001); in all age groups (Table 2). Husain (1993) reported 

that the body weight of kids at 3, 6, 9 and 12 months of age were 4.9 ± 0.17, 8.4 ± 

0.28, 10.7 ± 0.36 and 12.8 ± 0.2 kg, respectively in Black Bengal goats which is 

almost similar with that found in this study.  Jalil (2014) reported that live weights at 
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3, 6, 9 and 12 month were 5.65, 9.63, 14.20 and 17.70 kg, respectively which were 

also higher than that reported by (Chowdhury et al., 2002 and Hussain et al., 1996) 

but lower than that reported by Amin (2000). Average body weight of Black Bengal 

goat was 14.47±0.48 kg (Choudhury et al., 2012). Paul (2012) reported that average 

body weight at 12 months age of Black Bengal goat in NBF, Modhupur, and 

Nilphamari were 14.40±0.53, 14.20±0.63 and 14.30±0.66 kg respectively and these 

regional differences were significant (p<0.05).   

Table 2. Body weights (kg) of goat at 3 different villages 

Trait Village Level of 

significance 
Kaichapur Salia Shimulia 

N 100 100 200  

Birth weight (kg) 1.04± 0.0 1.03±0.0 1.00±0.01 NS 

Body weight at 6 months (kg) 7.88± 0.1 7.68± 0.1 7.64 ± 0.1 NS 

Body weight at 12months (kg) 13.17±0.2 12.80±0.2 12.10±0.2 * 

   * p<0.05, NS = Non-Significant (p>0.05), N=number of observation 

Body weight gain 

The average daily body weight gain of Black Bengal goat at 0-6 and 6-12 

months of age were 34.38±0.54 and 24.62±0.57 g, respectively. Effect of sex of goat 

on the body weight gain was highly significant (p<0.001); in all regions. The body 

weight gain of males was higher than female in all regions. Husain et al. (1996) 

reported that average daily weight gain was (42.7±0.43g d
-1

) in the selected group of 

Black Bengal goats than in the control group (33.3+0.81g d
-1

) which is nearly similar 

with the present study. Jalil (2014) reported that body weight gain of Black Bengal 

goat at 0-3 month, 3-6 month, 6-9 month, and 9-12 month ages were 66.34±1.69 g d
-

1
, 41.54±2.02 g d

-1
, 49.97±3.10 g d

-1
and 39.28±4.35 g d

-1
, respectively. He also 

reported that weight gain of Black Bengal goat at 0-12 month ages was 56.31±1.40 g 

d
-1

. 

Litter size 

The average litter size in Black Bengal does were 1.51±0.05. Mia (2011) 

reported that litter size of doe is 1.50 in NBF; it is also almost similar with the study. 

Litter size of BBG goat ranged between1 to 3 was reported by Chowdhury and 

Faruque (2001). Amin (2000) reported litter size of selected BBG goat as 1.96 and 

those of random population goat as 1.68, while in Generation 1 (G1) and in 

Generation 2 (G2) those were 2.15 and 2.18, respectively. Choudhury et al. (2012) 

reported that the highest litter size was found in does (1.68±0.39) of Gangatia village 
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(1.67±0.51) and in Solid color Black Bengal goats (1.67±0.54). Jalil (2014) reported 

that litter size of Black Bengal goats was 1.75±0.03. 

Kid mortality rate 

The average kid mortality rate was found to be 12.58 % in present study, which 

is close to those reported by Mazumder et al. (1980) and Singh et al. (1991) who 

reported an average of 13.04±0.05% but lower than that reported by Chowdhury et 

al. (2002). Tsedeke (2007) observed that kid mortality of Arsi Bali goats under 

traditional system was 12.2% which is nearly similar with the present study. 

Choudhury et al. (2012) reported lowest abortion rate was found in Solid Black goats 

(6.14%). They also reported the lowest kid mortality was observed in Solid Black 

goats (10. 0%) which are lower than the study. 

Livelihood through goats 

The observations revealed that the farmers’ net change in inventory before and 

after goat rearing were different. The number of goats of the CBO (Community 

Based Organization) members increased from 30 percent to 45 percent. The average 

return from kid was Tk. 2254. The value of kid varied from Tk. 1000-5000. The 

average net profit from one goat was Tk.754 per annum. So, it was found that with a 

very small capital, rearing of goat could be an easy way to increase the net income of 

the farmers. The expenditure in annual food purchase was enhanced by 22.79%. 

Similarly, increment in the expenditure on clothing, educational status, social dignity, 

health care status and housing status were 14.22%, 4.34%, 14.47%, 19.35% and 

6.56% respectively.  

Educational and occupational status 

Most of the farmers showed almost the similar record about the literacy status. 

Most of the farmers are either having Primary level education (55%) or illiterate 

(38.3%). The selected goat rearers were mostly housewife (95%), few of them were 

students (4%) and teachers (1%). According to the survey data it was found that most 

of the goat owner was landless (75%) followed by marginal (6.67%) and medium 

(18.33%) land holders.  

Income status 

The average annual income of the CBO member was Tk. 3556 before the 

starting project. The highest and lowest income of the CBO member were Tk. 6000 

(10% of total CBO members) and Tk. 2000 (6.60% of total CBO members). After the 

project completed, the average income of the CBO member was Tk. 6975. At this 

stage, the highest and lowest income of the CBO members were Tk. 9750 (30% of 

total CBO members) and Tk. 4500 (10% of total CBO members).  

Feeds and feeding management 

The farmers mainly depended on green grasses and tree leaves for feeding their 

goats. The major sources of feed ingredients they provided to goats were own sources 
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which were mainly tree leaves, green grasses and roadside grasses. Hossain et al. 

(2015) reported that the feed used by 61%, 19.5% and 19.5% goat farmers were 

green grass alone, green grass +straw, and green grass + concentrate, respectively. 

They also found that 65.9% and 39% goat farmers supply green grass and 

concentrate feed respectively to their goats when they keep goats inside the house.   

Disease and health care of goats 

There were two major diseases i.e., PPR and skin disease of goat in the study 

area. It has been observed that the incidence of skin diseases and PPR to be 75% and 

25%, respectively. This indicated that the goats of the experimental area were more 

susceptible to skin diseases. However, according to Hossain et al. (2015) goats in 

southern region of Bangladesh were affected by PPR, bloat and anthrax. 

Profit from goat rearing 

Average rearing cost per goat in experimental area for 12 months was Tk. 

1500. The main return from a goat of experimental area was from kid and yearly 

income of the farmers from kids of one goat was Tk. 2254. The value varied from Tk. 

1077-2254. The net income from one goat in one year was Tk.754.  

Livelihood improvement 

The expenditure on food purchase, health care, education status, clothing, 

housing condition and social status of the goat farmers were increased, respectively at 

a scale of 22.79%, 6.56%, 14.47%, 4.34%, 14.22% and 19.35% due to increased 

income from goat rearing in the study area (Table 3). This increased expenditure was 

possible due to income from the goat rearing alone which might have accrued their 

better livelihood.    

Table 3. Increase of livelihood activities 

Expenditure in Initial value 

(TK.) 

Final value 

(TK.) 

Frequency of 

added value ( %) 

Rank 

order 

Food 1050 1360 22.79 1 

Social status 500 620 19.35 2 

Health care 598 640 6.56 3 

Cloths 440 460 4.34 4 

Education 650 760 14.47 5 

House 350 408 14.22 6 
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CONCLUSION 

The performance of Black Bengal goats and increased income leading to better 

livelihood through goat rearing is appreciable. Women employment was dramatically 

increased because they were involved in their goat rearing. The rural women who 

were unemployed (75%) before and then coming into the job of livestock rearing as 

their profession was a good sign of the country’s development. It is clearly found that 

the farmers who would rear goats have had rapid changes in their livelihood pattern. 

ACKNOWLEDGMENT 

We are grateful to UNEP-GEF-ILRI FAnGR Asia Project for technical 

support. Special thanks to the Area Development Program Manager (ADPM), World 

Vision Bangladesh, Phulpur, Mymensingh, for cordial assistance and support. 

REFERENCES 

Amin, M. R. 2000. Genetic Improvement of Production Traits in Selective breeding and 

Crossbreeding. A Ph. D. Thesis. Dept of Anim. Breeding and Genetics, Bangladesh 

Agriculture University, Mymensingh 

Choudhury, M. P., Sarker, S. C., Islam, F., Ali, A., Bhuiyan, A. K. F. H., Ibrahim, M. N. M. 

and Okeyo, A. M. 2012. Morphometry and performance of Black Bengal goats at the 

rural community level in Bangladesh. Bangladesh Journal of Animal Science, 41 (2): 

83-89 

Chowdhury, S. A., Bhuiyan, M. S. A. and Faruque, S.  2002. Rearing Black Bengal goat 

under semi-intensive management. 1. Physiological and reproductive performances. 

Asian-Australian Journal of Animal Sciences, 15(4): 477-84 

Chowdhury, S. A. and Faruque, S. 2001. Improvement of Black Bengal goat through selective 

breeding. Research report. Bangladesh Livestock Research Institute, Savar, Dhaka 

Faruque, S., Chowdhury, S. A., Siddiquee, N. U. and Afroz, M. A. 2010. Performance and 

genetic parameters of economically important traits of Black Bengal goat. Journal 

Bangladesh Agricultural University, 8(1): 67-78 

Hossain, M. S., Akhtar, A., Hossain, M. H., Choudhury, M. P. and Islam, F. 2015. Goat 

husbandry practices in Southern region of Bangladesh. Journal of Bioscience and 

Agricultural Research, 5 (02): 59-64 

Husain, S. S. 1993. A study on the productive performance and genetic potentials of Black 

Bengal goats, Ph.D thesis. Bangladesh Agricultural University, Mymensingh 

Husain, S. S., Horst, P. and Islam, A. B. M. M. 1996. Study on the growth performance of 

Black Bengal goats in different periods. Small Ruminant Research, 21: 165-171 

Jalil, M. A. 2014. Characterization of Black Bengal Goat. A Ph.D. Thesis. Dept of Zoology, 

Faculty of Biological Sciences, Savar, Dhaka 

Mazumder, N. K., Mazumder, A. and Goswami, K. K. 1980. Studies on some factors 

affecting mortality and survival rates in pashmina kids. Indian Journal of Animal 

Sciences, 50:281-255 



LIVELIHOOD THROUGH GOAT FARMING  19 

 

Mia, M. M. 2011. Genetic evaluation of performance of Black Bengal goat. PhD thesis. 

Department of Animal breeding and genetics, Bangladesh Agricultural University, 

Mymensingh 

Paul, C. R. 2012. Studies on production and reproduction parameters of Black Bengal Goat. 

M.S. Thesis, Department of Animal Breeding and Genetics, Bangladesh Agricultural 

University, Mymensingh 

SPSS (2005) Windows for version-14.0. Release on 27.10.2005. (Microsoft Corp.1998). 

Trends SPSS Inc., Michigan Avenue, Chicago, IL. 19-182 

Tsedeke, K. 2007. Production and marketing of sheep and goats in Alaba. Hawassa 

University, Hawassa, Ethiopia 



SAARC J. Agri., 14(2): 20-30 (2016) 

THE SPATIAL INTEGRATION OF POTATO 

WHOLESALE MARKETS OF UTTARAKHAND IN INDIA 

A. Kumar
*
 and R. Mishra 

Department of Agricultural Economics, G. B. Pant University of Agriculture & 

Technology, Pantnagar-263145, U S Nagar, Uttarakhand, India  

ABSTRACT 

This paper analyzes the spatial integration of potato markets in 
Uttarakhand using monthly wholesale price for ten years. The maximum 
likelihood method of cointegration developed by Johansen (1988) was 
used in the study. The dynamics of short-run price responses were 
examined using vector error correction model (VECM). The results 
indicated that five potato markets reacted on the long-run cointegrating 
equations while the speed of price adjustment in the short-run was 
almost absent. Moreover, it was found that the longer the distance 
between the markets, the weaker the integration was. To increase the 
efficiency of potato markets in Uttarakhand, there is need to focus on 
building an improved market information system. This system should be 
able to disseminate timely market information about price, demand and 
supply of produce to enable producers, traders and consumers to make 
proper production and marketing decisions. 

Keywords: Potato, wholesale, spatial, integration  

INTRODUCTION 

The nature of markets and their role in price determination are central to 

economies. Spatial price behaviour in regional markets is an important indicator of 

overall market performance. Typically, agricultural products are bulky and/or 

perishable and area of production and consumption are separated; hence, 

transportation is costly. To measure demand and supply, price discovery, and 

structure of competition, geographical boundaries of a market are important. The 

geographical integration of markets determines the extent to which weather risk is 

shared over space by smoothing idiosyncratic price variations. Integrated markets 

have limited price differences in time, form, and space when it comes to marketing 

costs. Markets that are not integrated may convey inaccurate price signals that might 

distort producers’ marketing decisions and contribute to inefficient product 
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movements (Tomek and Robinson, 1990). If price movements of a commodity in one 

market are completely irrelevant to forecast price movements of the same commodity 

in other markets, the markets are characterized as segmented. The success of opening 

up of trade between the regions will depend on the strength of transmission of price 

signals among the markets in various regions of a country. The spread of price 

information is an important factor that affects market. Uttarakhand produces large 

varieties of cereals, fruits, vegetables and spices. The total area and production under 

potato was 24.7 thousand hectare and 4.09 lakh tons, respectively while the yield was 

16.58 tons per hectare during 2013-14 (Uttarakhand at a Glance 2014-15). Nainital 

district is the leading producer of potato followed by Almora an Udham Singh Nagar. 

Kharif potatoes are mostly taken in hilly districts viz. Dheradun, Almora, 

Pithoragarh, Nainital and Uttarkashi while Rabi potato is grown in plains of Udham 

Singh Nagar and Haridwar but in very less area. Haldwani (HAL) and Dehradun 

(DDN) wholesale markets are the main market for potato in Uttarakhand. However, 

due to absence of sound marketing facility, the farmers have to depend on local 

traders and middlemen for disposal of their farm produce to these wholesale markets. 

Further, the distance from the market yard influences the marketing behaviour of the 

producer. The various costs involved in transporting the produce especially the 

perishable one from point of production to market yard is of grave concern for the 

producer. Detailed research in this part is limited and necessitates an indepth study of 

marketing of potato in relation to spatial integration is necessary. In this back drop, 

the present study was carried out to examine the spatial price relationship of potato in 

different wholesale markets of Uttarakhand.  

DATA AND METHODOLOGY 

The data set employed in the cointegration exercise consisted of monthly 

wholesale prices of potato from January 2005 to December 2015. There are 25 

principal markets in Uttarakhand of which five are not yet functional and among 20 

markets only 15 markets were selected due to constrained of unavailability of 

consistent data from the period under consideration. Therefore, the data related to 

wholesale prices of potato were collected from Mandi Samiti office of each market. 

On that basis, the following market centres were chosen: Bazpur (BAZ), Dehradun 

(DDN), Gadarpur (GAD), Haldwani (HAL), Haridwar (HAR), Jaspur (JAS), 

Kashipur (KAS), Khatima (KHA), Kichha (KIC), Ramnagar (RAM), Rishikesh 

(RIS), Rudrapur (RUD), Sitarganj (SIT), Tanakpur (TAN) and Vikasnagar (VIK). 

The most common methodology used in the past for testing market integration 

involved the estimation of bivariate correlation coefficient between price changes in 

different markets, e.g., Cummings (1967) and Lele (1967, 1971). This method was 

strongly criticized due to methodological flaws by Blyn (1973), Harriss (1979), 

Heytens (1986) and Ravallion (1986, 1987). The most significant contribution to 

market integration methods came from Ravallion (1986), however this method 

involves serious problems that result in inefficient estimators.  Meanwhile, Palaskas 
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and Harriss-White’s (1993) study involves serious methodological defects inherent in 

the Engle and Granger (1987) method of cointegration which does not provide any 

procedure of testing multiple cointegrating vectors having three or more variables. 

PHW identifying the central and the peripheral markets on the basis of population 

data, volumes, and direction of flows of commodities and nodes of transport 

networks. However, this is not the safest way to eliminate the possibility of an 

endogeneity problem because prices are often determined simultaneously. A better 

way to resolve the problem is to use the multivariate cointegration method developed 

by Johansen (1988). This method treats all the variables as explicitly endogenous and 

takes care of the endogeneity problem by providing an estimation procedure that does 

not require an arbitrary choice of a variable for normalization. It also allows tests for 

multiple cointegrating vectors. The present study analyzes the spatial integration of 

potato wholesale markets in the Uttarakhand state by using recently developed 

cointegration techniques. 

Two markets are considered spatially integrated if the price in the importing 

market  is equal to the price in the exporting market  including transport 

and other transfer costs in moving goods between them . This happens because 

of spatial arbitrage condition given by . However, market integration 

does not necessarily imply that markets are competitive. Generally, the approaches 

that are used for testing market integration may be classified into two broad 

categories. First, Law of One Price (LOP), tests for perfect co-movement of prices 

and assumes that if markets are integrated, price changes in the exporting market will 

be transmitted to the importing markets on a one-for-one basis. LOP requires that 

trade flows between two markets must occur in every period and prices in one market 

are determined exogenously. However, these are highly restrictive assumptions that 

are satisfied rarely in reality. To avoid some of these problems, a second approach, 

i.e., cointegration is used to test for a more general notion of spatial market 

integration. A cointegration test can be used even when the co-movement of prices is 

less than perfect, prices are determined simultaneously, and there are seasonal 

variations in transfer costs. LOP holds if there are n-1 cointegrating vectors and thus 

all n number of prices contains a common stochastic trend. It is for these reasons, and 

because most prices tend to be non-stationary, cointegration in terms of a long-run 

linear relationship between prices. The most utilized cointegration test is Engle-

Granger test. However, since this test involves several problems, the present study 

employed the ML method of cointegration. This method allows the testing of 

multiple cointegrating vectors in a multivariate framework. Since this test is carried 

out in a reduced form vector autoregressive (VAR) model, it does not involve the 

endogeneity problem. As such, the test results remain invariant to the choice of the 

variable selected for normalization in the regression. 
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A cointegration test does not require the examination of the univariate time-

series properties of the data. It confirms that all price series are non-stationary and 

integrated in the same order. This is performed using the Augmented Dickey-Fuller 

(ADF) test developed by Dickey and Fuller (1979, 1981). The test is based on the 

statistics obtained from applying the Ordinary Least Squares (OLS) method to the 

following regression equation: 

 ……..(1) 

Where: k = number of lagged difference terms required so that the error term  

is serially independent. To determine whether Pt is non-stationary, the tau-statistic 

( ),  is used to test the unit-root null hypothesis H0:  = 0. Since  does not 

have the usual properties of student-t distribution, there is need to use critical values 

tabulated by Fuller (1979) for testing the level of significance. The lagged first 

difference terms are included in the equations to take care of possible correlation in 

the residuals. If the unit-root null is rejected for the first-difference of the series but 

cannot be rejected for the level, then the series contains one unit root and is 

integrated of order one, I (1). The lag length, at which the prices are mostly 

integrated, was defined using VAR on the differenced series. In VAR analysis, 

Akaike Information Criterion (AIC) and Schwartz Criterion (SC) were used to select 

a suitable lag length. This is important because the inclusion of excessive lagged 

terms will introduce the problem of multicollinearity. Meanwhile, very few lags will 

lead to specification error. The lower the values of AIC and SC statistic, the better the 

model is. 

Cointegration test 

If Pt denotes an (n×1) vector of I (1) prices, then the k-th order VAR representation 

of Pt may be written as: 

     (t = 1, 2,…….., T)  ……..(2) 

The procedure for testing cointegration is based on the error correction (ECM) 

representation of Pt given by: 

   ....…..(3) 

Where: = − (I− …..,− ); i = 1, 2, ….., k-1;  = − (I− …..,− );  

Each of  is n×n matrix of parameters;  is an independently distributed n-

dimensional vector of residuals with zero mean and variance matrix. Since Pt-k is I 

(1), but ∆Pt and ∆Pt-i variables are I (0), equation (2) will be balanced if  is I 

(0). So, it is the  matrix that conveys information about long-run relationship 

among the variables in Pt. The rank of , r, determines the number of cointegrating 
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vectors, as it determines how many linear combinations of Pt is stationary. If r = n, 

the prices are stationary in levels. If r = 0, no linear combination of Pt is stationary. If 

0< rank ( ) = r < n (Walter Enders, 1995), and there are n × r matrices α and β such 

that = αβ`, then it can be said that there are r cointegrating relations among the 

elements of Pt. The cointegrating vector β has the property that β` Pt is stationary 

even though Pt itself is non-stationary. The matrix α measures the strength of the 

cointegrating vectors in the ECM, as it represents the speed of adjustment 

parameters. Two likelihood ratio test statistics are proposed. The null hypothesis of r 

cointegrating vector against a general alternative hypothesis of more than r 

cointegrating vectors is tested by the  

Trace Statistic (λ-trace) ). 

The null of exactly r cointegrating vectors against the alternative of r+1 is 

tested by the Maximum Eigen value statistic (λ-max) ). 

 s are the estimated values of the characteristic roots, which are also called Eigen 

values, obtained from the estimated  matrix; T is the number of usable observations. 

The number of cointegrating vectors indicated by the tests is an important indicator of 

the extent of co-movement of the prices. An increase in the number of cointegrating 

vectors implies an increase in the strength and stability of price linkages. 

RESULTS AND DISCUSSION 

The estimated test statistics from ADF tests for wholesale prices of potato in 

levels and first differences are reported in table 1. 

Table 1. Results of the ADF test for the order of Integration 

Markets 
Unit Root on Price Level Unit Root on First Difference 

Coefficient t-value p-value Coefficient t-value p-value 

BAZ - 0.881 - 9.610 0.000 - - - 

DEH - 0.424 - 3.180 0.001 - 1.362 - 15.55 0.000 

GAD - 0.203 -3.860 0.004 - 1.159 - 12.65 0.000 

HAL - 0.104 - 2.416 0.139 - 0.910 - 9.539 0.000 

HAR - 1.104 - 3.711 1.000 - 2.096  - 4.395 0.000 

JAS - 0.003 - 0.284 0.922 - 1.148 - 12.51 0.000 

KAS - 0.013 - 0.488 0.883 - 2.553 - 9.069 0.000 

KHA - 0.080 - 1.535 0.512 - 3.804 - 8.065 0.000 

KIC - 0.100 - 2.563 0.103 - 2.747 - 8.107 0.000 

RAM - 0.152 - 2.680 0.080 - 1.329 -14.24 0.000 
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Markets 
Unit Root on Price Level Unit Root on First Difference 

Coefficient t-value p-value Coefficient t-value p-value 

RIS - 0.233 -3.195 0.022 - 1.356   - 15.28 0.000 

RUD - 0.037 - 1.117 0.266 - 2.061 - 8.614 0.000 

SIT - 0.067 -1.749 0.403 - 1.752 - 7.580 0.000 

TAN - 0.162 -3.070 0.031 - 0.967 - 10.31 0.000 

VIK - 0.178 - 4.058 0.001 - 2.165 - 3.293 0.000 

Notes: Critical value of t statistics is – 2.88 at 5 per cent level of significance. ADF analysis was carried 

out in EVIEWS.  

It can be seen that the null hypothesis of non-stationarity cannot be rejected for 

wholesale prices in levels, but can be rejected in first differences. Therefore, 

wholesale prices are non-stationary in their levels but stationary in first differences. 

This implies that all wholesale price series contained a single unit root and were 

integrated of order one. As such, taking first differences as variables in the model 

eliminates the stochastic trend in the nominal series. 

The cointegration tests were then conducted since the entire wholesale price 

series were integrated of the same order. The integration of potato markets of 

Uttarakhand was evaluated by investigating the long-run relationship between the 

wholesale price series of potato in spatially separated locations of Uttarakhand.  

The results of the multivariate cointegration tests for wholesale price series of 

potato crop in Uttarakhand are reported in table 2. The main task was to examine the 

rank  or the number of cointegrating vectors for wholesale price series of potato. 

Using the cointegration test available in EVIEWS, the rank of  was determined. 

The λ –max test, also known as ML ratio test, was more powerful than the trace test. 

The λ–max test indicated the presence of 5 cointegrating vector for wholesale 

markets of potato at 5 percent level of significance and the test defined the rank of 

= 5. The above empirical evidence suggests that the wholesale price series of all the 

markets of potato in Uttarakhand were cointegrated to a long-run equilibrium. The 

farmers transfer their produce from one market to the other according to the price 

changes. Meanwhile, arbitrage through trade ties their prices together.  



26 A. Kumar and R. Mishra 

Table 2.  Cointegration results for spatial integration of wholesale markets of potato 

in Uttarakhand 

Trace test Maximum Eigen Value test 

Null 

Hypothesis 
λ -trace 

5% critical 

Value 

Null 

Hypothesis 
λ –max  

5% critical 

Value 

r = 0 932.44 NA r = 0 158.19 NA 

r ≤ 1 774.25 NA r = 1 151.09 NA 

r ≤ 2 623.15 NA r = 2 134.10 NA 

r ≤ 3* 489.04 334.98 r = 3* 111.93 76.57 

r ≤ 4* 377.11 285.14 r = 4* 91.77 70.53 

r ≤ 5* 285.33 239.23 r = 5* 75.25 64.50 

r ≤ 6 210.08 197.37 r = 6 58.40 58.43 

Note: *denotes rejection of the hypothesis at 5 percent significance level.  

For the long-run price cointegration in wholesale markets of potato in 

Uttarakhand, the cointegrating equations that were normalized according to the rank 

are shown in table 3. Five cointegrating equations were obtained for potato by 

normalizing with respect to BAZ, DEH, GAD, HAL and HAR wholesale prices. The 

results of long-run wholesale price integration using Johansen’s ML test could 

explain why BAZ was integrated with most of the wholesale markets to which it 

distributed the potato crop as the transit market. Further, BAZ was highly integrated 

with JAS, KIC, RUD, and SIT markets. Similarly, DEH market was highly integrated 

with JAS, KIC, KHA, RAM, RIS and VIK markets, which showed that the shorter 

distance made the integration stronger. However, HAL market was integrated with 

KIC, RAM, RUD, SIT and KHA markets and has weaker integration with other 

markets which shows the longer distance lead the integration weaker. This fact was 

also explained in the case of HAR markets which is not integrated with TAN and SIT 

markets.  

Table 3. Estimation of long-run wholesale price integration of potato markets 

BAZ 

= 

- 16.67 JAS 

(- 3.255)* 

+ 5.123 

KAS 

(1.196) 

-5.060 KHA 

(- 1.330) 

+ 46.431 

KIC 

(7.088)* 

+ 4.036 

RAM 

(1.096) 
CointEq (1) 

 
+ 13.66 RIS 

(2.228) 

- 14.165 

RUD 

(- 3.383)* 

- 18.641 SIT 

(- 4.486)* 

- 1.482 TAN 

(- 0.502) 

- 1.921 VIK 

(- 0.431) 

DEH 

= 

- 3.402 JAS 

(- 3.611)* 

- 1.668 KAS 

(- 2.119) 

- 2.457 

KHA 

(- 3.515)* 

+ 4.764 KIC 

(3.953)* 

+ 2.385 

RAM 

(3.522)* 
CointEq (2) 

 
+ 1.018 RIS 

(2.348)* 

- 0.322  

RUD 

(0.418) 

+ 1.772 SIT 

(2.310) 

+ 2.568 

TAN 

(1.738) 

- 2.713 VIK 

(- 3.316)* 
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GAD 

= 

- 2.719 JAS 

(- 2.785)* 

 + 1.328 

KAS 

(1.586) 

+ 2.300 

KHA 

(3.091)* 

+ 7.011 KIC 

(5.468)* 

- 0.730 RAM 

(- 1.013) 

CointEq (3) 

 
+ 1.029 RIS 

(1.281) 

- 2.624  

RUD 

(- 3.204)* 

- 4.955 SIT 

(- 6.095)* 

- 2.327 TAN 

(- 4.039)* 

+ 5.534 VIK 

(2.867)* 

HAL 

= 

+ 1.081 JAS 

(0.487) 

+ 1.292 

KAS 

(0.696) 

+7.010 

KHA 

(4.248)* 

+ 6.170 KIC 

(2.842)* 

- 5.379 RAM 

(- 3.368)* 

CointEq (4) 

 
+ 1.769 RIS 

(0.993) 

- 6.680 

RUD 

(- 3.678)* 

- 7.818 SIT 

(- 4.338)* 

- 2.166 TAN 

(- 1.694) 

+ 5.504 VIK 

(2.051) 

HAR 

= 

+ 1.752 JAS 

(3.319)* 

- 3.114 KAS 

(- 7.452)* 

+ 0.133 

KHA 

(0.338) 

- 0.134 KIC 

(- 0.197) 

+ 0.692 

RAM 

(1.821) 
CointEq (5) 

 
- 1.485 RIS 

(- 3.502)* 

+ 0.968  

RUD 

(2.241) 

+ 0.535 SIT 

(1.247) 

+0.890 TAN 

(2.027) 

- 1.389 VIK 

(- 3.019)* 

Note: All the values in parentheses are t-values 

*Significant at 1 percent level of significance and critical t-value= 2.32 

Testing for short-run integration can be incorporated in the Vector Error 

Correction Model (VECM) using the same price series, only when the long-run 

integration is observed. The short-run dynamics of wholesale prices of potato is 

presented in table 4. A principal feature of cointegrated variables is that their time 

paths are influenced by the extent of any deviation from long-run equilibrium (Walter 

Enders, 1995). After all, if the system is to return to the long-run equilibrium, the 

movement of at least some of the variables must respond to the magnitude of the 

disequilibrium. The larger the coefficient of the cointegrating relation in the 

regression, the stronger the reaction of the markets in the short-run. It is seen from 

the table that BAZ was the strongest follower of the cointegrating equation one with 

a speed of adjustment of about 15 percent while DEH was the strongest follower of 

cointegrating equation 2 with a speed of adjustment of 70 percent. KHA and HAL 

markets were the strongest follower of cointegrating equation 3 and 4, respectively 

and further HAR market was the follower of cointegrating equation 4 with speed of 

adjustment of 45 per cent. In general, it can be said that BAZ, DEH, HAL and HAR 

markets are special markets as they reacted to all the cointegrating equations. The 

cointegration results observed a strong long-run relationship of wholesale prices 

between all the markets for potato in Uttarakhand. However, the results of error-

correction reveal a very weak association between these vegetable markets in the 

short-run. The significant short-run association was missing in most of the cases. 

Thus, it may be concluded from the above analysis that while prices are tied together 

in the long-run, they drift apart in the short-run because of paucity of availability of 

information and lack of quicker dissemination of available information. 
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Table 4. Estimation of short-run dynamics of wholesale prices of potato in Uttarakhand 

Error 

Correction: 
D(BAZ) D(DEH) D(GAD) D(HAL) D(HAR) D(JAS) D(KAS) D(KHA) D(KIC) D(RAM) D(RIS) D(RUD) D(SIT) D(TAN) D(VIK) 

Coint 

Eq (1) 

0.153 

(0.081) 

[1.896] 

0.120 

(0.047) 

[2.544] 

0.069 

(0.041) 

[1.677] 

0.092 

(0.024) 

[3.834] 

0.094 

(0.057) 

[1.631] 

- 0.009 

(0.005) 

[- 1.800] 

0.005 

(0.016) 

[0.361] 

0.041 

(0.018) 

[2.317] 

- 0.026 

(0.012) 

[-2.16] 

0.005 

(0.023) 

[0.237] 

0.025 

(0.025) 

[1.020] 

-0.027 

(0.016) 

[-1.65] 

-0.016 

(0.015) 

[- 1.06] 

0.006 

(0.013) 

[0.442] 

0.027 

(0.017) 

[1.608] 

Coint 

Eq (2) 

0.034 

(0.434) 

[0.078] 

-0.709 

(0.253) 

[-2.79] 

-0.452 

(0.222) 

[-2.04] 

-0.589 

(0.129) 

[-4.55] 

- 0.442 

(0.311) 

[-1.42] 

-0.001 

(0.029) 

[-0.04] 

0.049 

(0.087) 

[0.564] 

-0.262 

(0.096) 

[-2.71] 

0.099 

(0.066 

[1.484] 

0.005 

(0.023) 

[0.237] 

0.025 

(0.025) 

[1.020] 

- 0.027 

(0.016) 

[-1.65] 

- 0.016 

(0.015) 

[-1.06] 

- 0.136 

(0.075) 

[1.813] 

- 0.314 

(0.092) 

[-3.41] 

Coint 

Eq (3) 

0.052 

(0.331) 

[0.157] 

- 0.236 

(0.194) 

[- 1.21] 

0.048 

(0.176) 

[0.282] 

0.142 

(0.099)[1.

439] 

0.227 

(0.238) 

[0.953] 

0.033 

(0.022) 

[1.462] 

0.012 

(0.067) 

[0.184] 

- 0.309 

(0.074) 

[- 4.169] 

- 0.177 

(0.051) 

[- 3.45] 

-0.033 

(0.124) 

[-0.26] 

- 0.005 

(0.134) 

[-0.03] 

0.122 

(0.089) 

[1.368] 

- 0.016 

(0.015) 

[-1.06] 

-0.136 

(0.075) 

[1.812] 

-0.314 

(0.092)[-

3.41] 

Coint 

Eq (4) 

0.183 

(0.264) 

[0.693] 

-0.272 

(0.154) 

[-1.76] 

- 0.160 

(0.135) 

[- 1.18] 

- 0.383 

(0.078) 

[- 4.85] 

- 0.269 

(0.189) 

[- 1.42] 

- 0.011 

(0.018) 

[- 0.637] 

0.068 

(0.053) 

[1.276] 

- 0.065 

(0.059) 

[-1.115] 

0.117 

(0.041) 

[2.882] 

0.047 

(0.075) 

[0.629] 

- 0.192 

(0.081) 

[-2.35] 

0.020 

(0.054) 

[-0.36] 

-0.009 

(0.062) 

[-0.15] 

-0.901 

(0.045) 

[-19.7] 

-0.236 

(0.056) 

[-4.21] 

Coint 

Eq (5) 

-0.337 

(0.473) 

[- 7.119] 

- 0.072 

(0.276) 

[-0.26] 

0.284 

(0.242) 

[1.176] 

0.383 

(0.141) 

[2.713] 

0.451 

(0.338) 

[1.332] 

- 0.126 

(0.032) 

[1.332] 

- 0.126 

(0.032) 

[-3.86] 

0.296 

(0.095) 

[3.092] 

- 0.310 

(0.105) 

[-2.93] 

0.171 

(0.135) 

[1.258] 

0.029 

(0.146) 

[0.203] 

-0.015 

(0.097) 

[-0.16] 

-0.010 

(0.049) 

[-0.21] 

0.046 

(0.081) 

[0.562] 

-0.011 

(0.100) 

[-0.11] 

Note: All the figures in parentheses (….) are standard error and figures in [….] are t-values  
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CONCLUSION AND POLICY IMPLICATIONS 

Market integration reflects price linkages when there is trade between two 

markets to test and measure its extent. Using monthly wholesale price data for ten 

years, this paper analyzed the spatial integration of potato markets in Uttarakhand. 

From the results, it was observed that the wholesale markets of perishable crop potato 

had integration in the long-run. This may be due to the fact that the production of 

potato is more concentrated in hills compared to other vegetables. The concentrated 

production urges traders and consumers to focus on production and marketing, and 

this makes the prices in other markets move with the prices of production areas to a 

greater degree. These were found to be segmented with the markets of plain area and 

signifies that the longer the distance, the lesser the integration. The results show that 

due to lack of available, timely information on price, lack of transportation facilities, 

product characteristics, and large distance between the markets made the markets 

segmented. In general, Bazpur, Dehradun, Haldwani and Haridwar markets are 

special markets as they reacted to all the cointegrating equations. It was observed that 

there is a strong long-run relationship of wholesale prices between all the markets for 

potato in Uttarakhand. However, the results further reveal a very weak association 

between these vegetable markets in the short-run. The reason might be the paucity of 

availability of information, lack of dissemination of available information, and 

transportation conditions. In Uttarakhand, it will usually take a long time to transport 

commodities from one province to another because of limited transportation 

facilities. These prevent the traders from responding immediately to price changes in 

other markets. 

The results of this study show that potato markets in Uttarakhand are integrated 

in the long-run. However, the degree of short-run market integration is rather low. 

Therefore, in potato markets, the transmission of price information is slow and price 

changes across areas are not responsive to each other. To make the potato markets in 

Uttarakhand more efficient, there is a need to focus on building an improved market 

information system-one that is able to disseminate timely market information about 

price, demand, and supply of products to enable producers, traders, and consumers to 

make proper production and marketing decisions. The monitoring results of the 

Information Centre of Ministry of Agriculture of Uttarakhand and relative units like 

the Marketing Development Board on agricultural products supply, demand, and 

price should be shared timely and accurately to producers, traders, and consumers 

through various communication media. This can help farmers and traders understand 

well the trends of production and marketing. In turn, they will be able to make better 

decisions as well as realize higher returns in the process and thus help consumers to 

get the product at a reliable price. The government is also required to create market 

infrastructure facilities like transportation, warehousing, and processing, among 

others. 
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ABSTRACT 

An experiment was conducted under pot culture to investigate 
physiological responses as well as antioxidative enzymes activities that 
may lead to select sesame genotype (s) which were more waterlogging 
tolerant at vegetative stage.  Four sesame genotypes viz. BD-6980, BD-
6985, BD-6992 and BD-7012 were grown under waterlogged (at 
vegetative stage) and control (no waterlogged) conditions. Plant height, 
root length, root volume, root dry weight and leaf area per plant in all the 
four sesame genotypes significantly decreased due to waterlogging at 
vegetative stage in comparison to controlled condition. Higher SPAD 
value (Soil and Plant Analyzer Development) and specific leaf mass 
were recorded in waterlogged plant than controlled plant during 
waterlogging period but reverse was the case during recovery period. All 
the genotypes showed positive indices of waterlogging tolerance in terms 
of better performance of root, stem, leaf and petiole. Among the 
genotypes, BD 6980 showed higher waterlogging tolerance in all the 
components followed by BD 6985.  Malondialdehyde (MDA) content was 
found higher in waterlogged plant of all the four sesame genotypes in 
both waterlogging period and recovery period than the controlled plant. 
Antioxidant enzyme activities like Peroxidase (POD), Catalase (CAT), 
Ascorbate peroxidase (APX), Glutathione peroxidase (GPX) and 
Superoxide dismutase(SOD)  were inconsistent in the present study but 
most of the antioxidant enzyme activities showed an increasing trend in 
waterlogged plant than that of control plant in all the genotypes. 
Comparatively low amount of MDA content and high antioxidant activities 
of sesame genotype BD 6980 is considered as highly tolerant to 
waterlogging and other three genotypes are moderately tolerant under 
water logging condition.  
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INTRODUCTION 

 In Bangladesh, sesame is mainly grown in Kharif season which is the dry wet 

transition period due to the start of monsoon and quite often it is affected by 

waterlogging condition. Waterlogging is a worldwide phenomenon that affects crop 

yield. Waterlogging occurs in saturated soils, when the air filled porosity falls below 

10% (Hodgsen and Chan, 1982). In a well drained soil, the air filled porosity usually 

ranges from 10 to 40% of total soil volume but waterlogging reduces these pores, 

substantially diminishing root oxygen supply causing hypoxia (Barrett Lennard, 

2003; Boru et al., 2003; Colmer and Islam, 2002). As oxygen diffuses 10,000 times 

more slowly in water than in air (Armstrong, 1979), plant tissues became hypoxic 

under anoxic condition since roots require oxygen for optimal respiration and 

metabolic activity. Waterlogging situation results in anaerobic respiration and causes 

injury and reduction in growth of root as well as shoots (Kramer, 1951). 

Physiological consequences of waterlogged conditions include altered shoot and root 

hormonal status (Hocking et al., 1985) and nutrient uptake (Orchard et al., 1986; 

Rochester, 2001, Wiengweera and Greenway, 2004). Furthermore, waterlogging 

causes the closure of stomata, reduction in CO2 concentration and therefore a decline 

in photosynthesis (Crawford, 1978) and consequently it might also increase the 

concentration of damaging reactive oxygen species (ROS) inside the plant cells. In 

recent past, it was observed that the reproductive stage of sesame is very much 

sensitive to waterlogging than that of vegetative stage (Saha et al., 2010). However, 

oxidative stress reactions in plant cells are associated with toxic free radicals from the 

reduction of molecular oxygen to the super oxide radical, singlet oxygen, hydroxyl 

radical and hydrogen peroxide (Bowler et al., 1992). A major safe guarding 

mechanism against free radicals is provided by SOD, which catalyzes the conversion 

of O2 to H2O2 then H2O2 is decomposed in the presence of catalase (CAT) and 

peroxidase (POD). However, very little information is available about the response of 

the antioxidative system when sesame plants are subjected to waterlogging 

conditions. With this view the present study was undertaken to investigate 

physiological responses as well as antioxidative enzymes activities of our moderately 

tolerant against waterlogging genotypes of sesame (BD-6980, BD-6985, BD-6992 

and BD-7012) that may lead to select sesame genotype (s) which were more 

waterlogging tolerant at vegetative stage.  

MATERIALS AND METHODS 

 The experiment was carried out at the Bangladesh Agricultural Research 

Institute, Joydebpur, Gazipur during March to June 2014. The experiment was laid 

out in completely randomized design with three replications. Sesame was grown in 

earthen pot containing around 12 kg soil collected from Kodda, Kaliakoir, Upazila, 
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Gazipur district of Bangladesh. Treatments consists of four moderately waterlogged 

tolerant genotypes of sesame (viz., BD-6980, BD-6985, BD-6992 and BD-7012) 

subjected to waterlogged (at vegetative stage) and control (no waterlogged) 

conditions. Application of fertilizers @ 100-130-40-100 kg ha
-1

 (0.6-0.78-0.24-0.6 g 

pot
-1

) of urea, triple super phosphate, muriate of potash and gypsum. Every pot was 

hand weeded at 21 and 35 days after sowing. For controlling hairy caterpillar Ripcord 

@ 1ml litre
-1

 of water was sprayed at 45 and 60 days after sowing. In each pot, 10 

seeds were sown on 2 March, 2014. The seedlings were emerged within 7 days after 

sowing. At 21 days after sowing, seedlings were thinned out keeping two uniform 

seedlings in each pot. Waterlogging condition was imposed at 29 days after 

emergence (DAE) and kept waterlogging (3-5 cm water above the soil surface) for 

three days. These three days (29-30 DAE) were considered as waterlogging period 

and onward removal of waterlogging i.e., 32-43 DAE was considered as recovery 

period. Plants from three pots for every genotype under both waterlogged and control 

condition were collected after termination at waterlogging (31 DAE) and 12 days 

after termination of waterlogging i.e., 43 DAE(recovery period) to record data on 

different parameters such as SPAD value, leaf area, root-shoot length, root volume 

and components dry weight. Specific leaf mass (SLM) was determined as the ratio 

between leaf dry weight and leaf area following Hunt (1978). Leaf area was 

measured immediately after collection of the plant with the help of an automatic leaf 

area meter (LI 3100, LI-COR, USA). The relative growth rate (RGR) of plant 

components biomass and total biomass were calculated according to Gardner et al. 

(1985). The RGR of each plant component under waterlogged and control conditions 

were calculated. Waterlogging tolerance (WLT) indices of different components was 

calculated as percent ratio of RGR of waterlogged plants to RGR of control plants 

indicating the degree of tolerance of sesame genotypes under waterlogging condition 

(Chan and Burton, 1992). Biochemical analysis was done at Molecular Laboratory of 

Plant Breeding Division, BARI, Gazipur. Protein concentration in the leaf extract 

was determined according to the method of Bradford (1976) using BSA as a protein 

standard. Peroxidase (POD) activity was estimated according to Hemeda and Klein 

(1990). Superoxide dismutase (SOD) activity was determined using an indirect 

competitive inhibition assay (Spitz and Oberley, 1989). Ascorbate peroxidase (APX) 

activity was assayed following the method of Nakano and Asada (1981). Glutathione 

peroxidase (GPX) activity was measured as described by Elia et al. (2003). Catalase 

(CAT) activity was measured according to the method of Csiszár et al. (2007). The 

level of lipid peroxidation was measured by estimating MDA following the method 

of Heath and Packer (1968).  Mean and standard deviation/standard error of collected 

data were analyzed statistically.  
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RESULTS AND DISCUSSION 

Morphophysiological changes 

Plant height and root length in both waterlogging period and recovery period 

were shorter due to waterlogging than that of control condition (Figure 1 and 2).  

 

Figure1. Plant height of four sesame genotypes under waterlogging at vegetative 

stage during waterlogging and recovery period. Vertical bar indicates the 

standard error. 

 

Figure 2. Root length of four sesame genotypes under waterlogging at vegetative 

stage during waterlogging and recovery period. Vertical bar indicates the 

standard error. 
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Fig. 1. Plant height of four sesame genotypes under waterlogging at vegetative stage during
waterlogging  and recovery period . Vertical bar indicates the standard error.

Fig. 2. Root length of four sesame genotypes under waterlogging at vegetative stage during
waterlogging  and recovery period. Vertical bar indicates the standard error.
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Fig. 2. Root length of four sesame genotypes under waterlogging at vegetative stage during
waterlogging  and recovery period. Vertical bar indicates the standard error.

Fig. 3. Root volume  of four sesame genotypes under waterlogging at vegetative stage during 
waterlogging  and recovery period 
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Plant height of genotypes BD-6980 (V1), BD-6985 (V2), BD-6992 (V3), BD-7012 

(V4) at waterlogging period  and  recovery period were 9.3, 8.9, 16.8, 11.5cm and 

33.3, 31.3, 34.9, 26.6 cm of waterlogging treated plant whereas  21.6, 18.4, 19.6, 

18.6cm and 52.6, 49.3, 57.3, 40.1cm of untreated control plant. Similarly root length 

in both waterlogging period and recovery period among the  genotypes V1, V2, V3 V4 

were 5.5, 7.4, 18.1, 8.3 cm and 12.9, 16.9, 12.0, 13.8 cm of waterlogging treated 

plant whereas  20.9, 13.8, 13.4, 15.4cm and 18.0, 19.8, 20.6, 13.4 cm of untreated 

control plant.  

Root volume and root dry weight also substantially reduced in response to 

waterlogging (Figure 3 and 4). It was observed that root volume reduced 66-85% at 

waterlogging period and 15-57% at recovery period in waterlogging treated plant of 

different genotypes compared to untreated control plant.  

 

Figure 3. Root volume of four sesame genotypes under waterlogging at vegetative  

     stage during waterlogging and recovery period . Vertical bar indicates the 

   standard error.  

In case of root dry weight it was reduced 28-81% at waterlogging period and 

57-69% at recovery period in waterlogging treated plant compared to untreated 

control plant.  
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Fig. 3. Root volume  of four sesame genotypes under waterlogging at vegetative stage during 
waterlogging  and recovery period . Vertical bar indicates the standard error.

Fig. 4. Root dry weight   of four sesame genotypes under waterlogging at vegetative stage during 
waterlogging  and recovery period.  Vertical bar indicates the standard error.
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Figure 4. Root dry weight   of four sesame genotypes under waterlogging at 

vegetative stage during waterlogging and recovery period. Vertical bar 

indicates the standard error.  

Leaf area also found smaller in all the genotypes i.e., 75 to 134 cm
2 
and 244 to 

297 cm
2 

in waterlogging affected plant whereas 152 to258 cm
2 

and 399 to 509 cm
2
 

during waterlogging period and recovery period, respectively (Figure 5). 

 

Figure 5. Leaf area of four sesame genotypes under waterlogging at vegetative 

stage during waterlogging and recovery period. Vertical bar indicates the 

standard error.  

SPAD reading which is the indicator of chlorophyll content of leaf showed 

higher value (40.7 to 44.4) in waterlogged plant than that of control plant (37.5 to 

41.8) during waterlogging but it showed decreasing trend (38.7 to 40.7) in 

waterlogged plant than that of control plant (43.7 to 46.9) during recovery period 

(Figure 6). 
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Fig. 4. Root dry weight   of four sesame genotypes under waterlogging at vegetative stage during 
waterlogging  and recovery period.  Vertical bar indicates the standard error.

Fig. 5. Leaf area   of four sesame genotypes under waterlogging at vegetative stage during  
waterlogging  and recovery period 
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Fig. 5. Leaf area   of four sesame genotypes under waterlogging at vegetative stage during  
waterlogging  and recovery period. Vertical bar indicates the standard error.

Fig.6. SPAD value  of four sesame genotypes under waterlogging at vegetative stage during  
waterlogging  and recovery period. Vertical bar indicates the standard error.

Fig.7. Specific lef mass (SLM)  of four sesame genotypes under waterlogging at vegetative stage 
during  waterlogging  and recovery period 
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Figure 6. SPAD value of four sesame genotypes under waterlogging at vegetative 

stage during waterlogging and recovery period. Vertical bar indicates the 

standard error.  

Specific leaf mass also showed the similar trend with that of SPAD value 

(Figure 7). Specific leaf mass of different genotypes showed increasing trend (5.48 to 

6.33) in waterlogged plant than that of control plant (3.97 to 5.82) during 

waterlogging but it showed decreasing trend (4.86 to 5.87) in waterlogged plant than 

that of control plant (5.34 to 6.29) during recovery period. From these results it 

indicated that waterlogging stunted the leaf expansion but leaf content might be 

concentrated during the waterlogging period resulting the higher SPAD value as well 

as greater specific leaf mass. But during recovery period, waterlogged plant started to 

expand leaf size or produce new leaf which might have lower SPAD value and 

specific leaf mass under waterlogged plant than that of control plant.  

 

Figure 7.  Specific leaf mass (SLM) of four sesame genotypes under waterlogging at 

vegetative stage during  waterlogging  and recovery period. Vertical bar 

indicates the standard error.  
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Fig.7. Specific lef mass (SLM)  of four sesame genotypes under waterlogging at vegetative stage 
during  waterlogging  and recovery period 
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Fig.8. Dry matter partioning  of four sesame genotypes under waterlogging at vegetative stage 
during  waterlogging  and recovery period 
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Dry matter partitioning pattern of different components showed the lesser 

amount of dry mass in all the plant parts in waterlogged plant than that of control 

plant in both the waterlogging period and recovery period regardless of genotypes 

(Figure 8).  

 

Figure 8.  Dry matter partioning of four sesame genotypes under waterlogging at 

vegetative stage during waterlogging  and recovery period. Vertical bar 

indicates the standard error.  

Root and shoot ratio decreased in waterlogged plant (0.06 to 0.09 and 0.11 to 

0.15) compared to that of control plant (0.11 to 0.19 and 0.14 to 0.17) in 

waterlogging period and recovery period, respectively (Figure 9). It was also 

observed that decreasing trend was slightly lower during recovery period than that of 

waterlogging period. It indicated that the plant might be recovered its root system 

compared to shoot.  

 

Figure 9.  Root-shoot ratio of four sesame genotypes under waterlogging at 

vegetative stage during waterlogging and recovery period. Vertical bar 

indicates the standard error.  
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Relative growth of plant components and waterlogging tolerance 

 The relative growth rate (RGR) of root, stem, leaf, petiole, shoot and total 

plant of both waterlogged and control condition of four sesame genotypes during 

recovery period showed the positive RGR in all the genotypes under control as well 

as waterlogged condition (Table 1). Among the genotypes, BD 6980 showed 

identical or greater values i.e., 0.15, 0.15, 0.09, 0.08, 0.11 and 0.12 RGR of root, 

stem, leaf, petiole, shoot and total plant of waterlogged plant compared to control 

plant (0.01, 0.14, 0.07, 0.09, 0.11 and 0.10 RGR of root, stem, leaf, petiole, shoot and 

total plant). Among the components, RGR of root under waterlogged condition was 

found higher (0.15, 0.18, and 0.13) or similar compared to control condition (0.01, 

0.13 and 0.13) in all genotypes except BD 6992 (0.07 RGR at waterlogged plant and 

0.14 RGR at control plant). Waterlogging tolerance (WLT) indices of root showed 

better performance except BD 6992. Among the genotypes,BD 6980 exhibited 

greater tolerance indices i.e., nearly 100% or more than 100% followed by BD 6985 

which indicated the highly tolerant against waterlogging.  

Table 1.  Relative growth rate (RGR, g/g/day) and waterlogging tolerance (WLT, %) 

of plant components of four sesame genotypes. 

Genotypes 

RGR and 

WLT Root Stem Leaf Petiole Shoot Total plant 

BD 6980 

 

Waterlogged 0.15 0.15 0.09 0.08 0.11 0.12 

Control 0.01 0.14 0.07 0.09 0.11 0.10 

WLT (%) 150 108 128 88 100 112 

BD 6985 

 

Waterlogged 0.18 0.15 0.09 0.10 0.11 0.12 

Control 0.13 0.15 0.10 0.09 0.12 0.12 

WLT (%) 132 100 90 111 92 100 

BD 6992 

 

Waterlogged 0.07 0.08 0.04 0.04 0.06 0.06 

Control 0.14 0.16 0.09 0.08 0.12 0.12 

WLT (%) 50 50 44 50 50 50 

BD 7012 

 

Waterlogged 0.13 0.10 0.07 0.08 0.08 0.08 

Control 0.13 0.14 0.08 0.10 0.10 0.10 

WLT (%) 100 71 88 80 80 80 

Enzymatic Activities  

Different enzymatic activities of the youngest fully expanded green leaves of 

sesame under control and waterlogged plants in both waterlogging period and 

recovery period Revealed that the injury of biological lipid by reactive oxygen 

species (ROS) as indicated by Malondialdehyde (MDA) content was higher (14.41 to 

14.70 nmol g
-1

 FW  and 10.66 to22.03  nmol g
-1 

FW, respectively) in waterlogged 
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plant of all the four sesame genotypes in both waterlogging period and recovery 

period than controlled plants (9.92 to 13.7 nmol g
-1

 FW  and 8.42 to 18.27 nmol g
-1

 

FW)  (Table 2 and 3). However, the rate of increment was lower in BD 6980 during 

waterlogging period which indicated that lesser oxidative stress injury than that of 

other genotypes. Different antioxidative enzyme activities including superoxide 

dismutase (SOD), peroxidase (POD), catalase (CAT), ascorbate peroxidase (APX) 

and glutathione peroxidase (GPX) to encounter the deleterious effects of ROS 

showed differential responses in different genotypes due to imposition of 

waterlogging. SOD activity increased in BD 6980 and BD 6985 genotypes but 

decreased in BD 6992 and BD 7012 genotypes during waterlogging period. But it 

increased in all genotypes during recovery period. Catalase activities showed 

increasing trend at waterlogged plant in all the genotypes during both waterlogging 

and recovery period except BD 6985 during recovery period. Different peroxidase 

activities such as POD, APX and GPX increased in waterlogged plant in all 

genotypes than that of control plant during both waterlogging and recovery period 

except slightly reduced activity of GPX in BD 6980 during recovery period.  

Table 2. Enzymatic activities among the sesame genotypes during waterlogging 

period 
 

Genotypes 

 

 Treatment 

POD 

(μmol/ 

min/mg 
protein) 

CAT 

(μmol/ 

min/mg) 

APX 

(μmol/min

/mg 
protein) 

GPX 

(nmol/ 

min/mg 
protein) 

SOD 

(U/mg 
protein 

MDA 

(nmol/g 
FW) 

BD 6980 

 

 

Control 0.23±0.03 15.3±2.6 2.68±0.3 310.0±30.9 152.6±9.1 13.7±0.5 

waterlogged 0.39±0.05 17.9±2.8 7.1±0.1 798.7±38.1 168.9±18.5 14.5±0.3 

Relative 

change (%) 70.50 17.07 163.19 157.66 10.63 5.79 

BD 6985 

 

 

Control 0.52±.08 21.2±1.1 9.1±0.2 336.7±32.9 143.7±6.7 12.4±0.7 

waterlogged 0.54±0.13 43.5±4.3 11.0±0.9 613.5±101.3 190.8±11.9 14.6±1.1 

Relative 

change (%) 3.92 104.55 21.70 82.19 32.75 17.64 

BD 6992 

 

 

Control 0.05±0.01 29.2±1.5 1.5±0.07 250.7±9.0 140.5±16.0 13.0±1.2 

waterlogged 0.11±0.01 36.8±3.0 2.7±0.33 583.3±28.8 109.9±5.2 14.4±0.6 

Relative 

change (%) 124.47 26.05 78.30 132.67 -21.81 10.59 

BD 7012 

 

 

Control 0.19±0.02 36.5±2.1 1.3±0.06 272.6±17.9 197.5±13.5 9.9±0.2 

waterlogged 0.18±0.02 52.5±5.1 1.6±0.09 438.1±43.7 194.9±8.7 14.7±0.1 

Relative 

change (%) -0.65 43.89 27.34 60.69 -1.29 48.20 

± values indicate the standard deviation (SD) of respective means 
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Table 3. Enzymatic activities among the sesame genotypes during recovery period 

Genotypes Treatment 

POD 

(μmol/ 

min/mg 

protein) 

CAT 

(μmol/ 

min/mg) 

APX 

(μmol/
min/mg 

protein) 

GPX 

(nmol/ 

min/mg 

protein) 

SOD (U/mg 

protein 

MDA 

(nmol/g 

FW) 

BD 6980 

 

 

Control 2.4±0.2 17.5±2.4 3.7±0.1 301.0±29.8 100.1±10.8 17.5±1.9 

waterlogged 3.4±0.2 42.7±2.8 5.8±0.5 291.7±5.0 147.5±4.1 21.2±1.8 

Relative 

change (%) 

38.60 

 

143.81 

 

59.37 

 

-3.10 

 

47.31 

 

21.42 

 

BD 6985 

Control 1.1±0.15 41.2±5.8 7.6±0.6 592.4±68.1 172.9±24.4 12.2±1.1 

waterlogged 1.7±0.29 34.9±2.9 9.2±0.9 673.2±36.1 232.9±30.0 14.8±1.5 

Relative 

change (%) 50.80 -15.25 21.58 13.65 34.66 17.52 

BD 6992 

 

 

Control 2.2±0.2 12.9±2.0 4.8±0.4 433.3±15.8 100.6±8.1 18.3±1.5 

waterlogged 2.3±0.1 26.2±3.1 6.0±0.2 464.6±16.1 169.8±10.6 22.0±1.7 

Relative 

change (%) 8.82 103.08 24.00 7.21 68.80 20.55 

BD 7012 

 

 

Control 2.0±0.08 11.5±0.8 2.7±0.3 208.8±7.3 51.7±4.6 8.4±0.7 

waterlogged 2.2±0.15 15.5±1.2 2.9±0.3 310.7±7.9 101.4±9.4 10.7±0.4 

Relative 

change (%) 10.95 34.58 3.78 48.84 96.14 26.67 

± Values indicate the standard deviation (SD) of respective means 

Waterlogging stress can cause stomata closure, which will reduce CO2 

availability in the leaves and inhibit photosynthesis (Crawford, 1978). Thus, 

excessive excitation energy in chloroplasts could increase the generation of ROS and 

induce oxidative stress (Gossett et al., 1999). Hence, the ROS production in plants 

will increase under flooding stress (Ahmed et al., 2002). In the present study, the 

injury of biological lipid by ROS, as indicated by MDA content clearly increased in 

waterlogged plant. On the other hand, different antioxidant activities showed their 

capacity of defense system against ROS. It has been assumed that SOD has a control 

role in the defense against oxidative stress (Scandalias, 1993; Zhang et al., 2007). 

SOD removes superoxide radical by catalyzing its dismutationand one superoxide 

being reduced to H2O2 and another oxidized to O2 (Hassanuzzaman et al., 2012). 

Catalase (CAT) is capable to dismutase two molecules of H2O2 to water and oxygen 

and thus it is considered as an efficient ROS detoxifier (Hassanuzzaman et al., 2012). 

Peroxidase (POD) also decomposed the H2O2 (Hwang et al., 1999). APX is vital for 

antioxidant defense because it is involved the maintaining the ascorbate pool and 

ascorbate has vital role in development of plant stress tolerance to adverse 

environmental conditions (Pastori et al., 2003). The GPX is another vital enzyme of 



42 R. R. Saha et al. 

antioxidant defense system and it can efficiently scavenge H2O2 and thus provide 

protection against stress (Brigelius-Flohe and Flohe, 2003).  

Although, different antioxidant enzyme activities were found inconsistant in 

the present study but most of the antioxidant enzyme activities showed an increasing 

trend in waterlogged plant than that of control plant in all the genotypes. It is 

indicated that all the four genotypes seems to be moderately tolerant to waterlogging. 

Furthermore, genotypes BD 6980 having lower amount of MDA and simultaneously 

showed higher antioxidant activities which indicated highly tolerant to waterlogging 

stress. 

Yield and yield components 

Seed yield was reduced in all the genotypes due to imposition of 

waterlogging i.e., 3.6 to 6.4 g plant
-1

) whereas it was 6.5 to 9.9 g plant
-1

 in control 

condition (Table 4). But reduction increment was found minimum (24%) in BD 7012 

and maximum in BD 6980 (44%). Among the seed yield components, number of 

capsule per plant largely contributed to the seed yield which also showed similar 

trend with that of seed yield. Yield potentiality might due to genetic differences 

among the genotypes. Although BD 6980 was identified as highly tolerant genotype 

to waterlogging considering waterlogging tolerance and enzymatic activities but it 

produced lower seed yield in waterlogging as well as control condition. Setter and 

Waters (2003) also reported that highly tolerant lines may be low yielding genotype. 

With respect to reproductive success, a decline of photosynthesis will eventually 

result in limited resource availability for reproduction in parental and gametophytic 

tissues due to a reduction in energy reserves leading to plant starvation (Young et al., 

2004; Sumesh et al., 2008). Thus, generating high yielding and stress-tolerant crops 

requires a thorough understanding of the metabolic and developmental processes 

involved not only in stress responses but also in energy regulation (Hirayama and 

Shinozaki, 2010). 

Table 4.  Seed yield and yield components of sesame genotypes under waterlogging 

at vegetative stage 

Genotypes 

Treatment 

Plant height 

at harvest (cm) 
Capsule/pla

nt (no.) 

Seeds/ 

Capsule 
(no.) 

1000 seed 
wt. (g) 

Seed 

wt./plant 
(g) 

 Control 89.9±10.6 43.8±3.9 69.6±4.8 3.10±0.1 6.5±0.9 

BD 6980 waterlogged 68.9±6.3 23.0±2.7 71.8±8.5 3.12±.02 3.6±0.3 

 Relative change 

(%) -23 -47 3 1 -44 

 Control 88.0±12.8 52.5±3.4 78.0±5.6 2.78±0.2 7.4±0.6 

BD 6985 waterlogged 72.4±12.8 30.2±1.5 75.0±5.2 2.78±0.2 5.4±0.5 

 Relative change 

(%) -18 -43 -4 0 -27 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728475/#B206
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728475/#B206
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728475/#B169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728475/#B64
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728475/#B64
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Genotypes 

Treatment 

Plant height 

at harvest (cm) 

Capsule/pla

nt (no.) 

Seeds/ 

Capsule 
(no.) 

1000 seed 

wt. (g) 

Seed 

wt./plant 
(g) 

 Control 91.7±4.8 80.3±3.9 70.6±4.3 3.12±0.1 9.9±1.2 

BD 6992 waterlogged 73.1±4.9 36.5±3.7 64.0±6.2 2.88±0.2 5.8±0.3 

 Relative change 

(%) -20 -55 -9 -7 -41 

 

BD 7012 

Control 76.3±6.1 51.8±8.5 63.3±6.4 2.8±0.2 8.5±0.5 

waterlogged 74.8±3.2 39.3±4.5 77.6±7.9 2.75±0.1 6.4±0.5 

Relative change 

(%) -2 -24 23 -2 -24 

± values indicate the standard deviation (SD) of respective means 

CONCLUSION 

All genotypes showed positive waterlogging tolerance indices in root, stem, 

leaf and petiole but in terms of root showed better performance. Genotype BD 6980 

having lower amount of MDA alongside higher antioxidant (SOD, CAT, POD, APX, 

GPX) activities is considered as highly tolerant and  other three genotypes are 

moderately tolerant under water logging condition. Seed yield reduced in all the 

genotypes due to imposition of waterlogging but minimum reduction was observed in 

BD 7012 (24%). 
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ABSTRACT 

Lysimeter experiment was conducted at Govind Ballabh Pant University 
of Agriculture & Technology, Pantnagar during summer season 2013 to 
study the effect of irrigation schedules and methods on yield, nutrient 
uptake and water use efficiency of cowpea as well as nutrient loss from 
silty clay loam soil under fluctuating water table conditions. The 
experiment was laid out in factorial randomized block design having 
three irrigation schedules at IW/CPE ratio of 0.3. 0.2 and 0.15 with two 
irrigation methods (flood and sprinkler) and at 30±1.5, 60±1.5 and 90±1.5 
cm water tables replicated thrice. Maximum root length (129.4 cm) and 
root length density (0.395 cm/cm

3
) were obtained when irrigation was 

scheduled at IW: CPE 0.3 associated with 30±1.5 cm water table depth 
using sprinkler method. Increase in water table depth and IW: CPE ratio 
decreased water use efficiency where IW: CPE 0.3 produced highest 
grain yield (1411.6 kg ha

-1
) with the WUE of 1.15 kg ha mm

-1
. Significant 

nutrients uptake response was observed owing to variation in water table 
depth, irrigation schedules and methods. Analysis of lysimeter leached 
water showed that with deep drainage and more IW:CPE, leaching 
losses of N,P and K were more however water applied through sprinkler 
saved 20.1, 53.7 and 24.4% N, P and K, respectively, over flooded 
method. Irrigation given at IW: CPE 0.3 through sprinkler form at 60±1.5 
cm water table depth favours the higher grain yield and nutrient uptake 
by crop whereas flooded irrigation with deep water table condition 
accelerated nutrient leaching.  

Keywords: Cowpea, water table depth, irrigation schedule and method, 
   lysimeter, nutrient uptake, water use efficiency, nutrients loss  
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INTRODUCTION 

Cowpea (Vigna unguiculata (L.) Walp) is a most diverse cultivated subspecies, 

the widest distributed, an important food legume and versatile crop (Sanging et al., 

2002). It is claimed to yield satisfactory under a diversity of climate, soil and cultural 

condition than most other leguminous crops. However, it is susceptible to moisture 

stress especially at flowering and pod filling stages (Aboamera, 2010). Moisture 

stress also markedly retards root hair and nodule growth and nitrogen fixation (Onuh 

and Donald, 2009). Although the crop responds positively to irrigation, it grows well 

under dry land conditions. It is grown in dry summer season in northern India under 

rain-fed condition, which is characterized by low and unreliable rainfall. 

Consequently, drought is a major abiotic stress during crop growth period that limits 

the performance of the crop. Therefore, the quantity of water used by the crop and 

lost through soil or plant (as evapotranspiration) during the growth period is a major 

factor for deciding yield output and nutrient losses. Low soil moisture availability, 

high evaporative demand and deep water table condition are more prominent during 

the summer season in region. As a consequence, growing cowpea in field condition is 

very difficult. Surface flooding method of irrigation, commonly practiced by the 

farmers in this region, is expensive since it causes high water loss. Drip or sprinkler 

irrigations may prove efficient over surface irrigation method. For efficient irrigation 

management in the field, water lost from plant and soil play an important role by 

providing information for accurately determination of crop-water requirements and 

irrigation schedule. Therefore, scheduling of irrigation and application of water as per 

the crop’s requirement is very important (Campbell and Turner, 1990). Lysimeter 

consisting of large cans containing soil and fitted with a tight-fitting cover, and 

having sealed openings for plant stems is most suitable standard device to determine 

the water use in terms of evapotranspiration relative to a reference crop (Wright, 

1991). The water used by the plants in the lysimeters is also determined by weighing 

the lysimeter. Research work on cowpea, especially irrigation schedule and irrigation 

method coupled with water table depth for cowpea cultivation by using lysimeter has 

not been given due consideration yet. Keeping this in view, the present study was 

contemplated with the objective to examine the effect of irrigation scheduling and 

methods in association with different water table conditions on: (i) yield and water 

use efficiency of cowpea, (ii) nutrient uptake by cowpea and (iii) nutrients loss from 

lysimeter soil through leaching.  

MATERIALS AND METHODS 

Filed experiments were conducted during summer season of 2013 in weighing 

type lysimeters installed at Norman E. Borlaug Crop Research Centre of G. B. Pant 

University of Agriculture and Technology, Pantnagar that situated at Tarai belt of 

Uttarakhand at 29
o 

N latitude and 79°30' E longitude at an altitude of 243.8 m above 

mean sea level. The climate of the area is humid sub-tropical with an annual rainfall 

of 1 433 mm, of which 85% is received during monsoon season from June to 
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September. The maximum temperature often becomes as high as 42.0±1.5 
o
C during 

summer and as low as 2.0±1.5 
o
C during winter. The experimental soil, derived from 

the calcareous alluvium, rich in organic matter content, and classified as fine silty 

clay loam, mixed hyperthermic Aquic Hapludoll (Deshpande et al., 1971). The soil, 

used to fill the lysimeters, is silty clay loam that varies in properties as: neutral in 

reaction (pH 7.1-7.3), medium in organic carbon (0.62-70%), available P (19.6-22.4 

kg ha
-1

), available K (137.3-142.4 kg ha
-1

) and low in available N (143.5-154.2 kg ha
-

1
) due to crops grown over the years. Thirty six rectangular lysimeter tanks, 

1.8m×1.5m in area and 1.5 m deep in inner side made with cement: sand: shingle 

(1:2:4) were placed at different heights for maintenance of different water table. In 

each lysimeter, a drainage galvanized iron pipe was connected to the drainage tank 

(0.6m × 0.6m × 0.6m) which placed 3cm below the bottom of lysimeter tank where at 

the end; a drain cock is fitted to regulate the drainage and percolation of water. Water 

table in the different lysimeters was maintained with water table maintenance tanks 

(1.0 m × 1.0 m × 0.5 m) situated at different heights and were connected with 

manometers for measurement of water table contribution from 30, 60 and 90 cm 

water table depths. The run-off from the lysimeters was collected in the run-off 

collection tanks (0.8 m × 0.8 m × 0.8 m) through a pipe connected with the lysimeter 

tanks. The experiment consisted of three factors: water table depths, irrigation 

schedule and irrigation method; each factor comprised three treatments. There were 

thus 18 treatment combinations, which were laid out in Factorial Randomized Block 

Design with two replications. In the lysimeters total 6, 4 and 3 irrigations were 

applied through surface flooding and sprinkler methods at IW: CPE (depth of 

irrigation water: cumulative pan evaporation) of 0.3, 0.2 and 0.15, respectively, under 

water table depths of  30±1.5, 60±1.5 and 90±1.5 cm. Crop evapotranspiration, ET 

(mm) was determined from water input and losses as 

   nnnnnn SDWTcIRET   

where R is rainfall (mm), I is irrigation (mm), WTc is water table contribution 

(mm), Dn is drainage (mm), and ΔS is changes in soil-water storage (mm). The 

subscript ‘n' indicates time interval in days. Rainfall data was taken from a weather 

observatory near the experiment site. The amount of flood irrigation was 30 mm 

measured through Parshal flume. For sprinkler method, the 20 mm of irrigation was 

applied to lysimeters. The prescribed water table depths in the lysimeter were 

maintained during the course of crop period through water table maintenance pipes 

connected at the bottom of the lysimeter tanks. Nutrients in the form of N, P and K 

were applied in the lysimeters at 25, 50 and 20 kg ha
-1

, respectively, prior to sowing 

of cowpea seeds. Pant Lobia-1 an extra early-maturing variety of cowpea that 

performs well in agro- Tarai soils, was sown on 06 March 2013 at spacing of 30×15 

cm. All required cultural operations were done as per standard agronomic practices. 

The experimental data was analyzed statistically for factorial randomized block 

design by employing SPSS-16 statistical package (SPSS, Inc., Chicago, IL, USA) to 
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evaluate and quantify the source of variation. The treatment means were compared at 

a significance level of 5 per cent (P=0.05).  

RESULTS AND DISCUSSION  

Growth and yield attributes 

Irrigation schedules and irrigation methods significantly influenced the plant 

height of cowpea but water table depths caused insignificant variation in the plant 

height (Table 1). The plant highest was at 60±1.5 cm water table depth than 30±1.5 

cm and 90±1.5 cm water table depth. However at IW: CPE of 0.3 and 0.2, the plant 

height was statistically at par but it gave 24.1-27.1% higher plant height over IW: 

CPE 0.15. Maintenance of adequate soil moisture by irrigation at IW: CPE of 0.3 

established higher plant height over other soil moisture regimes. Sprinkler method of 

applying irrigation produced 14.52 cm more plant higher than the flood method. The 

highest number of nodules (21.33) was obtained from cowpea plant that grew with 

60±1.5 cm water table depth. This nodule number differed significantly different 

significantly from the mean number of nodules (13.17) recorded from the plants that 

grew with 90±1.5 cm water table depth but was at par (20.33) with 30±1.5 cm water 

table depth. Reduction in soil moisture availability within the root zone reduced root 

nodulation of the crop indicating that water is an essential input for root nodulation 

and shortage of which reduced formation of nodules. This finding is inconformity 

with the observations of Serraj (2003) and Onuh and Donald (2009). There was a 

significant difference in the number of pods per plant under the three irrigation 

schedules. But water table depths and irrigation methods did not influence the 

number of pods per plant significantly. Synchronizing irrigation at IW: CPE of 0.3 

and 0.2 with the vegetative and flowering stages of the crop might yield higher 

number of pods per plant. Water table depth, irrigation schedules and irrigation 

methods had significant effect on dry weight of root and root-length density. When 

the water table was close to soil surface, sufficient water was available for root 

growth and, consequently higher root mass and density were obtained compared to 

the situation where water table was far below the soil surface. Despite of the 

maximum dry weight of roots (1.07 g) at 60±1.5 cm water table depth, water table 

maintained at 30±1.5 cm provided the highest root-length density. Similar trends 

were also obtained in the dry weight of root and root-length density with irrigation 

schedules and irrigation methods. Zhang et al. (2004) (for wheat) and Jamal et al. 

(2010) (for barley) also reported that frequent irrigation arrested higher root weight 

and root-length density while Kumar et al. (2014) observed higher growth and yield 

parameters in cowpea when irrigated through sprinkler as compared to flood method.  
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Table 1. Growth and yield parameters of cowpea as influenced by water table depth, 

irrigation schedule and irrigation methods in lysimeter experiments  

IW: CPE, depth of irrigation water: cumulative pan evaporation; S.Em, standard error of mean;  

CD, critical difference  

Grain yield, water use efficiency and nutrient uptake  

Grain yield had a significant response to different levels of water table depths, 

irrigation schedules and irrigation methods. Significant higher grain yield was 

obtained under 60±1.5 cm water table depth (1389.3 kg ha
-1

), IW:CPE 0.3 (1411.6 kg 

ha
-1

) and sprinkler method (1304.3 kg ha
-1

); these observed yields were 10.4-18.9%, 

5.7-32.1% and 5.2% more than the other treatments of the corresponding factors 

(Table 2). Suresh et al. (2013) reported higher pod yield of ground nut when 

irrigation was applied at IW: CPE of 1.0 compared to IW: CPE of 0.6 and 0.8 and 

Factors and 

treatments  

Plant 

height 

(cm) 

No. of 

nodules/ 

plant 

No. of 

pods/plant 

Pod 

length 

(cm) 

Root dry 

weight/pla

nt (g) 

Root-

length 

density 

(cm/cm
3
) 

Water table depth (cm) 

30±1.5 cm 71.42 20.33 11.90 13.58 0.84 0.35 

60±1.5 cm 74.83 21.33 12.15 14.46 1.07 0.31 

90±1.5 cm 74.46 13.17 11.85 13.19 0.89 0.28 

S.Em± 2.00 0.70 0.30 0.26 0.04 0.004 

CD (P=0.05) NS 2.10 NS 0.78 0.13 0.012 

Irrigation schedules 

IW: CPE = 

0.3 
79.88 

18.67 12.08 13.62 0.99 0.32 

IW: CPE = 

0.2 
78.00 

18.33 12.48 13.86 0.98 0.32 

IW: CPE = 

0.15 
62.83 

17.83 11.34 13.75 0.83 0.30 

S.Em± 2.00 0.70 0.30 0.26 0.04 0.004 

CD (P=0.05) 5.96 NS 0.89 NS 0.13 0.012 

Irrigation methods 

Flood  66.31 18.11 11.92 13.41 0.81 0.31 

Sprinkler  80.83 18.44 12.01 14.08 1.06 0.32 

S.Em± 1.63 0.57 0.24 0.21 0.03 0.003 

CD (P=0.05) 4.87 NS NS 0.63 0.10 0.010 
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with sprinkler method. Dabhi et al. (1998) obtained higher grain yield of green gram 

irrigated with sprinkler method compared to surface method. The increase in pod 

yield under sprinkler irrigation was mainly due to high frequency of irrigation which 

in turn maintained soil moisture content in the root zone at adequate level throughout 

the crop period. Water table maintained at 60±1.5 cm depth produced 10.4% more 

grain yield by saving 12.3% water use compared to 30±1.5 cm water table depth. The 

heavy textured soil (silty clay loam) and shallow water table (30±1.5 cm) retarded 

activity of roots due to inadequate oxygen in the root zone while for the deeper water 

table (90±1.5 cm), lack of inadequate soil-moisture resulted in low grain yield. 

Decline in grain yield was significant with the decrease in irrigation frequency from 

IW: CPE of 0.3 to 0.15. The increased grain yield was mainly due to adequate soil-

moisture availability to the growth stages of crop and increased nutrients uptake 

throughout the crop growth stages since both the inputs exerted beneficial effect on 

yield contributing factors. Water use also had a positive correlation with the grain 

yield. Changes in water table, irrigation frequency and method of irrigation had 

significant effects on water use by the crop. There was a higher consumptive use of 

water at shallow water table condition and more irrigation frequency than at deeper 

water table condition and less irrigation frequency. The higher consumptive use of 

water attributed to more evapotranspiration loss due to better canopy development 

and greater nutrient availability to the crop. The observed results are inconformity 

with the findings of Singh et al. (2006) and Abu and Malgwi (2012). Water use 

efficiency, WUE, was found to be influenced significantly only with the variation in 

water table depth. It showed inverse and parallel relations with evapotranspiration 

under fluctuating water tables and irrigation frequency, respectively, but no definite 

trend of WUE was obtained with grain yield. The lower WUE is ascribed to 

reduction in grain yield under shallow water table and limited irrigations. Alteration 

in water table depth, irrigation schedules and irrigation methods significantly 

influenced N, P and K uptake by the crop. The impact of different water table depths 

and irrigation schedules on P and K uptake were, in general, similar to N uptake. 

Compared to 30±1.5 cm water table depth, IW: CPE of 0.2 and flood method of 

irrigation, the 60±1.5 cm water table depth, IW: CPE of 0.3 and sprinkler method of 

irrigation provided 13.5, 5.5 and 12.2% more uptake of N, respectively; 16.0, 0.8 and 

8.7% more uptake of P, respectively and 17.3, 8.9 and 12.1% more uptake of K, 

respectively. The results showed that 30±1.5 cm water table depth reduced nutrient 

uptake compared to 60±1.5 cm water table depth. However increase in irrigation 

frequency and irrigation applied through sprinkler enhanced the NPK uptake by the 

plants. Al-Kaisi and Yin (2003) also reported higher N uptake by maize crop at IW: 

CPE of 1.0 compared to IW: CPE of 0.6. Higher uptake of N, P and K by tomato 

under drip irrigation compared to flood irrigation was also reported by Agrawal et al. 

(2004).  
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Table 2. Grain yield and water use efficiency of cowpea, and nutrient uptake by the 

crop as influenced by water table depth, irrigation schedules and irrigation 

methods in lysimeter experiments  

IW: CPE, depth of irrigation water: cumulative pan evaporation; S.Em, standard error of mean;  

CD, critical difference  

Nutrients removal through leachate  

Availability of the nutrients in the lysimeter soils prior to sowing of cowpea 

seeds did not vary considerably due to the impact of variation in water table depth, 

irrigation schedules and irrigation methods applied in previous mustard crop in which 

these factors were same except irrigation schedules (IW: CPE). Analysis of nutrients 

in the collected leachate indicated that nutrients in the leachate were significantly 

affected with the variation in water table depth, irrigation frequency and irrigation 

method (Table 3). The N-(NO3
-
+NH4

+
), P and K contents in the leachate increased 

with the increase in water table depth and frequency of irrigation under flood 

Treatments  Grain 

yield (kg 

ha
-1

) 

Water use 

(ET in 

mm) 

Water use 

efficiency 

(kg/ha/mm) 

N uptake  

( kg ha
-1

) 

P uptake  

( kg ha
-1

) 

K uptake  

( kg ha
-1

) 

Water table depth (cm) 

30±1.5 cm 1258.2 1359.9 0.92 98.7 5.75 38.1 

60±1.5 cm 1389.3 1192.4 1.16 112.0 6.67 44.7 

90±1.5 cm 1168.2 953.1 1.22 94.2 5.22 41.4 

S.Em.± 16.1 14.7 0.02 1.8 0.12 0.8 

CD (P=0.05) 47.9 42.1 0.06 5.2 0.35 2.3 

Irrigation schedules 

IW: CPE = 

0.3 

1411.6 1239.5 1.15 112.7 6.33 46.6 

IW: CPE = 

0.2 

1335.6 1159.6 1.17 106.8 6.28 42.8 

IW: CPE = 

0.15 

1068.4 1106.3 0.98 85.4 5.02 34.8 

S.Em± 16.1 14.7 0.02 1.8 0.12 0.8 

CD (P=0.05) 47.9 42.1 NS 5.2 0.35 2.3 

Irrigation methods 

Flood  1239.5 1151.2 1.10 95.8 5.63 39.0 

Sprinkler  1304.3 1185.8 1.11 107.5 6.12 43.7 

S.Em± 13.1 12.0 0.02 1.5 0.10 0.7 

CD (P=0.05) 39.1 34.3 NS 4.3 0.29 1.9 



WATER USE EFFICIENCY AND YIELD OF COWPEA 53 

irrigation resulting more risk of nutrient (N, P and K) build up or contamination of 

ground water with nutrients. The difference in leached nutrient in the treatments was 

primarily because of differences in root density and shoot biomass of the crop 

resulting from different rates of water availability to the plants (Loper et al., 2013). 

Also in case of more water availability in soil, nutrients had been set free without 

being used by the plants. These findings are also accorded with Behrendt et al. 

(2004). The NO3-N in the drained solution for all treatment options was higher than 

NH4-N because of the higher solubility and lower affinity of NO3
-
 ions for the 

adsorption sites in the soil. Significant higher (about 1.2 folds) N-(NO3
-
+NH4

+
), P 

and K leaching occurred at deeper water table (90±1.5 cm depth) than shallow water 

table (30±1.5 cm depth) probably due to the higher starting available nutrients in the 

lower water table (Fang et al., 2006). On the other hand, 42.3, 50.0 and 56.4% losses 

of N-(NO3
-
+NH4

+
), P and K, respectively, were recorded with 6 irrigations scheduled 

for IW: CPE of 0.3; these nutrient losses found maximum as compared to different 

water table depths and irrigation methods. The greater removal of nutrients was 

associated with the increasing amount of water availability in soil, drainage of water 

and mineralization of nutrients and their reduced uptakes by the plants. Considering 

the maximum and minimum removal of nutrients under different water table depths, 

irrigation schedules and irrigation methods, the losses of nutrients were found in the 

order of K > P> N-(NO3
-
+NH4

+
), where removal of K ranged from 24.1to 56.4%. 

This showed that K is subjected to rapid leaching and hardly retained by soil 

followed by P and N (NO3-N + NH4-N).  

Table 3. Initial available nutrient and nutrients removal through leachate as 

influenced by water table depth, irrigation schedules and irrigation methods 

in lysimeter experiments 

Treatments  Initial available nutrients ( kg ha-1) Nutrients removed through leachate 

 ( kg ha-1) 

N P K 
N-(NO3

-+ 

NH4
+) 

P K 

Water table depth (cm) 

30±1.5 cm 137.9 21.8 149.2  52.05 2.78 3.16 

60±1.5 cm 141.1 22.6 148.4 57.43 2.95 3.28 

90±1.5 cm 143.2 22.8 147.1 64.23 3.39 3.92 

S.Em.± 2.91 0.35 2.06 0.58 0.16 0.14 

CD (P=0.05) NS NS NS 1.65 0.48 0.39 

Irrigation schedules 

IW: CPE = 0.3 127.5 22.0 149.4 69.62 3.48 4.30 

IW: CPE = 0.2 149.5 22.4 146.9 55.12 3.31 3.30 

IW: CPE = 0.15 145.3 22.8 148.4 48.98 2.32 2.75 
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IW: CPE, depth of irrigation water: cumulative pan evaporation; S.Em, standard error of mean;  

CD, critical difference  

CONCLUSION 

Scheduling irrigation at IW: CPE = 0.2 associated with 60±1.5 cm water table 

depth and sprinkler method of irrigation is desirable to obtain high growth and yield 

attributes of cowpea. However, 60±1.5 cm water table depth and increased number of 

irrigation (IW: CPE = 0.3) applied through sprinkler method proved beneficial for 

grain yield and nutrient uptake for the crop. Increase in water table depth and 

frequency of irrigation applied through flood method enhanced nutrient removal; the 

loss of nutrients was in the order of K > P> N-(NO3
-
+NH4

+
) with maximum removal 

of K ranging from 24.1-56.4%. So, 60±1.5 cm water table depth accompanied with 

IW: CPE of 0.3 and sprinkler method of irrigation application is the best management 

option for grain yield and nutrient uptake of cowpea. The shallow water table (30±1.5 

cm) with 4 irrigations, however led to the least nutrient removal through leaching.  

REFERENCES 

Aboamera, M. A. 2010. Response of cowpea to water deficit under semi-portable sprinkler 

irrigation system. Misr Journal of Agricultural Engineering, 27(1): 170-190  

Abu, T. and Malgwi, W. B. 2012. Effects of irrigation regime and frequency on soil physical 

quality, water use efficiency, water productivity and economic returns of paddy rice. 

ARPN Journal of Agricultural and Biological Science, 7(2): 86- 99 

Agrawal, B., Sharma, H. G. and Pandey, A. 2004.  Nutrient uptake affected by irrigation 

method and micronutrient applications in tomato hybrid. Vegetable Science, 31 (1): 78-

82 

Al-Kaisi, M. M. and Yin, X. 2003. Effects of nitrogen rate, irrigation rate, and plant 

population on corn yield and water use efficiency. Agronomy Journal, 95:1475-1482 

Behrendt, A., Schalitz, G., Mueller, L. and Schindler, U. 2004. Effects of different drain 

depths on nutrient leaching of lowland soils in Northeast Germany. Drainage VIII, 

Proceedings of the 8
th

 International Drainage Symposium. 21-24 March, Sacramento, 

California, S. 241–245 

S.Em± 2.91 0.35 2.06 0.58 0.16 0.14 

CD (P=0.05) 8.69 NS NS 1.65 0.48 0.39 

Irrigation methods 

Flood  131.7 22.4 149.0 64.39 4.15 3.93 

Sprinkler  149.8 22.4 147.4 51.42 2.92 2.97 

S.Em± 2.38 0.29 1.68 1.00 0.14 0.11 

CD (P=0.05) 7.09 NS NS 2.86 0.39 0.32 



WATER USE EFFICIENCY AND YIELD OF COWPEA 55 

Campbell, O. S. and Turner, N. C. 1990. Plant- soil- water relationships. p. 49085 – 49659.  

In:  G. J. Hoffman, T. A. Howell and K. H. Solomon (ed.), Management of farm 

irrigation systems. The ASAE, 2950 Niles Road St. Josheph, M I 

Dabhi, B. M., Patel, J. C. and Solanki, R. C. 1998. Response of summer green gram to 

irrigation methods and varying moisture regimes. Legume Research, 21(2): 96-100 

Deshpande, S. B. Fehrenbacher, J. B. and Ray, B. W. 1971. Mollisols of Tarai region Uttar 

Pradesh, Northern India, 2. Genesis and classification. Geoderma, 6 (3): 195-201 

Fang, Q., Yu, Q., Wang, E., Chen, Y., Zhang, G., Wang, J. and Li, L. 2006. Soil nitrate 

accumulation, leaching and crop nitrogen use as influenced by fertilization and 

irrigation in an intensive wheat–maize double cropping system in the North China 

Plain. Plant Soil, 284: 335-350 

Jamal, Y. A., Ayed, M. A. and Hani, M. S. 2010. Variation in root water and nitrogen uptake 

and their interactive effects on growth and yield of spring wheat and barley genotypes. 

International Journal of Botany, 6 (4): 404-413 

Kumar, R., Kumar, R., Yadav, N. K. and Kushwaha, H. S.2014. Studies on evapotranspiration 

by vegetable pea under different water table conditions. Bioinfolet, 11 (38): 861-863 

Loper, S. J., Shober, A. L., Wiese, C., Denny, G. C., and Stanley, C. D. 2013. Nutrient 

leaching during establishment of simulated residential landscapes. Journal of 

Environmental Quality, 42: 260-270 

Onuh, M. O. and Donald, K. M. 2009. Effect of water stress on the rooting, nodulation 

potentials and growth of cowpea (Vigna unguiculata (L) WALP). Science World 

Journal, 4(3): 31-34 

Sanging, N. G., Tholta, P. and Dashiell, K. 2002. Effectiveness of rhizobia nodulating recent 

promiscuous soybean selections in the moist savannah of Nigeria. Soil Biology and 

Biochemistry, 32:127-133 

Serraj, R. 2003. Effects of drought stress on legume symbiotic nitrogen fixation: physiological 

mechanisms. Indian Journal of Experimental Biology, 41(10):1136-1141 

Singh, R. J., Idnani, L. K. and Rai, R. K. 2006. Grain yield, water use efficiency, economics 

and soil moisture extraction pattern of summer green gram (Vigna radiata L.) as 

influenced by planting and irrigation methods, irrigation schedules and VAM 

inoculation. Annals of Agricultural Research, 27(3): 306-310 

Suresh, K., Balaguravaiah, D., Ramulu, V. and Rao, C. H. S. 2013. Comparative efficiency of 

sprinkler irrigation over check basin irrigation in groundnut at different irrigation 

schedules. International Journal of Plant, Animal and Environmental Sciences, 3 (2): 9 

-13 

Wright, J. L.1991. Using weighing lysimeters to develop evapotranspiration crop coefficients. 

p. 191-199. In Allen, R. G., Howell, T. A., Pruitt, W.O., Walter, I. A. and Jensen, M. E. 

(ed.), Lysimeters for evapotranspiration and environmental measurements, ASCE, 

New York, NY  

Zhang, X., Pei, D. and Chen, S. 2004. Root growth and soil water utilization of winter wheat 

in the North China plain. Hydrological Processes, 18: 2275-2287 

http://ascidatabase.com/author.php?author=Jamal%20Y.&last=Ayad
http://ascidatabase.com/author.php?author=Ayed%20M.&last=Al-Abdallat
http://ascidatabase.com/author.php?author=Hani%20M.&last=Saoub


SAARC J. Agri., 14(2): 56-62 (2016) 

GENETIC VARIABILITY AND AGRONOMIC 

PERFORMANCE STUDIES IN CHILLI 

(Capsicum annum L.) 

D Kannan
*
, D. K. Singh, S. K. Singh and A. Palanisamy 

Department of Vegetable Science, College of Agriculture, G.B.P.U.A & T, Pantnager - 

263145, Uttarakhand, India 

ABSTRACT 

Eight diverse genotypes of chilli were evaluated an open field study to 
evaluate the genetic variability, heritability and genetic advance in 
randomized block design (RBD) with three replications during Kharif, 
2015-16. Analysis of variance revealed significant differences among the 
genotypes for all the characters studied. The higher estimates of 
genotypic coefficient of variation (GCV) were observed for flowers per 
branch (21.59%), clusters per plant (19.26%), flower per branch 
(16.93%) and stem diameter (15.49%).  While the higher estimates of 
phenotypic coefficient of variation (PCV) were found for flowers per 
branch (26.70%), fruits per branch (24.44%), clusters per plant (24.04%) 
and stem diameter (19.26%). The higher estimates of broad sense 
heritability along with genetic advance recorded for flowers per branch 
(65%), fruits per plant (64%), cluster per plant (64%), stem diameter 
(65%), plant weight (59%) and days to 50% flowering (50%) indicated 
the scope for improvement of these characters through selection. 

Keywords: Chilli, genetic advance, genotypes, heritability, yield and 

                   variability 

INTRODUCTION 

Chilli the important member of the family solanaceae is grown as a tropical 

and subtropical crop. It is used for both vegetable and spice purposes. It is also as 

industrial purpose due to extraction of oleoresin. Green fruit of chilli are one of the 

richest sources of anti-oxidant vitamins such as vitamin A, C and E, which protect 

the cancer. In India, the major chilli growing states are Andhra Pradesh, Karnataka, 

Maharashtra, Orissa, Tamil Nadu, Madhya Pradesh and Rajasthan. In India, chilli 

occupies 0.805 million ha area, annual production 1.492 million tons and 

productivity of 1.9 metric tons per hectare (NHB, 2014). Chilli is one of the most 

important vegetable crops valued for its aroma, taste, pungency and flavor. Wide 
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ranges of variability reportedly exist in this crop (Nandi, 1992; Munshi and Behera, 

2000). The improvement of genotypes is based on the amount of genetic variability 

present in existing material. The phenotype is often not true indicator of its genotype; 

the phenotypic variability is the result of the effect of environment and genotype 

interaction. Hence, attempts have been made to determine the magnitude of heritable 

and non-heritable components and genetic parameters such as genotypic and 

phenotypic coefficient of variation, heritability and genetic advance as percentage of 

mean in some of the quantitative characters of chilli. Genetic variability studies done 

by several workers viz., PCV were observed to be higher than GCV for all the traits 

studied (Mishra et al., 2001, Bendale et al., 2006 and Kadwey et al., 2016). PCV 

were higher for number of fruit, dry fruit yield, seed yield, dry fruit weight in chilli 

indicated that these characters would respond to selection (Varkey et al., 2005 and 

Gupta et al., 2009). Highest GCV was observed for number of fruit, dry fruit yield, 

seed yield per plant, fruit weigh per plant (Rathod et al., 2002, Hosmani and 

Nandadevi, 2003). Heritability was found to be very high for fruit yield per plant, 

seed yield per plant, dry fruit weight, days to first picking, fruit length, fruit weight of 

green chilli, fruit yield per plot, fruit yield per per  hectare (Bharadwaj et al., 2007, 

Wilson and Philip, 2009). Although an estimate of genetic variability is often 

considered as a pre-requisite for initiating appropriate breeding procedures no 

previous reports on locally adopted landraces of chilli are available from pantnagar, 

Uttarakhnad, therefore, the current study was undertaken with the aim of estimating 

performance of genotypes, genetic variability, heritability and genetic advance in the 

genotypes of chilli in Tarai region of Uttarakhnad. 

MATERIALS AND METHODS 

The materials for the study comprised of eight cultivars PC25, PC7, PC2057, 

PC10, PC1, LCA334, KA2 and PC56 of chilli of which six were GBPUA&T, 

Pantnagar, one cultivar KA2 from Guntur, Andhra Pradesh and one local cultivar 

from Uttarakhand LCA 334 developed through pure line selection from indigenous 

germplasm. The cultivars were raised in a field experiment in randomized block 

design (RBD) with three replications in the Vegetable Research Station (VRC), 

college of agriculture, GBPUA&T, Pantnagar, Uttarakhand, during 2015-16. 

Appropriate agronomic practices were followed to raise a good crop. Various 

observations were recorded on morphological characters viz., plant weight (g), 

branches per plant, fruits per plant, fruit weight (g), fruits length (cm), fruit breadth 

(cm), days to 50% following, flowers per branch, fruits per branch, clusters per plant 

and stem diameter (cm). The data were recorded from five randomly selected plant at 

maturity stage from each genotype.The variance components and coefficient of 

variation were determined according to Burton (1952). The heritability in broad sense 

and genetic advance as percentage of mean were estimated employing the methods, 

suggested by Miller et al. (1958) and Jain (1982) respectively. 
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RESULTS AND DISCUSSION 

The mean differences due to genotypes were highly significant for all the 

characters except fruit breadth (cm) and stem diameter (cm), indicating the presence 

of genetic diversity in the material (Table 1). Similar results were also reported by 

Dipendera et al. (2002). The mean performance of the genotypes (Table 3) revealed a 

wide range of variability for all the traits. The variation was highest for fruit weight 

(214-279 g), flowers per branch (30.66-63.33), fruits per branch (24.66-51), clusters 

per plant (22.33-45.66) and fruits per plant (90-119.66) and narrow range of 

variability was observed for plant weight (73.33-80.33), branches per plant (13.33-

17.33), fruit length (07-9.33), fruit breadth (02.43-3.16), days to 50% flowering 

(42.66-49.33) and stem diameter (01.78-2.83). The similar finding were also reported 

by Singh et al. 2013 and Kadwey et al., 2016 for fruit yield plant, clusters per plant, 

number of fruits per plant and fruit weight. 

The analysis of variance revealed significant difference among the genotypes 

for all the characters (Table 1) except fruit breadth (cm) and stem diameter (cm). The 

existence of high variability for different characters among chilli genotypes has 

earlier studied by (Kumary and Rajmony, 2004).  

Table 1. Analysis of variance for eight genotypes of chilli 

Characters df 
Plant 

weight 

Branches/ 

plant 

Fruits/ 

plant 

Fruit 

weight 

Fruit 

length 

Fruit 

breadth 

Days to 

50% 

flowering 

Flowers/ 

branch 

Fruits/ 

branch 

Clusters/ 

plant 

Stem 

diameter 

Replication 2 6.94** 1.57* 723.76** 89.76** 1.13* 0.05 17.54** 124.12** 25.12** 0.44 0.24 

Genotype 7 111.71** 5.23** 498.85** 1303.52** 2.73** 0.97 13.75** 365.32** 248.54** 157.51** 0.44 

Error 14 20.78 1.47 78.23 361.95 0.95 0.67 3.48 54.79 65.94 24.70 0.06 

*significant at 5% level and **significant at 1% levels 

The genetic parameters viz., genotypic and phenotypic coefficient of variations, 

heritability in broad sense and genetic advances along with mean and range of 

different characters are presented in table 2. The wide range especially for fruits per 

plant, fruit weight, flowers per branch, fruits per branch and clusters per plant 

indicated the diversity among the chilli genotypes.  
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Table 2. Components of genetic variation, heritability and genetic advance for 

different characters in chill 

Character 
Plant 

weight 

Branches/ 

plant 

Fruits/ 

plant 

Fruit 

weight 

Fruit 

length 

Fruit 

breadth 

Days to 

50% 

flowering 

Flowers 

/branch 

Fruits 

/branch 

Clusters 

/ plant 

Stem 

diameter 

PC 25 78.33 17.33 90.00 279.00 7.00 2.83 45.00 30.66 24.66 36.66 02.16 

PC 7 62.33 16.00 119.66 237.00 8.66 3.16 49.33 37.33 44.00 22.33 02.33 

KA 2 78.66 15.33 111.66 255.33 8.00 2.50 44.00 43.66 51.00 31.33 02.83 

PC 2057 68.33 15.33 97.33 232.33 8.00 2.63 43.00 44.66 50.66 42.33 01.78 

PC 10 73.33 13.33 97.66 214.00 7.33 2.50 43.66 43.66 48.33 45.66 01.86 

PC 1 77.33 16.66 94.00 244.33 9.33 2.96 42.66 63.33 53.66 35.00 02.26 

LCA 334 80.33 16.00 120.33 219.33 7.00 2.43 45.66 55.33 48.66 32.00 02.26 

PC 56 74.66 14.00 120.00 250.66 9.33 2.73 43.66 58.33 47.66 31.00 02.83 

Mean 74.16 15.50 106.33 241.56 8.08 2.72 44.62 47.12 46.08 34.54 02.29 

S.E. 2.632 0.701 005.10 10.98 0.56 0.14 01.07 04.27 04.68 02.86 00.15 

C.D 5% 7.983 2.128 015.48 33.31 1.71 0.45 03.26 12.96 14.22 08.70 00.45 

Yield of chilli fruit weight recorded the highest phenotypic and genotypic 

coefficient of variation followed by fruits per plant and flowers per branch.  

 

Figure 1. Genotypic and phenotypic coefficient of variability of chilli 

This suggested the scope for improvement of these characters through 

selection. High GCV and PCV for flowers per branch, clusters per plant, fruits per 

branch, stem diameter and fruits per plant were earlier reported by several workers 

(Dutta and Das, 2013). 
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The values were especially high for flowers per branch, clusters per plant, 

fruits per plant and stem diameter. High heritability for fruits per plant and clusters 

per plant reported by Gopalakrishnan et al., 1984 supported the present findings. 

Further, similar to the present results, high heritability for fruit weight, days to 50% 

flower and fruits per branch was reported by Pandit and Adhikary, (2014). The 

eminent scientist Johnson et al. (1955) suggested that high heritability combined with 

high genetic advance is indicative of additive gene action and selection based on 

these parameters would be more reliable.  

In the present investigation, high heritability estimates in conjunction with high 

genetic advances were observed for number of fruits per plant, flowers per branch, 

fruit weight, cluster per plant and days to 50% flower. Similar findings were also 

studied by Choudhary and Samadia, (2004) and Ukkund et al. (2007) who reported 

high heritability and high genetic advance for fruits per plant and fruit weight.  

In view of the high estimates of genotypic coefficient of variation, heritability 

and genetic advance recorded for fruits per plant, flowers per branch, fruit weight, 

cluster per plants and days to flower at 50% in the present study, it is concluded that 

the improvement in these characters can be achieved through selection. 

Table 3. Mean performance for the different genotypes of chilli 

 

 

 

 

Characters Mean Range 

Variance 
Coefficient of 

variance 
h2 (%) Genetic  advance 

Genotypic Phenotypic 
GCV 
(%) 

PCV 
(%) 

Broad 
sense 

GA % 
As (%) 

Mean 

Plant weight 74.16 62.3-80.3 30.31 51.09 7.42 9.64 59.00 21.19 35.09 

Branches/plant 15.50 13.3-17.33 1.25 2.73 7.22 10.66 46.00 32.0 22.92 

Fruit per plant 106.33 90.0-120.3 140.21 218.4 11.14 13.90 64.00 65.04 53.55 

Fruit weight 241.50 214.0-279 313.8 675.8 7.34 10.76 46.00 61.87 63.20 

Fruit length 8.08 7.00-9.33 0.59 1.55 9.53 15.40 38.00 52.06 55.70 

fruit breadth 2.72 2.43-3.16 0.04 0.11 7.65 12.22 39.00 64.00 52.64 

Days to 50% FL   44.62 42.6-49.33 3.42 6.91 4.15 5.89 50.00 43.44 57.71 

Flowers/branch 47.12 30.6-63.3 103.5 158.3 21.59 26.70 65.00 51.72 46.09 

Fruits/branch 46.08 24.66-53.6 60.87 126.8 16.93 24.44 48.00 52.70 60.96 

Cluster/plant 34.54 22.3-45.66 44.27 68.98 19.26 24.04 64.00 40.70 40.74 

Stem diameter 2.29 1.78-2.83 0.13 0.20 15.49 19.26 65.00 27.50 32.88 
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Figure 2. Heritability and genetic advance of chilli genotypes 

CONCLUSTION 

Analysis of variance revealed the presence of considerable amount of genetic 

variability for yield and yield attributing characters of chilli genotypes. The 

genotypes expressed high genotypic and phenotypic coefficient of variation, 

heritability and genetic advance for fruits per plant, fruit weight, flowers per branch, 

fruits per branch and clusters per plant, revealed these traits are under the control of 

additive gene action. This indicated high response to selection for genetic 

improvement of chilli genotypes under study.  
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ABSTRACT 

The present study attempts to examine the scenario of buffalo production 
in Bangladesh. The buffalo plays a very important role in the South Asian 
region which constitutes 77.5% of world buffalo population. This region 
has a great biodiversity in buffalo germplasm, including the world famous 
source promising buffaloes Murrah and Nili-Ravi - renowned for high milk 
production potential. It is estimated that about 96.05 % of Asia and 
93.19 % of world buffalo milk are produced in South Asian countries. 
Besides, buffalo milk in South Asian countries is around 54.95 % of the 
total milk production. The India and Pakistan share 67.99% and 23.96%, 
of world buffalo milk production respectively. About 71.4% of world 
buffalo meat is produced in South Asian countries. Although buffalo is an 
integral part of livestock production system in South Asian countries, it 
has never been addressed in Bangladesh and always neglected despite 
their important role in the national economy. In Bangladesh, the total 
buffalo population are 1.464 million heads that are managed in 
household subsistence farming as well as extensive free range (Bathan) 
farming in saline coastal region that are used as a draught animal and 
partially for milk and meat production. The contribution of buffalo in total 
milk and meat production in Bangladesh is only 2.0% and 0.94%, 
respectively. This review has tried to unearth the present scenario of 
buffalo production in Bangladesh, describing the benefits and values of 
buffalo milk and meat, advantages of buffalo husbandry over cattle, 
constraints in buffalo production and recommendations for buffalo 
development in Bangladesh.  
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INTRODUCTION 

Buffalo is a multipurpose domestic animal that helps the livelihood of people 

by providing high quality milk and meat, dung as fuel and organic fertilizer; 

mechanical or draft power and hides and skins as raw material for industry (Irshad et 

al., 2011). Buffaloes are extensively used for agricultural production system 

(ploughing, laddering, transportation of goods, threshing and crushing etc.) in 

Bangladesh. Indigenous domestic buffaloes of Bangladesh belongs to the Bubalus 

bubalis with most of the population are riverine type with exception of some swamp 

type found in eastern part of the country. Its crosses (Faruque et al., 1990) with 

Murrah, Nili-Ravi, Surti and Jaffrabadi are scantly available surrounding Indian 

border of Bangladesh due to border migration from India (Huque and Borghese, 

2012). Bangladesh imported a small number of Nili-Ravi from Pakistan during 1960s 

without any comprehensive improvement program. Department of Livestock Service 

(DLS) again imported 100 Nili-Ravi pregnant heifers and cows in first lactation from 

Pakistan during 1990 and reared in newly established buffalo breeding and 

development farm at Bagerhat district, in south-west part of Bangladesh. But the 

breed was not maintained properly and mixed up with local buffalo through male 

distribution program of the DLS.  

In Bangladesh, buffalo has never been addressed and remained neglected 

species despite their important role in the national economy. The global buffalo 

population is 194.29 million and buffalo in Asia dominate the world population, 

representing 92.52% (179.75 million) of the total buffalo population (FAO, 2012; 

Chakravarty, 2013). Within the Asian region, about 79.74% of buffaloes are in South 

Asian countries and the rest 20.26% in other countries. India and Pakistan are the two 

buffalo rich countries in the world that contributes 58.11% and 16.83% of world 

buffalo population, respectively. In Bangladesh, the total buffalo population is about 

1.464 million (DLS, 2015) of which coastal regions possess about 40% (Faruque et 

al., 1990). The per capita consumption of livestock products is much higher in 

developed countries and substantial growths have also occurred in developing 

countries of Asia except Bangladesh (FAO, 2009). In Bangladesh, recent year’s rapid 

growth of urbanization, poverty reduction, increase in middle class, and their 

increased income have changed their food preferences. These recent developments 

have major impacts on demand for animal derived products such as milk, meat, butter, 

cheese, ice-cream, baby foods, locally made traditional sweets which are merely 

dependent on milk.   

Though the buffalo is an important part of livestock in Bangladesh, there is no 

documented research studies so far that investigated the scopes and opportunities of 

buffalo production in Bangladesh. The purpose of this study is to examine the status 

of Bangladesh related to buffalo production. In order to develop buffalo production in 

Bangladesh, it would be worthy to know details about buffalo population, buffalo 

breeds, and their production and reproduction performances, contribution of buffalo 
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to milk and meat production. Therefore, the present study was undertaken to identify 

the status of buffalo production in Bangladesh and to find out the constraints in 

buffalo production and provide recommendations of buffalo development in 

Bangladesh.  

A brief profile of Bangladesh  

Bangladesh is the largest delta in the world and is situated between 88°10 and 92°41 

East longitudes and between 20°34 and 26°38 North longitudes. The total area is 

about 147,570 km
2
. The topography is variable and can be divided into (i) high, the 

land above normal flood level; (ii) medium, the land normally flooded up to about 90 

cm; (iii) low, the land normally flooded up to 300 cm; (iv) very low, the land 

normally flooded deeper than 300 cm during the flood season and (v) the hilly land. 

According to variations in agro-ecology, soil physiography and climatic factors the 

total area of the country is divided into 30 agro-ecological zones.   

Bangladesh has tropical and moderate climate with the summer, monsoon, autumn, 

late autumn, winter and spring seasons. Annual minimum temperature varies from 

8°C to 13.4°C and maximum temperature varies from 25.5°C to 36.8°C Annual 

rainfall is over 2000 mm with seasonal and regional variations from 5500 mm in the 

Northeast to 1500 mm in the West. The highest rainfall in the monsoon season (June 

to September) varies from 750 mm per month in the Northeast to about 500 mm in 

the West. The humidity is the highest (95%) in July and the lowest (36%) in 

December.  

During the monsoon (June to August) heavy rains results in inundation of about 30% 

of the plain land. On the other hand, during the dry season (February to mid May) the 

country use to experience a high sunshine and low humidity and it compels to pump 

up a huge amount of underground water and during the dry period most of the 

farmers except those of the river basin area face a serious feed shortage that limits 

livestock production. Thus, variations in crop productions due to climate and 

topography greatly affect the livestock production system in the country.  

The total human population of Bangladesh is about 160 million of which rural and 

urban population is about 76.57% and 23.43%, respectively. The average population 

growth rate is about 1.1% and average density of population is 1033/km
2
. The adult 

literacy rate (15 years and over) is 55.9%. The per capita GDP is 1677 (US$) and the 

growth rate of real GDP is 5.8%. The contribution of livestock in agricultural GDP is 

about 14.21% (DLS, 2016).   

Population of buffalo and other dairy animals in Bangladesh compare to South 

Asian countries  

In Bangladesh, cattle, goat and buffalo are considered as dairy animals. Out of 

total milk production, about 90% share is from cattle, 8% from goat and the 

remaining 2% from buffalo (DLS, 2015). According to the data of DLS (2015) there 

are about 23.636 million cattle, 25.602 million goats and 1.464 million buffaloes in 
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the country (Table 1). Among the total cattle population, about 6 million are dairy 

cattle of which about 85-90% are indigenous and 10-15% are crossbred (Islam and 

Rashid, 2012). Indigenous cattle consisted of (a) Non-descript Deshi, (b) Red 

Chittagong cattle, (c) Pabna cattle, (d) North Bengal Gray and (e) Munshiganj White 

cows. On the other hand, crossbred cattle are the results of crossing between local 

with different exotic breeds like Holstein, Friesian, Jersey, Sindhi and Sahiwal, at 

different level. Black Bengal, the only dairy goat breed comprises 90% of the total 

population. Buffalo in Bangladesh is mainly indigenous in origin and most of them 

are riverine type with exception of some swamp type in eastern part and have low 

productivity. There are also some cross breed with Murrah, Nili-Ravi, Surti and 

Jaffrabadi surrounding of Indian border (Faruque et al., 1990; Huque and Borghese, 

2012).  

Table 1. Population of dairy animals in Bangladesh compare to South Asian countries 

 (Figure in millions) 

Species 

/Countries 

Afghanistan Bangladesh India Pakistan Nepal Sri 

Lanka 

Bhutan Maldives 

Cattle 5.244 23.636 199.075 36.908 7.226 1.35 0.366 NA 

Goat 7.311 25.602 140.537 63.146 9.513 - 0.039 NA 

Buffalo - 1.464 106.0 33.7 5.0 0.475 0.001 NA 

Source: (1) India, Report of Department of Animal Husbandry, Dairying & Fisheries, Ministry of 

Agriculture 2013; (2) Bangladesh, DLS, 2015; (3) Sri Lanka, Department of Census and Statistics, Sri 

Lanka 2012; (4) Bhutan, Bhutan RNR Statistics 2012; (5) FAO, 2012; 6) NA = data not available and in 

SAARC countries. 

Asian buffaloes dominate the world population, representing 92.52% of the 

worldwide population of 194.29 million (FAO, 2012). Within the Asian region, about 

79.74% of buffaloes are in South Asian countries and the rest 20.26% in other 

countries (Chakravarty, 2013). The buffalo populations in the world, in Asia and in 

South Asian countries are presented in table 2. During the last decades, world buffalo 

population has increased by 20.0 million heads and 89.41% of that increase occurred 

in Asia, in fact, that population growth has been largely contributed by India and 

Pakistan (FAO, 2012). It is evident from the table that India is the highest buffalo 

populated country in the world followed by Pakistan.  
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Table 2. Buffalo populations in South Asian countries in comparison with Asia and 

all over the world  

Region/Country Total population (million) Share in world population (%) 

World 194.29 100% 

Asia 179.75 92.52% 

Rest of world 14.54 7.48% 

India 112.91 58.11% 

Pakistan 32.70 16.83% 

Nepal  4.99 2.57% 

Bangladesh 1.464 0.753% 

Sri Lanka 0.405 0.208% 

Bhutan 0.000851 - 

Source: FAO, 2012; Chakravarty, 2013  

Milk production potentiality of buffalo in different countries  

The production potentiality of buffaloes in different countries is presented in 

table 3. According to production potentiality, it is observed that Pakistan and India 

has the highest milk producing buffaloes than others. Pakistani Nili-Ravi buffalo is 

the best performing buffalo in the world for milk production and average milk yield 

for all lactations has been reported 1820 kg in 305 days lactation (Nivsarker et al., 

2000). Munish Kumar (2004) reported average milk production of Murrah buffaloes 

are 8.45±0.32 kg per day. India is home to diverse biodiversity of buffalo germplasm, 

including the world famous Murrah buffaloes- renowned for higher milk production 

potential as well as wider use of improver breed for local buffaloes.  

Table 3. Average buffalo milk 

 production in different 

 countries 

Country Average milk yield 

(kg/animal/lactation) 

Pakistan 1909 

India 1407 

Vietnam 1000 

Turkey 969 

Nepal 842 

Sri Lanka 648 

China 505 

Bangladesh 407 

Asia 1389 

Table 4. Buffalo milk production in the world as 

well as in South Asian countries 

Region/Country Total production 

(MT) 

Share in world 

production (%) 

World 95.815 100 

Asia 92.962 97.02 

Rest of world 6.525 2.98 

SAARC countries 89.29 93.19 

India 65.14 67.99 

Pakistan 22.955 23.96 

Nepal  1.109 1.157 

Bangladesh 0.037 0.039 

Sri Lanka 0.046 0.048 

Bhutan 0.000084 - 

Source: Chakravarty, 2013 

 



68 M. A. Hamid et al. 

The average milk production of Murrah buffaloes has been reported 1618 kg in 305 

days lactation and peak yield of herds recorded 7.93±0.16 kg (Kumar, 2000). 

Contribution of buffalo in Bangladesh in comparison with South Asian 

Countries  

The contribution of buffalo to total milk production in Bangladesh remained more or 

less stagnant due to absence of any milk improvement program. Whereas, in India, 

the buffalo forms the backbone of India’s dairy industry which share 67.99% of 

world’s buffalo milk production (Chakravarty, 2013). India is also the world’s 

topmost milk producer as well as largest exporter of dairy and dairy products globally. 

Pakistan is the second largest milk producing country in South Asian region. The 

total milk production scenarios in South Asian  counties are presented in figure 1. 

The buffalo meat production systems in Bangladesh are traditional and inefficient. 

Most of the meat comes from end of the career, or emergency slaughter animals.  

 

Figure 1. Total milk production scenarios in South Asian Countries (MT) 

The buffalo milk production in South Asian countries represents 96.05% Asian 

and 93.19% of world's total buffalo milk production (Chakravarty, 2013). India and 

Pakistan contributed 67.99% and 23.96% of total buffalo milk production in the 

world. The buffalo milk production in the world in comparison with Asian countries 

and South Asian countries are presented in table 4.  

The Asian countries represent 91.89% of world's buffalo meat and with volume 

of 3.08 metric tons in 2008 (FAO, 2010). About 78.5% of Asian buffalo meat was 

produced in South and South West Asia with the greater bulk contributed by India 

and followed by Pakistan (Table 5). India is the world’s fourth meat producing 



BUFFALO FARMING IN BANGLADESH  69 

country and largest buffalo meat exporting country globally. Improvement in buffalo 

meat yield is contributed by the increasing usage of male calves which were not fully 

utilized. Earlier in India, farmers were not paying enough attention to rescue the 

young animals from high mortality before reaching 6 months of age. In recent years, 

however, the rising export of Indian buffalo meat have given enough incentives for 

small herd farmers to rear these animals and put additional weight prior to slaughter, 

thereby sustaining the growth in the meat harvest from the Indian buffalo sector.  
 

Table 5. Buffalo Meat Production (tons) in the World as well as in South Asia during 

1998-2008 

Year  World South Asia    Share in world production (%) 

1998 2,881,073   1,959,142    68.0 

2004 3,112,609 2,169,537 69.7 

2005 3,171,721 2,202,409 69.4 

2006 3,249,474 2,333,324 71.8 

2007 3,327,645 2,357,359 70.8 

2008 3,358,946 2,398,922 71.4 

Source: FAOSTAT, 2010 

Requirements and availability of milk and meat in Bangladesh 

Consumption of milk and milk products in the country is carried out in different ways: 

directly from the producers, from the vendors and from the commercial milk 

processors and manufacturers. An adult person requires at least 250 ml milk every 

day, but the availability is only about 125.59 ml/day/head (DLS, 2016). This figure 

indicates that we are in shortage of milk production. Total milk production of the 

country is 7.27 MMT/year but the requirement is about 14.69 MMT/year (DLS, 

2016). From this figure it is observed that the deficiency is about 49.77% (Table 6). 

If we compare the milk and meat consumption pattern of our country with South 

Asian countries, then it is apparent that our position is at the bottom of all South 

Asian countries in terms of milk and meat consumption.  
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Table 6.  Requirement, availability and deficit of meat and milk in Bangladesh 

Products Need per 

capita 

Availability per 

capita 

Production/year Demand/year Deficiency 

Milk 250 ml/h/d  125.59 ml/h/d 

(50.23%) 

7.27 MT 14.69 MT 124.41. ml/h/d  

7.41 MT (49.77%) 

Meat 120 gm/h/d 106.21.64 gm/h/d  

(88.5%) 

6.15 MT 

 

7.05 MT 13.79 gm/h/d  

0.9 MT (11.5%) 

Source: DLS, 2016 

The huge gap between supply and demand is largely met by import of milk 

powder and cream from abroad. For this reason the country looses huge amount of 

foreign currency every year which is about USD 93.4 million (Bangladesh Bank, 

2012-13). Moreover, this powder milk which is importing from abroad is not totally 

safe for human consumption because in the past, melamine (hazardous chemical 

dangerous for human health) was detected in the powdered milk from China. During 

2008, powdered milk price in the international market was USD 5000-5500 per ton 

and it affected the price of liquid milk in the local market which increased and 

remained high (BDT 30-38 per liter) until March 2009 (Chowdhury, 2009). The 

increasing trend of liquid milk price resulted gradual flourishing of many small scale 

commercial dairy farms in the country. In addition, the high income elasticity of 

demand for milk mentioned earlier is good potential for growth in the dairy sectors. 

Attainment of high growth rate in the sector would immense the opportunity to 

millions of smallholder producers and others entrepreneurs in milk processing and 

marketing business and may create an opportunity for poverty reduction through 

employment and income generation. Dairy generates more regular cash income, and 

dairy production, processing and marketing generate more employment per unit value 

added compare to crops (Omore et al., 2002).  

Benefits and values of buffalo milk and meat  

Buffalo milk contains less water, more total solids, fat and protein, slightly 

more lactose than cow’s milk. It seems thicker than cow’s milk because it generally 

contains more than 16% total solids compared with 12-14% for cow’s milk. In 

addition, it’s fat content (6-8%) is usually 50-60% higher (or more) than cow’s milk. 

Buffalo milk has considerably higher energy value than cow’s milk because of its 

higher butter fat content. However, buffalo milk has significantly lower cholesterol 

content (0.65 mg g
-1

) as compared to the corresponding value of 3.14 mg g
-1

 for cow 

milk (FAOSTAT, 2012). Fat globules of buffalo milk are larger in size, white in 

colour and have higher anti oxidant tocopherol peroxidase (2-3 times more than cow 

milk). Buffalo milk has about 11.42 percent higher protein than cow milk and is also 

superior to cow milk in terms of important minerals, namely calcium, iron and 
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phosphorus that are higher by 92%, 37.7% and 118% respectively than those present 

in cow milk. Buffalo metabolizes all the carotene into vitamin A, which is passed on 

to milk as such. The nutritional composition of milk of different species has shown in 

table 7.  

Table 7.  Nutritional composition of milk of different species (per 100 grams) 

Constituents  Unit Cow Goat Sheep Buffalo 

Water gm 87.8 88.9 83.0 81.1 

Protein  gm 3.2 3.1 5.4 4.5 

Fat  gm 3.9 3.5 6.0 8.0 

Carbohydrate  gm 4.8 4.4 5.1 4.9 

Energy  K-cal 66 60 95 110 

Sugars (Lactose)  gm 4.8 4.4 5.1 4.9 

Saturated Fatty Acids  gm 2.4 2.3 3.8 4.2 

Cholesterol  mg 14 10 11 8 

Calcium  IU 120 100 170 195 

Phosphorus  mg 90 120 - 130 

Iron  mg 0.2 0.3 - 0.2 

Source: FAOSTAT, 2012.   

Buffalo milk is commercially more viable than cow milk for the manufacture 

of fat-based and SNF-based milk products, such as butter, butter oil (clarified butter 

or ghee), soft and hard cheeses, condensed or evaporated milks, ice cream, yoghurt 

and butter milk because of its lower water content and higher fat content. Most 

significantly, the lower cholesterol value should make it more popular in the health 

conscious market. By the virtue of greater opacity of casein micelles coupled with 

higher levels of colloidal proteins, calcium and phosphorus, buffalo milk is more 

densely white and has superior whitening properties as compared to cow milk. UHT-

processed buffalo milk and cream are intrinsically whiter and more viscous than their 

cow milk counterparts, because of conversion of greater levels of calcium and 

phosphorus into the colloidal form. Buffalo milk is, therefore, more aptly suitable for 

the production of tea and coffee whiteners than cow milk. Higher innate levels of 

proteins and fat render buffalo milk a more economical alternative to cow milk for 

the production of casein, caseinates, whey protein concentrates and a wide range of 

the fat-rich dairy products. Buffalo milk more suitable for production of yogurt and 

cheese especially soft cheese than cow milk. To produce 1 kg of cheese, a cheese 

maker requires 8 kg of cow’s milk but only 5 kg of buffalo milk. To produce 1 kg of 

butter, a butter maker requires 14 kg of cow’s milk but only 10 kg of buffalo milk.  
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Buffalo meat is very tender and tasty and healthy red meat substitute for beef. 

It is faster to cook, easier to digest, has no allergenic effect and E Coli problems. It 

has beneficial impact on cardiovascular risk profile. According to the report of US 

Department of Agriculture, it showed that water buffalo meat has superior quality as 

compared to cattle. The analysis shows that the buffaloes meat has 40% less 

cholesterol, 12 times less fat, 55% less calories, 11% more proteins and 10% more 

minerals. It is good source of Beta carotene and Vit-B12 (Kandeepan and Biswas, 

2007). The nutritional composition of meat of different species is shown in table 8.  

Buffalo meat is dark red in colour, firm in consistency with white fat colour. More 

pigmentation or less intra muscular fat (1-2% marbling compared with 3-4% in beef) 

content causes darker appearance of buffalo meat. The dark meat possesses good 

binding properties and is preferred in product manufacture (Kondaiah, 2002). 
 

Table 8.  Nutritional composition of meat of different species (per 100 grams) 

Constituents Unit Chicken Beef  Buffen or 

carabeef 

Protein gm 16.7 24.07 26.83 

Fat gm 7.41 9.2 2.42 

Calories K-cal 190 211 143 

Cholesterol mg 89 86 82 

Iron mg 1.21 2.99 3.42 

Vit-B12 mg 0.33 2.64 2.86 

Source: USDA Agriculture Handbook  

Benefits of buffalo carcass than beef in dressing percentage and composition 

Young male buffaloes are usually slaughtered at 12-24 months when they 

weigh 250-300 kg. The dressing percentage varies with age and type of animal 

slaughtered. Mediterranean-type (Brazil) of buffalo yields a dressing percentage of 

55.51%. Average dressing percentage on moderate diet is about 55.4-59.0. Buffalo 

veal yields about 61-64% (Bhat and Lakshmanan, 1998). The carcass composition 

varies with dressing percentage of buffalo carcasses. A buffalo having dressing 

percentage of 43-44 is composed of 65-70% meat, 5-10% fat and 20-24% bone. A 

buffalo broiler having a dressing percentage of 51.4 constitutes 66.8% meat, 9.7% fat 

and 23.5% bone (Bhat and Lakshmanan, 1998). Buffalo carcass has rounder ribs, a 

higher proportion of muscle and a lower proportion of bone and fat than beef. 

Buffalo meat in our country - the facts  

Buffalo meat is not popular in Bangladesh, but its low cholesterol level and 

higher quality than cattle may attract the consumers, if quality tender meat is 
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available like cattle. Hasnath (1985) reported that the average live weight of buffalo 

at slaughter age was about 320kg where the dressing percentage was 44% only. It 

was reported that the average live weight of adult buffalo was 427kg (BBC, 2012). 

Almost all buffaloes in Bangladesh are slaughtered at older age after completing their 

whole life in works and are usually very emaciated. The meat fiber is very sticky and 

hard to chew. However, a large number of buffaloes are slaughtered every day in the 

city market and sold in disguise of beef with lower price than beef. In general, the 

quality of meat is one of the main reasons for less acceptance by the consumers. The 

buffalo meat price is about taka 370/kg against cattle meat price taka 420/kg which is 

always lower in between taka 50 to 75 per kilogram (One US$= Taka 80) as tender 

aged quality buffalo meat is not at all available in common market. These taboos of 

low quality buffalo meat can be changed by introducing tender aged buffalo meat 

marketing through buffalo improvement program in the country.  

Advantages of buffalo husbandry over cattle 

Work/Animal traction 

The water buffalo is an important beast of burden in Asian farming and also it 

is called Asian Tractor. It is widely used to plough, level land, plant crops, puddle 

rice fields, cultivate field crops, pump water, haul carts, sleds and shallow-draft boats. 

It is also used to carry people, thresh grain, press sugar cane, haul logs, and more. 

Buffalo have an advantage over other draught animals in wet or muddy areas, with 

their large hooves. Their legs can withstand wet conditions better than cattle. 

However they are not as fast as cattle, horses or mules. This puts them at a 

disadvantage in dryer areas. Therefore, the additional income every year through the 

sale of surplus milk is vital to their well-being and economic security. 

Utilization of feeds: conversion of meat and milk  

 The most important and desirable quality of the water buffalo is its 

extraordinary capacity of utilization less digestible feeds (straw, sugar cane wastes 

etc.) than cattle. So it requires less concentrate feeds than cattle. This mean that it can 

produce excellent quality food meat and milk using only crop residues, pasture, and 

mineral salts, without the addition of supplement concentrates.  

Prevalence of diseases  

Buffalo is highly adaptable and healthy animal that can resist infectious and 

contagious diseases. However, they must receive the same vaccines, hygienic care 

and dedicated attention as do cattle. The females, because they produce nutritive milk, 

transfer their calves more resistance to dangerous diseases. There is no report of mad 

cow disease in buffalo from any part of the world.  

Enrich soil fertility 

Buffalo enrich soil structure and fertility while tracking paddy field. Each year, 

an adult buffalo produce 4-6 tons of wet manure plus additional urine as bio-fertilizer. 
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This reduces the requirement of chemical fertilizers as well as provides soil humus 

that chemicals cannot provide.  

More resistance to climatic hazard 

Buffalo can survive against tidal wave better than any other livestock species. 

This is evidence from the cycles that occurs frequently in the coastal area of 

Bangladesh.  

No housing requirement  

Buffalo does not require expensive house as like cattle. It can even live in open 

air throughout the year. For 99% of buffaloes in Bangladesh, there is no house at all. 

This is true in many parts of world.  

Inherent qualities as meat producer 

Buffaloes have a unique ability to utilize coarse feeds, straws and crop residues 

converting them into protein rich lean meat. Hence buffaloes fit well in poor 

countries having poor feed resources. Buffalo properly managed and fed as a meat 

producing animal and slaughtered at 16 to 20 months of age yields a highly 

satisfactory top quality meat at a much lower cost than the cattle (Ranjan and Pathak, 

1979). Since buffaloes have been used as draught animals for centuries, they have 

evolved with exceptional muscular development. Until recently, little thought was 

given to use them exclusively for meat production. Buffaloes are lean animals. The 

sub-cutaneous fat layer of the carcass is usually thinner than that on comparably fed 

cattle. Fat is low even under feed lot conditions. 

More lean and less fat compared to cattle, has created a demand for it among 

health conscious consumers (Kondaiah, 2002). Buffaloes have higher degree of 

resistance and tolerance than cattle against many diseases. They are reasonably 

productive up to 15 years of age and at 18 years and even more it may produce calves. 

Buffaloes have excellent body weight gain compared to other species. The nutrient 

requirements of buffalo steer include 0.24 kg DCP, 1.8 kg TDN, 6.6 MCal ME, 14 g 

Ca, and 11 g P. On Adlibitum and high concentrate (75:25) based rations the growth 

rate is 610 g day
-1

 with feed efficiency of 7:1. On all roughage rations (Green 

berseem/ berseem hay) the growth rate is 370 g day
-1

 with feed efficiency of 10:1 

(Ranjan and Pathak, 1979). 

Constraints of buffalo development in Bangladesh 

Low productivity of the indigenous buffaloes due to low genetic potential, low 

input services for the buffalo keepers, lack of public awareness about buffalo 

husbandry, less interest in buffalo farming, scarcity of feeds and fodder, seasonality 

of reproduction, lack of breeding bulls and infrastructure, poor attention in buffalo 

research and development, no progeny testing programs, shortage of technical 

manpower for buffalo husbandry, higher calf mortality, scarcity of proven breeding 

bulls, slow adoption of artificial insemination and impact of global warming.   
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Recommendations of buffalo development in Bangladesh 

 Developing/strengthening the breeding infrastructure  

 In intensive production system, continuous up gradation of native buffaloes in 

the plain land with imported semen of Murrah, Nili-Ravi or Mediterranean 

breed having good pedigree record for production.  

 In semi-intensive production system, crossbreeding of native buffaloes with 

Murrah or Nili Ravi and fixed 50% exotic bloods followed by inter se mating. 

 In low input production system, crossbreeding of native buffaloes with Murrah 

or Nili Ravi and fixed 50% exotic bloods followed by inter se mating. 

 Conservation of the swamp buffaloes at greater Sylhet and Chittagong districts 

through establishment of farms in respective regions. 

 Breeding, feeding and disease preventive measures should be adjusted 

accordingly. Reproductive biotechnology should not be ignored. 

 Public awareness for buffalo production by different media; Radio, TV, 

Newspaper etc. should be created.  

 Quality fodder seed production farms should be established. Increase the land 

for fodder production should be ensured.  

 Development of manpower by technical training should be ascertained. 

 National research and international collaboration should be strengthened.  

 Buffalo milk and meat market and infrastructure should be developed. 

 Private investment is to be explored and encouraged to invest in buffalo 

development infrastructure including marketing of milk and meat products in 

the country.             

CONCLUSION 

This paper aims to discuss the present situation and future prospects of buffalo 

production in Bangladesh. Buffalo could be a major source of milk and meat to 

reduce the milk and meat demand gap in Bangladesh. The analysis provided an 

overview of Bangladesh with the importance of the industry and the current problems 

facing the industry. The discussion shows that there is a vast demand for milk and 

meat and a great employment opportunity in Bangladesh. Buffalo improvement 

program through scientific crossbreeding with quality breed with improved feed and 

management system and technical knowledge along with milk value chain in 

different farming systems will increase the production of buffalo in Bangladesh.  
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ABSTRACT 

Agricultural development cannot be understood without the use of 
modern technologies like Information and Communication Technologies 
(ICTs). The recent developments in ICTs offer a unique opportunity to 
bring the production enhancing tools and technologies to the growers 
with much cost effective manner. Worldwide, many studies were 
published on the role of application of ICTs in agricultural production. 
However, only a few studies were carried out to know the impact of ICT 
based service delivery system on agricultural production aspects in 
Bangladesh. Therefore an attempt has been made to find the impact of 
ICTs on agricultural production, especially in the food crops. Using a 
randomised survey with a questionnaire, interviews and focus group 
discussion, a study was carried out with a sample of 1990 farmers from a 
population comprises farmers all over the country. The findings from the 
study after counterfactual analysis and difference in differences analysis 
as well showed that with the application and use of ICTs, agricultural 
production was accelerated which was evident from the degree of 
increase of ICT to that of counterfactual is 0.49 and proved that the Boro 
rice production from the ICT based service area has increased more 
than that of non-ICT based area. 

Keywords: Information communication technologies, ICTs, 
    counterfactual, agricultural production, difference in 
    difference, impact analysis. 

 

INTRODUCTION 

Agricultural data, information and knowledge generated by the farmers 

themselves by interacting with fellow farmers influence agricultural productivity in 

various ways. It can help farmers take the right decision about the land, labour, 

variety, fertilizer, capital and management. Agricultural productivity can be arguably 
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improved by relevant, reliable and useful information and knowledge (Demiryurek et 

al., 2008). The present famous acronym ICT serves best means to provide 

information to the stakeholders like farmers. The global attention has come to the 

impact of ICTs on agriculture as its buzz rings that ICTs should be hailed to be 

integrated with agriculture to boost its production. The ICTs have shown evidence for 

easier access to agricultural development to the standard livelihood of farmers (Roy 

et al., 2003). The computers, internet, geographical information systems, mobile 

phones, as well as traditional media such as radio or TV stimulate participation and 

enhance the value of productivity. In this backdrop, an attempt was made to study 

and examine the impact of ICTs on agricultural production in Bangladesh. 

Technologies composed of ICTs are the blessing to agriculture as they provide 
the farmers with data, information and knowledge with which they can  empower 
themselves with modern agricultural technology and act accordingly for increasing 
the  production of higher value crops, reduction in expenses of production, increase 
in selling price, less use of  pesticides for vegetables on their farms. As mentioned, it 
is now proved that the use of ICT has become increasingly integrated to address the 
farmers’ information need in all over the world (Islam & Islam, 2008), the ICTs have 
transferred most important information about agriculture in developed countries. The 
developing countries, which are now being connected with developed nations with 
the connectivity and are now able to get the access to the latest information and 
technologies regarding weather, natural resources and other related information (Rao, 
2007). The term ‘Information and Communication Technologies’ could be used for a 
multitude of stand including telephone, television, video, voice information systems, 
and fax (Warren, 2002). As Mannan and Bose (1998) rightly maintained that the 
ICTs have a key role in Agri-food sectors to provide a fast information and 
knowledge about agriculture through all over the world, Kiplang’at (1999) postulated 
that dissemination of relevant information to the farming communities can facilitate 
the effective adoption of agricultural inputs, decision making about markets and 
adoption of scientific methods. However, lack of dissemination of information across 
the agricultural supply chain is a major concern in the developing world. Information 
and communication technologies have potential to disseminate the agricultural 
systematic information among smallholder farmers. Similarly the mobile phones, 
television, internet and radio have the facility to transfer related and timely 
information that helps to make decisions to use resources in the most productive and 
profitable way (Ekbia and Evans, 2009; Ommani and Chizari, 2008). Thus, it could 
be said that the ICTs played very effective role in the agricultural development and in 
the decision making of farmers’ communities in different countries (Cash, 2001; 
Galloway and Mochrie, 2005; Opara, 2008; Taragola and Van Lierde, 2010). ICTs 
are a real source of information and knowledge for people, including farmers and 
reduced the distance between different communities of the world (Herselman, 2003). 
ICTs have brought significant changes in agriculture development and transfer 
information and knowledge through various technologies among farmers 
(Birkhaeuser et al., 1991).  
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The present study examines the impact of ICTs on production measuring the 

findings of the data. It investigates farmers’ proper access and utilization of 

agricultural information towards increased production of various crops. The study 

further examines the potential of the farmers of both groups in a production gain 

correlating their present production with that of the past. The comparative study of 

their production as well as their ICT use is shown here. The main purpose of the 

study was to draw a line of production variables between two certain groups of 

farmers in Bangladesh. The result is intended to be built on the experiences of both 

ICT and non-ICT service area in farming in ecological zones. Famers’ production 

cost, production of different crops and seasons are serially shown in different tables. 

The impact of ICT on farmers’ production reflects their annual profit or income. 

MATERIALS AND METHODS 

The study was conducted in all administrative divisions of Bangladesh- Dhaka, 

Chittagong, Rajshahi, Khulna, Barisal, Rangpur and Sylhet and it covered almost 42 

out of 64 districts (65.63%) of ICT area and 39 districts (69.94%) from non-ICT area 

under direct supervision of the researcher. Districts were purposefully selected to 

take care of healthy proportion of ICT dependent areas as well as non-ICT based 

traditional farming areas. Areas range from Southeast Rangamati to Northeast 

Netrokona and South-west Satkhira to Northeast Sylhet. The population comprises 

farmers all over the country and it is categorized into two types. One type was ICT 

supported farmers who responded to the uses and applications of ICT in farming. 

Another set of respondents was non-ICT supported farmers. One thousand nine 

hundred and ninety are the sample size of the study. Out of this, 1170 are found ICT 

based and 820 are non-ICT based farmers. The population comprises farmers all over 

the country and it is categorized into two types- ICT supported farmers and non-ICT 

supported farmers. Random sampling was applied along with re-call method. Two 

sets of questionnaire were formulated for two groups of farmers- ICT service area 

and non-ICT one. Formal and informal interviews were held to explore the views, 

experiences, beliefs and motivations of individual participants. Few focus group 

discussions (FGDs) were also conducted for generating information on collective 

views and the meanings that lie behind those views. Extensive field visits in the ICT 

and non-ICT areas were made. The data of two consecutive years were collected 

from the farmers through recall method. These periods are called the baseline year 

(2012) and the follow-up year (2014). The original data were collected in 2014 from 

the respondents of two service areas. For the impact analysis, the Difference-in-

Differences (DiD) analysis model which estimates a degree of treatment effect of a 

policy change for two groups and for two time periods (Ashenfelter and Card, 1985) 

are used to compare the production of two service areas through counterfactual. The 

counterfactual analysis, which compares what actually happened and what would 

have happened in the absence of an intervention, was carried out to know the actual 

impact of ICTs on production aspects of the food crops. Reliability for internal 
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consistency is calculated using the Cronbach’s (1970) Alpha Coefficient. The 

findings are graphed to allow a clear view of understanding at a glance. The two 

categories of service areas (ICT) and (non-ICT) respectively, have been collaborating 

to allow for comparative discussion of the results. 

RESULT AND DISCUSSION 

Different types of crops are cultivated in different seasons. While in Rabi 

season, the production of Boro rice, wheat, maize, mustard, pulses, sugarcane, 

vegetables and onion are cultivated, in Kharif-1, rice (Broadcast), rice (Aus), jute, 

different types of vegetables, and in Kharif-2, rice (T-Aman), maize, onion, and 

many types of vegetables are cultivated. For the study, the production of these crops 

is taken as dependent variable that changes by the influence of ICT use in the 

cultivation process. During the study, it was found that the follow-up production of 

both groups has increased, but the rate of increase of ICT farmers is higher than that 

of non-ICT service areas.  

Table 1. Total production of rice (Aus, Aman and Boro) during 2006-07 to 2014-15 

Food 

grains 

2006-

07 

2007-

08 

2008-

09 

2009-

10 

2010-

11 

2011-

12 

2012-

13 

2013-

14 

2014-15 

(Target) 

Aus 15.12 22.93 21.00 21.33 23.32 23.32 21.58 23.26 23.28 

Aman 108.41 110.02 112.25 127.91 127.98 127.98 128.97 130.23 131.90 

Boro 159.90 186.77 182.87 185.25 186.17 187.59 187.78 190.07 189.77 

Total Rice 283.43 319.76 326.12 334.03 335.41 338.90 338.33 343.56 388.95 

Wheat 7.25 9.56 9.58 9.69 9.72 9.95 12.55 13.02 13.33 

Maize 8.99 23.69 11.37 8.87 15.52 19.54 21.78 25.16 25.21 

Total  299.67 352.93 347.07 358.12 360.65 368.65 372.66 381.74 383.49 

The total production of rice (Aus, Aman and Boro) has increased to some 

extent from previous years (Table 1). The production of Aus is 23.26 in 2013-14 but 

it was 15.12 MT in 2006-2007. The production of Aman is 130.23 in 2013-14 

whereas it was 108.41 MT in 2006-2007. The production of Boro is 190.07 in 2014-

15. On the other hand, it was 159.90 MT in 2006-2007. The general picture of 

production performance of various crops by baseline (2012) and follow-up (2014) 

were given in the following manner. 

The ICT tools are regarded as the best means of communication which play a 

vital in making agriculture more efficient and effective. When we talk about ‘e-

agriculture’, it largely depends on the proper application of these ICT tools. Radio, 

Television, Mobile and Computer are regarded as the ICT tools in both the service 
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areas of the present study. In the study it was found that the TV is a very common 

tool that is available in almost every house of all farmers. However, the computer is 

rarely used by farmers in the non-ICT service area. All the four tools are not equally 

used by the farmers in the same area. The use and holding of ICT tools differ from 

area to area. 

Table 2. ICT tools by service areas  

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 

Now mobile is the easy and quick means of ICT communicative tool. It was 

found that1855 farmers (93.22%) (out of 1990 respondents) have at least one set of 

mobile phone (Table 2).  

Of them, 65% belong to ICT and 35% belong to non-ICT based farmers. More 

farmers are seen holding a mobile phone in the ICT service area. Television is next to 

the frequency of mobile phone. It is held by 77.89% of the total farmers where ICT 

possess 65% and non-ICT 35%. The number of radio and computer is far less than 

those of TV and mobile. Yet, the number of farmers using computers is outnumbered 

by that of radio. Out of the total farmers, 31.41% have radio sets and only 24.62% 

have a computer. It is important to find in ICT area more farmers use these ICT tools.  

Data on the production aspects were analysed and correlated with the ICT and 

non-ICT groups and with the counterfactual conditionals which take the generic form 

of difference in differences (Figure 1.) was carried out.  
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Figure 1. Production performance of Boro Rice by baseline and follow-up 

The results revealed that the difference of Boro rice production from non-ICT 

based service area that DiD not actually occur. It is argued here that such 

propositions play a necessary and fundamental role in the whole effects of ICT on a 

production system. Here it is found that the follow-up (2014) production of both ICT 

and non-ICT areas has gradually increased, but to the greatest extent, the increase 

rate of the ICT service area is higher than that of non-ICT service area. The figure (1) 

indicates that the follow-up production of non-ICT based area is higher by 0.43 than 

that of baseline production (2012). Here it is proved that the baseline production of 

non-ICT is 3.70 MT and that, of ICT and the counterfactual is 4.16 (MT). The follow 

up of the counterfactual is 4.59 MT but follow-up production of ICT is 5.07 (MT). 

The degree of increase of ICT is so high that it exceeds to the counterfactual by 0.49 

(Figure 1). Therefore, it is significantly proved that the Boro rice production from the 

ICT based service area has increased more than that of non-ICT based area.  

Table 3. Production performance of Boro rice by baseline (2012) and follow-up 

(2014) 

Parameters Un-standardized coefficients T Sig. 

B Std. Error 

(Constant) 3.70 0.09 41.04 0.00 

Treatment (Trt) 0.46 0.08 5.64 0.00 

Time 0.43 0.09 4.66 0.00 

Interaction between Trt x time 0.49 0.06 7.89 0.00 

Dependent variable: yield of Boro rice  (t ha
-1

) 

The counterfactual or potential outcome through the use of ‘Difference in 

Differences’ (DiD) reflects the perspective weaker treatment of non-ICT service area 
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and stronger treatment of the ICT service area (Table 3). The follow-up production of 

ICT and non-ICT farmers is higher than that of the baseline one. Therefore, the 

research result is clear that the use of ICT influences more to the increasing of the 

production of the respective area.  

 

                 Figure 2. Production performance of potato by baseline and follow-up 

The counterfactual of the production performance of potato (Figure 2) shows 

the different amount of potato production in non-ICT service area. Through the 

counterfactual, the fundamental scenario of potato production in non- ICT service 

area appears to be. Here it is found that the follow-up production of both ICT and 

non-ICT areas has gradually increased. It indicates that the follow-up production of 

non-ICT based area is more than that of baseline production. Here it is also noticed 

that the baseline production of ICT and baseline counterfactual and ICT production is 

18.12 MT but the follow-up production of counterfactual and ICT is 19.19 MT and 

19.35 MT respectively. The degree of Follow-up increase in the ICT service area is 

higher and it exceeds to the counterfactual by 0.16 MT (Figure 2).  

Therefore, it is significantly proved that the potato production from the ICT 

service area has increased more than that of non-ICT area.  

Table 4. Production performance of Rabi (potato) by baseline (2012) and follow-up 

(2014) 

Parameters Un-standardized Coefficients T Sig. 

B Std. Error 

(Constant) 17.91 0.00 11,435.81 0.00 

Treatment (Trt) 0.21 0.00 105.41 0.00 

Time 1.07 0.00 491.73 0.00 

Trt x Time 0.16 0.00 59.51 0.00 

Dependent Variable: Potato (t ha
-1

)     
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The table 4 shows that the counterfactual or potential outcome reflects the 

perspective weaker treatment of non-ICT service area and stronger treatment of the 

ICT service area. The result reveals that the use of ICT influences to increase the 

production of the farmers, though the baseline of non-ICT is higher than that of its 

follow up production.  

 

          Figure 3. Production performance of Wheat by baseline and follow-up 

The figure 3 indicates that the follow-up wheat production of non-ICT based 

area is higher by 0.7 than that of baseline production (2012). Here it is noticed that 

the baseline wheat production of non-ICT 1.75 and that of ICT and the counterfactual 

is 1.92 (MT). The follow up of the counterfactual is 2.62 but follow-up production of 

ICT is 2.98 (MT). The degree of increase of ICT is so high that it exceeds to the 

counterfactual by 0.37 MT (Figure 3). Therefore, the findings prove that the wheat 

production from the ICT based service area has increased than the increase of wheat 

production of non-ICT based area. 

Table 5. Production performance of wheat by baseline (2012) and follow-up (2014) 

Parameters Un-standardized Coefficients T Sig. 

B Std. Error 

(Constant) 1.75 0.16 11.11 0.00 

Treatment 0.17 0.02 8.60 0.00 

Time 0.70 0.09 7.61 0.05 

Trt x time 0.37 0.07 5.03 0.06 

Dependent variable: wheat (t/ha)         
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The table 5 shows that the counterfactual or potential outcome reflects the 

perspective weaker treatment of non-ICT service area and stronger treatment of the 

ICT service area. The follow-up production of non-ICT is lower than that of ICT 

farmers. Thus, it is clear that the use of ICT influences the increase in the production 

of the farmers. 

 

Figure 4. Production performance of Maize by baseline and follow-up 

The figure (4) indicates that the degree of increase in maize production in the 

ICT area is higher and it exceeds to the counterfactual by 0.07 MT (Figure 4). The 

follow-up production of non-ICT based area is also higher by 0.7 than that of 

baseline production (2012). Here it is obviously clear that the baseline production of 

non-ICT is 5.96 and that of ICT and the counterfactual is 6.09 (MT). The follow-up 

of the counterfactual is 6.79 but follow-up maize production of ICT is 6.86 (MT). 

Therefore, it can significantly be mentioned that the maize production from the ICT 

service area has increased more than the increase of maize production of non-ICT 

area. 

Table 6. Production performance of maize by baseline (2012) and follow-up (2014) 

Parameter Un-standardized coefficients T sig. 

B Std. Error 

(Constant) 5.96 0.03 233.33 0.00 

Treatment (Trt) 0.13 0.03 3.93 0.05 

Time 0.70 0.13 5.24 0.05 

Trt x time 0.07 0.04 1.49 0.07 

Dependent variable: maize (t ha
-1

) 
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The table 6 points out that the counterfactual or potential outcome reflects the 

perspective weaker treatment of non-ICT service area and stronger treatment of the 

ICT service area. The follow-up production of ICT is much higher than that of non-

ICT farmers. Therefore, it is noticed that the use of ICT influences to increase the 

production of the farmers. 

 

Figure 5. Production performance of pulse crop (Lentil) by baseline and follow-up 

The table 6 points out that the counterfactual or potential outcome reflects the 

perspective weaker treatment of non-ICT service area and stronger treatment of the 

ICT service area. The follow-up production of ICT is much higher than that of non-

ICT farmers. Therefore, it is noticed that the use of ICT influences to increase the 

production of the farmers. The figure 5 shows that the follow up pulse (lentil) 

production of the counterfactual is 1.37 but that of ICT is 1.47 (MT). The increase of 

ICT is higher and it exceeds that of the counterfactual by 0.1 MT (Figure 5). The 

follow-up production of pulse (lentil) in non-ICT area is less by 0.29 than that of the 

baseline (2012) production. Here the analyzed results prove that the baseline pulse 

production of non-ICT 0.91 MT and that, of ICT and the counterfactual is 1.08 (MT). 

Therefore, it proves that the pulse production from the ICT based service area has 

increased.  

Table 7.  Production performance of pulse (lentil) by baseline (2012) and follow-up 

(2014) 

Parameter Un-standardised coefficients T Sig. 

B Std. Error 

(Constant) 0.91 0.00 1291.37 0.00 

Treatment 0.17 0.00 193.41 0.00 

Time 0.29 0.00 296.14 0.00 

Trt x time 0.10 0.00 77.95 0.00 

Dependent variable: pulse (t ha
-1

)     
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The table 7 indicates that the counterfactual or potential outcome reflects the 

perspective weaker treatment of non-ICT service area and stronger treatment of the 

ICT service area. The non-ICT follow-up production is lower than that of ICT. 

Therefore, the findings prove that the proper use of ICTs has an impact on the pulse 

(lentil) produced in the two areas.  

CONCLUSION 

The study is envisaged to play a greater role in using the ICTs in farming, optimizing 

the uses of ICT tools and filling the gap that exists between the productions of the 

two service areas. The result of this empirical analysis suggests that ICTs play a 

significant role in enhancing agricultural production of two rice (Boro and Broadcast 

Aman), potato, wheat, maize and pulse (lentil). It also points out that the use of ICT 

tools remains a significant contributor to agricultural growth. The survey results 

show that the use of ICT tools varies from ICT service area to non-ICT one. There 

should be a focus on the spread and development of technology supported tools to 

use in farming and the farmers must be aware of the proper use of these tools. The 

use of ICT tools can be equalized both in the areas. The findings indicate that there is 

a production gap of the two category farmers and it could be minimized by using ICT 

tools more in farming of non-ICT service areas. A more organized approach to using 

ICT tools involving relevant knowledge based organizations is expected to bring 

better improvement to the total production system.  
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ABSTRACT 

The study was attempted to analyze the impact of ‘one house one farm’ 
approach on farmers’ livelihood status in some selected areas of 
Mymensingh district. As the study was based on comparing the farmers’ 
livelihood, a total of 90 farmers where 45 farmers were selected 
randomly who were under this project and the rest of 45 farmers were 
selected who were not under this project from Bhabkhali, Char 
Nilakshmia and Char Ishwardia union under sadar upazila. The primary 
data were collected through direct interview method from the selected 
farmers using structured questionnaire. Data were analyzed with a 
combination of descriptive statistics and econometric analyses like 
logistic regression and propensity score matching methods to attain the 
objectives. Sex distribution, family size, training exposure and farm 
income have positive and significant impact on the adoption of this 
project. Based on Kernel and Radius matching methods, the average 
farm household income of the project farmer was increased by the 
amount of Tk. 28,561.4 to Tk. 16,445.6 per year compared to non-project 
farmers which is statistically significant at 1% level. Overall employment 
opportunities were increased by the duration of 22 to 36 man-days for 
the project farmers compared to non-project farmers. Daily per capita 
calorie intake from different food items was higher for project farmers 
than the non-project farmers. The access on human capital, social 
capital, natural capital, physical capital and financial capital for project 
farmers were increased by 29.5%, 25.7%, 9.0%, 18.3% and 22.3%, 
respectively due to the adoption of ‘one house one farm’ approach. The 
study also identified some problems faced by the farmers for adopting 
the project and probable solutions related to those problems. If these 
problems could be solved within a reasonable time, farmers would be 
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more enthusiastic to adopt the project idea for earning more income 
which helps them to change their livelihood status ultimately.  

Keywords: Employment, income, livelihood, ‘one house one farm’ 
    approach 

 

INTRODUCTION 

Bangladesh accounts for a significant portion of the world’s poor with nearly 

26% people living below the poverty line (BER, 2013). The abundant population of 

Bangladesh has a high growth of unemployment, which is marked by expansion of 

poverty in the rural areas as well as urban areas. ‘One house one farm’ project is a 

top prioritized family farming and poverty reduction program financed by 

Government of Bangladesh.  

As agriculture plays a major role in the livelihoods of rural households in 

securing national food self-sufficiency, this approach is an important option to 

improve livelihood status of the rural households as well as the country’s overall 

economic development. Reportedly, over the last 30-40 years, the availability of 

agricultural land has been declining at the rate of 1% per year (Ershad, 2002). In rural 

areas, about 4.48 million households are landless (Ershad, 2002). Another problem is 

arising due to urbanization, i.e., the number of absentee land owners is increasing in 

the rural areas. About 10% absentee land owners own 50.6% of the total cultivable 

land of Bangladesh (Ershad, 2002). 

As all the elements of the driving force of the economy prevail in the rural areas, 

the overall development of this country depends virtually on the development of its 

rural areas. These hard working people can cultivate the fertile land of Bangladesh, 

develop farm at every house of every village and increase the overall production of the 

country in multiple times. Viewing this fact, Government of Bangladesh manifests a 

project of ‘one house one farm’ (Ektee Bari Ektee Khamar) with the vision of ‘poverty 

alleviation and sustainable development through fund mobilization and farming’. The 

project will cover 9640 villages in 1928 unions under 482 upazilas of the country. The 

project will enable the rural poor and the community people with the physical and 

financial supports to find for their self-employment opportunities. As, farmers are the 

main executor and beneficiaries of this project, so the managing committee is so much 

concerned and handed over the responsibilities to Bangladesh Rural Development 

Board (BRDB). BRDB is the leading executing agency of this project. The duration of 

the project is seven years starting from July, 2009 to June, 2016 worth of Tk. 5.927 

billion. About five million poor rural families will be benefitted from this project 

(Ullah, 2011). 

The intrinsic goal of the project was to reduce national poverty to 20% from 

40% by 2015 through developing each of the house as a unit of agro-economic 

activities by utilizing human and financial resources of the family members. The 

farmers can produce diversified products which will ensure their food security and 
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maintain economic stability. To sustain accelerated and inclusive growth, Bangladesh 

will need to manage the urbanization process more effectively as well as prepare for 

adaptation to climate change impacts. Keeping these facts in mind, the proposed 

project has been undertaken to enhance the socioeconomic status of the rural poor. 

Through this project, farmers get knowledge about how enterprises, i.e., crop, 

fisheries, livestock and homestead, contribute to improve their livelihood and ensure 

food security. Besides, farmers are including more enterprises in farm practices to 

have better food security and improving livelihood. However, the findings of the 

study would help the policy maker to build up a poverty and hunger free country for 

changing the lots of the poor and also materializing the dreams of digital Bangladesh 

as per vision 2021 of the present government. A unpretentious effort has been made 

here to assess the preceding research studies which are: Islam et al., (2013) conducted 

a research on competency assessment of the farmers on the application of ‘one house 

one farm’ approach in some selected areas of Mymensingh district; Ullah (2011) 

carried out a research on farmers’ perception towards ‘one house one farm’ approach 

in Mymensingh district; USAID (2011) reviewed nutrition and food security impacts 

of agriculture projects in Uganda which justified the positive and significant 

agricultural interventions to ensure the food security and nutrition impacts; Khan et 

al. (2009) conducted a research on homestead vegetable gardening in Tangail to 

develop a model for year-round vegetable production in order to improve the 

household food security and nutrition to generate additional income by selling 

surplus vegetables; and to create employment opportunity for women and children of 

the family. Hossain et al. (2007) conducted a study on FoSHoL-CARE project to 

assess the existing farming system in Barind tract in Rajshahi division and identified 

the perceived needs and constraints of the farmers in the areas; and Talukder et al. 

(1997) observed home gardening activities in selected villages in Bangladesh and 

documented that underway in different home gardening interventions the farmers in 

the rural areas can increase their income.  

The above review of literature exhibits that there is no study which attempted 

to analyze the impact of ‘one house one farm’ project on farmers’ livelihood. 

Therefore, the overall objective of this study is to assess the present status of ‘one 

house one farm’ project and its impacts on farmers’ livelihood. The specific 

objectives are: i) to determine the factors affecting adoption of ‘one house one farm’ 

approach; ii) to estimate the impact of  ‘one house one farm’ project on  income 

generation, employment creation and livelihood pattern of the sample farmers; and 

iii) to suggest policy options for overcoming constraints and exploring possible 

opportunities. 
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MATERIALS AND METHODS 

Keeping in view the objectives, the study was conducted in three unions under 

Mymensingh sadar upazila, where ‘one house one farm’ farmers were available. 

Bhabkhali, Char Nilakshmia and Char Ishwardia unions were selected purposively as 

study areas. A total of 90 farmers were interviewed using structured questionnaire for 

collection of data and information. Face-to-face interview method was conducted by 

the researcher herself. The researcher also collected documents from Bangladesh 

Rural Development Board (BRDB) for this purpose. 

Analytical techniques 

In order to investigate the extent of influence on the decision making status, 

logistic regression analysis was used. The binary variable was assigned with the 

value 1 for decision that is taken by project farmers alone and zero otherwise. The 

logit model has been specified as follows: 

         Yi = β0+ β1 X1i+ β2 X2i+ β3 X3i+ β4 X4i+ β5 X5i + β6 X6i + β7X7i + β8 X8i +Ui 

         Here, 

         Yi = It is a binary variable having 1 for indicating adoption and 0 indicating 

                 Non-adoption; 

         X1 = Sex (i.e., male =1, female = 0); X2 = Age of respondents (years); 

         X3 = Years of schooling of respondents; X4 = Family size (no.); X5 = Farm size 

                 (ha); 

         X6 = Received training i.e., 1 indicates receiving training where 0 indicates not        

                  receiving training;  

         X7 = Total farm income (tk.);  

         X8 = Total off-farm income (tk.); and Ui = Error term. 

To evaluate the impact on income generation, techniques of propensity score 

matching (PSM) were applied with Kernel matching and Radius matching methods.  

Kernel matching method  

Kernel matching is simply a Kernel density function. In this method, all of the 

observations in the comparison group inside the common support region are used. 

Kernel matching method can be written as follows: 

                     

Where, T is the set of observations that are in the project (treatment group), and 

N  is the number of treated cases; Yi,1 and Xi,1 are the dependent and independent 
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variables for the  treated case; and  are the dependent and independent 

variables for the j
th
 comparison/control case that is within the neighborhood of 

treatment case i.e., for which < bw/2; is the number of 

comparison cases within the neighbourhood of i; K(•) is a kernel function; and bw is a 

bandwidth parameter. In practice, the choices of K (•) and bw are somewhat arbitrary. 

Radius matching method 

Radius matching method can be written as follows: 

 

Where, the weights wj are defined as  ; Y
T
 = Output of treated 

individual;  and Y
C
  indicates output of control individual. 

Poverty indices or head count ratio and poverty gap is estimated in this 

research to evaluate the impact of intervention on farming practices. A food security 

index (Z) was constructed and food security status of each household was determined 

based on the food security line using the recommended daily calorie intake approach. 

A household which daily per capita calorie intake up to 2122 kcal was regarded as 

food secure and those below 2122 kcal regarded as food insecure households. The 

mathematical representations are as follows:                    

      Zi = Yi/R  

      Where,  

Zi = Food security index for i
th
 household which takes the value of 1 for food 

secured and that of 0 for food insecure households, that is Zi = 1 for Yi is greater 

than or equal to R; and Zi = 0 for Yi less than R. 

      Yi = Daily per capita calorie intake of i
th
 households; 

R = Daily per capita calorie required for i
th
 households; and i = 1, 2, 3………., 

90. 

Surplus or Shortfall Index 

Based on the household food security index (Z), food insecurity gap/ surplus 

index (P) and the head count ratio (H) were calculated. Food insecurity gap measures 

the extent to which households are food insecure and surplus index measures the 

extent by which food secure households exceeded food security line. This index is 

given as: 

      P =  

      Where,  
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P = Food insecurity gap or surplus index; M = Number of households that are 

food secured (for surplus index) or food insecured (for food insecurity gap); and 

      Gi = Per capita calorie intake deficiency (or surplus) faced by i
th
 household. 

      Gi =  

The head count ratio (H) measures the percentage of the population of households 

that are food secure or insecure. This is defined as: 

      H =  

      Where, 

H = Head count ratio; M = Number of households that are food secured (for    

surplus index) or food insecured (for food insecurity gap); and  

N = Number of households in the sample. 

To measure the income inequality Gini index (Gini coefficient) was used. The 

range of the Gini index is between 0 and 1 (0 and 100 percent), where 0 indicates 

perfect equality and 1(100 per cent) indicates maximum inequality. At first, 

calculating cumulative percentage of income and individual, plotting the results into 

a graph where X axis represented cumulative percentage of individual and Y axis 

represented cumulative percentage of income. Then, the author used following 

formula for estimating the Gini coefficient as well as the income inequality:  

 Gini coefficient, GC = | ∑Yi Xi+1 - ∑ Xi Yi+1 | 

Livelihood pattern was measured by presenting the assets in a framework 

which is known as asset pentagon. Asset pentagon is composed of five types of 

capitals namely, human capital, social capital, natural capital, physical capital and 

financial capital (DFID, 2000). 

RESULTS AND DISCUSSION 

Socioeconomic characteristics of the farm household  

The survey was conducted among the households of which 93% male and 7% 

female for the project farmers whereas 60% were male and 40% were female for the 

non-project farmers. In case of project farmers, 65.7% persons were belonging to 15- 

55 years. Again, in the case of non-project farmers, 49.7% persons were belonging to 

15- 55 years. Nearby 40.6% project farmers have passed secondary level. But, for 

non-project farmers it was only 34.8% (Table 1). For project farmers, on an average, 

20.6% were engaged in agriculture, 5.4%, 7.8% of them were involved in small 

business, labour as their main occupation. About 17.9%, 2.2%, 8.9% were engaged in 

agriculture, small business and labour work, respectively as main occupation for non-

project farmers. Households under project farmers, an average farm size 0.60 hectare 

http://en.wikipedia.org/wiki/Gini_coefficient
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while non-project farmers have an average farm size of 0.57 hectare. Only 31.1% 

farmers were received training. But, non-project farmers were received from DAE 

and BAU where only 4, 1 respondents received short-term and mid-term training as 

well as a negligible percent, only 11.1%, of farmers were received training 

Table 1. Socioeconomic characteristics of the farm household 

Particulars Project farmers Non-project 

farmers 

Family size, age, education level, occupational status, land type and farm household 

Sex (%) Male  93 60 

Female  7 40 

Family size (no.) 4.5 4.3 

Age (15-55 years) (%) 65.7 49.7 

Educational level (years of schooling)  Secondary 

(%) 

40.6 34.8 

Occupational status (%) Agriculture 20.6 17.9 

Small business 5.4 2.2 

Wage labour 7.8 8.9 

Land holding (ha) Average 0.60 0.57 

Area and number of 

agricultural enterprises 

Crop area (ha) 0.39 0.34 

Livestock 

(no.) 

Large animal 4.31 2.62 

Small animal 40.8 29.5 

Fisheries (ha) 0.02 0.03 

Homestead (ha) 0.69 0.57 

Agroforestry (no.) 13.4 8.9 

Training exposure (%) 31.1 11.1 

Source: Field survey, 2015. 

Factors affecting adoption of ‘one house one farm’ approach 

In this study, the dependent variable Y (adoption and non-adoption) was 

defined to have two possible outcomes: i. the farmers are adopting ‘one house one 

farm’ approach, and ii. the farmers are not adopting ‘one house one farm’ approach, 

which are coded 1 and 0, respectively. The result of logit regression is presented in 

table 2. The result shows that the model was accurate in explaining the determinants 

of adoption of ‘one house one farm’ approach of farm household. Four out of eight 

variables included in the model were significant in explaining the variation in 
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adopting ‘one house one farm’ approach in the study areas. Therefore, the estimated 

equation is as follows: 

          Yi = 36.397 - 0.010 X1 + 0.037 X2 - 0.054 X3 + 0.352X4 + 1.223 X5 + 0.341 X6  

+ 2.802 X7 - 0.569 X8 

Table 2. Empirical results of logistic regression of determinants of ‘one house one 

farm’ approach 

Variables Coefficient 

(β) 

S.E. t Level of 

significance 

Odds ratio 

Age (X1) -0.010 0.017 0.318 0.573 0.990 

Sex (X2) 0.037*** 0.609 2.004 0.001 1.037 

Education level 

(X3) 

-0.054 0.061 0.784 0.376 0.947 

Family size (X4) 0.352** 0.153 5.304 0.021 1.422 

Receive training 

(X5) 

1.223** 0.593 4.251 0.039 0.294 

Farm size (X6) 0.341 0.450 0.572 0.449 1.406 

Farm income (X7) 2.802** 1.234 5.158 0.023 0.061 

Non-farm income 

(X8) 

-0.569 0.432 1.736 0.188 0.566 

Constant 36.397 15.61

1 

5.436 0.020 6.411E
15 

Source: Authors’ estimation, 2015. 

Note: *** indicates significant at 1% level;** indicates significant at 5% level; and * indicating 

significant at 10% level. 

Sex (X2): The regression coefficient of sex is 0.037 significant at 1% level, 

which presents that remaining other factors held constant, adoption of the ‘one house 

one farm’ project positively influenced by 0.037 unit, for one unit increase of 

adopting this project by female farmers. That means the probability of adopting the 

project by the female is higher compared to male members.  

Family size (X4): It is found that regression co-efficient of family size is 0.352 

significant at 5% level, which implies that remaining other factors constant, adoption 

of the project positively influenced by 0.352 unit for one unit increase in family size. 

That means a unit increase in family size will increase the probability of adopting this 

project by 0.352 units.  
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Receive training (X5): The regression coefficient of received training was 

estimated at 1.223 significant at 5% level, which means holding other variables 

constant, if the farmers’ received training increases by one unit, the probability of 

adoption would increase by 1.223 units.  

Farm income (X7): The regression coefficient of farm income was estimated 

at 2.802 significant at 5% level, which means, holding other factors constant, if the 

farm income increases by one unit, the adoption of the project would increase by 

2.802 units. This indicates that the higher the farm income, the higher is the 

probability that the farmer would be able to adopt this project willingly. 

Age of respondent, education level and non-farm income has a tendency to 

exhibit negative effect on the probability of adopting this project and these variables 

were statistically insignificant. Farm size presents positive effect but this variable 

was statistically insignificant.  

Impact on income generation, employment creation and livelihood pattern 

Impact of ‘one house one farm’ approach on farmers’ income generation: propensity 

score matching method 

To test the consistency of the results, propensity score matching method was 

also used to evaluate the impact of ‘one house one farm’ on farm households’ income 

generation. In this method, all of the observations in the comparison group inside the 

common support region were used.  

Table 3. Impact on farmers’ income generation 

Matching method 

and outcome 

Project farmers Non-project farmers 

Average treatment on 
treated (ATT) 

Standard 
error 

t-value Average treatment on 
treated (ATT) 

Standard 
error 

t-value 

Farm income (Tk.) 

Kernel matching 16445.6  8895.4 7.048* 10386.7 8967.3 5.31* 

Radius matching 28561.4 13864.8 4.898** 12237.5 9371.0 3.02** 

Non-farm income (Tk.) 

Kernel matching -10739.4 10844.6 -1.53*** -5635.1 2210.3 -2.54** 

Radius matching -9456.01 12239.1 -1.02 -4956.2 2319.9 -2.13*** 

Source: Authors’ calculation based on field survey, 2015.     

Note:  *** Significant at 1 percent level; ** Significant at 5 percent level; and   * Significant at 10 

percent level.   

Based on Kernel and Radius matching methods, the average farm household 

income of the project farmer was increased by Tk.16445.6 to 28561.4 per year 

compared to non-project farmers which is statistically significant at 1% level. On the 

other hand, non-farm income was decreased slightly but it is not statistically 

significant in both the methods (Table 3).  
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Impact on farmers’ income generation: income inequality metrics 

The range of the Gini index is between 0 and 1 (0 and 100 percent), where 0 

indicates perfect equality and 1 (100 percent) indicates maximum inequality. The 

Gini index is the most frequently used income inequality index. The reason for its 

popularity is that it is easy to understand how to compute the Gini index as a ratio of 

two areas in Lorenz curve diagrams. The Lorenz curve is a diagonal 45
0
 line in 

societies that have perfect income equality which plots the proportion of the total 

income of the population (Y axis) that is cumulatively earned by the bottom X axis 

percentage of the population (see diagram). Gini coefficient of project farmers was 

0.179 while it was 0.286 for non-project farmers. Figure shows that project farmers 

were less unequal than non-project farmers. The figure indicates that non-project 

farmers are far from Lorenz curve while the project farmers are quite near to Lorenz 

curve which shows the inequality clearly (Figure 1). 
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Figure 1. Gini coefficient of project and non-project farmers 

Employment pattern on yearly basis for farm households 

The labour hour spent by both men and women has increased in the research 

sites. Male (i.e., husband, son, hired labour) spent more time than their female (i.e., 

wife, daughter, etc.) counterpart in the field. The average working hours/day for 

respondent was 2.1 and 1.7, respectively for project and non-project farmers (Table 

4). The highest employment duration for respondents was 106.0 man-days/year for 

the project farmers and for non-project farmers, it was 52.0 man-days/year. The 

average wage rate of the project and non-project farmers were found different based 

on farming systems. In case of project farmers, the average wage rate was Tk. 237.5, 

per day for respondents whereas for non-project farmers, it was Tk. 227.5. 

http://en.wikipedia.org/wiki/Lorenz_curve
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Table 4. Employment pattern on yearly basis for farm households for project and 

non-project farmers 

Activities  

(Average
) 

Working hours/ day Duration (man-days/year) Wage Tk /day 

Self Wife/ 

husband 

Son/ 

daughter 

Hired 

labour 
Self Wife/ 

husband 

Son/ 

daughter 

Hired 

labour 
Self Wife/ 

husband 

Son/ 

daughter 

Hired 

labour 

Project farmers 

Farm 2.1 1.15 1.7 1.1 106.0 28.2 55.8 40.8 237.5 175.0 210.0 242.5 

Non-project farmers 

Non-farm 1.7 1.0 1.42 0.8 52.0 25.8 28.2 27.8 227.5 162.5 207.5 227.5 

Source: Field survey, 2015. 

Table 5 reveals that overall employment opportunities were increased significantly at 

1% level by the duration of 22 to 36 man-days for the project farmers compared to 

non-project farmers which were 19 to 21 man-days. Therefore, it can be concluded 

that intervention of different institutes, i.e., BRDB, DAE, VDO, RDA, etc. on 

agricultural activities has positive and significant impact on farmers’ employment 

creation and income generation. 

Table 5. Impact on farmers’ employment creation (man-days) 

Matching 

method 

and 

outcome 

Project farmers Non-project farmers 

Average 

treatment on 

treated (ATT) 

Standard 

error 

t value Average 

treatment on 

treated (ATT) 

Standard 

error 

t value 

Kernel 

matching 

22 9.3 2.36*** 19 6.9 2.02*** 

Radius 

matching 

36 11.1 3.24** 21 8.7 1.89*** 

Source: Authors’ estimation, 2015. 

Note:  ***Significant at 1 percent level; ** Significant at 5 percent level; and    

           * Significant at 10 percent level.   

   

Impact of ‘one house one farm’ approach on livelihood status 

Livelihood status: food security indices  

The household daily calorie intake is obtained from the questionnaire and from 

there the quantity of food consumed by the household is estimated over a 28 days 

period. Per capita calorie intake is calculated by dividing the estimated total 
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household calorie intake by the family size of the project and non-project farmers 

after adjusting for adult calorie intake equivalent. For project farmers, index value 

obtained for the mean food security status of secure households was 1.15 and 0.93 for 

food insecure households. For non-project farmers, index value obtained for the mean 

food security status of secure households was 1.08 and 0.82 for food insecure 

households (Table 6).  

Table 6 shows that the head count ratio (H) was 0.64 which indicates that 64% 

households were food secure and 36% were food insecure for project farmers, 

whereas, 45% and 55% for non-project farmers, respectively in the study areas. Per 

capita daily calorie availability for food secure households was higher than the 

national average of 2122 Kcal for both group of farmers. These values compared 

with a calculated shortfall index of 0.001 and surplus index of 0.003 imply that the 

food insecure households fell below the food security line by about 0.1% and the 

food secured household exceeded the food security line by 0.3%. On the other hand, 

for non-project farmers, it was 0.004 and 0.002 indicate that the food insecure 

households fell below the food security line by about 0.4% and the food secure 

household exceeded the food security line by 0.2%. 

Table 6. Food security indices for project and non-project farmers 

Farming 

system 

Food security indices Food secure 

households 

Food insecure 

households 

All 

Project 

farmers 

Food security index 1.15 0.93 1.05 

Head count ratio 0.64 0.36  

Per capita daily calorie 

availability (kcal) 

2443.578 1986.525 2215.05 

Food insecurity gap/Surplus 

index 

0.003 - 0.001 - 

Non-project 

farmers 

Food security index 1.08 0.82 0.95 

Head count ratio 0.45 0.55  

Per capita daily calorie 

availability (kcal) 

2295.919 1742.463 2019.19 

Food insecurity gap/Surplus 

index 

0.002 - 0.004 - 

Source: Authors’ estimation, 2015. 

Livelihood status: livelihood framework 

Livelihood pattern can be measured by presenting the assets in a framework which is 

known as asset pentagon. Asset pentagon is composed of five types of capitals 

namely human capital, social capital, natural capital, physical capital and financial 
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capital (DFID, 2000). Table 7 shows that the access on human capital for project 

farmers was increased by 29.5% due to the adoption of ‘one house one farm’ 

approach. Meanwhile, the access on human capital for non-project farmers was 

increased only 15% which is lesser than project farmers. But, the situations of non-

project farmers were more or less unchanged (23.5%).  

Table 7. Distribution of livelihood capital of the sample farmers 

            (in percentage) 

Asset categories Increased Decreased Constant 

Project 

farmers 

Non-project 

farmers 

Project 

farmers 

Non-project 

farmers 

Project 

farmers 

Non-project 

farmers 

Human capital 29.5 15.0 6.0 6.5 9.5 23.5 

Social capital 25.7 15.0 4.0 11.0 15.3 19.0 

Natural capital 9.0 6.3 7.6 12.0 28.3 26.6 

Physical capital 18.3 6.5 4.0 6.5 21.5 25.6 

Financial capital 22.3 7.7 4.6 15.7 18 21.0 

Source: Authors’ estimation, 2015. 

The social capital of project farmers was increased by 25.7% after the adoption 

of ‘one house one farm’ approach. Majority of the non-project farmers’ access of 

social capital was more or less constant and it was 19% (Table 7). Overall natural 

capital access by the project farmers was constant which was 28.3% and majority of 

the non-project farmers also had constant access to different types of natural capital 

which was 26.6% (Table 7). The total access of physical capital was increased by 

18.3% while it was 14.7% for non-project farmers. The access on financial capital for 

project farmers was increased. The capital was increased by 22.3% which covered 

majority of the project farmers where it was 7.7% for non-project farmers. 

Livelihood status: sustainable livelihood approach (SLA)  

A sustainable livelihood framework has been built for the study area following 

the sustainable livelihood approach (SLA) referred by DFID. While having this 

framework, the farmers were taken into account as this will suit for them most and 

the ultimate goal of SLA can be achieved by offering a sustainable livelihood 

strategy from study area point of view.  
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Table 8. Sustainable livelihood framework for farmers in the study areas 

Capital  Assets Vulnerability Direct 

measure 

 

Indirect 

measures 

(Structure and 

processes) 

Livelihood 

strategy 

Livelihood 

outcomes 

Human Training Unskilled trainer Monitoring by 

the higher 
authority 

DAE, BRDB; 

Creating more 

facilities for 
training 

Human 

resource 
development 

strategy 

Skilled  

personnel 
Knowledge/ 

efficiency 

Unskilled 

personnel 

Social Self-managerial 

capability 

Disfavourable 

condition 

Involve the 

social elite 
persons and 

conversation 
with them 

Local people, 

GO and 
NGOs; 

Awareness 

building 

Creating 

cooperation 

Relationship 

of trust 

Social access/ 

Network 

Social prejudice 

(specially for 
women) 

Involved in social 

group 
Social constraints 

Natural Cultivable land Confliction Wise use of 

natural 
resources 

LGED; 

Awareness 

building 

Campaign Healthy 

environment 

 
Forests Deforestation 

Open water 

resources 
Pollution 

Physical Building  Damaged by 

disaster 

Intensive 

supervision by 
higher 

authority 

Go and NGOs 

interference; 

Awareness 

building 

 

Introducing 

modern 
technology 

Improved 

standard of 
living 

Tube well Dishonest 

authority 

Radio/TV Disruption in 

electricity 

Mobile phone High price 

Sanitation Unconsciousness 

Furniture High price 

Financial Cash in hand Theft Creating 

Awareness  
Bank; 

Setting 

insurance 

services 

Income 

generating 
activities 

Food security 

and savings 
Cash at bank/ 

Savings 
High interest rate 

Donation/Grant 

/Aid 

Not accessible 

timely 

Source: Authors’ estimation based on field survey, 2015. 

Table 8 shows the framework in this study for project farmers group and non-

project farmers group. Some suitable indirect measures for the study areas have been 

proposed which will be undertaken by the local and government agencies. These two 
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will protect the assets from the different threats and shocks and increase the farmer’s 

access to assets. At the same time, some sustainable livelihood strategies have been 

worked out so that the people can continue with their livelihood overcoming shocks 

and stresses to achieve livelihood outcomes such as food security, good health, etc. 

Some farmers reported that major vulnerability of keeping cash in hand on financial 

capital was theft. By creating awareness as direct measure and by the help of bank as 

well as insurance service as indirect measure would remove the vulnerability 

suggested by the farmers. As a result, they would use their money for other activities 

and would be food secured ultimately. 

Problems and probable solutions 

To find out the problems faced by the farmers in adopting ‘one house one 

farm’ or not adopting ‘one house one farm’ approach two focus group discussions 

(FGDs) were done in three unions Bhabkhali, Char Ishwardia and Char Nilakshmia. 

From the FGDs 13 problems were identified. Those problems were grouped in to five 

categories such as training, credit, Support and service, marketing and social 

problems. In the study areas, farmers were adopting ‘one house one farm’ approach 

by the help of BRDB taking 2 or 3 days training out of 7 days training in one month. 

About 17.8% and 8.8% project farmers and non-project farmers informed reported on 

this problem, respectively. Farmers' access to credit is one of the major problems in 

rural areas. Nearby, 44.5% of project farmers and 51.3% non-project farmers 

conveyed about the credit related problem. 

Table 9. Problems and solutions of the ‘one house one farm’ approach in the selected 

regions of Mymensingh district 

Items  Project farmers Non-project farmers 

No. of 

respondents 

Percentage 

(%) 

No. of 

respondents 

Percentage  

(%) 

Problems 

Training related problems 8 17.8 4 8.8 

Credit related problems 20 44.5 23 51.3 

Support and service related 

problems 

6 13.3 7 15.5 

Marketing problems 7 15.5 4 8.9 

Social problems 4 8.9 7 15.5 

Total 45 100.0 45 100.0 

Probable Solutions 

To provide training by skilled 

officials 

9 20.0 8 17.8 

To provide sufficient amount of 

loan with easier procedure and 

18 40.0 23 51.1 
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lower interest rate 

To provide scientific 

knowledge and extension 
services timely 

8 17.8 7 15.6 

To improve marketing facilities 7 15.5 4 8.8 

To build up farmers’ 

cooperative and ensure political 
stability 

3 6.7 3 6.7 

Total  45 100.0 45 100.0 

Source: Authors’ calculation, 2015.  

Farmers, in the study areas, were practicing the ‘one house one farm’ approach 

for meeting up the family needs as well as involved in subsistence farming. Some 

specific marketing related problems were faced by the farmers in the study areas. 

About 15.5% project farmers reported on this problem while it was 8.9% for non-

project farmers. Social problems associated with agriculture cannot be separated from 

external social pressures. Occasionally, farmers have to face such type of problem. 

Due to political boundary, farmers were deprived from loan which was provided by 

BRDB to practice the ‘one house one farm’; although, the provision of the project 

was to give loan to the farmers unanimously. About 8.9% project farmers confronted 

on this problem while it was 15.5% for non-project farmers.  

Table 9 also shows that both categories of farmers suggested some suggestions 

about the above problems. Both project and non-project farmers suggested that 

training should be provided by skilled officials, loan disbursement process should be 

changed and made an easy way and minimum interest rate to get loan. The support 

and services are specifically needed for the landless and marginal farmers to increase 

their agricultural productivity. Farmers also suggested for improving their marketing 

facilities and building up farmers’ cooperative and ensuring political stability so that 

they can improve their livelihood status as well as reduce the poverty from root level. 

CONCLUSIONS AND POLICY RECOMMENDATIONS 

‘One house one farm’ approach is a unique initiative in addition to the common 

help to the small farmers by the government. Need-based investments to the family 

farming ensure food production, improve livelihood and enhance income which 

ultimately lead to reduce poverty. The adoption of ‘one house one farm’ approach 

helped the farmers to increase their farm income by practicing different farming 

enterprises. Sex distribution, family size, training exposure and farm income have 

positive and significant impact on the adoption of this project. ‘One house one farm’ 

project farmers got more opportunities to improve their economic condition and 

livelihood status through diversified income generating activities than non-project 

farmers. In some cases, they got training but no credit facilities and some farmers got 
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credit and technical support without training. The farmers also reported the probable 

solutions to get rid of those problems. The vision of Bangladesh government for 

being middle income country by 2021 would be achieved to some extent if the 

project works properly. If the ‘one house one farm’ project can be implemented 

successfully, this model would be a universal and ideal practice of poverty reduction 

for the poor particularly in developing countries.  
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ABSTRACT 

A long term experiment (2010-11 to 2014-15) was performed to evaluate 
the morphological and qualitative traits of apricot varieties/genotypes 
under north western Himalayan region of India. There were ten 
varieties/genotypes (CITH-Apricot-01, CITH-Apricot-02, CITH-Apricot-03, 
Communis, Erani, Afghani, Balcota, CITH-Apricot-09, Chinese apricot, 
Tokpopa Nimu ) were evaluated under RCBD with three replications. The 
results of five year pooled data indicated that maximum average Trunk 
Cross Sectional Area (TCSA) (168.03 cm

2
) was recorded in the variety 

Communis. Maximum fruit weight (80.03 g) and yield (113.87 kg/tree) 
were recorded in CITH-Apricot-01. The productivity efficiency (1.21 kg 
cm

-2
 TCSA) was noted in CITH-Apricot-02. The fruit stone ratio 21.62 

was recorded in Afghani variety. The highest TSS (25.07
0
 Brix) was 

estimated in CITH-Apricot-09. Acidity was noticed maximum in the 
variety Chinese apricot. The total sugar and non reducing sugar were 
manifested maximum in the apricot genotype Tokpopa Nimu and 
reducing sugar (8.9%) was recorded in CITH-Apricot-09  under the north 
western Himalayan region of India. 

Keywords: Morphological, quantitative traits, apricot, variety/ genotype, 

                    NWHR 

INTRODUCTION 

Apricot (Prunus armeniaca L.) belongs to the family Rosaceae, an important 

stone fruits widely grown in temperate region of the world. Major apricot producing 

countries in the world are Turkey, Italy, Greece, Spain, USA and France (Ghorpade 

et al., 1995). In India, it is commercially cultivated in the state of Jammu and 

Kashmir, Himachal Pradesh and Uttarakhand (Parmar and Kaushal 1982; Parmar and 

Sharma 1992; Sharma2000). The total area under apricot cultivation is 4886 ha with 

an annual production of 16739 tonnes and productivity only 3.43 t ha
-1 

(FAO 2011). 

The fruits of apricot are highly nutritious and rich in vitamin and minerals. Primarily, 
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it is consumed as fresh and in smaller quantity, it is processed to juice, puree, jam, 

and dried fruit (Radi et al., 1997 and Schmitzer et al., 2011). The β- carotene and 

lycopene activity of apricots may prevent the heart disease in human. It is a good 

source of fibre, which has a health benefit such as prevents digestive conditions 

called as diverculosis. These fruits are antipyretic, antiseptic, emetic and ophthalmic 

(Pramar and Kaushal, 1982). The decoction of apricot bark is used to smooth 

inflamed and irritated skin conditions (Chevallier, 1996). Moreover, apricot kernel is 

used in production of oil, benzydehyde, cosmetic activity, carbon and aroma perfume 

(Yildiz, 1994). Due to low sugar and moderate high acidity, the apricot varieties 

grown in mid hills and valley areas are not suitable for drying (Sharma et al., 2004).  

Fresh apricots fruit is a good source of fibres, minerals especially potassium 

and vitamins such as vitamin A, vitamin C, thiamin, riboflavin, niacin and 

pantothenic acid (Lichou et al., 2003). The chilling requirement of this crop ranges 

from 300 to 900 chill unit depending upon the variety and genotypes. The molecular 

studies have been integrated into the conventional germplasm characterization (Ali et 

al., 2008; Akpinar et al., 2010; Mratinic et al., 2011; Pinar et al., 2013 and Kumar et 

al., 2016).The main reason for the low productivity of apricot is to identify the 

variety and technology best suited to particular agroecological condition. In order to 

improve the productivity, an experiment was under taken to evaluate the 

varieties/genotypes for specific traits under north western Himalayan region of India.  

MATERIALS AND METHODS 

An experiment was conducted at the ICAR-Central Institute of Temperate 

Horticulture, Srinagar during 2010-11 to 2014-15. The Research farm at Srinagar is 

situated at latitude of 34° 05'N, longitude of 74° 50'E and altitude of 1640 m above 

msl. The soils of this experimental field are sandy clay loam (45-55% sand, 10-20% 

Silt and 20-25 % clay; 6.5-7.5 soil pH, 0.50% organic carbon, 462.1 kg N ha
-1

, 9.59 

kg P ha
-1

 and 278.85 kg K ha
-1

) with poor drainage. The experiment was laid out in a 

randomized complete block design (RCBD) with three replications. The apricot 

varieties budded/grafted on seedling rootstocks and planted in 2003 at a spacing of 5 

m × 5 m were used as study material. Ten varieties/genotypes of apricot (CITH-

Apricot-01, CITH-Apricot-02, CITH-Apricot-03, Communis, Erani, Afghani, 

Balcota, CITH-Apricot-09, Chinese apricot, Tokpopa Nimu) were evaluated for 

growth, yield and quality. The plants were trained on modified central leader system 

and applied uniform recommended cultural practices to all the trees under study. The 

experimental farm falls under temperate region having cold conditions from 

November to February and total average annual rainfall received during the cropping 

season was 710 mm. Observations on growth, yield and quality were recorded. The 

trunk cross-sectional area was calculated by using formula TCA = Girth
2
/4 π 

(Westwood et al., 1963). Fruit was harvested at maturity and yield per tree was 

estimated in kilogram. Fruit, stone and kernel size were determined by observing the 

length and diameter and measured by Vernier callipers. Ten fruits were randomly 
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selected from each tree and pooled as per replication in all treatments for quality 

analysis. The total soluble solids (TSS) of fruits were estimated by the hand 

refractometer (0 to 32
0
 B) and the results were expressed as degree Brix (

0
B). To 

estimate TSS, fruit pulp was crushed in a pestle and mortar and then squeezed 

through a muslin cloth for extraction of juice. The titratable acidity expressed in 

terms of percentage of citric acid was recorded by titrating 2 ml of juice against N/10 

sodium hydroxide using phenolphthalein as an indicator. The total and reducing 

sugars of fruit were estimated by Lane and Eynon following volumetric method 

(AOAC, 1980) by titrating the sample against Fehlings solutions. The data of five 

years and pooled data for quality parameters were analyzed statistically as per Steel 

and Torrie (1984) for the interpretation of results and drawing conclusions. 

RESULTS AND DISCUSSION 

Trunk Cross Sectional Area (TCSA) 

 Results on Trunk Cross Sectional Area (TCSA) of the tree is presented in table 

1 indicted that the TCSA increased over the years from 2010-11 to 2014-15 in all the 

varieties/genotypes in apricot. Significantly maximum TCSA (140.34 cm
2
) was 

recorded in Afghani variety closely followed by the genotype CITH-Apricot-09 

(135.85 cm
2
) and variety Communis (135.48 cm

2
), respectively in 2010-11. In 2011-

12, maximum TCSA (155.64 cm
2
) was recorded in variety Afghani followed by 

Communis (154.96 cm
2
) and CITH-Apricot 09 (154.82 cm

2
), respectively. In 2012-

13 and 2013-14, maximum TCSA (169.36 cm
2
 and 182.45 cm

2
) was recorded in 

Communis variety followed by CITH-Apricot- 09 (168.25 cm
2
 and 182.36 cm

2
) and 

Afghani (162.58 cm
2
 and 175.26 cm

2
), respectively. In 2014-15, the highest TCSA 

(198.70 cm
2
) was noticed in CITH-Apricot-09 followed by Communis (197.88 cm

2
) 

and Afghani (191.24 cm
2
), respectively. An overall mean for five years data indicated 

that maximum TCSA (168.03 cm
2
) was noted in Communis followed by CITH-

Apricot -09 (168.0 cm
2
) and Afghani (165.01cm

2
) respectively in apricot. Maximum 

TCSA was observed in Communis variety of apricot might be due to heredity 

character of the variety, which increases the TCSA by increasing the uptake of 

nutrients from root to aerial part of the tree. Similar finding on apricot was reported 

by Kumar et al. (2013).  
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Table 1. Trunk Cross Sectional Area of tree as influenced by apricot 

varieties/genotypes 

S.No. Varieties/genotypes TCSA (cm
2
) 

2010-

11 

2011-

12 

2012-

13 

2013-

14 

2014-

15 

Average 

1 CITH-Apricot-01   98.26 114.65 129.21 143.45 158.63 128.84 

2 CITH-Apricot-02   61.69   68.83   75.45   92.23 104.86   80.61 

3 CITH-Apricot-03   81.23   92.38 108.24 122.87 137.35 108.41 

4 Communis 135.48 154.96 169.36 182.45 197.88 168.03 

5 Erani   82.68   97.54 111.29 124.69 139.38 111.12 

6 Afghani 140.34 155.64 162.58 175.26 191.24 165.01 

7 Balcota   57.52   61.96   69.45   91.95 101.22   76.42 

8 CITH-Apricot-09 135.85 154.82 168.25 182.36 198.70 167.99 

9 Chinese Apricot   55.26   61.21   65.24   70.26   81.70   66.73 

10 Tokpopa Nimu 135.34 148.63 162.47 175.56 190.81 162.56 

 CD at 5%   35.12   32.75   34.16    36.26   37.12 - 

Flowering and fruit set 

 Flowering and fruit set in apricot was influenced by varieties/genotypes (Table 

2). The time of bud burst ranged from 19.03.2014 to 22.03.2014 (4 days), first 

flowering from 25.03.2014 to 29.03.2014 (4 days) , 75% flowering from 29.03.2014 

to 03.04.2014 (6 days), full bloom from 03.04.2014 to 07.04.2014 (5 days) and fruit 

set from 10.04.2014 to 13.04.2014 (4 days) in apricot varieties/genotypes. Minimum 

21 days taken from bud burst to fruit set in Erani variety and maximum 25 days taken 

in CITH-Apricot-02. There were less variations in terms of flowering and fruit set 

among the apricot varieties/genotypes. The variations in flowering/fruit set might be 

due to varietal characters.  

Table 2. Bud burst, flowering and fruit set as influenced by apricot variety/genotype  

S. No. Variety/genotype Date of bud 

burst 

1st flower 

open 

75% 

flowering 

Full bloom Date of fruit 

set 

Total days (bud 

burst to fruit 

set) 

1.  CITH-AP-01 20-03-2014 27-03-2014 29-03-2014 04-04-2014 10-04-2014 22 

2.  CITH-AP- 02 20-03-2014 29-03-2014 03-04-2014 07-04-2014 13-04-2014 25 

3.  CITH-AP- 03 20-03-2014 28-03-2014 30-03-2014 03-04-2014 10-04-2014 22 

4.  Communis 19-03-2014 27-03-2014 31-03-2014 03-04-2014 10-04-2014 23 

5.  Erani 21-03-2014 25-03-2014 29-03-2014 05-04-2014 11-04-2014 20 
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S. No. Variety/genotype Date of bud 

burst 

1st flower 

open 

75% 

flowering 

Full bloom Date of fruit 

set 

Total days (bud 

burst to fruit 

set) 

6.  Afghani 21-03-2014 27-03-2014 27-03-2017 03-04-2014 10-04-2014 21 

7.  Balcota 20-03-2014 28-03-2014 31-03-2014 04-04-2014 11-04-2014 22 

8.  CITH-AP-09 22-03-2014 27-03-2014 03-04-2014 07-04-2014 13-04-2014 23 

9.  Chinese Apricot 21-03-2014 29-03-2014 03-04-2014 07-04-2014 13-04-2014 24 

10.  Tokpopa Nimu 22-03-2014 27-03-2014 31-03-2014 05-04-2014 12-04-2014 22 

Fruit Yield 

 Fruit yield is one of the most important parameters that indicates the 

potentiality of variety/genotype (Table 3). The fruit yield per tree as influenced by 

varieties/genotypes in apricot over the years. There was increasing and decreasing 

trend of fruit yield per tree in different year starting from 2011-12 to 2014-15 in all 

the varieties/ genotypes. Maximum fruit yield (87.06 kg tree
-1

) was registered in 

CITH-Apricot-01(87.06 kg tree
-1

) followed by Erani (63.12 kg tree
-1

) and CITH-

Apricot-02 (62.07 kg tree
-1

) in 2010-11. In 2011-12, the highest fruit yield (161.34 kg 

tree
-1

) was recorded in CITH-Apricot -01 and significantly superior over other 

varieties/genotypes under evaluation. Similar increasing trends were also recorded 

during 2012-13 in CITH-Apricot-01 (170.6 kg tree
-1

) followed by Erani (108.15 kg 

tree
-1

) and CITH-Apricot-02 (95.22 kg tree
-1

), respectively. The fruit yield per tree 

decreased in the year 2013-14 by 39.79% in CITH-Apricot-01, 39.21% in CITH-

Apricot-02 and 54.68 % in CITH-Apricot-03 compared to those of the germplasm in 

2012-13. In 2014-15, the fruit yield per tree was drastically reduced and it was 

noticed maximum in CITH-Apricot-03 (59.12 kg tree
-1

) followed by CITH-Apricot-

02 (57.56 kg tree
-1

) and CITH-Apricot-01 (47.65 kg tree
-1

), respectively. The overall 

five year mean of fruit yield indicated that the highest fruit yield (113.87 kg tree
-1

) 

was recorded in CITH-Apricot-01 followed by CITH-Apricot-02 (92.96 kg tree
-1

) 

and CITH-Apricot-03 (73.73 kg tree
-1

) in apricot variety/genotype. The better 

performance of CITH-Apricot-01, CITH-Apricot-02 and CITH-Apricot-03 might be 

due to inherent vigour and bearing habit of the apricot variety. Similar findings were 

reported by Kumar et al. (2013), in apricot under Kashmir conditions. 
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Table 3. Fruit yield as influenced by apricot varieties/genotypes 

S.No. Varieties/genotypes Fruit yield (kg tree-1) 

2010-11 2011-12 2012-13 2013-14 2014-15 Average 

1 CITH-Apricot-01 87.06 161.34 170.6 102.72 47.65 113.87 

2 CITH-Apricot-02 62.07 155.35   95.22   94.62 57.56 92.96 

3 CITH-Apricot-03 53.45 134.09   60.77   61.23 59.12 73.73 

4 Communis 47.24   81.30   49.48   38.99 37.77 50.96 

5 Erani 63.12   76.70 108.15   66.64 38.65 70.65 

6 Afghani 47.87   62.86   75.78   48.40 39.38 54.78 

7 Balcota 38.56   52.97   48.63   25.24 12.86 35.65 

8 CITH-Apricot-09 25.36   36.73   48.12   16.85 12.76 27.96 

9 Chinese Apricot 23.15   30.41   21.22   15.36   7.99 19.63 

10 Tokpopa Nimu 20.24   21.65   14.64   56.47   6.24 23.85 

 CD at 5% 20.24   35.12   38.27   21.15 18.15 - 

Productivity efficiency 

 Data on productivity efficiency was influenced by variety/genotype in apricot 

(Table 4). There were increasing/decreasing trends over the years from 2010-11 to 

2014-15 in all the treatments. Maximum productivity efficiency (0.99 kg cm
-2

 TCSA) 

was recorded in CITH-Apricot-02 followed by CITH-Apricot-01 (0.88 kg cm
-2

 

TCSA) and Erani (0.76 kg cm
-2

 TCSA) in 2010-11. In 2011-12, the highest 

productivity efficiency (2.25 kg cm
-2

 TCSA) was recorded in CITH-Apricot-02  

followed by CITH-Apricot-03 (1.45 kg cm
-2

 TCSA) and CITH-Apricot-01 (1.40 kg 

cm
-2

 TCSA), respectively. Marginal reduction in productivity efficiency was obtained 

1.32 kg cm
-2

 TCSA from CITH-Apricot-01 and 1.26 kg cm
-2

 TCSA from CITH-

Apricot-02 in the year 2012-13. However, drastic reduction in productivity efficiency 

was happened during 2013-14 and 2014-15 in all the variety/genotype under 

evaluation. The productivity efficiency values (1.02 kg cm
-2

 TCSA and 0.55 kg cm
-2

 

TCSA) were registered in CITH-Apricot-02 followed by CITH-Apricot-01 (0.72 kg 

cm
-2

 TCSA and 0.30 kg cm
-2

 TCSA) and minimum (0.09 kg cm
-2

 TCSA and 0.06 kg 

cm
-2

 TCSA) in CITH-Apricot-09. The overall mean value indicated that the highest 

productivity efficiency (1.21 kg cm
-2

 TCSA) was recorded in CITH-Apricot-02 

followed by CITH-Apricot-01 (0.92 kg cm
-2

 TCSA) and CITH-Apricot-03 (0.72 kg 

cm
-2

 TCSA) in apricot variety/genotype. Maximum productivity efficiency in CITH-

Apricot-01, CITH-Apricot-02 and CITH-Apricot-03 might be due to the positive 

relationship between TCSA and yield. Similar positive relationship was also reported 

by Kumar et al., 2008. 
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Table 4. Productivity efficiency as influenced by apricot varieties/genotypes 

S.No. Varieties/genotypes Productivity efficiency (kg cm-2 TCSA) Average 

2010-11 2011-12 2012-13 2013-14 2014-15 

1 CITH-Apricot-01 0.88 1.40 1.32 0.72 0.30 0.92 

2 CITH-Apricot-02 0.99 2.25 1.26 1.02 0.55 1.21 

3 CITH-Apricot-03 0.65 1.45 0.56 0.50 0.43 0.72 

4 Communis 0.35 0.52 0.29 0.21 0.19 0.31 

5 Erani 0.76 0.78 0.97 0.53 0.28 0.66 

6 Afghani 0.34 0.40 0.47 0.28 0.21 0.34 

7 Balcota 0.67 0.85 0.70 0.27 0.13 0.52 

8 CITH-Apricot-09 0.19 0.24 0.29 0.09 0.06 0.17 

9 Chinese Apricot 0.42 0.49 0.32 0.22 0.09 0.31 

10 Tokpopa Nimu 0.15 0.15 0.09 0.32 0.03 0.15 

 CD at 5% 0.18 0.26 0.28 0.19 0.16 - 

Fruit quality  

 Fruit quality parameters like fruit weight, fruit/stone weight ratio, TSS, acidity 

and total, reducing and non reducing sugar of apricot fruit were influenced by 

variety/genotype (Table 5). The fruit weight of apricot varied from 23.14 to 80.03 g, 

the significantly highest fruit weight (80.03 g) was noted in CITH-Apricot-01 

followed by CITH-Apricot-02 (69.0 g) and Communis (51.44 g), respectively. The 

fruit /stone wt. ratio, an important character for quality of fruits, the highest ratio 

(21.62) was recorded in Afghani followed by Communis (20.41) and Erani (12.87), 

respectively. Total soluble solids of apricot fruits varied from 14.67 to 25.07
0
 Brix, 

the highest TSS (25.30
0
 Brix) was estimated in Tokpopa Nimu followed by CITH-

Apricot-09 (25.07
0 
Brix) and Afghani (22.4

0 
Brix), respectively. Acidity was recorded 

the highest (0.65%) in Chinese Apricot and superior to other varieties/genotypes. 

Total sugar, reducing and non reducing sugar varied from 8.4 to 14.6 %, 5.3-8.9 % 

and 1.4-6.4 %, maximum total and non reducing sugar (14.6% and 6.4 %) was 

estimated in Tokpopa Nimu variety and reducing sugar (9.7%) was registered 

maximum in Balcota variety of apricot. The better fruit quality of respective 

variety/genotype might be due to inherent character of the particular 

variety/genotype. Similar findings were reported by Kumar et al., 2015.  
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Table 5. Fruit quality as influenced by apricot varieties/genotypes 

S. 

No. 

Variety/ 

genotype 

Fruit wt 

(g) 

Fruit 

/stone wt 

ratio 

TSS 

(0Brix) 

Acidity 

(%) 

Total 

sugar 

(%) 

Reducing 

(%) 

Non 

reducing 

(%) 

1 CITH-Apricot-01 80.03   7.31 18.53 0.22 10.5 6.4 4.1 

2 CITH-Apricot-02 69.00   8.42 17.00 0.34   9.5 5.3 4.2 

3 CITH-Apricot-03 35.44   9.68 19.67 0.36   8.4 6.5 1.9 

4 Communis 51.44 20.41 18.80 0.23   8.5 7.1 1.4 

5 Erani 48.94 12.87 19.60 0.33 13.3 8.4 4.9 

6 Afghani 23.14 21.62 22.40 0.31   8.6 7.2 1.4 

7 Balcota 34.80    8.65 20.60 0.55 11.5 9.7 1.8 

8 CITH-Apricot-09 41.13   8.04 25.07 0.54 13.4 8.9 4.5 

9 Chinese Apricot 41.21 11.01 14.67 0.65   7.8 5.3 2.9 

10 Tokpopa Nimu 39.90   6.86 25.30 0.52 14.6 8.2 6.4 

 CD at 5% 15.12   7.18   3.25 0.18  2.26 1.5 1.2 

CONCLUSIONS 

The experimental results revealed that the newly identified genotypes CITH-Apricot-

01, CITH-Apricot-02 and CITH-Apricot-03 performed better in respect to fruit yield 

(113.87 kg tree
-1

, 92.96 kg tree
-1

 and 73.73 kg tree
-1

, respectively) and quality under 

north west Himalayan region of India. 
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ABSTRACT 

An experiment was carried out to find the suitable exotic as well as 
indigenous apple rootstocks for temperate zone of India. The rootstocks 
were screened on the basis of 11 important pomological traits. The data 
revealed that maximum numbers of primary and secondary roots were 
noted of 93.40, 92.76 in MM.106 and USA 106 and 92.0 noted in CITH- 
rootstock-01, respectively. Maximum length of primary roots (19.83cm) 
was recorded of EMLA 106 whereas shortest primary roots (6.47 cm) 
were recorded of ALNARP. The longest secondary roots (11.83cm) were 
found in M.27 and shortest secondary roots (2.10 cm) in ALNARP 
rootstock. Most of the indigenous apple rootstocks were having short to 
medium length of secondary roots. Leaf area was recorded highest 
(3.80cm

2
) in CITH-Apple rootstock-04 and smallest (1.96 cm

2
) of USA-

106. All the evaluated rootstocks have pink colored petiole except B-9, 
which has dark red color. Highest collar rot incidence was observed in M-
27 and M-26 and least in indigenous root stocks (CITH-Apple 
rootstocks). Highest wooly aphid infection was found in M-9, B-9, M-27, 
EMLA-106 and ALNARP whereas least infestation noted in M-26 and 
indigenous apple rootstock (CITH-ARS-01, CITH-ARS-02, CITH-ARS-03, 
CITH-ARS-04, CITH-ARS-, CITH-ARS-09 and CITH-ARS-10). Primary 
root length has positive correlation with secondary root numbers, 
secondary root length and leaf petiole length but negative correlation 
with leaf area. 

Keywords: Apple, rootstock, Malling, CITH-Apple-Rootstock, 

   horticultural traits, Malus baccata 

INTRODUCTION 

Apple (Malus x domestica Borkh) being the leading table fruit in the world is 

considered as the king of temperate fruits. Attractive appearance and longer shelf life 
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at ambient temperature conditions are its good quality attributes. Most of the apple 

acreage is at the hill slopes except in the Kashmir valley and a limited area in the 

Kullu Valley. Unlike other fruits, apple can be grown successfully under sod culture, 

provided that additional nutrient application than recommendation is supplied to the 

apple plants to avoid nutrient competition between grass and apple trees. China is the 

world’s leading producer of apple which produces about 55% of total world’s 

production (76,378,700 tons) other leading countries are USA, Turkey, Poland, India 

and Italy (FAO, 2014). India produces 2.49 million tones with average production of 

7 to 8 t ha
-1

, though Jammu and Kashmir recorded highest productivity (10.2 t ha
-1

), 

(Anonymous, 2014), which is still low as compared to Austria, Switzerland (60-84 t 

ha
-1

). Many factors affect the production of apple but rootstock, variety, orchard floor 

management, planting density, canopy managements are important factors apart from 

various biotic and abiotic stresses. In Europe lot of research on cultivars and 

rootstock development has been carried out, which has not influenced the tree size 

and planting density but has also improved fruit yield and quality. Introduction of 

exotic rootstocks in India from Europe has proved as a momentum to revolutionize 

the apple cultivation. These exotic rootstocks have not been evaluated on the basis of 

horticultural traits. The crab apple (Malus baccata) is abundant flowering and 

fruiting trees with good number of bold and viable seeds, small leaves and colored 

small fruits, commonly called as trel in Kashmir. To raise the rootstocks, seeds from 

processing units are used which are not of same type therefore showed high 

variability. In view of aforementioned facts, collection and documentation of Malus 

baccata genotypes were made and 6 collected strains along with exotic Malling 

series rootstocks were evaluated on the basis of horticultural traits to identify the 

most sailable rootstocks. 

MATERIALS AND METHODS 

The present investigation was carried out during 2009 to 2011 at Central 

Institute of Temperate Horticulture, Srinagar, Jammu and Kashmir, India, which is 

situated at latitude of 34
o
 45’N and longitude of 74

o
 50’ E and an elevation of 1649 m 

mean sea level. Nine exotic rootstocks (MM- 106, MM-111, M- 9, B-9, M-27, M-26, 

EMLA-106, USA-106, ALNARP) from introduction and   six indigenous rootstocks 

selections of Malus baccata CITH-ARS-01, CITH-ARS-03, CITH-ARS-04, CITH-

ARS-05, CITH-ARS-09, CITH-ARS-10) selected from Kashmir valley were 

evaluated in this study. Seedlings were raised from seeds of selected fruits and scions 

were grafted on wild apple tree also. The selected rootstocks were evaluated for 

important horticultural traits i.e., primary root numbers, , primary root length (cm) , 

secondary root number and length, leaf  area cm
2
, leaf petiole length, burr knot 

character, petiole color, leaf attitude to the shoot. Ten plants per replications were 

selected for recording the observations. The seedling rootstocks of CITH-Apple-Root 

stocks and the well rooted 2 years old plants of exotic root stocks were uprooted in 

the October and washed thoroughly in plain water to record the observations. The 
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primary and secondary root numbers were counted visually and their lengths were 

measured with the help of digital vernier caliper, leaf area (cm
2
) recorded with the 

help of leaf area meter, burr -knot characters observed visually and petiole color 

recorded using the color chart, leaf attitude in relation to the shoot noted as per apple 

DUS test guideline available at Protection of Plant Varieties and Farmers Right 

Authority Official website (Anon, 2016). The disease intensity recorded by disease 

grading scale as 0 (No Disease), 1(1-10 % disease intensity), 2 (11-20), 3-(21-30), 

4(31-30 %), 5(51-100 %) and the wooly aphid insect incidence as 1-5 point scale as 

1(1-20 % foliage damage), 2(21-40%), 3(41-60%), 4(61-80%) and 5(81-100%). The 

experiment was laid out in randomized block design comprising three replications 

with ten plants per replication. Three years data were pooled, analyzed using S-plus 

statistical software, and presented in graphical form for interpretation of the results. 

RESULTS 

 Numbers of primary roots varied from 9 to 37.77 of the CITH-Apple-

Rootstock, whereas varied from 40.0 to 93.4 in the exotic rootstocks. Significantly 

highest numbers of primary roots were recorded for exotic rootstocks i.e., MM-106 

(93.40) and USA- 106 (92.67) and CITH-ARS-09 and 04 (37.77 and 37.67). Lowest 

numbers of primary roots were recorded for indigenous rootstocks i.e. only 9.0 for 

CITH-ARS-05 and 16.67 for CITH-ARS-01 and 40.33 for ALNARP (Figure 1). 

Significant variations were found among the evaluated root stocks regarding length 

of primary roots. Longest primary roots were recorded of EMLA-106(19.83) 

followed by CITH-ARS-03(18.08 cm), whereas shortest primary roots (6.47cm) were 

recorded of ALNARP and M-9 rootstocks (Figure 2). In contrast the highest number 

of secondary roots (92.0) were noted in CITH-ARS-01 followed by M-26 (73.67) and 

M 27 (70.54), however, least number of secondary roots were recorded for ALNARP 

(16.33) and CITH-ARS-05 (35.67) (Figure 3). The longest secondary (11.83cm) 

roots were found in M-27 followed by MM106 (8.39cm) and CITH-ARS-

01(8.32cm), however shortest secondary roots were found of ALNARP (2.10 cm) 

followed by USA-106 (2.57 cm) (Figure 4). Length of the secondary roots of CITH-

ARS- were found to be smaller to medium in size.  
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Figure 1. Primary root numbers in apple 

rootstocks     

 

Figure 2. Primary root length in apple 

rootstocks     

 
 

Figure 3. Secondary root numbers in                 Figure 4.  Secondary root length in  

                   apple rootstock                                                   apple rootstocks    

  

 Leaves are considered as the factory for photosynthesis therefore their area 

plays important role for rate of photosynthetic reactions ultimately leading to plant 

growth and development. Maximum Leaf area (3.80 cm
2
) was recorded of CITH-

ARS-04 leaves closely followed by CITH-ARS-03 (3.56 cm
2
). Whereas minimum 

leaf area was recorded of leaves of USA-106 (1.96 cm
2
) followed by MM-106 

rootstock (2.04 cm
2
) (Figure 5). The length of leaf petioles were found maximum 

(26.85mm) in MM-106 closely followed by MM-111(26.82mm), shortest leaf petiole 

(12.89 mm) found in CITH-ARS-01 and CITH-ARS-04 (13.41mm) (Figure-6). 

Larger area of leaves helps to increase more sites for photosynthesis and production 

of growth promoting substances (auxins). Similarly more number of roots (primary 

and secondary) and their larger area enables plants to absorb nutrients more 

effectively. These attributes ultimately results in growth promotion as found in this 

study. 
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Figure 5. Leaf area in apple rootstocks        Figure 6.  Leaf petiole length of apple 

                                                                                       rootstocks 

Highest collar rot incidence were found in M-27 and M-26 and least in CITH-Apple 

rootstocks and wooly aphid infection was found M-9, B-9, M-27, EMLA-106 and 

ALNARP,  whereas least  was found in M-26, CITH-ARS-01, CITH-ARS-02, CITH-

ARS-03, CITH-ARS-04, CITH-ARS-05 , CITH-ARS-09 and  CITH-ARS-10 (Figure 

7). 

 

Figure 7. Screening of apple rootstocks for collar rot and wooly aphid 

Most of the apple rootstocks were having burr knot except CITH-Apple-Rootstock-

01, ALNARP and CITH-ARS-10. Similarly all the evaluated root stocks were having 

pink color petiole except B-9 in which dark red petiole observed. Leaf orientation in 
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relation to the shoot have been grouped in 3 in most of the rootstocks have outward 

except B-9 (upward) and CITH-ARS-04 has upright type leaf attitude in relation to 

the shoot (Table 1). Burr knots are root initials that appear on the aboveground 

portion of the apple tree trunk. Some rootstocks, such as M.7, M.9, M.26, MM.106, 

and MM.111, are more prone to developing burr knots than others (Table 1). 

Conditions that favor burr knot development include low light, high humidity, and 

temperatures between 68°F and 95°F. Burr knots are problematic; it can be an entry 

point for organisms, such as dogwood and plum borers, woolly apple aphids, fire 

blight bacteria and wood-rotting fungi. A tree with a heavy fruit load and many burr 

knots may produce weak growth or break during windy conditions. 

Table1. Evaluation of apple rootstocks for different pomological traits 

Rootstock Burr knot character Petiole color Leaf attitude to the shoot 

MM-106 Present  Pink Outward 

MM-111 Present  Pink Outward 

M-9 Present  Pink Outward 

B-9 Present  Dark red Upward 

M-27 Present  Pink Outward 

M-26 Present  Pink Outward 

EMLA-106 Present  Pink Outward 

USA -106 Present  Pink Outward 

ALNARP Absent  Pink Outward 

CITH-01 Absent  Pink Outward 

CITH-03 Present  Pink Outward 

CITH-04 Present  Pink Upright 

CITH-05 Present  Pink Outward 

CITH-09 Present  Pink Outward 

CITH-10 Absent  Pink Outward 

Negative correlation of number of primary roots was found with number of 

secondary roots, whereas positive correlation was found with leaf area and leaf 

petiole length. Primary root length showed positive correlation with secondary root 

numbers, secondary root length and leaf petiole length but negative correlation with 
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leaf area. Secondary root numbers were negatively correlated with secondary root 

length but positive correlated with leaf area and leaf petiole length. Whereas, 

secondary root length has exhibited negative correlation with leaf area and leaf 

petiole length and leaf area has showed positive correlation with leaf petiole length 

(Table 2). Rootstocks might be due to the variation in the genetic makeup of different 

genotypes.  

Table 2. Correlation coefficient among different rootstock characters 

Characters Primary 

root 

numbers 

Primary root 

length(cm) 

Secondary 

root numbers 

Secondary 

root length 

(cm) 

Leaf area 

(cm2) 

Leaf petiole 

length(cm) 

Primary root numbers 1.00 -0.083 0.002 -0.699* 0.274* 0.020 

Primary root length(cm)  1.00 0.464* 0.052 -0.303* 0.499* 

Secondary root numbers   1.00 -0.164 0.355* 0.402* 

Secondary root length (cm)    1.00 -0.361* -0.152 

Leaf area (cm2)     1.00 0.264* 

Leaf petiole length(cm)      1.00 

Leaf area (cm2)     1.00 0.264* 

Leaf petiole length(cm)      1.00 

*significant at 5% level of significant 

DISCUSSION 

Usually the origin and development of the adventitious roots take place 

endogenously next to and just outside the central core of vascular tissue, many easy 

to root woody plant species develop adventitious roots from phloem ray parenchyma 

cells (Hartmann et al., 1993) further, auxin hormones promotes root length by 

influencing the synthesis of enzymes concerned in cell enlargement (Wada et al., 

1998). The variation in root numbers in different rootstocks is due to difference in 

indigenous level of plant hormones in these rootstocks. Variation in length of roots 

recorded in this research activity is aligned with the results (6.7 to 19.6 cm) reported 

by (Tripathi et al. (2006). The difference in primary and secondary root numbers and 

their length might be due to the different genetic make-up. Srivastava et al. (2006) 

reported profuse rooting in MM-.106 rootstock. Tripathi et al. (2006) observed 9-25 

roots per stool in MM-106, MM-109, M-9 and M-4 rootstocks in contrast less 

number of average roots were recorded in the Malus baccata genotypes through 

cutting. Mitra (1991) also reported profuse rooting in Malling Merton rootstocks of 

apple which are in accordance to the results of this research activity. In general Malus 

baccata strains are hard to roots. The variation in the leaf areas in the different kind 
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of In contrast, Khatic and Sharma (2013) reported leaf area in the Merton-793 

rootstock 9.77cm
2
 which is very high as compared to evaluated rootstocks. The 

exotic rootstocks namely MM- 106, MM-111, are least affected to collar rot and 

wooly aphid, these results in line of findings reported by Rock and Zeiger (1974) 

who observed that the wooly aphid in MM series rootstocks have no galls formations 

and are fully resistant to wooly aphid infestation and also the crab apple rootstocks 

are least affected by wooly aphid and collar rot infections. 

CONCLUSION 

On the basis of the results obtained it can be concluded that the CITH-AR 

selections have better superiority to exotic Malling rootstocks for better suitability to 

climatic conditions of the North Western Himalayan regions of Kashmir. For raising 

the HDP on Malling rootstock, assured irrigations are required unlike in crab apple 

root stock, further the crab apple seeds are easily available and have high germination 

ability.  
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ABSTRACT 

Ten year study of front line demonstrations (FLDs) on rapeseed-mustard 
was conducted to assess the potentiality of improvised production 
technology. In West Bengal, Rapeseed-mustard is the major oilseed crop 
contributing 53% of total oilseed production of the state. One of the major 
constraints is low productivity of this crop due to non adoption of 
recommended package of practices and situation-specific improved 
varieties by most of the growers. Data used for this study were pertained 
to FLDs in rapeseed-mustard conducted under ‘Integrated Scheme on 
Oilseeds, Pulses, Oil palm and Maize (ISOPOM)’ during 2005-06 to 
2014-15. The study revealed 27% yield advantage by the adoption of 
improved varieties almost with other practices. The other components 
viz., adoption of right method and time of sowing, seed treatment, 
application of sulphur and boron, integrated fertilizer and irrigation 
management, integrated pest and disease management showed 37, 32, 
26, 32, 26 and 28% respectively yield advantage over farmers’ practice. 
Popularization of these proven technologies to the rapeseed- mustard 
growers will help them to get higher economic returns with sustainable 
production system of the state. 

Keywords: Economic potentials, FLD, improved technologies, rapeseed- 

                    mustard 

INTRODUCTION 

India accounts for 12-15% of world’s oilseed area, 7-8% of oilseeds output, 6-

7% of vegetable oil production, 9-12% of vegetable oil import and 9-10% of 

vegetable oil consumption (Hegde, 2009). The country produces seven edible oilseed 

crops viz., groundnut, rapeseed-mustard, soybean, sunflower, sesame, safflower and 

niger and two non edible oilseeds viz., castor and linseed (Paroda, 2013). Despite 

having the largest area under oilseeds in the world (26.77 M ha), India currently 
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imports about 50% of total oil requirement (2011-12) at a huge cost of 56,000 

crores (1 US$ = 68) (Paroda, 2013). Though the diverse agro ecological conditions 

of West Bengal are also favourable for growing all these nine oilseeds, rapeseed-

mustard, groundnut, sesame and sunflower are the major oilseed crops grown in the 

state. Rapeseed-mustard solely contributes 53% of total oilseed production with 

productivity of 764 kg ha
-1

 in the state during 2008-09 (Dutta, 2014). The 

productivity of rapeseed-mustard in the state is comparatively low. Realizing this 

situation, a ten year long demonstrations of improved rapeseed-mustard varieties 

along with improved production practices were conducted under ISOPOM during 

2005-06 to 2014-15. This paper captures the productivity potentials and profitability 

of improved rapeseed mustard production technologies under real farm situations 

demonstrated through frontline demonstrations (FLDs) in West Bengal. 

MATERIALS AND METHODS 

The Technology Mission on Oilseeds (TMO) launched by Government of 

India in 1986 had a significant impact on overall oilseeds production of the country 

by raising it from 10.83 million tons in 1984-85 to 24.35 million tons in 1996-97 

(Venkattakumar et al., 2009). Thereafter there was a plateau in oilseed production 

when bulk amount was imported. To meet the huge demand of edible oils in the 

country, the Department of Agriculture and Cooperation (DAC) started implementing 

the Integrated Scheme on Oilseeds, Pulses, Oil palm and Maize (ISOPOM) mainly to 

benefit the small and marginal farmers as most of the oilseed area in the country is 

with this category of farmers. Under this scheme, FLDs are conducted every year by 

Pulses and Oilseeds Research Station, Berhampore, Murshidabad, West Bengal, 

under the close supervision of scientists for transfer of technology to minimize the 

yield gap through validation and demonstration of improved oilseed production 

technology under real farm situations (Dutta, 2011). These demonstrations included 

different component technologies, classified as non-monetary (viz., choice of 

improved varieties, improved cultivation method and optimum time of sowing), low-

cost (viz., seed treatment, application of sulphur and boron), and cost effective (viz., 

integrated fertilizer and irrigation management, integrated disease management and 

integrated insect management) production technologies (Table 1). During the period 

from 2005-06 to 2014- 15, 243 FLDs on rapeseed-mustard were carried out in rabi 

season in an average area of one acre per demonstration. The result showed that there 

was a wide yield gap between improved technology (IT) and farmers’ practice (FP). 

In case of local check plots, existing practices being used by farmers followed were 

considered. In general the soils of the area were sandy loam with medium fertility 

status, medium in K2O and low in available N, P2O5 and C. The results of these 

demonstrations conducted at various locations over the years (Anon., 2005, 2006, 
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2007, 2008, 2009, 2010, 2011, 2012, 2013 and 2014) have been summarized in the 

present paper based on data collected from FLD plots as well as the data on local 

practices commonly adopted by the farmers. 

Table 1.  Cultural Practices applied for improved technologies and farmer practices 

during 2005-06 to 2014-15 

Cultural Practices Improved Technologies (IT) Farmer Practices (FP) 

Varieties Pitambari, NRCYS 05-02,Kalyan,JD-6 Locally available varieties 

Time of sowing Within October Very late. End of November to 

December after harvest of Kharif 

Paddy 

Method of Sowing Line Sowing Broadcasting 

Fertilizer 

Application 

Toria (N: P2O5:K2O) @ 80 :40:40 

Kg/ha 

Yellow Sarson (N: P2O5:K2O) @ 100 

:50:50 Kg/ha 

Mustard (N: P2O5:K2O) @ 120 :60:60 

Kg/ha 

More N (urea) application, less 

P2O5 and K2O application without 

maintaining balanced and 

recommended dose. 

Irrigation Toria -one 

Yellow Sarson- one to two 

Mustard – two to three 

one to two depending on 

availability 

Plant Protection Seed treatment followed by spray of 

fungicides and insecticides as per 

schedule. 

No Seed treatment. 

No spray of fungicides and 

Insecticides at proper time. 

 

RESULTS AND DISCUSSION 

Non-monetary production technologies 

Choice of varieties is a pre-requisite for getting higher production in any area. 

The popular variety B-9 (Benoy) in farmers practice showed very poor yield in 

several places due to cultivation of very old varieties, late sowing, infestation of 

diseases and insect. The yield increase due to improved varieties ranged from 14 to 

47% with the mean value of 27% during 2005-06 to 2014-15. The improved variety 

Kalyan (WBBN-1) showed 47% yield advantage over local variety B-9 during 2006-

07 (Appendix 1). The benefit cost ratios (BCR) due to improved varieties were 2.63 

and 2.32 with IT and FP plots respectively. Overall, choice of improved varieties of 

rapeseed-mustard showed 5698 ha
-1 

additional net returns than the local varieties 

(Table 2). Non adoption of row spacing leads to uneven population which might 
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affect branching, siliqua plant
-1

 and seed setting leading to poor seed yield plant
-1

. 

The crop was broadcasted resulting poor yield and was sown mostly after harvest of 

aman rice when normal time of sowing was over. Besides this, rise of temperature 

during flowering and maturity period due to late sowing results; high incidence of 

insects and diseases and also force maturity of the crop, thereby reduces seed and oil 

yields. The (IT) of right time and method of sowing (Appendix 1) showed 35-39% 

seed yield advantage with additional net returns of  7800-10,807 ha-1. BCR values 

of IT were 2.21-4.86 during the period (Appendix 1). Overall, the seed yield 

increased by using IT was 37% with additional net returns of 9207 ha
-1

 (Table 2). 

Low-cost production technologies 

Adoption of seed treatment with chemicals showed 32% yield advantage with 

additional net return of 7,275.00 ha
-1

 and BCR of 3.98 during 2006- 07 (Table 2 

and Appendix 1). Application of sulphur and boron was essential for increasing the 

oil content and seed yield of mustard. Rapeseed mustard is very much sensitive to 

boron and its deficiency at flowering stage affect pollen viability and abortion of 

stamens and pistils resulting low seed yield (Dell and Lonbian, 1997). The 

demonstration during 2007-08 showed increased seed yield to the tune of 26% with 

additional net returns of  3,905 ha
-1

 with corresponding BCR of 2.31 (Table 2 and 

Appendix 1).  

Cost effective production technologies 

Demonstration of optimum dose of fertilizer and application method with 

appropriate time of irrigation was conducted in different years at various locations. 

The results revealed that the seed yield increment ranged from 15 to 60% and 

additional net returns were ranged from  3,680 to 16342 ha
-1

 (Appendix 1). Overall, 

this IT gave 32% seed yield advantage with additional net returns of 8155 ha
-1

 and 

BCR of 2.91 (Table 2). Tripathi et al. (2011) noted similar findings of high seed yield 

and benefit cost ratio under RDF.  

Late sowing of rapeseed-mustard in farmers practice severely damaged by 

insects mainly by aphids. Proper plant protection measures increased seed yield by 6-

58% yield advantage with an additional net returns of 1265-14115 ha
-1

. During the 

ten years period insect management registered 26% yield advantage with additional 

net returns of 5573 ha
-1

 and BCR of 2.45 (Table 2 and Appendix 1). Among the 

rapeseed-mustard diseases alternaria blight was the major disease in West Bengal. 

Appropriate disease management practices demonstrated seed yield increase ranged 

from 11-55% with additional net returns of 2033-12732 ha
-1

. Overall disease 

management practices increased seed yield to the tune of 6157 ha
-1

and BCR of 

2.25 (Table 2 and Appendix 1). 
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Table 2. Impact of FLDs on non-monetary, low-cost and cost-effective production technologies of rapeseed-mustard 

under real farm situations 

Sl. 

No. 

Component FLDs Seed yield 

( kg ha-1) 

% increase 

in yield 

Cost of cultivation Gross return Additional 

net return 

BCR 

 IT FP  IT FP IT FP  IT FP 

1. Non monetary production 

technology 

 

          

 a) Adoption of improved 

variety 85 1258 1001 27 11376 9992 33632 26798 5698 2.63 2.32 

 b) Adoption of right time and 

method of sowing 

12 

1598 1170 37 9353 8416 36557 26793 9207 3.75 2.98 

2. Low- cost production 

technology 

           

 a) Adoption of seed treatment 

practice 5 1524 1154 32 7230 5809 28817 21542 7275 3.98 3.71 

 b) Application of sulphur and 

boron 4 893 708 26 8494 7601 19635 15730 3905 2.31 2.07 

3. Cost -effective production 

technology 

           

 a) Balanced fertilizer and 

irrigation 

29 

1270 960 32 11079 9102 34129 24504 8155 2.91 2.43 

 b) Insect management 46 1295 1025 26 12113 10090 34212 27150 5573 2.45 2.21 

 c) Disease management 62 1199 941 28 12290 10455 32505 25006 6157 2.25 1.93 

BCR: Benefit: Cost ratio; FP: Farmers’ practice; IT: Improved technology; FLD: Frontline demonstration 
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Appendix 1.  Impact of improved rapeseed–mustard production technologies under real farm situations during 2005-06 

to 2014-15 

   Seed yield 

( kg ha-1) 

% increase 

in yield 

Cost of cultivation 

(Tk/ha) 

( ) 

Gross return 

(Tk/ha) 

( ) 

Additional net 

return 

(Tk/ha) 

( ) 

BCR 

Year Component FLDs IT FP  IT FP IT FP IT IT FP 

2014-15 Improved variety 5 1380 990 39 18673 14005 51750 37125 9957 1.77 1.65 

 Balanced fertilizer and 

irrigation 

5 1635 1025 60 21738 15205 61312 38438 16342 1.82 1.53 

 Insect management 5 1563 990 58 21888 14530 58598 37125 14115 1.68 1.56 

 Disease management 5 1360 880 55 19573 14305 51000 33000 12732 1.61 1.31 

2013-14 Improved variety 10 1327 1111 20 18100 16900 46761 38909 6652 1.58 1.30 

 Insect management 5 1272 1198 6 17474 16900 38146 35940 1635 1.18 1.13 

 Disease management 5 1031 912 14 17171 16900 30492 27366 3305 0.8 0.62 

2012-13 Improved variety 14 1179 1044 18 14253 12840 35354 30127 3813.5 1.48 1.35 

 Insect management 7 1032 938 10 14087 12840 30956 28147 1562 1.20 1.19 

 Disease management 17 973 867 13 14002 12840 29195 26000 2033 1 1.02 

2011-12 Improved variety 8 985 846 17 13113 11518 29561 25365 2600 1.25 1.20 

 Balanced fertilizer and 

irrigation 

7 1288 917 40 13808 11518 38630 27499 8841 1.80 1.39 

 Insect management 8 1094 888 23 13808 11518 32831 26636 3904 1.38 1.31 

 Disease management 17 1153 855 35 13808 11518 34604 25651 6663 1.51 1.23 

2010-11 Improved variety 8 1425 1056 35 11942 9938 35625 26406 7215 1.98 1.66 

 Right time and method 

of sowing 

4 1625 1198 36 12662 10990 40625 29938 9015 2.21 1.72 

 Insect management 4 1618 1088 49 13422 9990 40438 27188 9818 2.01 1.72 
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   Seed yield 

( kg ha-1) 

% increase 

in yield 

Cost of cultivation 

(Tk/ha) 

( ) 

Gross return 

(Tk/ha) 

( ) 

Additional net 

return 

(Tk/ha) 

( ) 

BCR 

Year Component FLDs IT FP  IT FP IT FP IT IT FP 

 Disease management 4 1570 1045 50 13442 9990 39250 26125 9693 1.92 1.62 

2009-10 Improved variety 8 1134 863 32 8244 7773 27453 22425 4557 3.33 2.88 

 Balanced fertilizer and 
irrigation 

4 1188 884 34 8333 7732 29138 22493 6645 3.50 2.90 

 Right time and method 

of sowing 

3 1425 1057 35 8683 8167 36167 25360 10807 4.17 3.11 

 Insect management 2 1310 990 32 8983 7897 32610 23760 8850 3.91 3.00 

 Disease management 3 1463 1140 28 8404 7718 35120 27360 7760 4.18 3.54 

2008-09 Improved variety 8 1354 1193 14 7673 7405 31148 27428 3720 4.06 3.70 

 Balanced fertilizer and 

irrigation 

4 978 818 20 8288 7405 22483 18803 3680 2.71 2.54 

 Insect management 4 1285 1058 22 8288 7405 29555 24323 5232 3.57 3.26 

 Disease management 4 1035 828 25 8288 7405 23805 19032 4773 2.87 2.57 

2007-08 Improved variety 8 1015 836 21 7418 7937 22330 18508 3822 3.01 2.33 

 Application of sulphur 

and boron 

4 893 708 26 8494 7601 19635 15730 3905 2.31 2.07 

 Insect management 4 828 770 8 8865 8062 18205 16940 1265 2.05 2.10 

 Disease management 4 938 800 17 8565 8062 20625 17500 3025 2.41 2.16 

2006-07 Improved variety 10 1335 911 47 6794 5641 24715 17114 7601 3.64 3.03 

 Balanced fertilizer and 

irrigation 

5 1258 1098 15 6664 6157 25160 19764 5396 3.77 3.21 
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   Seed yield 

( kg ha-1) 

% increase 

in yield 

Cost of cultivation 

(Tk/ha) 

( ) 

Gross return 

(Tk/ha) 

( ) 

Additional net 

return 

(Tk/ha) 

( ) 

BCR 

Year Component FLDs IT FP  IT FP IT FP IT IT FP 

 Right time and method 

of sowing 

5 1744 1254 39 6715 6092 32880 25080 7800 4.86 4.10 

 Seed treatment practice 5 1524 1154 32 7230 5809 28817 21542 7275 3.98 3.71 

 Insect management 5 1520 1206 26 7155 5601 29636 22401 7235 4.15 3.13 

2005-06 Improved variety 6 1447 1158 25 7553 5960 31620 24578 7042 4.18 4.12 

 Balanced fertilizer and 

irrigation 

4 1273 1018 25 7640 6592 28050 20025 8025 3.87 3.03 

 Insect management 2 1425 1120 27 7160 6160 31150 29040 2110 3.35 3.70 

 Disease management 3 1266 1146 11 7356 5353 28453 23020 5433 3.86 3.30 

BCR: Benefit Cost ratio; FP: Farmers’ practice; IT: Improved technology; FLD: Frontline demonstration 

 



134 A. Dutta 

Impact of field level demonstrations (FLDs) 

Altogether 243 number of demonstrations were conducted during the period 

from 2005-06 to 2014-15 at the farmers field. Maximum seed yield was obtained by 

adoption of improved cultivation method and optimum time of sowing (1598 kg ha
-1

) 

followed by adoption of seed treatment practices(1524 kg ha
-1

) (Figure 1). These two 

technologies involve no or minimum cost. The first component (nonmonetary 

technologies), adoption of improved varieties and adoption of improved cultivation 

method and optimum time of sowing showed 27 and 37% seed yield advantage over 

farmers practice (FP) (Figure 2), respectively and therefore, farmers can adopt these 

two technologies without incurring any additional cost. The second component (low-

cost production technologies), adoption of seed treatment practice and application of 

Sulphur and Boron showed 32 and 26% seed yield advantage over FP, respectively, 

and hence, these two technologies would also be useful for them to have higher 

additional returns at minimum costs. The third component including all cost effective 

production technologies viz., integrated fertilizer and irrigation management, 

integrated insect and disease management showed 32, 26 and 28% seed yield 

advantage, respectively (Figure 2). Hence judicious application of cost effective 

components is very much essential to get maximum additional net return. 

 

Figure 1. Comparison of seed yield (kg ha 
-1

) under IT (Improved Technology) and 

FP (Farmers  Practice)  
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Figure 2.  Percent increase of seed yield (kg ha
-1

) due to different components of 

improvised technology 

CONCLUSION 

The FLDs have shown the potential of improved technology (IT) to boost up 

the productivity significantly and increased the income of the farmers. Adoption of 

improved cultivation method and optimum time of sowing resulted maximum 

additional net return ( 9,207 ha
-1

) followed by integrated fertilizer and irrigation 

management (  8155 ha
-1

) and adoption of seed treatment practice ( 7275 ha
-1

). 

Popularization of these aforesaid ITs among the oilseed growers would help to get 

remunerative and sustainable yield with higher economic returns and finally enhance 

overall oilseed production without bringing more area under these crops in the 

country. The per capita consumption of vegetable oil is rising continuously. The 

country needs to produce at least 66.0 mt of oilseeds by 2020. Hence a concerted 

effort involving extension agencies, the State Department of Agriculture and research 

scientists should be directed to increase the knowledge and adoption by the farmers. 

Thus the adoption of improved technologies will boost up the oilseed production of 

the state as well as of the country. 
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ABSTRACT 

The present study was undertaken for assessing the impacts of climate 
variability on wheat production as well as  the field based suggestions  
opined by the wheat growers to combat the future challenges particularly 
climate variability during November 2014 to March 2015. The study was 
conducted at northwest region at Dinajpur sadar and Kaharul upazilas in 
Dinajpur of Bangladesh. One hundred sixty wheat farmers were selected 
by using previously pre-tested interview schedules adopting multistage 
proportionate systematic random sampling technique. Climatic variability 
was assessed by analysis of long term data of local meteorological 
station. Assessment of long term climatic data particularly for wheat 
growing season revealed that minimum temperature has been increased, 
while maximum temperature and rainfall were decreased. Farmer’s 
opinions on these aspects were almost similar. Farmers opined that both 
surface and ground water levels have been decreased, resulting 
agricultural drought. Farmer’s also opined regarding suitable technology 
to combat climate change impact on wheat production revealed the use 
of newly recommended varieties. Finally, the outcome of the results 
could help researchers as well as government and NGOs to take 
appropriate climate change adaptation policy thus facilitating farmers in 
sustaining their livelihoods against changing climate in the near future of 
Northwest region in Bangladesh. 

Keywords: Climate variability, rainfall, drought, surface and ground 
    water availability, wheat cultivation, and northwest region  of 
    Bangladesh 
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INTRODUCTION 

Climate change is a potential threat towards achieving increasing major crops 

production under sustainable environmental conditions (Basak et al., 2009). Climatic 

information are not only important for recommending the most suitable time for 

sowing and harvesting but also acts as a guide to the selection of proper sites for a 

certain crop (Amin et al., 2004). Some of the studies have demonstrated that 

agricultural activities in developing countries are extremely vulnerable to climate 

change which is more applicable under Bangladesh perspective. 

 Hence, it is important to examine the impact of climate change on wheat yields 

with an evaluation of existing responses by farmers to climate change (GOB, 2009).  

However, some  periodic  studies  has investigated at  the  farm level to seek farmers’ 

perception  and adaptation  options  towards  climate change impacts on wheat. The 

effects of climate change on crop production are global concerns, but these are 

particularly very important for the sustainable agricultural development of 

Bangladesh (Hossain and Da Silva, 2013). This is because of variant climatic 

conditions of the country due to its’ geographic position and physiographic status 

have made Bangladesh a meeting point of the life-long monsoon precipitations and 

the catastrophic devastation of floods, droughts, cyclones, storm surges, etc. (Ferdous 

and Batez, 2011). Agriculture plays a significant role in Bangladesh economy, 

socially and culturally. It accounts for about 18% of the country’s GDP and is a 

means of livelihood that engages more than 47% of the labour force (World Bank, 

2013). It also supplies food and confer livelihood security for the Bangladeshi 

people. Over 75% of agricultural production takes place in rural areas where more 

than 80% people are engaged in farming activities and growing crops to meet the 

basic needs of the people. But this agriculture sector is susceptible to unfavorable 

weather conditions and climatic events. In spite of noticeable technological progress 

(such as improved crop varieties and irrigation facilities), weather and climate are 

still the key determinants for agricultural productivity and sustainability. Bangladesh 

has been facing steadily increase of higher temperature over the last three decades 

(Sarker et al., 2012). Moreover, it is forecasted to experience a rise in annual mean 

temperatures of 1.0°C by 2030, 1.4°C by 2050 and 2.4°C by 2100. The average 

temperature during winter season (December, January and February) also showed a 

similar increasing pattern of 1.1°C by 2030, 1.6 °C by 2050 and 2.7°C by 2100.  The 

projected values are 0.8°C by 2030, 1.1°C by 2050 and 1.9°C by 2100 for the 

monsoon months (Agrawala et al., 2003; Ahmed, 2006). However, the Global 

Climate Model (GCM) data estimated more warming for winter than for the summer 

months (FAO, 2007). Based on the above projections, Bangladesh is likely to face 

more hot days  and  heat  waves,  longer  dry  spells  and  higher  drought  risk.  In 

contrast, almost 80 percent of rainfalls in Bangladesh have been occurring during 

monsoon season (June-September) and the remaining 20 percent covers eight 

months, including the winter months. Most  of  the  climate  models estimated  that  

precipitation  will  increase  during  the  summer  monsoon  (Mirza, 1997; Ahmed 
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and Alam, 1998; GOB, 2009).  This  erratic  and unevenly  distributed  pattern  

produces  extreme  events,  such  as  floods  and  droughts,  which  have remarkable  

harmful  effects  on  major  food  crops’  yield,  especially  on  Aman  rice.  As a 

result, rice production is likely to decline by 8%–17% by 2050 (Sarker et al., 2012, 

BBS 2005 and IPCC, 2007).  The present food grain production is not sufficient to 

meet domestic requirements.   

It clearly indicates that the deficit of food grains will be a major issue in 

Bangladesh. This approach help to measure the existing level of different socio-

economic, institutional and physical conditions of the drought affected area and 

shows the comparison of drought resilience among upazillas. This study, therefore, 

intends to examine the level of farmers’ perception and awareness about climate 

change, the nature of their impacts, and various adaptation practices to be followed 

by the farmers  with the following objectives  as follows; 

 To assess the climatic vulnerabilities by analysis of long term meteorological 

data, and  

 To analyze the risk factors in wheat growing areas assessing rainfall, drought, 

surface and ground water availability at northern region of Bangladesh 

METHODOLOGY 

The study was conducted in randomly selected 160 wheat farmers in two 

upazilas namely, Dinajpur sadar and Kaharul under Dinajpur district of Bangladesh 

based on highly concentrated wheat growing areas. Demographic characteristics of 

the farmers, primary, secondary, quantitative and qualitative data were collected 

during November 2014 to March 2015 based on a pre-designed interview schedule 

with balanced combination of both closed and open-ended questions, and the same  

pre-tested before finalization. Participatory Rural Appraisal (PRA) tools and 

techniques like Focus Group Discussion (FGD), Direct Observation and Case study 

were also applied for triangulation of data. In order to collect relevant information 

from the wheat farmers, three sets of instruments (interview schedules) were 

carefully designed. The selected measured variables were weather and climatic 

parameters, long-term (1970-2015) climatic data of monthly temperature and rainfall, 

and adaption to combat climate change effect, etc. The SPSS package was used to 

perform data analysis. All the collected data were then checked and cross checked, 

compiled, coded and entered into the computer for analysis and interpretation using 

this software. Descriptive statistical measures like range, mean, number and 

percentage distribution, standard deviation were used to describe and interpret the 

data. Statistical measures like number, range, mean and standard deviation were 

calculated in describing the selected socio-economic characteristics as well as their 

livelihood status. 
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RESULTS AND DISCUSSION 

The findings of the study and its interpretation have been presented systematically and 

logically in accordance with the objectives of findings related to risk factor assessment 

of climate vulnerability.  

Changes of climate 

The evidences of climate change over time were documented through analysis of 

long-term (1970-2015) climatic data of monthly temperature and rainfall.  

Trend of temperature  

The findings of the long term temperature data showed an decreasing trend of 

maximum temperature while increasing trend was noticed in minimum temperature 

(Figure 1 and 2).  

 

 

 

 

 

 

 

 

 
Figure 1. Long term (1970-2015) trend of maximum temperature in the study area 

 

 

 

 

 

 

 

Figure 2. Long term (1970-2015) trend of minimum temperature in the study area 

Nevertheless, minimum temperature was increased at the rate of 0.009°C whereas, 

maximum temperature was decreased at 0.004°C per year. The maximum 

temperature (31.42°C) was observed in 1972, afterwards temperature sharply 

declined and continue constantly till 1980. From 1981, maximum temperature 

showed an arbitrary trend though the temperature found to be higher during 1994 to 
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2002 compared to the previous years. Interestingly, in 2003, the least value of 

maximum temperature (29.32 °C) was noticed which then gradually increased up to 

2007 and again showed an irregular increasing trend. For minimum temperature, after 

1971, it showed an abruptly declining trend and subsequently continues constantly 

till 1980. From 1981, temperature showed an uneven pattern and the least minimum 

temperature (18.96°C) was noticed in 1983. Monthly temperature over decades 

indicated that maximum temperature of recent decade showed a decreasing trend 

during the month of December, January and March, while, it was slightly higher in 

the month of November and February compared to past decade (1995-2004) and base 

year (1970-1994). In contrast, minimum temperature revealed an increasing trend in 

most of the months though slightly decreased trend was noticed in the month of 

January compared to recent decade and base year (Figure 3). Temperature of current 

decade (2005-2015) showed an increasing trend (Figure 4) compared to past decade 

(1995-2005) and base year (1970-1994).  

 

 

 

 

 

 

 

 

 

Figure 3. Variation of maximum and minimum temperature during the month of 

November to March over decades at the study area 

 

 

 

 

 

 

 

 

 

Figure 4. Variation of maximum and minimum temperature during the month of 

April to October over decades at the study area 
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Trend of rainfall and frequency of SPI  

The analysis of long-term rainfall database reflected that change of rainfall 

pattern was not definite over seasons. The long trend of annual rainfall indicated 

slightly increasing pattern in the study area (Figure 5) and the increment rate was 

3.87 mm per decade. Nevertheless, from 1970 to 1980, rainfall showed a constant 

trend but afterwards the trend was somewhat irregular. The highest annual rainfall 

(3206 mm) was recorded in the year of 1987 and this was probably the causes for 

devastating flood. However, after that there was a decreasing pattern and reached the 

least value (1142 mm) in 1994. After that annual rainfall again showed slightly 

increasing trend till 2006 and again demonstrated declining pattern. Regarding 

seasonal variation, mean monthly rainfall of recent decade was remarkably lower in 

most of the months (November to March) compared to past decade (Figure 6). On the 

other hand, base year (1970 to 1994) monthly rainfall showed an increasing pattern 

up to mid-January then sharply declined although again increased in the month of 

March but comparatively lower than recent decade (2005-2015). The decreasing 

trend of winter season rainfall is associated with higher rate of increase in minimum 

temperature (Wang et al., 2012) that might hampered the growth of the wheat crop. 

On the other hand, rainfall from April to October in recent decade showed almost 

decreasing trend but it was observed an increasing pattern in the month of June and 

October as compared to past decade and base year (Figure 7). The annual drought 

and wet frequency corresponding to SPI (Standardized Precipitation Index) in the 

study area has been shown in figure 8. The result revealed that drought frequency 

was less dominant in the recent years and the SPI values doesn’t crossed the normal 

level (-0.5 to +0.5) in most of the years.  

Nevertheless, after 1972, SPI value showed a constant trend to 1980, then after 

demonstrated uneven pattern and maximum SPI value was recorded in 1987, while  

lowest value in 1994 (Figure 8). Seasonal variation in weather parameters might have 

also increased the disease, insect and pest incidences in trees and crops as well as in 

other vegetation. A warmer climate with uncertain winter rainfall is likely to affect 

wheat production and also other winter crops. 

 

 

 

 

 

 

 

 

Figure 5. Longterm (1970 to 2015) trend of annual rainfall in the study area 
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Figure 6. Variation of rainfall during the month of November to March over decades 

                at the study area 

 

 

 

 

 

 

 

 

 

Figure 7. Variation of rainfall during the month of April to October over decades at 

the study area 

 

 

 

 

 

 

 

 

 

Figure 8. SPI values on rainfall data at the study area 
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Farmer’s perception during wheat production season 

The perceptions of the community on change of local climate over time (10 -15 

years ago) revealed that respondent perceptions (Table 1 and 2) were almost similar in 

many cases to the evidences of climate change recorded from the meteorological 

database. Regarding the change of temperature over time during wheat production 

season (November to March), 77.44% respondents opined that average temperature had 

increased while 18.05% participant opined that there was no change in temperature 

while, only 4.51% people had no opinion. Interestingly, no farmer reported that 

temperature was decreased in winter season. In contrast, during the month from April 

to October, 78.20% participant farmers opined that temperature had increased while 

only 3.01% farmer said that temperature decreased. On this issue, 12.78% and 6.02% 

participants told that temperature had no changes. This statement was also found 

consistent with the change of minimum temperature of long term database which stated 

that extent of summer season increased gradually over time. 

Rainfall  

Regarding rainfall (precipitation) intensity, during the month from November to 

March, approximately 6.77% farmer opined about increment of rainfall, while,65.41, 

17.29, and 10.53% opined as decreased, unchanged and no opinion, respectively. On 

the other hand, rainfall from April to October, 53.68% farmer said that the rainfall was 

increased, whereas, 25.26% farmer said about decrease of rainfall. However, 14.29% 

farmer opined that rainfall was unchanged, while, 6.77% had no opinion. The findings 

of this study are almost similar to that of meteorological data base. Karttenberg et al. 

(1995) stated that the current assessment for Bangladesh by the IPCC (2007) predicts 

warming of 1.5–2.0
0
C by 2050, with 10–15 % increased rainfall by 2030 and a 12 % 

increase in evaporation by 2030. 

Availability of ground water 

Regarding the impacts of climate change on ground water status in the month of 

November to March, 40.10% farmer’s opined depletion of ground water, while, 

24.81% farmer said groundwater remained as it is in the past and 9.02% had no opinion 

on groundwater. Conversely, 50.43% farmer said about increment of groundwater 

status in the month of April to October while 36.03% farmer opined ground water table 

goes down. However, unchanged ground water status was opined by 10.53% farmer, 

whereas, 3.01% had no opinion. The probable reason for decreased ground water status 

might be due to increased minimum temperature trend in winter season. Furthermore, 

installation of shallow tube well in the crop field also responsible for ground water 

depletion. However, increased rainfall in the month of April to October responsible for 

increased ground water status. 

Availability of surface water 

Surface water availability in the month of November to March was increased as 

reported by 29.00% farmers, whereas, decreased by 40.92% while, 21.80% farmer 
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didn’t observed any change of surface water status and 8.27% had no opinion. April to 

October, 66.69% farmer opined increment of surface water status while, 16.02% said 

surface water was decreased over time. Nevertheless, surface water was unchanged as 

opined by 13.53% farmer, whereas, 3.76% farmer had no opinion (Table 1).  The 

increased trend of temperature augment evapo-transpiration rate which might be 

responsible for lessening of surface water availability in winter months. 

Drought 

Respondent opinion regarding drought condition during the month of November 

to March of the study area revealed that 41.61% people supported augmentation of 

drought, while, 33.53% farmer told decreased drought condition than that of past. 

Nonetheless, unchanged drought condition was opined by 21.10% farmers, whereas, 

3.76% people had no opinion. On the other hand, information regarding drought 

situation in the month of April to October demonstrated that only 25.43% farmer said 

about increment of drought, whereas, 55.94% people opined decrease of drought. 

However, 11.21% people didn’t observed any divergence of drought from the past, 

while, 7.42% had no opinion (Table 2). The study area faced moderate drought despite 

of profuse rainfall which might be due to uneven rainfall distribution, moreover, 

increasing of cropping intensity aggravate the drought situation. However, both 

meteorological database and community perception strongly supported the changes of 

climate variability of the study area over time. From the above findings, it was evident 

that changes of temperature hamper the production of wheat seriously alongside 

uneven rainfall triggering insect and pest infestation as well as decrease of ground and 

surface water resultant prolonged drought situation that had slowed but continuous 

adverse effects on wheat production. Siddique et al. (2000) found that drought stress 

significantly decreased the leaf water potential and relative water content of wheat, 

which had pronounced effects on photosynthetic rate. In drought, photosynthetic 

rates decreased with a decrease in stomatal conductance. Tolerant varieties were less 

affected than sensitive ones (Siddique et al., 1999). 

Table 1. Respondents’ perception on climate change over time (November to March) 

in the study area  

Climatic variables 
Respondents’ perception (%) 

Increased Decreased Unchangeable No opinion 

Temperature 77.44 0.00 18.05 4.51 

Rainfall 6.77 65.41 17.29 10.53 

Availability of ground water 26.07 40.10 24.81 9.02 

Availability of surface water 29.00 40.92 21.80 8.27 

Drought 41.61 33.53 21.10 3.76 
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Table 2. Respondents’ perception on climate change over time (April to October) in 

the study area  

Climatic variables 
Respondent’s perception (%) 

Increased Decreased Unchangeable No opinion 

Temperature 78.20 3.01 12.78 6.02 

Rainfall 53.68 25.26 14.29 6.77 

Availability of ground water 50.43 36.03 10.53 3.01 

Availability of surface water 66.69 16.02 13.53 3.76 

Drought 25.43 55.94 11.21 7.42 

Climate change impacts on wheat cultivation 

Most of the farmers (72.5 %) said that climate change and climate variability 

issues had notable impacts on wheat cultivation in compare with 27.5% farmers who 

said that climate had no effects on wheat production. The below findings suggests 

that, due to close connection with wheat research centre (WRC) they are more aware 

about the devastating effects of climate change while some farmers may be live far 

away from the WRC hence they didn’t avail up to date information. 

Adaption to combat climate change  

A Technology Adaption Index (TAI) was prepared and presented in table 3. 

The respondents were asked to give their opinion against 9 technologies which are 

suitable to combat climate change effect against three point scale  (Strongly Agree, 

Agree and Disagree) with corresponding scores 2, 1, and 0. Then TAI was computed 

multiplying the scores with the number of respondents and presented as rank order. 

In table 3 indicates that majority of the respondents were strongly agree with that all 

the nine selected technologies were suitable to combat climate change effect. Based 

on their TAI Adoption that most of them were strongly agreed to use newly 

recommended varieties (75.62%) followed by improve irrigation facilities (71.25%), 

excavate mini pond (66.87%), practice of zero tillage (61.87%), up scaling of agro-

forestry (54.37%), management of orchard (57.50%), early planting and harvesting 

(55.00%), use FYM (51.87%), and late planting (47.50%). Adoption of new varieties 

and irrigation facilities rank first and second position to combat climate change effect 

on wheat production (Table 3).  
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Table 3. Adoption technologies to combat climate change effect on wheat production 

Adaption technologies Strongly Agree Agree Disagree TAI Rank 

Adoption of new varieties in farming 

practices 
121(75.62) 34(21.25) 5(3.12) 276 1 

Early planting and harvesting 88(55.00) 38(23.75) 34(21.25) 214 7 

Late planting 76(47.50) 38(23.75) 46(28.75) 190 9 

Irrigation facilities 114(71.25) 37(23.13) 9(5.62) 265 2 

Zero tillage 99(61.87) 34(21.25) 27(16.87) 232 4 

Farm yard manure (FYM) preparation 83(51.87) 39(24.37) 38(23.75) 205 8 

Orchard management 92(57.50) 38(23.75) 30(18.75) 222 6 

Agroforestry management 87(54.37) 51(31.87) 22(13.75) 225 5 

Excavation of Mini Ponds for 

supplemental irrigation 
107(66.87) 36(22.50) 17(10.62) 250 3 

Parenthesis indicates % of respondents 

CONCLUSION 

Climate change is a burning issue of the world. Based  on  the  findings   it can 

be concluded that, analysis of long term meteorological data of the study area showed 

a steadily changing scenario of climate over time, where minimum temperature has 

been increased at the rate of 0.009°C per year, while maximum temperatures has 

been slowly decreased at the rate of 0.004°C per year. The trend of annual rainfall 

indicated an increasing rate was 3.87 mm per year. On the contrary, the mean 

monthly rainfall of recent decade during the month of November to March showed a 

decreasing pattern resulting more dry period in winter season. The winter and 

summer temperature had increased as opined by 77.44 and 78.20 percent farmers, 

respectively. Regarding rainfall (precipitation) intensity, majority of the respondents 

opined that the rainfall intensity had decreased in winter season (November to 

March) but increased in summer season (April to October) over time. Regarding the 

water availability, majority of the respondents expressed that surface and ground 

water levels have declined in winter season while increased in summer season which 

was very much consistent with the current climatic events. 

Farmer’s opinion regarding suitable technology to combat climate change 

impact on wheat production revealed that use of newly recommended varieties. In 

addition, farmers opined that WRC should provide more quality seed, training 

program and maintain regular contact with the farmers. The above findings suggested 

that the farmers were become aware and possess favorable response towards 

curtailing climate change impacts. The author suggested that the long term field trial 
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on improved varieties of wheat with close monitoring on yield attributes influenced 

by changes of weather parameters such as temperature and rainfall are needed. 
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ABSTRACT 

Ten tomato varieties were evaluated to find out their level of resistance 
against tomato fruit borer Helicoverpa armigera Hubner (Lepidoptera: 
Noctuidae) under field conditions. The abundance of fruit borer larvae 
and their infestation, plant morphological characters, nitrogen content, 
yield and seed germination of the varieties were studied. The varieties 
differed in their leaf thickness, trichome density, rind thickness and 
nitrogen content. The fruit borer larval abundance and fruit infestation 
among the varieties varied significantly. Five varieties namely BARI 
Tomato-1, BARI Tomato-4, BARI Tomato-10, BARI Tomato-11 and BARI 
Tomato-15 were least infested by fruit borer (3.6 to 10.0%) and had 
significantly lower abundance of larvae (0.3 to 0.7 plant

-1
), and the 

varieties were classified as resistant. The yield reduction and seed 
germination of these varieties ranged from 3.9 to 7.9% and 76.7 to 
90.7%, respectively. Four varieties namely BARI Tomato-2, BARI 
Tomato-5, BARI Tomato-12 and BARI Tomato-14 were graded as 
moderately resistant as the varieties showed 12.4 to 16.2% fruit 
infestation and revealed 1.0 to 1.3 larvae plant

-1
. The yield reduction and 

seed germination of these varieties ranged from 9.6 to13.2% and 66.7 to 
73.3%, respectively. Only the variety BARI Tomato-7 was categorized as 
moderately susceptible which had significantly the highest abundance of 
fruit borer larva (1.7plant

-1
), fruit infestation (22.2%) and yield loss 

(15.9%), and lowest germination performance (62.7%). The study 
indicated that the varieties differed in their levels of resistance and this 
promising source of resistance may be incorporated in the integrated 
management of tomato fruit borer. 
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INTRODUCTION 

Tomato Lycopersicon esculentum Mill is a major winter vegetable of 

Bangladesh. One of the major constraints of tomato production in Bangladesh is 

infestation of insect pests. The crop is devastated by the insect fruit borer 

Helicoverpa armigera Hubner (Lepidoptera: Noctuidae) which is noted as 

polyphagous pest and caused damage to 181 cultivated and uncultivated plant species 

distributed in 45 families (Matthews, 1999). The H. armigera larvae damage tomato 

plants by feeding on buds, flowers and fruits. The newly hatched larvae bore into the 

fruit and feed inside. As a result, the fruits become unfit for human consumption. 

They are responsible for lowering the yield of tomato (Bhatt and Patel, 2001; 

Mehrvar, 2009). It was reported that infestation level of H. armigera on tomato was 

up to 46.8% in Bangladesh (Alam et al., 2007) and 35% in India (Dhandapani et al., 

2003).  

Proper variety selection and protection of tomato fruits from the attack of fruit 

borer is an important prerequisite for higher yield and quality of the crop. 

Management of fruit borer through insecticides is hazardous to human being and 

insecticides reduce insect predator and pollinator species in the field (Moser and 

Obrycki, 2009). Plant morphological characteristics such as trichomes and thickness 

of the cuticle affect H. armigera larval movement and feeding rate (Shelomi et al., 

2010; Amin et al., 2015). The biochemical contents and nutrients in the host plant 

affect survival, growth and reproduction of phytophagous insects (Browne and 

Raubenheimer, 2003). Thus the morphological traits and biochemical contents of the 

plants have important roles in varietal resistance. 

Cultivation of resistant variety is economical and safer, and it is the most 

important tool in integrated pest management (IPM). Reduction in pest infestation to 

an acceptable level with the use of resistant variety alone or in combination with 

other control measures has been reported. However, there has been lack of 

information regarding resistance in commercially available tomato varieties. The 

present study was undertaken with ten varieties of tomato which were developed by 

the Bangladesh Agricultural Research Institute (BARI) to find out their level of 

resistance against H. armigera in the field conditions. The plant morphological 

characteristics associated with resistance, nitrogen content in the plant, and 

performances of yield and seed germination of the varieties were also assessed. 

MATERIALS AND METHODS 

The study was carried out in the experimental field of the Department of 

Entomology, Bangabandhu Sheikh Mujibur Rahman Agricultural University 

(BSMRAU), Gazipur, Bangladesh during November 2015 to June 2016. The seeds of 
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the tomato varieties namely BARI Tomato-1, BARI Tomato-2, BARI Tomato-4, 

BARI Tomato-5, BARI Tomato-7, BARI Tomato-10, BARI Tomato-11, BARI 

Tomato-12, BARI Tomato-14 and BARI Tomato-15 were collected from the (BARI), 

Gazipur.  

Cultivation of the tomato varieties 

Seeds of the tomato varieties were sown separately in a well prepared seed bed 

(size 3 × 0.6 m and 15 cm in height) to raise seedling. The distance between two beds 

was 70 cm. Seeds were sown on 31
st
 October and the seed rate was 300 g ha

-1
. Prior 

to sowing seeds were treated with Thiram (2g kg
-1

 of seed) to avoid damage from 

damping off disease. Seeds were sown at a depth of 2-3 cm and covered with a fine 

layer of soil followed by light watering by water can. The beds were covered with 

dry straw to maintain temperature and moisture. The cover of dry straw was removed 

immediately after germination had complete. During the last week in nursery, the 

seedlings were hardened by slightly withholding water. The seedlings were cultivated 

in a completely randomized design with a plot size of 3.0 × 2.0 m.
 
Each variety was 

cultivated in three plots and there were 30 plots in this experiment. The spacing 

among the plots was 1.0 m. Seeds were sown on 20 November 2015 in rows. Each 

plot contained three rows and each row had 5 seedlings. The distance between two 

seedlings was 60 cm. The plants were supported by bamboo sticks to prevent 

lodging. The applied doses of NPK fertilizers for this study were 550 kg urea, 450 kg 

TSP, 250 kg MoP ha
-1

, respectively. The entire quantity of TSP and 1/3 MoP were 

applied during final land preparation. The entire urea and the rest of MoP were 

applied in three equal installments at 15, 30 and 50 days after transplanting. 

Intercultural operations such as mulching, weeding, irrigation etc were done 

whenever necessary. No plant protection measure was applied in the field.   

Screening against fruit borer 

The study field was monitored weekly to observe the abundance of fruit borer 

larvae and fruit infestation by them. To count the number of fruit borer larvae plant
-1

, 

third plant in each row was selected for each variety at 30, 50 and 70 days after 

transplanting. The total number of healthy fruits and infested fruits of each variety 

were recorded at each harvesting stage. Fruits were categorized as healthy and 

infested based on the absence or presence of pod borer infestation. The damaged and 

undamaged fruits were harvested five times and percentage of fruit infestation was 

calculated on number basis. A rating system for fruit damage developed by Kashyap 

and Verma (1986) was followed for estimating relative resistance/susceptibility.  

Determination of N2 in the fruit 

Percentage of nitrogen in healthy fruits of each variety was determined using 

the conventional Kjeldahl method. Chopped, oven dried, healthy fruit of each variety 

(1.0 g) was weighed using a digital balance (MR 220 no. 971373; Mettler, Berlin, 

Germany) and transferred to Kjeldahl flasks. For each sample, concentrated H2SO4 
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(20 ml) was added in the presence of 3-4 g catalyst mixture (K2SO4–CuSO4, 5:1). 

The flask was continuously heated until the solution became clear. The flask was 

then allowed to cool and 150 ml distilled water was added. A few zinc granules were 

added to the mixture. One hundred milliliters of 40% NaOH was then poured into the 

flask, which was immediately attached to a distillation set. An Erlenmeyer flask 

containing methyl red and methyl blue indicator was placed underneath prior to 

collecting the distillate. Approximately 150 ml of distillate was collected and titrated 

with standardized 0.1N HCl. The nitrogen content was calculated using the equation: 

                                             

Where, T is the sample titer (ml), B is the blank titer (ml), N is the 

concentration of HCl (0.1N) and S is sample weight.  

Identification of plant morphological characters and calculation of yield 

Leaf thickness and number of trichomes were observed on the terminal leaflet 
of the fourth leaf in 3 plants per variety. From each leaflet 1 cm

2 
section was taken 

from 1.5 cm above the base and 0.5 cm from each side of the main vein. Rind 
thickness was measured on the physiological mature fruits. Three fruits were 
randomly selected for each variety and from each fruit 1 cm

2 
section, located at 0.5 

cm from the calyx was taken. Leaf thickness and rind thickness were measured with 
an ocular micrometer (Carl Zeiss, Germany) at 10X amplification under a 
microscope (Carl Zeiss, Germany). Number of leaf trichomes was counted under the 
microscope. At each harvesting stage, data on fruit length, diameter and weight were 
taken from the healthy and infested fruits. Fruit length and diameter was measured 
with slide calliper and weight was taken with a digital balance (AG204, Mettler 
Toledo, Switzerland). The fruit yield recorded in each harvesting stage of a variety 
was pooled for the entire season and calculated in tons per hectare.  

Germination test 

The percentage of seed germinated indicates the seed quality of the varieties. A 
germination test was conducted in homogenous environmental conditions in the 
laboratory at 25 °C. Trays (30 cm × 30 cm × 5 cm) were used for this purpose. A 
single sheet of paper was placed in the bottom of each tray to cover drainage holes. 
The trays were filled with clean, moist sand, and fresh sand was used for each test. 

Seeds of each variety were randomly collected from their respective bags and 
counted. For each variety, 100 seeds were sown on each of five replicate trays in 4 
rows of 25 seeds. Seeds were sown at the normal seeding depth of 2–3 cm and 
watered every second day. Only normal seedlings were counted after 10 days when 
the majority of seedlings had emerged. Diseased, discolored, or malformed seedlings 
were excluded from counts. The total number of normal, vigorous, and healthy 
seedlings for each variety was used to determine germination percentage. Normal 
seedlings, abnormal seedlings, and non-germinated seeds were defined and detected 
according to the International Seed Testing Association (ISTA) protocol.  
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Statistical analysis 

Data were analyzed by one way analysis of variance (ANOVA) and the mean 

values were separated by Duncan multiple range test (DMRT). All the analyses were 

performed using SPSS (IBM Statistics 21.0).  

RESULTS 

Table 1 showed that the leaf thickness, number of trichomes, rind thickness and 

nitrogen content of the varieties differed significantly (leaf thickness: F9, 20 = 44.9, p 

˂  0.001; number of trichomes: F9, 20 = 11.8, p ˂  0.001; rind thickness: F9, 20 = 18.5, p 

˂  0.001); nitrogen content: F9, 20 = 51.9, p ˂  0.001). The BARI Tomato-10 revealed 

the highest leaf thickness and the varieties BARI Tomato-2 and BARI Tomato-12 

showed statistically similar and lowest leaf thickness. The BARI Tomato-15 and 

BARI Tomato-10 revealed statistically identical and higher number of trichomes and 

the varieties BARI Tomato-7 and BARI Tomato-5 showed statistically similar and 

lower number of trichomes. The BARI Tomato-12 had highest rind thickness 

followed by BARI Tomato-4. Other varieties revealed statistically similar and lower 

rind thickness. Nitrogen content was found statistically similar and higher in BARI 

Tomato-7, BARI Tomato-11 and BARI Tomato-12, and that was lowest in BARI 

Tomato-1. 

Table 1.  Variations in leaf thickness (mm), trichomes (number per cm
2
), rind 

thickness (mm) and nitrogen content (%) among the tomato varieties     

Variety Leaf thickness Trichomes Rind thickness  Nitrogen 

BARI Tomato -1 0.82±0.01 ef 4.7±0.3 b 0.51±0.02 c 2.2±0.03 d 

BARI Tomato -2 0.74±0.02 g 4.0±0.0 bc 0.35±0.03 d 2.5±0.07 c 

BARI Tomato -4 1.0±0.01 c 3.7±0.3 bd 0.73±0.02 b 2.8±0.03 ab 

BARI Tomato -5 1.0±0.03 b 2.7±0.3 d 0.55±0.03 c 2.3±0.03 d 

BARI Tomato -7 0.76±0.01fg 2.7±0.3 d 0.37±0.02 c 2.8±0.05 a 

BARI Tomato -10 1.18±0.04 a 5.7±0.3 a 0.48±0.04 c 2.2±0.02 d 

BARI Tomato -11 0.9±0.01 d 3.3±0.3 cd 0.55±0.05 c 2.9±0.05 a 

BARI Tomato -12 0.74±0.02 g  3.3±0.3 cd 0.84±0.03 a 2.9±0.01 a 

BARI Tomato -14 0.75±0.00fg 3.7±0.3 bd 0.45±0.05 cd 2.2±0.04 d 

BARI Tomato -15 0.86±0.02 de 5.7±0.3 a 0.57±0.03 c 2.7±0.05 bc 

Data expressed as mean ±SE. Means within a column followed by same letter(s) are not significantly 

different by DMRT (p ≤ 0.05). 
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Table 2 indicated that the screened varieties were infested by H. armigera but their 

level of infestation differed significantly (F9, 20 = 9.1, p ˂  0.001). None of the 

varieties was found highly resistant to the fruit borer. The BARI Tomato-11, BARI 

Tomato-10, BARI Tomato-15, BARI Tomato-4 and BARI Tomato-1 revealed lower 

level of fruit infestation and these varieties were classified as resistant. The BARI 

Tomato-5, BARI Tomato-2, BARI Tomato-12 and BARI Tomato-14 showed 

medium level of infestation and these varieties were classified as moderately 

resistant. The BARI Tomato-7 showed highest level of infestation and this variety 

was classified as moderately susceptible. The fruit borer larval population on the 

screened varieties ranged from 0.3±0.3 to 1.7±0.3 plant
-1

, and the results differed 

significantly (F9, 20 = 2.6, p ˂  0.05; Table 2). The BARI Tomato-7 showed the 

highest number of fruit borer larval population while BARI Tomato-2, BARI 

Tomato-5, BARI Tomato-12 and BARI Tomato-14 showed intermediate response. 

The BARI Tomato-1, BARI Tomato-4, BARI Tomato-10, BARI Tomato-11 and 

BARI Tomato-15 revealed statistically similar and lower number of larval 

population. These five varieties were classified as resistant to tomato fruit borer on 

the basis of fruit infestation. There were found significant differences in the lengths 

of healthy and infested fruits (healthy fruit length: F9, 20 = 52.7, p < 0.001; infested 

fruit length: F9, 20 = 46.5, p < 0.001; Table 3). The BARI Tomato-7 and BARI 

Tomato-12 revealed statistically similar and longer fruits compared to other varieties. 

Fruit lengths of the studied varieties showed reduction due to the infestation of fruit 

borer. The BARI Tomato-11 and Tomato-4 revealed the highest and lowest length 

reduction, respectively.    

Table 2.  Responses of different tomato varieties to fruit borer larval population 

abundance and fruit infestation 

Variety Number of larvae plant-1 % Fruit infestation Resistant category 

BARI Tomato -1 0.3±0.3 b 10.0± 1.7 c Resistant 

BARI Tomato -2 1.0±0.0 ab 12.6±3.4 bc Moderately resistant 

BARI Tomato -4 0.7±0.3 b 9.5±1.2 c Resistant 

BARI Tomato -5 1.0±0.0 ab 12.4±0.5 bc Moderately resistant 

BARI Tomato -7 1.7±0.3 a 22.2±2.9 a Moderately susceptible 

BARI Tomato -10 0.3±0.3 b 6.9±0.6 cd Resistant 

BARI Tomato -11 0.3±0.3 b 3.6±0.5 d Resistant 

BARI Tomato -12 1.3±0.3 ab 15.7±1.6 b Moderately resistant 

BARI Tomato -14 1.3±0.3 ab 16.2±0.6 b Moderately resistant 

BARI Tomato -15 0.7±0.3 b 7.3±1.8 cd Resistant 

Data expressed as mean ±SE. Means within a column followed by same letter(s) are not significantly 

different by DMRT (p ≤ 0.05). 
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There were found significant differences in the diameters of the healthy (F9, 20 = 

52.7, p < 0.001) and infested (F9, 20 = 42.8, p < 0.001) fruits of the screened varieties 

(Table 3). Both in healthy and infested fruits, the BARI Tomato-7 and BARI 

Tomato-11 revealed the highest and lowest diameter, respectively. The BARI 

Tomato-11 and BARI Tomato-15 revealed the highest and lowest diameter reduction, 

respectively.  The weights of the healthy and infested fruits of the varieties differed 

significantly (healthy fruit weight: F9, 20 = 101.0, p < 0.001; infested fruit weight: F9, 20 

= 19.8, p < 0.001; Table 3). The BARI Tomato-7 showed the highest fruit weight 

both in healthy and infested conditions. The BARI Tomato-11 had the lowest fruit 

weight. The BARI Tomato-7 and BARI Tomato-1 showed the highest and lowest 

weight reduction, respectively.   

Table 3. Effect of fruit borer infestation on the fruit length, diameter and weight of 

different tomato varieties 

Variety Fruit length (cm) %Length 

reduction 

Fruit diameter (cm) %Diameter 

reduction 

Fruit weight (g) %Weight 

reduction 

Healthy Infested Healthy Infested Healthy Infested 

BARI Tomato -1 6.3±0.07 bc 5.6±0.08 b 10.0 6.6±0.07 c 5.2±0.20 cd 21.7 74.5±1.2 bc 58.2±2.5 b 21.9 

BARI Tomato -2 6.0±0.10 bc 5.4±0.19 bc 10.5 6.4±0.16 c 5.6±0.16 c 14.2 70.9±3.1 cd 49.1±1.4 bc 30.7 

BARI Tomato -4 5.3±0.07 e 4.9±0.07 d 7.3 6.0±0.11 d 5.3±0.25 cd 11.7 59.1±4.9 e 39.8±2.5 c 32.6 

BARI Tomato -5 5.8±0.01 cd 5.1±0.15 cd 11.8 5.9±0.09 d 5.4±0.09 c 9.5 54.9±0.93 e 38.9±3.3 c 29.1 

BARI Tomato -7 7.3±0.17 a 6.1±0.11 a 17.7 8.3±0.13 a 6.8±0.24 a 17.3 116.5±2.3 a 70.1±3.9 a 39.8 

BARI Tomato -10 4.4±0.23 f 3.9±0.15 e 10.5 4.8±0.14 f 4.1±0.20 e 12.7 38.2±1.4 f 27.7±2.6 d 27.5 

BARI Tomato -11 3.8±0.24 g 3.0±0.11 f 19.8 3.6±0.30 g 2.7±0.10 f 24.3 28.5±3.1 g 20.3±2.8 d 28.8 

BARI Tomato -12 6.8±0.88 a 6.3±0.29 a 8.3 7.6±0.11 b. 6.1±0.17 b 18.8 79.7±2.6 b 55.8±3.5 b 29.9 

BARI Tomato -14 6.3±0.06 b 5.8±0.12 ab 7.9 5.3±0.17 e 4.8±0.11 d 9.9 77.6±1.5 bc 51.2±5.3 b 34.0 

BARI Tomato -15 5.5±0.15 de 5.0±0.06 cd 8.9 5.9±0.13 d 5.4±0.03 c 7.4 66.4±1.8 d 47.6±3.4 bc 28.3 

Data expressed as mean ±SE. Means within a column followed by same letter(s) are not significantly different by DMRT (p ≤ 0.05). 
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Table 4.  Effect of fruit borer infestation on the yield and germination of different 

tomato varieties    

Variety Yield of tomato fruit (t ha-1) Yield loss 

(%) 

Germination 

(%) 
Total yield Healthy fruit  Infested fruit  

BARI Tomato -1 37.4±3.7 a 34.4±3.4 a 2.9±0.7 bd 7.9 76.7±2.4b  

BARI Tomato -2 38.1±2.2 a 34.5±2.7 a 3.5±0.5 bc 9.6 73.3±1.3 bc 

BARI Tomato -4 39.0±3.3 a 36.2±3.4 a 2.8±0.3 ce 7.3 77.3±1.3 b 

BARI Tomato -5 20.9±4.3 b 18.5±4.1 bc 2.4±0.4 ce 10.8 66.7±1.8 de 

BARI Tomato -7 36.6±2.7 a 30.8±3.1 a 5.7±0.6 a 15.9 62.7±1.3 e 

BARI Tomato -10 34.3±2.2 a 32.5±2.3 a 1.8±0.1 df 5.2 78.7±1.3 b 

BARI Tomato -11 14.8±1.1 b 14.1±1.1 c 0.6±0.1 f 3.9 88.0±2.3 a 

BARI Tomato -12 31.8±2.7 a 27.6±2.6 ab 4.2±0.2 b 13.2 70.7±1.3 cd 

BARI Tomato -14 29.9±3.1 a 26.2±3.0 ab 3.7±0.3 bc 12.5 70.7±1.3 cd 

BARI Tomato -15 34.2±3.4 a 32.8±3.6 a 1.6±0.1 ef 4.8 90.7±2.7 a 

Data expressed as mean ±SE. Means within a column followed by same letter(s) are not significantly different by DMRT (p 

≤ 0.05). 
 

There were significant differences in total fruit yield (F9, 20 = 27.9, p < 0.001), 

healthy fruit yield (F9, 20 = 5.7, p < 0.01), infested fruit yield (F9, 20 = 12.2, p < 0.001) 

and seed germination (F9, 20 = 25.2, p < 0.001) of the screened varieties (Table 4). All 

the varieties except BARI Tomato-5 and BARI Tomato-11 showed statistically 

similar and higher total yield. The BARI Tomato-1, BARI Tomato-2, BARI Tomato-

4, BARI Tomato-7, BARI Tomato-10 and BARI Tomato-15 showed statistically 

similar and higher healthy fruit yield, and BARI Tomato-11revealed the lowest 

healthy fruit yield. The BARI Tomato-7 and BARI Tomato-11showed the highest 

and lowest infested fruit yield, respectively. The BARI Tomato-7 and BARI Tomato-

11 showed the highest and lowest yield reduction, respectively. The BARI Tomato-

15 revealed the highest performance in germination which was statistically identical 

with BARI Tomato-11. The BARI Tomato-7 depicted the lowest germination 

performance.  

DISCUSSION 

The varieties of plant species differ in their morphological characteristics such 

as leaf thickness, trichome density, pubescence, rind thickness and biochemical 

contents like percentage of starch, protein, amino acid, phenol etc. The variations in 

the host plant morphological characteristics and biochemical contents affect mating 
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and oviposition behavior, foraging, feeding, growth and development, and population 

dynamics of herbivore insects (Amin et al., 2011; Amin et al., 2015). Rafiq et al. 

(2008) reported that plant characteristics are known to render the cultivars less 

suitable or unsuitable for the feeding, oviposition and development of insect pests. 

Goncalves-Alvin et al. (2004) reported that availability of the nutrients in the host 

plants improve their quality to attract the insects. 

In the present study, the screened tomato varieties differed in their leaf 

thickness, trichome density, rind thickness and nitrogen content. Among the screened 

varieties, BARI Tomato-7 and BARI Tomato-12 possessed lowest trichome density 

and rind thickness, highest nitrogen content and comparatively lower leaf thickness, 

and the varieties were classified as resistant and moderately susceptible, respectively. 

Tomato plants possess glandular and nonglandular trichomes which are considered as 

the most important pest resistance factor (Gurr and McGrath, 2001; Simmons and 

Gurr, 2005). There are reports that the presence, density and distribution of the 

trichome depend on the tomato genotype, organs/tissue, age and environmental 

conditions (Wilkens et al., 1996; Gurr and McGrath, 2001; Kang et al., 2010). 

In the present study, the tested varieties differed in their level of fruit 

infestation by fruit borer. That is why the varieties are classified as resistant, 

moderately resistant and moderately susceptible. Among the studied varieties, BARI 

Tomato-1, BARI Tomato-4, BARI Tomato-10, BARI Tomato-11 and BARI Tomato-

15 revealed significantly lower number of fruit borer larval abundance and exerted 

lower level of fruit infestation, and these varieties are classified as resistant. On the 

contrary, BARI Tomato-2, BARI Tomato-5, BARI Tomato-12 and BARI Tomato-14 

revealed moderate number of fruit borer larval abundance and exerted moderate level 

of fruit infestation, and these varieties are classified as moderately resistant. The 

BARI Tomato-7 showed highest number of fruit borer larval population and depicted 

highest level of fruit infestation because of that the variety is classified as moderately 

susceptible. Kashyap and Verma (1986) recorded 42 to 55% infestation of tomato 

fruits by fruit borer in susceptible varieties while it was 1.7 to 2.9% in resistant 

varieties. Singh and Narang (1990) observed 51.2% fruit infestation by H. armigera 

in Panjab, India. Singh et al. (2013) screened 13 varieties of tomato in Manipur, India 

and observed 8.47 to 8.5%, 10.2 to 17.1% and 20.5 to 22.8% fruit infestation and 

classified the varieties as resistant, moderately resistant and moderately susceptible, 

respectively. Sajjad et al. (2011) evaluated thirty two tomato genotypes against fruit 

borer in Pakistan and categorized three genotypes as susceptible which had fruit 

infestation 36.4 to 37.7% and larval population 0.84 to 1.02% plant
-1

, and three 

genotypes as resistant which had fruit infestation 12.30 to 13.96% and larval 

population 0.42 to 0.43% plant
-1

.  

Fruit length, diameter and weight are inherent characters of the varieties and 

these traits affect the yield. The present study showed that the screened tomato 

varieties differed in their fruit length, diameter, weight and yield. The varieties also 
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showed variations in the reduction of fruit length, diameter, weight and yield which 

were caused due to the infestation of fruit borer. Among the tested varieties, BARI 

Tomato-7 showed comparatively higher level of fruit length and diameter reduction, 

and highest level of weight and yield reduction, as the variety exerted highest 

abundance of fruit borer larval abundance and infestation rate. The BARI Tomato-7 

showed lowest percentage of germination due to the highest level of fruit infestation. 

The present findings indicated that the effect of fruit borer infestation on the yield 

and germination of the screened varieties was negative.  

The present study showed that the BARI Tomato-1, BARI Tomato-4, BARI 

Tomato-10, BARI Tomato-11 and BARI Tomato-15 are classified as resistant against 

tomato fruit borer. It may be due to less flesh in fruits and rough surface of the plant. 

Mishra et al. (1988) reported that tomato genotypes with tight mesocarp and hard 

pulp of fruits are resistant. Selvanarayanan and Narayanasamy (2006) reported that 

trichome density in the foliage is the indication of resistant. The BARI Tomato-7 was 

found moderately susceptible, may be due to the reason of high nitrogen content, 

which accord with the findings of Minkenberg and Ottenheim (1990).  

CONCLUSION 

It can be concluded that out of the tested varieties BARI Tomato-1, BARI 

Tomato-4, BARI Tomato-10, BARI Tomato-11 and BARI Tomato-15 were found as 

resistant. The moderately susceptible variety was BARI Tomato-7. Further work is 

needed to characterize the mechanisms of resistance in tomato varieties against fruit 

borer.  
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ABSTRACT 

This study evaluatesthe socio-economic demographic, as well as the 
preferences and behavioral characteristics of consumers who participate 
in bed and breakfast agritourism activity. The results from the logit model 
indicate that those who consumed a wider variety of fruits in the past 5 
years, those who learn about agritourism from sign at market, those who 
consider that the facility at agritourism sites are important, those who 
have children under the age of 17, those who are retired from the job, 
and whose income range between $60,000 to $79,000 are more likely to 
be willing to participate in the bed and breakfast agritourism activity. 
However, those who learn about agritourism from newspapers, those 
who have two year collage education, male, homemakers, and whose 
income range from $20, 000 to $39,000 are less likely to be participate in 
bed and breakfast agritourism activity in Mid-Atlantic Region. 

Keywords: Agritourism, willing to participate, bed and breakfast, logit 

    model, mid-atlantic region 

INTRODUCTION 

Land use activities, for example transforming natural environment for human 

use or altering management practices on lands, have converted a large portion of the 

planet as a developed land surface (DeFries et al., 2004; Foley et al., 2005; 

Sutherland et al., 2016). One of the consequences of this transformation is the 

disappearance of farmland in favor of ‘urban sprawl’, especially in the North Eastern 
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United States. Corollary to this transformation is the emergence of two types of farm 

holdings: farms with less than 50 acres and farms with more than 500 acres have both 

of which have increased their share of total farm holdings since 1974, with a decline 

in the midsize farms (USDA, 2012). Small farms, mainly family owned, still hold the 

‘mythic standing’ in the United States, harking back to the ‘Jeffersonian romantic 

sensitivities’ (Browne, 2001; Lipton, 2005; Schilling, 2014; Onyango et al., 2015). 

Protecting small farms has long been a federal and State policy objective, rationalized 

in part by the priority of maintaining local food production, and safeguarding the 

environment and reflection of the inherent value Americans place on the rural 

landscape. The local economy has a direct impact on the prosperity of these family 

farms through the availability of off-farm jobs and the success of nonfarm businesses 

owned by farm operators and their family members. On an average 91 percent of 

U.S. farms are classified as small farm with a gross cash farm income (GCFI) of less 

than $250,000. About 60 percent of these small farms are very small, generating 

GCFI of less than $10,000 (USDA, 2010).The sustainability and the long term 

viability of these farms are at stake, unless farmers adapt by finding new market 

niches in alternate income generating activities. 

Tourism is one of the fastest and leading industries in the world (Edgell, 1990; 

WTO, 2004; Kumar et al, 2016). In both developed and developing countries, 

tourism, eco-tourism and agritourism are frequently considered to be a sustainable 

way of raising the economic activity of regions (Ceballos, 1995, Surendran and 

Sekar, 2010; Tew and Barbieri, 2012; Koutsouris et al., 2014; Chiu et al., 2016). A 

recent trend in this regard is the utilization of natural resources for tourismto 

diversify income, and to reduce risks that are an inherent nature of agriculture, 

ecosystem services, and biodiversity (Nickerson et al., 2001; McGehee and Kim, 

2004; Che et al., 2005; Surendran and  Sekar, 2011; Tew and Barbieri, 2012; 

Barbieri, 2013). Agritourism is defined “as embracing the full range of products and 

services, development options and marketable linkages possible across the Agri-

Food-Tourism value chain, including those tourism products developed for 

rural/urban/agricultural environments” (Harvey, 2001). University of California 

Small Farm program (2012) define it as “Agricultural tourism is a profitable venture 

at a working farm, ranch or agricultural plant conducted for the enjoyment or 

education of visitors, and that generates additional income for the farmers”. 

Agritourism can include U-pick, farm stays, farm stand or shops, tours, on-farm 

classes, orchard dinners, fairs, festivals, Christmas tree farms, pumpkin patches, 

winery weddings, youth camps, hunting or fishing, barn dances, guest ranches, and 

more’.  

U. S. Department of Agriculture assessed that more than 62 million Americans, 

who were at least 16 years of age or older, and 20 million children, under the age of 

16, visited agricultural farm (NSRE 2002; Wilson, Thilmany and Sullins 

2006;Onyango et al., 2015).Their genuine interest in agritourism and supporting 

direct marketing also fuels travel and tourism. It is clear that the desire for tourism, 
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along with the value and quality of goods and services, will continue to attract 

consumers in the future, assuming that demand will continue to be met by farm 

operators. The purpose of this study is to elucidate consumers’ perception to 

participating in bed and breakfast agritourism activity and attributes that influence 

their decision to undertake such agritourism activities. Factors that derive demand for 

agritourism businesses and determine who will visit are imperative to know in order 

to further develop plans on an individual level. Since, agritourism activities are key 

regional business development strategies, all information that comes directly from 

consumers could motivate owners to plan, act, and improve their businesses in 

accordance with the findings. 

METHODOLOGY 

An online survey of consumers living in New Jersey, Pennsylvania, and 

Delaware was conducted in 2010 to document the characteristics of consumers who 

visit agritourism operations and/or buy at farmer-to-consumer direct market outlets in 

the northeastern United States. Among the 2594 members who were registered with 

this panel and accessed the survey, 1134 met the screener criteria and began the 

survey (133 from DE, 424 from NJ, and 577 from PA), with 993 completing the 15-

minute survey questionnaire (364 from NJ, 507 from PA and 122 from DE). Panelists 

were enquired to quantify the amount of produce procured at direct marketing outlets, 

the number of visits per month, the type of produce bought and dollars spent during 

per visit at the farmer-to-consumer direct market outlets, as well as demographic 

questions (e.g., gender; age; household size; annual gross household income etc.). 

MODEL SPECIFICATION 

The respondents were interviewed whether they are willing to participate in a 

bed and breakfast event in the agritourism activity. In the logit model framework, the 

dependent variable is defined as ‘1’if the respondent is willing to participate in a bed 

and breakfast agritourism activity and‘0’ otherwise. The empirical model assumes 

that the probability of observing the dependent variable Pi is contingent upon the 

vector of independent variables Xij associated with visitor (i) and variable (j). The 

relationship between willingness to participate in a bed and breakfast agritourism 

activity, visitor’s behaviors, agritourism attributes, and socio-demographic 

characteristics were explored as follows: 

             ……………………………………………..…..………………. (1) 

=   +   Visitor’s Behavior +                            

+                                   + 

Where: 

  is the probability of willing to participate in the bed and breakfast event,  
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     is the linear combination of independent variable. 

 is the parameters to be estimated. -  is adisturbance term orerror term. 

Logistic distributional assumption for the random term, the probability   can be 

expressed as: 

           
 
                           

    ……………. (2) 

The estimated coefficients in Equation 2 do not directly represent the marginal 

effects of the independent variables on the probability   . 

If the dependent variable is continuous, the marginal effect of 
 
 on    is given as: 

                                    
 ……………………… (3) 

In the case of a binary explanatory variable    which take values of 1 and 0, and the 

marginal effect is determined as: 

                                  …………………………….. (4) 

The logit model is formulated as: 

BBFAST= = 0 + 1 MOREFRUITS+ 2 WIDERFRUITS+ 3 PYOVISITS + 4 

PYOEXP 

+ 5 AGRITOURVISITS + 6 DMBILLBOARDADV+ 7 DMATMARKETADV 

+ 8 WTPDIRECTMKT+ 9WTBGM+ 10AGRITOURMKT  

+ 11 AGRITOURPAPER + 12 FACILITYIMP+  13 EDUCATIONIMP  

+ 14 GARDEN + 15 URBAN+ 16 HOUSEHOLD+ 17 UNDER17 

+ 18 MALE+ 19 AGE<20+ 20 AGE21TO35+ 21 AGE36TO50  

+ 22 2YEARCOLLGE + 23 4YEARCOLLEGE + 24 GRADUATE  

+ 25 RETIRED+ 26 EMPLOYED + 27 HOMEMAKER+ 28 STUDENT 

+ 29 CAUCASIAN +  30 INC20K-39K + 31 INC40K-59K+ 32 INC60K-79K+ 33 

INC80K-99K + 34 INCABOVE100K………………. (5) 

 The dependent variable is dichotomous such that it equals‘1’ if the respondent 

participated in bed and breakfast agritourism activities; 0=otherwise. Independent 

variables include participant’s attitudes, behaviors and socio-economics 

characteristics.  

RESULT AND DISCUSSION 

Survey participants were selected randomly from direct marketing and 

agritourism consumers in the Mid-Atlantic region, specifically in the states of New 

Jersey, Delaware, and Pennsylvania. The independent variables were used in the logit 

model to predict the factors that influence the respondent’s willingness to participate 
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in bed and breakfast agritourism activity. In table 1, the discrete and continuous 

independent variables are explained in terms of average units and the binary dummy 

variables are explained in terms of percentage distribution. For example, On an 

average, 17% of respondent participated in bed and breakfast agritourism activity 

(BBFAST) and the remaining 63% of them were not. The average number of visits 

per year to a Pick-Your-Own operation was about 1.97 times (PYOVISITS) and per 

visit they spent about $13.51 (PYOEXP) etc,. Hence, none of the hypothesis was 

made towards behavioral and perceptional attitudes of participants. 

Table 1. Description of independent variables 

S. No Variable Description 

Mean 

Units/ 

% 

SD 

Units/ 

% 

 BBFAST 
1 if participant participated in bed and 

breakfast agritourism activity; 0=otherwise 0.17 0.37 

1.  MOREFRUITS 
1 if the participant consumed more fruits in 

the past 5 years; 0=otherwise 0.73 0.44 

2.  WIDERFRUITS+ 

1 if the participant consumed a wider 

variety of fruits in the past 5 years; 

0=otherwise 0.85 0.36 

3.  PYOVISITS 
Average number of visits per year to a 

Pick-Your-Own operation 1.97 2.79 

4.  PYOEXP 
Average amount spent per visit at a Pick-

Your-Own operation 13.51 13.05 

5.  AGRITOURVISITS  
Average number of visits per year to an 

agritourism location 2.96 2.43 

6.  DMBILLBOARDADV 

1 if the participant learns about direct 

markets through billboard and roadside 

sign advertisements; 0=otherwise 0.39 0.49 

7.  DMATMARKETADV 

1 if the participant learns about direct 

marketing outlets from sign at the market 

entrance; 0=otherwise 0.51 0.50 

8.  WTPDIRECTMKT 

1 if the participant is willing to pay more 

for agricultural products from direct 

markets compared to supermarkets; 

0=otherwise  0.64 0.48 

9.  WTBGM 
1 if the participant is willing to buy 

genetically modified products; 0=otherwise 0.17 0.37 

10.  AGRITOURMKT+ 
1 if the participant learns about agritourism 

from sign at market; 0=otherwise 0.37 0.48 
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S. No Variable Description 

Mean 

Units/ 

% 

SD 

Units/ 

% 

11.  AGRITOURPAPER- 
1 if the participant learns about agritourism 

from newspaper; 0=otherwise 0.53 0.50 

12.  FACILITYIMP+ 
1 if the participant thinks that the facility at 

agritourism site is important; 0=otherwise 0.70 0.46 

13.  EDUCATIONIMP 

1 if the participant thinks that educational 

demonstration and workshops at 

agritourism site is important; 0=otherwise 0.38 0.48 

14.  GARDEN  
1 if the participant has a vegetable garden 

at home; 0=otherwise 0.47 0.50 

15.  URBAN 
1 if the participant lives in an urban 

location; 0=otherwise 0.11 0.31 

16.  HOUSEHOLD Number of people in the household 2.89 1.40 

17.  UNDER17- 
Number of children below 17 years in the 

household 1.72 1.09 

18.  MALE- 1 if the participant  is a male; 0=otherwise 0.25 0.43 

19.  AGE<20 
1 if the participant is less than 20 years old; 

0=otherwise 0.02 0.15 

20.  AGE21TO35 
1 if the participant is between 21 and 35 

years old; 0=otherwise 0.29 0.46 

21.  AGE36TO50 
1 if the participant is between 36 and 50 

years old; 0=otherwise 0.29 0.45 

22.  2YEARCOLLGE- 
1 if the participant has a two-year college 

education: 0=otherwise 0.27 0.44 

23.  4YEARCOLLEGE 
1 if the participant has a four-year college 

education: 0=otherwise 0.29 0.45 

24.  GRADUATE 
1 if the participant has a graduate degree: 

0=otherwise 0.16 0.36 

25.  RETIRED+ 1 if the participant is retired; 0=otherwise 0.14 0.35 

26.  EMPLOYED 
1 if the participant is employed by others; 

0=otherwise 0.54 0.50 

27.  HOMEMAKER- 
1 if the participant is a homemaker; 

0=otherwise 0.17 0.38 

28.  STUDENT 
1 if the participant has up to high school 

education: 0=otherwise 0.07 0.25 
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S. No Variable Description 

Mean 

Units/ 

% 

SD 

Units/ 

% 

29.  CAUCASIAN 1 if the participants Caucasian: 0=otherwise 0.88 0.32 

30.  INC20K-39K- 
1 if the participant’s income is between 

20,000 and 39,999; 0=otherwise 0.19 0.39 

31.  INC40K-59K 
1 if the participant’s income is between 

24,000 and 59,999; 0=otherwise 0.22 0.41 

32.  INC60K-79K+ 
1 if the participant’s income is between 

60,000 and 79,999; 0=otherwise 0.19 0.39 

33.  INC80K-99K 
1 if the participant’s income is between 

80,000 and 99,999; 0=otherwise 0.13 0.34 

34.  INCABOVE100K 
1 if the participant’s income is above 

100,000; 0=otherwise 0.19 0.39 

 Results from the logit model confirm the factors that influence respondents’ 

willingness to participate in the bed and breakfast agritourism activity. The chi-

square statistics rejected the null hypothesis that the explanatory variables as a set 

were not important in explaining variations in the dependent variable at 0.001 level 

and the McFadden’s R
2
 was 0.06265.The  

2
value was 64.22 with 34 degrees of 

freedom. The tabulation of prediction success is shown in the classification table 

(Table 2).  

Table 2. Logit model predictive accuracy 

Actual Value 

Predicted Correct 

Total 0 1 

0 940(83 %) 4 (0.4 %) 944 (83%) 

1 182(28%) 8 (0.7 %) 190 (17%) 

Total 1122(99 %) 12 (1.1 %) 1134 (100.00%) 

 Number of correct predictions: 948,                       Percentage of correct predictions: 83.6% 

 McFadden R2: 0.06265                       Chi squared: 64.22 

 Degrees of freedom: 34.0                       P-value = 0.117 with degrees of freedom = 8 

 Overall Model Significance: 0.00 

With a 50-50 classification system, almost 84 percent of the individuals in the 

sample were correctly classified as those who place high degree of importance on bed 

and breakfast events when participating in the agritourism activities. 
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 The logit model summary for participation in bed and breakfast events is 

displayed in table 3. Among the 34 independent variables, WIDERFRUITS, 

AGRITOURMKT, FACILITYIMP, UNDER17, RETIRED and INC60K-79K 

variables are positively influencing, whereas, AGRITOURPAPER, MALE, 

2YEARCOLLGE, HOMEMAKER and INC20K-39K are negatively impacting,  at 

least at a 10% level on  bed and breakfast events when participating in the 

agritourism activities. The model results indicate that, among the respondents, those 

who consumed a wider variety of fruits in the past 5 years (WIDERFRUITS) are 5% 

more to be willing to participate in the bed and breakfast agritourism activity because 

of concerns about fresh fruits and vegetables compared to those who thought 

otherwise.  

Table 3. Logit regression results  

S.No Variable Coefficient 
Standard 

Error 
T-Ratio Probability 

Marginal 

effect 

 
Constant -0.182*** 0.023 -8.057 0.000 -0.1817 

1. MOREFRUITS -0.00017 0.00011 -1.512 0.131 -0.0002 

2. WIDERFRUITS 0.055*** 0.011 5.146 0.000 0.0555 

3. PYOVISITS -0.0004 0.0003 -1.211 0.226 -0.0001 

4. PYOEXP 0.0001 0.0001 1.566 0.118 0.0001 

5. AGRITOURVISITS  0.0001  0.0001 0.614 0.539 0.0000 

6. DMBILLBOARDADV -0.018 0.012 -1.58 0.114 -0.0182 

7. DMATMARKETADV 0.018 0.012 1.578 0.115 0.0182 

8. WTPDIRECTMKT -0.0001 0.0001 -0.047 0.963 0.0000 

9. WTBGM -0.0001 0.0001 -0.024 0.981 0.0000 

10. AGRITOURMKT 0.022* 0.012 1.795 0.073 0.0217 

11. AGRITOURPAPER -0.021* 0.013 -1.799 0.074 -0.0217 

12. FACILITYIMP 0.0002* 0.0001 1.687 0.092 0.0002 

13. EDUCATIONIMP 0.0001 0.0001 -1.501 0.134 -0.0001 

14. GARDEN  -0.0001 0.0001 -0.914 0.361 -0.0001 

15. URBAN -0.001 0.001 -0.521 0.603 -0.0005 

16. HOUSEHOLD 0.0001 0.001 0.352 0.725 0.0004 

17. UNDER17 0.0006** 0.0003 -2.051 0.040 -0.0002 
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S.No Variable Coefficient 
Standard 

Error 
T-Ratio Probability 

Marginal 

effect 

18. MALE -0.0001* 0.0001 -1.795 0.073 -0.0001 

19. AGE<20 -0.003 0.025 -0.127 0.899 -0.0032 

20. AGE21TO35 0.003 0.016 0.206 0.837 0.0032 

21. AGE36TO50 0.0001 0.016 0.000 0.999 0.0001 

22. 2YEARCOLLGE -0.022* 0.013 -1.678 0.093 -0.0223 

23. 4YEARCOLLEGE 0.007 0.011 0.647 0.518 0.0073 

24. GRADUATE 0.015 0.013 1.178 0.239 0.0154 

25. RETIRED 0.034* 0.018 1.876 0.061 0.0336 

26. EMPLOYED 0.003 0.012 0.28 0.780 0.0034 

27. HOMEMAKER -0.032* 0.019 -1.666 0.096 -0.0316 

28. STUDENT -0.005 0.023 -0.237 0.812 -0.0054 

29. CAUCASIAN 0.0001 0.0001 0.251 0.802 0.0000 

30. INC20K-39K -0.039** 0.019 -2.082 0.037 -0.0394 

31. INC40K-59K -0.011 0.014 -0.767 0.443 -0.0111 

32. INC60K-79K 0.025* 0.015 1.662 0.096 0.0248 

33. INC80K-99K 0.016 0.017 0.98 0.327 0.0163 

34. INCABOVE100K 0.009 0.014 0.642 0.521 0.0093 

*** Significant at 1%; **Significant at 5%; * Significant at 10%.  

In terms of agritourism information, those who learned about agritourism from 

signs at farm markets (AGRITOURMKT) were 2.2% more likely to be willing to 

participate in bed and breakfast agritourism activity, whereas those who learned 

about agritourism from newspapers (AGRITOURPAPER) were 2% less likely to be 

willing to participate in the bed and breakfast agritourism activity. A conflicting 

result were observed among those who learn about agritourism events through 

newspapers positively contributed towards the likelihood of participation in farm 

wine tasting events but were unwilling to participate in a bed and breakfast 

agritourism activity (Govindasamy and Kelley, 2014).  

In the case of onsite facility, those who thought that the facility at an 

agritourism site  important (FACILITYIMP) were 0.02% more likely to be willing to 

participate in a bed and breakfast agritourism activity. However, the 
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AGRITOURPAPER and FACILITYIMP variable is significant at 90% level but the 

impact on dependent variables was not statistically significant. Furthermore, 

respondents who had children under the age of 17 (UNDER17) were 0.02% more 

likely to be willing to participate in the bed and breakfast agritourism activity 

because this may be a new experiences for children who have had little exposure to 

farm life, growing up in a midsize city. Gender also play a vital role in participation 

in a bed and breakfast agritourism activity, 0.1% % of males (MALE) were less 

likely to be willing to participate in this event. However, results showed that males 

were more willing to make more trips to agritourism spots than females (Carpio et 

al., 2008). This clearly indicates that male were more willing to participate other 

agritourism events than in a bed and breakfast. 

Among respondents, those who have a two year collage education 

(2YEARCOLLGE) are 2% less likely to be willing to participate in the bed and 

breakfast agritourism compared to those who have up to a graduate level and above. 

A similar result was found in agritourism wine testing event (Govindasamy and 

Kelley, 2014). Also those who are retired  (RETIRED) are 3% more likely to be 

willing to participate in a  bed and breakfast agritourism activity due to availability of 

time compared others. Another interesting finding was that homemakers 

(HOMEMAKER) were less likely to be willingness to participate in the bed and 

breakfast agritourism activity. A similar result was also found in agritourism wine 

testing event (Govindasamy and Kelley, 2014). Those who had an income range from 

20, 000 to 39,000 (INC20K-39K) were 3% less likely to be willing to participate in 

the bed and breakfast agritourism activity, whereas those who had an income ranging 

from 60,000 to 79,000 (INC60K-79K) were 2% more likely to be willing to 

participate in the bed and breakfast agritourism activity, because of concerns about 

the affordability of the event.  

CONCLUSION 

Survey results demonstrate that agritourism outlets across the mid-Atlantic 

region generally appeal to consumers, with a few areas needing improvement. 

Research and data provided by this study may bring about a useful understanding of 

consumers’ perceptions, behaviors, and actions concerning their purchases, decision 

to visit, and general preferences towards bed and breakfast and agritourism activity. 

It may also generate conversation on how to advance businesses in order to benefit 

consumers and owners alike in the mid-Atlantic region of the United States, and 

perhaps may extend to similar nearby farming states outside of the region studied. 
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ABSTRACT 

Using the agricultural census data of 2011/12, this paper has attempted 
to identify the determinants of household level food security in the 
eastern region of Nepal. Being the censored type sample population, 
tobit model has been used. On an average, the households experienced 
no food shortages for 8.5 months, the cultivated land per household was 
0.85 hectare and around 34 percent of the cultivated land was irrigated. 
The results showed that the size of the land holding, nearness to the 
market,  male headed household, households members with agriculture 
and allied occupation and the educational level of household head were 
positive and significant variables while household size was negative and 
significant  variable to food security. It was also revealed that the hills 
and the mountains were more food insecure than Terai region. Hence, 
investment in human capital, creation of off-farm employment 
opportunities, increasing physical access through markets and roads 
development and access to land and augmenting their quality are 
needed to further improve the food security situation. Similarly, special 
programs should be implemented targeting female headed households 
as they are more food insecure than male headed households.  

Keywords: Determinants, food security, household, eastern region, 
                    Nepal   

INTRODUCTION 

The subject of food insecurity has attracted attention of the world, given its 

direct link to malnutrition. According to Collins (2005), food insecurity is linked to 

acute and chronic physical and mental health conditions such as higher levels of 

stress, anxiety, irritability, social isolation, heightened emotional responsiveness, 

eating disorders, depression as well as impaired cognitive abilities. This is harmful to 

human capital formation as it can ultimately result in low labor productivity. The 

undesirability of food insecurity due to its negative effect on the livelihoods and 
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economy has prompted governments to commit themselves for achieving food 

security through food self-sufficiency given the unreliability of imports. 

Food insecurity is increasing in the world where 795 million people are 

suffering from hunger. Out of them, about 780 million people are living in 

developing countries.  Compared to other regions, the progress towards reducing the 

number of hunger and malnourished people has been slow in South Asia and sub-

Saharan Africa. The highest burden of hunger occurs in South Asia, where as many 

as 281 million people are undernourished (FAO, 2015). 

Agriculture provides livelihood to over 60 percent of the economically active 
population and contributes about one-third to GDP in Nepal (MoF, 2013). The 
structure of the economy of Nepal has been changed slightly over the years. The 
share of agriculture in GDP fell by 10 percent over a period of about 20 years (44 
percent in 1990-92 to 34 percent in 2012-13).  

The average rate of real AGDP growth during 1984 to 1998 remained at 2.35 
percent per annum which is slightly above the population growth. However, there 
was an improvement in AGDP growth from 1999 to 2014 which was 3.62 percent per 
annum. It is also evident that this growth is fluctuating from year to year which was 
4.3 percent in 2000/01, 1 percent in 2006/07, 5 percent in 2011/12, and 1.9 percent in 
2014/15. The main reason for the poor performance was the adverse weather 
condition that affected the production of cereal crops, cash crops, vegetables and 
livestock. 

In Nepal, better performance of agriculture is not only necessary for sustained 
high growth of the economy but also for ensuring food security and reducing rural 
poverty. Poor agricultural performance could not deliver added purchasing power for 
better living of the average Nepali people during the recent years causing a slowdown 
in demand leading to a further sluggish growth of the economic activities. The non-
agricultural sector also witnessed a decelerating growth due to mainly sluggish 
industrial activities followed by suppressed demand in the domestic market and 
contracting external market as well.  

In Nepal, 76.3 percent of households are agricultural households. Compared to 
1995/96, the percentage of agricultural households operating land has been decreased 
in 2010/11. The area of irrigated land, on the other hand, has been increased during 
the same period. Between 1995/96 and 2010/11, the number of households that 
operate less than 0.5 hectare of land has been increased by 13 percentage points. On 
the other hand, number of households with 2 ha or more operated land has been 
decreased from 12 percent in 1995/96 to 4 percent in 2010/11 (CBS, 2011). 

Average landholding size in Nepal is declining from 1.13 ha in 1981 to 0.79 ha 
in 2001 and 0.68 ha in 2011. The size of landholding and food self-sufficiency has a 
positive correlation. Only 5 percent of the households with less than 0.1 ha are food 
self sufficient from their own production while over 60 percent of them are self 
sufficient with holding above 0.5 hectare (CBS, 2013). 
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Food security policy 

The concept of food security encompasses multiple dimensions such as food 

production, access and absorption. Factors that may lead to a situation of food 

insecurity, therefore, mainly include non-availability of food, lack of access to food 

and improper utilization of food. Hence, the determinants of household food security 

in effect comprise the factors that determine each component of food security. In 

general, the determinants of food security are different at different levels of 

application, i.e., global, national, regional, household and individual level (Khan et 

al., 2012). 

The relationship between poverty, food insecurity, and nutrition is strong. Poor 

households often lack the resources required to access and consume sufficient 

nutritious food to live a healthy active life. Based on 2010 estimates, Nepal’s GDP 

per capita (PPP) of 1,200 USD ranks 206
th
 out of 227 countries worldwide. 

According to the third Nepal Living Standard Survey, 25.2 percent of the population 

is estimated to live below the poverty line (CBS, 2011). 

A commonly held belief that food insecure regions in Nepal generally produce 

less and, therefore, consume less of their own production than in other areas. The 

difference in overall adequacy of consumption between regions is largely a result of 

households in more food secure regions purchasing more food and more diverse food 

than those in less food secure areas. Household food purchases are facilitated by 

improved market access, including physical and financial access (NPC, 2013).   

The Government of Nepal (GoN) has prepared various instruments related to 

poverty and hunger. During the 1970s, incorporating marginalized people into 

political agendas and policies related to access were framed (Adhikari and Bohle, 

1999). The Agricultural Perspective Plan (APP) implemented from the Ninth Five-

Year Plan focused on incremental improvement of food production in Nepal with an 

aim to help marginal farmers (NPC, 1995). Moreover, since the 1980s, GoN has been 

providing subsidies in transportation to help food reach people in the food-deficit 

areas. 

Pursuant to the World Food Summit Rome Declaration 1996, Millennium 

Development Goal (MDG) targets (1990-2015), the Government of Nepal adopted 

the food and nutrition security agenda in the Ninth Plan (1997-2002). To address this, 

various strategies and programs were being implemented in a limited scale. 

Efforts were made to address food security issues and concerns in periodic 

plans after the people’s movement of 2006. The main objectives for the agriculture 

sector as expressed in the Three Year Plan (2010/11-12/13) were to ensure food and 

nutrition security; make agricultural sector competitive; reduce poverty by increasing 

employment and income generating opportunities; and minimize adverse effects of 

environment, climate variability and climate change.  
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The food and nutrition security objective of the thirteenth plan ( 2013/14 to 

2015/16) is to increase the supply of basic foodstuffs through increasing the 

productivity of agriculture and livestock products; and ensure the food security of 

vulnerable area and groups by increasing their access to food items ( NPC, 2014). 

Further, the Constitution of Nepal 2015 aims for food sovereignty of the people as 

per the law. 

Status of food security 

According to World Food Summit (1996), food security is meant when all 

people at all times have physical and economic access to sufficient, safe, and 

nutritious food which meets their dietary needs and food preferences for active  and 

healthy life.  Access to an adequate supply of food is the most basic human need and 

right. There are four most important elements of food security, namely, food 

availability, food access, food utilization, and stability based on which one can easily 

find out the situation of food security. Food availability at the national level, food 

access to households and its utilization by an individual are the core aspects of food 

security.  

Nepal has relatively poor yields for key cereal crops compared to its neighbors. 

The cereal balance is determined by the production of five major cereal crops: paddy, 

maize, millet, wheat, and barley. In recent years, potato production has become more 

important, especially in mountain areas. The overall national cereal balance has been 

positive in most the years since 2000, with the exceptions of 2006/07 and 2009/10 

when drought affected production. 

Aggregate food availability per capita depends on the population and total 

domestic food production. Food availability in Nepal is aggravated by a myriad of 

complex issues, including but not limited to waning agricultural production rates, 

rising population pressure, and declining soil quality. Food production is being 

altered by scarce water resources too as the major staple food of the country like rice 

requires huge amount of water. Moreover, the increasing demand has to be fulfilled 

from same amount of agricultural land.  The ratio of agricultural land to total land is 

lowest in Nepal i.e., only 35 percent (Rasul and Schild, 2009) where as this ratio is 

highest in Bangladesh (70 percent). A growing number of studies from Nepal suggest 

that in some areas, more than 30 percent of total cultivated land has been abandoned 

(Khanal and Watanabe, 2006).  

The available information shows that per capita per annum edible food grain 

availability decreased from 198 kg during 1990/91 to 183 kg in the year 1998/99. 

This slightly rose to 190 kg in 2005/06, again declined to 186 kg in 2006/07 and 

2008/09, further declined to 177 kg in 2009/10 and increased to 196 kg in 2014/15 

(MoAD, 2014; DoA, 2015 ). Food production growth in Nepal is subdued by the 

closing land frontier, lack of desired growth in agricultural productivity, and 

unfavorable trade balance for the import of food. Of these, low crop productivity and 

its underlying causes has significance policy relevance. The part of the deficit is 
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fulfilled from the sources like potato, meat, fish, egg, etc. Out of 75 districts, 45 were 

found to be food deficit during 2008/09 which declined to 31 in 2014/15. Due to 

unequal distribution of land and production constraints, the mountains and the hills 

are more hit by food deficit. Almost all the mountains and some hilly districts are 

food insecure for the last decades or so. The access to food is considered as the most 

basic human need and right. This has been affected by the distribution of resources 

and their productive capacity. Hunger and malnutrition are pervasive across Nepal, it 

has affected certain groups of people and households more than others. Within the 

ecological belt, the people of one community are hungrier than those of other 

community depending upon social and economic status. Although Nepal was 

considered as a food exporting country till mid 1980s, gradual rise in imports is 

evident since 1991. Moreover, the production of major food grains has the coefficient 

of variation ranging from 11-20 percent during recent decades, indicating that the 

scenario was not favorable in terms of stability in production. Factors contributing to 

these annual variations are the inadequacy of irrigation infrastructure and its 

ineffective management, ineffective service delivery, and increased incidence of 

natural calamities such as drought and flood.   

The distribution of income (in nominal terms) as per CBS (2011) revealed that 

the bottom 80 percent of the population earn about 44 percent of total income while 

the top 20 percent earn the other 56 percent of total income. The poorest 10 percent 

of the total population accounts for less than 2 percent of total income whereas the 

richest 10 percent of the population accounts for 40 percent of the total income. At 

the national level, 28 percent of all household income comes from agriculture, 37 

percent from nonfarm enterprises, 17 percent from remittances, and 16 percent from 

own housing consumption.  

The share of consumption from own production and market purchases vary by 

ecological region. In the mountains, the bulk of food consumed is from households’ 

own production. The average household consumes 53 percent from their own 

production, 40 percent from purchased food, and 7 percent in-kind. In the hills, 

households purchase the bulk of food consumed. The average household consumes 

40 percent from their own production, 57 percent from purchased food, and 2 percent 

in-kind. Households in the Terai purchase the bulk of food consumed. The average 

household consumes 43 percent from their own production, 54 percent from 

purchased food, and 3 percent in-kind (CBS, 2011). 

Nepal ranked at 58
th
 position among 104 countries in terms of Global Hunger 

Index (GHI). The score is getting improved from 44.5 in the year 1990 to 31.6 in 

2005 and a score of 22.2 in the year 2015 (IFPRI, 2015). 

Several studies were carried out to identify the determinants of food security in 

many different contexts using different variables and analytical techniques. Those 

studies have considered variables related with household characteristics such as 

family size, gender, educational attainment and age of household head; economic 
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variables such as size of the land holding, nature of the ownership of the assets, off-

farm/non-farm income sources, consumption pattern, food and input prices; and 

others related to markets and infrastructures such as access to markets, availability of 

marketing infrastructures and roads, extension services, etc.  

A study by Bashir et al. (2013) in Pakistan revealed that livestock assets, 

education, no. of income earners in a household have a positive impact while family 

size and household heads’ age had a negative impact on food security. Sultana and 

Kiani (2011) in Pakistan found that place of residence (Urban) and dependency ratio 

has a significant and negative effect while educational attainment level of 

household’s head beyond intermediate level has significant and positive impact on 

food security status of household. Faridi and Wadood (2010) in Bangladesh showed 

that total land owned by the household, electricity connection, household size, 

household heads’ occupation, and safety net programs had a strong impact on food 

security situation. 

The studies carried out in Ethiopia revealed that the variables affecting 

household food insecurity were size of the cultivated land, livestock holding and 

improved seed sex of household head, soil fertility status and non-farm income 

(Abdullah, 2015). The cultivated land holding size, total livestock holding, total 

annual income, and use of fertilizer were positive to food security while family size 

of the household was negative variable (Asmelash, 2014). Similarly, a study by 

Beyene and Muche (2010) showed that the variables such as experiences in farming 

activities, off-farm and non-farm incomes,   land and livestock holdings, use of 

chemical fertilizer, and soil and water conservation practices significantly affected 

household food security.  

A study by Habyarimana (2015) in Rwanda indicated that households headed 

by females were more likely exposed to food insecurity than those headed by males. 

Zakiri  et al. (2014) in Niger  revealed that the gender of the head of household, 

diseases and pests, labor supply, flooding, poverty, access to market, the distance 

away from the main road and food aid were significant factors influencing the 

household having enough daily rations. Similarly, female headed households were 

more vulnerable to food insecurity compared to male headed households. 

Joshi et al. (2012) in Nepal demonstrated that family size, operational 

landholding and livestock holding were important determinants of food insecurity, 

whereas, dependency ratio and occupation were important determinants of income 

poverty. Education of household head and landholding were important determinants 

for both income and consumption poverty. Maharjan and Joshi (2011) concluded that 

the main factors contributing to food insecurity in Nepal were limited access to 

resources, illiteracy, big family size, higher dependency ratio, dependency on 

agriculture with small landholding, limited access to irrigation and fertilizer, and 

dependency on wage labor. With these characteristics, the highest proportion of 
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occupational caste households and households in the mountain and hill were 

chronically food insecure.  

The review of past studies indicate that multiple and interrelated factors 

determine the household food security that might vary from one to other contexts. 

The quantitative analyses of the factors affecting the household food security in 

Nepal are very limited and also differ in terms of analytical methods used. This study 

is designed to fill this gap to a limited extent.  

Considering the above fact in mind, this paper aims to analyze the trend in 

production and productivity of major crops, review and assess the food security more 

specifically the situation of household food security by ecological regions and 

identify its determinants in the eastern region of Nepal.  

MATERIALS AND METHODS 

Data sources 

The study utilized the latest agricultural census data for 2011/12 collected by 

the Central Bureau of Statistics (CBS). Three districts in the eastern development 

regions namely Taplejung, Panchthar and Jhapa each representing mountains, hills 

and Terai ecological region of Nepal, respectively were purposively selected. The 

basic sampling methodology used was a two-stage area sampling, as follows: 

In the first stage, selection of a stratified sample of enumeration areas (EAs) 

with probability proportional to the expected number of holdings (stratified PPS 

sampling);  

In the second stage, within selected EAs, the selection of a sample agricultural 

holding using stratified systematic random sampling. The EAs were defined as wards 

(smallest administrative and political units) contained less than 25 holdings or may 

be more than 25 but less than or equal to 30 holdings if wards are combined. Between 

20 and 30 holdings were selected in each selected EA (CBS, 2013). For this study, 18 

EA from Taplejung (from 1 to 18) with holdings of 430, 22 EA from Panchthar (from 

1 to 22) with holdings of 516 and 19 EA from Jhapa (from 1 to 19) with holdings of 

426 were selected with a total sample size of 1372 holdings. 

Analytical method 

Many socioeconomic and demographic features of farm households affect the 

food security and food availability.  In order to analyze the patterns and extent of 

food security, the limited dependent variable model also known as Tobit model can 

be employed.  

To model the effect of different factors on household food self-sufficiency, a 

Tobit model was used. This is represented below using an index function approach 

Vi
*
 = 

T
Xi + i        (1) 

Vi =  0    if  Vi
*
    0       (2) 
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Vi  = Vi
*
   if  Vi

*
   0       (3) 

where Vi ,  a limited dependent variable, is the perceived situation of food 

security;  Vi
* 

 is an underlying latent variable that indexes food security; X is the 

vector of  socioeconomic and demographic characteristics of the farm household, 
T
 

is a vector of parameters to be estimated; and i is an error term. The Tobit model has 

an advantage in that its coefficients can be further disaggregated to determine the 

effects of a change in the i
th
 variable on change in the probability and intensity of 

being food security.  

Since the sample population is the censored type (no. of months the household 

is food self-sufficient; which is from 0 to 12), the OLS estimation of the censored 

regression model generates biased and inconsistent parameter estimates. Therefore, 

the tobit model was used to examine the factors influencing the household food 

security. The LIMDEP econometric package was used to derive the MLE estimates 

and marginal effects of tobit regression analysis. The sign of the marginal effect 

coefficient indicates the directional effect of each individual variable, while the 

magnitude of effect can be judged from the value of the estimated coefficient. The 

value of marginal effect coefficient implies the changes in percentage of household 

being food secure brought about by one unit change in explanatory variable ceteris 

paribus. The t-statistic was used to judge the significance of each explanatory 

variable while the Log-likelihood Ratio (LR) test was employed to judge the effect of 

all variables included in the model (overall fit of the model) on the proportion 

households being food secure. The LR is computed as 

 LLW Maxo loglog2                                                (4)  

  Where Log Lo   = log likelihood function of the fitted model 

            When all coefficients except the constant are constrained to 0; 

Log Lmax = log likelihood function of the fitted model which includes all the 

 parameters constant terms (1) and all other parameters (2, 3,.. k). 

RESULTS AND DISCUSSION 

Dietary energy intake 

According to 2010/11 Nepal Living Standard Survey, the national average 

dietary energy (Kcal) intake is 2,536 Kcal per capita per day; a level that is higher 

than the minimum average adequate requirement of 2,220 Kcal set by the 

Government of Nepal (CBS, 2011). There is no significant difference in average 

dietary energy intake between urban and rural areas. In urban areas, 43 percent of the 

population consume less than the national minimum caloric threshold compared to 37 

percent in rural areas. However, when interpreting this result, it is important to 

consider that national thresholds set by the government of Nepal are based on “light 

activity” and the energy demands for a healthy active life in rural areas typically 
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exceed those in urban areas due to increased activity. As such, the data may 

underestimate the real magnitude of energy deficiency in rural areas.  

Food energy intake varies significantly between Nepal’s geographic regions 

(Table 1). The greatest per capita intake of calories is in the rural Terai -Central 

(2,762 Kcal per day), compared to the lowest per capita intake in the rural Hills - mid 

and far western (2,331 Kcal per day). 

Table 1. Average energy intake in Nepal 

Population Average kilocalories 

consumed per capita per day 

Percent of the population 

food energy deficient 

Nepal    
 

2536 38 

Urban  
 

2525 
 

                   43 
 

Rural    
 

2539 37 

Regions    

Mountains   
 

2403 45 
 

Urban - Kathmandu    
 

2481 53 

Urban - Hill    
 

2524 42 

 

Urban -Terai   
 

 

2553 

 

38 

Rural Hills - Eastern    
 

2542 43 

Rural Hills - Central    
 

2422 45 

Rural Hills - Western   
 

2452 42 
 

Rural Hills – Mid and 

Far Western  

  

 

 

2331 

 

49 

Rural Terai - Eastern   
 

2640                     28 
 

Rural Terai - Central  
 

                  2762 
 

                    23 
 

Rural Terai - Western   
 

2590                     34 
 

Rural Terai – Mid and 

Far Western  

  

 

 

2515 

 

37 

Source: CBS, 2011 

 

Production and yield of major crops 

In Nepal, the rice, maize, wheat and potato are the major food crops. These 

crops covered nearly 71 percent of the total cropped area and account nearly 73 

percent of the production of food crops including vegetables (MoF, 2015). The area, 

production and yield of these crops are presented in table 2. It shows that the area 

expansion was the major contributor to the increased production in the first period for 
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almost all the crops. The contribution of yield growth to total production growth was 

higher for all crops except potato in the second period compared with the first period. 

The contribution of yield growth to total production was 134 percent, 79 percent, 63 

percent and 43 percent for paddy, maize, wheat and potato, respectively. 

Table 2. Annual compound growth in area, production and yield                       (in %) 

Crops/Period 1984-1998 1999-2013 

A P Y A P Y 

Paddy 0.60 2.12 1.52 -0.38 1.11 1.49 

Maize 2.14 3.83 1.69 0.67 3.15 2.48 

Wheat 2.09 4.34 2.25 1.19 3.22 2.03 

Potato 4.00 7.47 3.47 3.44 6.04 2.60 

Note:  A=Area; P= Production; and Y= Yield. 

Household characteristics 

On an average, the family size was 5 persons, the age of the household head 

was 47 years, 19 percent of the households were headed by female and the education 

level of the household head was about 4 years of schooling. The percentage of female 

headed household was the highest in Taplejung while the education level of the 

household head was the highest (5 years of schooling) in Jhapa district (Table 3). 

Table 3. Socio-demographic Characteristics of the Household 

Districts Family 

size (no.) 

Age of the 

household 

head (Years) 

% of Female 

headed 

household 

Education level of the 

Household Head (years 

of schooling) 

Taplejung 4.96 47.1 24.4 3.1 

Panchthar 4.55 46.3 18.6 3.7 

Jhapa 5.33 48.7 13.6 5.1 

Average 4.93 47.3 18.9 3.9 
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On an average, the households experienced no food shortages for  8.5 months, 

the cultivated land per household was 0.85 hectare, around 34 percent of the 

cultivated land was irrigated, about 86 percent households were having allied 

activities along with agricultural occupation (Table  4).   

Table 4. Holding size, food self-sufficiency and related information 

Districts Holding 

size (ha.) 

% area 

irrigated 

Average food 

insufficiency 

(months) 

% of households with 

agriculture and allied 

activities 

Taplejung 0.99 32.9 2.7 96.5 

Panchthar 0.80 16.6 3.8 94.0 

Jhapa 0.78 54.3 3.9 80.8 

Average 0.85 33.6 3.5 93.5 

Result of the quantitative analysis 

The result of the Tobit regression (Table 5) showed that the size of the land 

holding, nearness to the market, male headed household and households members 

with agriculture and allied occupation were significant at 1 percent probability level 

while the educational level of household head was significant at 5 percent probability 

level. All these variables contributed positively to the household food security. The 

household size variable (family size) was highly significant at 1 percent level but 

negatively related with food security. The livelihood ratio was found highly 

significant which implies that level of food security was explained by the significant 

explanatory variables. The pseudo R-square was also 0.70.  

Male-headed households are in a better position in terms of food security than 

the female headed ones. The result was found to be consistent with the hypothesis 

showing positive influence of sex of household head (HHHEAD dummy) on food 

security status at one percent probability level. This result is consistent with the 

findings of Abdullah (2015) and Habyarimana (2015).  

The  household head education (education) largely contributed on working 

efficiency, competency, diversify income, and adopting technologies with long term 

target to ensure better living condition than illiterate ones. Similarly, the women are 

less educated and have less access to technologies and other income opportunities 

than man. This is consistent with the findings of Bashir et al. (2013) and Sultana and 

Kiani (2011). 

The land is considered as the principal asset in rural areas of Nepal. The size of 

the land holding by the household was found to have positive and significant 

relationship (at one percent probability level) with the food security. The bigger the 
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size of land holding (land holding), the more food secure the households. The 

possible explanation for this relationship could be that the major source of food in the 

study districts comes form own production and there was limited opportunities for 

getting involved in other income generating activities. So the household who own 

have large land holding size has better production which gives a better chance for the 

household to be food secured. This result is in agreement with the findings of 

Abdullah (2015), Asmelash (2014) and Faridi and Wadood (2010). 

There was significant (at one percent probability level) positive relationship of 

household members with agriculture and other income sources (agriculture and other 

sources) with the food security. The diversification of the employment opportunities 

among the members of the households reduces the risk of income generation and 

hence contributed to food security. This might be due to the fact that households 

engaged in non-farm activities are better endowed with additional income and more 

likely to escape food insecurity. Similarly the smallholders who solely depend on 

farm activities have inadequate income to purchase farm inputs and fulfill family 

needs and thus, they are found to be food insecure. This finding is consistent with the 

findings of Abdullah (2015), and Beyene and Muche (2010). 

The household size (family size) was negative and significant with the food 

security. This implies that existence of a large number of family members in 

household results into food insecurity compared to the small family size. The reason 

is that the households who depend on limited productive resources (such as land) will 

face food insecurity with increasing family size. This is consistent with the finding of 

Asmelash (2014), Bashir et al. (2013). 

The nearness of the households to the market centers (market distance) 

facilitates the buying of households needs and selling of the home produced products. 

This is consistent with the findings of Zakari et a1. (2014). 

The ecological region dummy (ECODUMMY) variable (1 for the hills and 

mountains and 0 otherwise) was found negative but highly significant which implies 

that the hills and the mountains are more food insecure than Terai region.  Two 

variables namely the age of the household head (AGE HHHEAD) and dummy 

variable for the ownership of the land (own land dummy - one for owner operator and 

zero otherwise) were positive but not significant for food security. 

Table 5.  Factors affecting household food security in eastern Nepal 

Variable Coefficient 

Constant 0.157 

HHHEAD DUMMY 0.053
*** 

AGE HHHEAD 0.0006 

EDUCATION 0.004
** 

FAMILY SIZE -0.008
*** 
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LAND HOLDING 0.144
*** 

ECO DUMMY -0.057
*** 

MARKET DISTANCE 0.018
*** 

AG AND OTHER SOURCES 0.398
*** 

OWN LAND DUMMY 0.026 

Likelihood Ratio (Chi-square) 700.87
*** 

Pseudo R-square 0.70 

*** and ** indicate significant at 1 percent and 5 percent probability level. 

CONCLUSION 

The Government of Nepal implemented various policies and programs to 

increase food production and address food insecurity. Despite this, many households 

living in mountain and hilly areas are still food insecure. The area expansion 

remained a major contributor to the increased production for major cereal crops 

before 1999 while the yield growth contributed to total production after 1999. On an 

average, the households experienced no food shortages for 8.5 months, the size of 

landholding was small and only around one-third of the cultivated land was irrigated. 

The study made attempts to identify major factors that might affect the household 

food security using tobit model. The study revealed that the educational attainment 

level of household’s head positively contributed to enhancing the situation of food 

security,  the female-headed households are more food insecure compared to male-

headed households, although they play major role in household food security. 

Similarly, the households with bigger size of land holding, nearness to road heads 

and markets, and the members having off-farm and non-farm occupation contributed 

positively to food security where as bigger household size contributed negatively to 

the food security. Therefore, monetary and non-monetary supports should be availed 

to female headed households to improve their food security. In addition, investment 

should be increased for improving the education level of the household members, 

creating off-farm employment opportunities, increasing physical access through 

markets and roads infrastructures development in the rural areas, and improving 

access to land and their utilization and developing irrigation facilities to augment 

their quality will improve the household food security situation in the rural areas of 

Nepal.   
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ABSTRACT 

The fatty acid, amino acid and fat soluble vitamin content of magur 
(Clarias batrachus) and singhi (Heteropneustes fossilis) were assayed 
from collected samples from different geographical locations. Length and 
weight of collected samples were (50-235g and 165-300 mm) for magur 
and (50-210g and 190-255mm) for singhi. The essential amino acid 
(EAA) and the non-essential amino acid (NEAA) content in magur and 
singhi did not differ significantly. The Vitamin A and D contents were 
significantly (P<0.05) higher in magur when compared to singhi. The 
Vitamin K content was significantly (P<0.05) higher in singhi compared to 
magur. Monounsaturated fatty acid (MUFA) content was 38.34±4.62 and 
49.69±7.82 in magur and singhi respectively. Among the MUFA, oleic 
acid was significantly (P<0.05) higher in singhi. Palmitic acid was 
significantly (P<0.05) higher in magur than singhi. The PUFA content 
were 25.52±1.40 and 13.86±0.64 in magur and singhi respectively. The 
eicosapentanoic acid (EPA) and docosahexaenoic acid (DHA) content 
were 2.98±1.00 and 3.60±1.11; 2.25±0.86 and 1.60±1.09 respectively in 
magur and singhi. The ω3:ω6 ratio in magur was 0.45:1 and in singhi 
0.82:1. Both the catfishes were found to be nutrient rich with amino acid, 
fatty acid and vitamin. 

Keywords:  Clarias batrachus, Heteropneustes fossilis, vitamins, amino 

                     acid profile and fatty acid profile 

INTRODUCTION 

Fish is an excellent food for human beings for centuries and is preferred as a 

perfect diet not only due to its taste and quick digestibility rate but also because of 

having higher proportions of essential amino acids, vitamins and essential fatty acids 

for the formation of functional and structural proteins (Kumar, 1992). The nutritional 
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contribution of protein in food depends on its rate of digestibility and ability to 

provide all the essential amino acid (EAA). The high nutritional value of fish is 

mainly related to their readily digested proteins which are excellent source of EAA 

(Sanchez-Alonso et al., 2007). In fish 75% is moisture and moisture free flesh 

contains fat, ash and protein. Its constituent amino acids (AA) are used by human for 

synthesis of proteins (Limin et al., 2006).  

Fish is a good source of polyunsaturated fatty acids (PUFAs), viz., the ω-3 and 

ω-6 PUFAs, which are well known for beneficial effect to human health (Giri et al., 

2010, 2011 and Paul et al., 2015). The n-3 PUFAs, especially the eicosapentaenoic 

acid (EPA and docosahexaenoic acid (DHA) are found in high concentrations in the 

phosphoglycerides of cellular membranes, and DHA is particularly abundant in the 

retina and brain, where it has a crucial role in maintaining the structure and function 

of the excitable membranes of these tissues (Lauritzen et al., 2001and Mohanty et al., 

2016). Arachidonic acid (AA), a PUFA of the n-6 series, is a precursor of 

biologically important products, such as epoxides, AA-ethanolamide, anandamide 

and iso-prostanes, an isomer of prostaglandins (Galli and Marangoni, 1997).  

The vitamin content in fish muscle varies with species, age, season, sexual 

maturity and geographical areas. Fat-soluble vitamins act as essential nutrients in 

important biological processes in the human body. Vitamin A, also called retinol, 

which controls photoreception and regulates gene expression etc. Vitamin D3 

(cholecalciferol) promotes and enhances the absorption and metabolism of calcium 

and phosphorus in our body. α-Tocopherol is the vitamin E compound with the 

highest biological activity, which acts as an antioxidant, protecting membrane 

structures, essential fatty acids, and vitamin A from oxidation (Sau et al., 2004 and 

Paul et al., 2005).  

Keeping in view of the importance of eating fish as health food; the nutrient 

profile of two Indian catfish viz., magur and singhi has been studied to document the 

information of amino acid, some vitamins and along with fatty acid profile. The 

nutrient profile of this fish would provide a guideline for dieticians, medical 

practitioners and nutritionist in prescribing diet chart for the human population. 

MATERIALS AND METHODS 

Collection of Samples  

The fish samples of magur and singhi were collected from different states of 

India viz., West Bengal, Odisha, Chhattisgarh, Tripura and Andhra Pradesh. Length 

and weight of Magur collected samples were 50-235g and 165-300 mm and Singhi 

50-210g and 190-255mm. The sampling procedure and sample preparation for 

analysis was followed as per Sankar et al. (2010). 
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Amino Acid Analysis  

The amino acid analysis was done as per the method of Ishida et al. (1981). For 

amino-acid analysis Phenylisothiocyanate (PITC) is used for pre-column 

derivatization, while reverse phase gradient elution high-performance liquid 

chromatography (HPLC) separates the Phenylisothiocyanate (PTC) derivatives which 

were detected by their UV absorbance as Pico Tag method of Waters Associates. 

Vitamin analysis 

The fat soluble vitamins Retinol (Vitamin A), Cholecalciferol (Vitamin D), α-

Tocopherol (Vitamin E) and Vitamin K were assayed in High Performances Liquid 

Chromatography. Fish tissue (30g) was grinded with anhydrous sodium sulfate. Then 

extracted its oil using 2:1 chloroform: methanol after adding BHA as antioxidants 

(Folch et al., 1957). The sample preparation and vitamin analysis was done as per 

Sankar et al. (2010). To about 2.0 g oil in a round bottom flask, added 25 ml alcohol, 

and 1.5 ml of 150% KOH. Reflux in water bath for 30 min. Transfer the contents in 

to a 250 ml separating funnel after cooling; wash the flask with 50 ml petroleum 

ether and add to the separating funnel; shake the contents thoroughly and allowed to 

separate. Extract the aqueous layer twice more and pool the solvent layer. Wash the 

solvent layer with 20 % of water (v/v) to make it alkali free. Concentrate non-

saponifiable matter in the ether extract fraction using a flash evaporator at 30-40
o
 C 

to a definite volume. The non safonifiable matter is filtered through 0.45 µ syringe 

filter and stored under refrigerator. Then the fat soluble vitamins were analyzed by 

injecting 20 µL of sample in HPLC equipped with C18 Bondapack column. The 

mobile phase of HPLC consists of water (HPLC grade) solvent A and acetonitrile as 

solvent B with 1% TFA. A gradient system was used (solvent A/solvent B), starting 

from 50/50, 80/20 to 100/0 at the rate of 1 mL/min for 20 min. The fat soluble 

vitamins were identified and quantified by comparing with the retention times and 

peak area of respective vitamins standards. The vitamin content in the sample is 

determined from the linear graph drawn for the standard (AOAC, 2005). 

Fatty acid analysis 

Pooled samples were extracted for fatty acid analysis following the method of 

Folch et al. (1957) using chloroform and methanol (2:1, v/v) solvent system that 

contained 0.01% butylated hydroxyl anisole as an antioxidant. Fatty acid methyl 

esters (FAMEs) were prepared by the transmethylation with boron trifluoride (BF3, Hi 

Media, Mumbai, India) in methanol from lipids fraction according to Metcalfe et al. 

(1966). The fatty acid methyl esters were quantified by injecting 1µL (50:1 split 

ratio) into a Gas Chromatograph (GC) (Perkin Elmer; CLARUS 480). The oven 

temperature was programmed from an initial temperature at 30
o
C rising to 140

o
C 

(hold time 4 min.) and up to 200
o
C. Nitrogen gas was used as a carrier gas. The 

injection port and the flame ionization detector were maintained at 260 and 300
o
C. 

GC operating software “Total Chrom” was followed. Identification of individual FA 

was identified by comparison of retention times to those of standards (SUPELCO, 
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Cat. No.47885-U) and quantified by comparing with respective areas. The data are 

presented as Mean±S.E. The data were analyzed using t-test as per Snedecor and 

Cochran (1968).  

RESULTS AND DISCUSSION 

The amino acid content of magur and singhi are presented in table 1. The 

essential amino acid (EAA) content (g/100g protein) is 42.63±1.53 and 42.21±0.37 

respectively in magur and singhi. The arginine content was significantly (P<0.05) 

higher in magur in comparison to singhi and on the contrary phenylalanine was 

significantly (P<0.05) higher in singhi. Other essential amino acids did not differ 

significantly between the species. However leucine, valine and threonine were higher 

in both magur and singhi among the EAA. The non-essential amino acid (NEAA) 

content is 54.58±0.61 and 56.57±0.13 in singhi and magur. Glutamic acid, glycine, 

alanine, aspartic acid are maximum in both singhi and magur among NEAA. 

The present study for the amino acid content of magur and singhi shows that 

histidine, isoleucine, leucine, valine, phenylalanine and valine among the essential 

amino acid (EAA) and aspartate, glutamate, glycine, alanine and serine among the 

non essential amino acid (NEAA) are maximum in quantity. However, Iwasake and 

Harada (1985) reported that the main amino acids of fish are aspartate, glutamate and 

lysine. Over the last 20 years, increasing evidence suggests the importance of 

glutamine for the proper functioning of many organ systems (Christina et al., 1999). 

The most abundant free amino acid in the body, comprising nearly 60% of the 

intracellular amino acid in the skeletal muscle (Kenari et al., 2009). It serves as an 

important carrier for transporting the ammonia (nitrogen) from muscle to the 

splanchnic area and immune system (Deutz et al., 1992). Glutamine also acts as 

donor of nitrogen in the synthesis of purines and pyrimidines and helps in the 

proliferation of cells (Limin et al., 2006). Our study denotes that both magur and 

singhi contains glutamine as 14.61± 0.05 and 15.41±0.54 (g/100g protein) 

respectively. Similar values of glutamic acid have also been reported earlier in 

mackerel (Hou et al., 2011) and food fishes of India (Mohanty et al., 2014). The 

present study shows the presence of a better amount of essential and non essential 

amino acids in both magur and singhi. It is observed that the EAA/NEAA ratio is 

0.78 in magur and 0.75 in singhi. In this study there was no significant variation in 

amino acid content for both magur and singhi and hence it shows that both the fishes 

act as a great source of amino acid.  
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Table 1. Amino acid content (g/100g protein) of Two Indian Catfish 

Particulars Magur Singhi 

 Arg 4.39
 b
 ±0.86

 
1.56

 a
 ±0.49

 

His 4.12±0.18 4.02±0.70 

Ile 4.81±0.28 5.37±0.70 

Leu 8.35±0.07 7.96±0.71 

Lys 4.23±0.79 3.85±0.39 

Met 2.38±0.86 1.41±0.25 

Phe 3.81
 a
 ±0.10

 
6.08

 b
 ±0.07

 

Thr 5.01±0.40 5.81±0.20 

Try 1.17±0.05 0.60±0.42 

Val 6.49±0.21 5.72±0.87 

∑ EAA 42.63±1.53 42.21±0.37 

Asp 11.19±0.63 12.34±0.64 

Ser 5.33±0.95 5.94±0.38 

Glu 14.61±0.15 15.41±0.54 

Pro 1.30±0.50 0.74±0.04 

Gly 14.20±1.05 14.70±0.20 

Ala 7.24±0.05 6.34±0.61 

Cys 0.11±0.01 0.12±0.01 

Tyr 0.68±0.17 0.96±0.49 

∑ NEAA 54.58±0.61 56.57±0.13 

EAA/NEAA 0.78 0.75 

a,b Means with different superscripts in a row differ significantly(P< 0.05)  

 

Table 2. Vitamin content (w/w basis) of Two Indian Catfish 

Particulars Magur Singhi 

A (I.U 100g
-1

) 6.03
 b
 ±0.01

 
4.06

 a
 ±0.07

 

D (I.U 100g
-1

) 44.73
 b
 ±0.31

 
26.23

 a
 ±1.01

 

E (I.U 100g
-1

) 0.15±0.04 0.13±0.05 

K (µg 100g
-1

)
 
 0.53

 a
 ±0.13

 
3.80

 b
 ±0.71

 

a,b Means with different superscripts in a row differ significantly(P< 0.05)  
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The fat soluble vitamin content of magur and singhi are presented in table 2. 

The vitamin A content (I.U./100g) is 6.03±0.01 and 4.06±0.07 respectively in magur 

and singhi. The vitamin A and D content are significantly (P<0.05) higher in magur 

when compared to singhi. The vitamin K content (µg 100g
-1

) is 0.53±0.13 and 

3.80±0.71 respectively in magur and singhi. The vitamin K content is significantly 

(P<0.05) higher in singhi when compared to magur. 

Fish is a good source of fat soluble vitamins like A, D, E and K (Paul et al., 

2016). Although information related to fat soluble vitamin content in fish is limited. 

The vitamin content in fish muscle varies with species, age, season, sexual maturity 

and geographical areas. Vitamin A responsible for normal vision and bone growth is 

well known and its derivative retinoic acid regulates gene expression in the 

development of epithelial tissue (Roos et al., 2003). The vitamin D content is 

significantly (P<0.05) higher in magur compared to singhi. Vitamin D is a 

secosteroids responsible for enhancing intestinal absorption of calcium and 

phosphate. In humans, the most important compounds in this group are vitamin 

D3 (cholecalciferol) and vitamin D2 (ergocalciferol) (Hollick, 2006). Cholecalciferol 

and ergocalciferol can be ingested from the diet and from supplements (Hollick, 2006 

and Norman, 2008). Vitamin D functions to activate the innate and dampen 

the adaptive immune systems (Hewison, 2011). As catfish contains a good amount of 

vitamin D, hence it plays a major role for our immune system also prevent us from 

osteomalacia, caused by the deficiency of vitamin D. Vitamin E is an indispensable 

nutrient required to maintain flesh quality, immunity, normal resistance of red blood 

corpuscles to haemolysis, permeability of capillaries and heart muscles (Halver, 

2002). Catfish contains vitamin E and it ranges from 0.13 to 0.15 (I.U/100g). Vitamin 

E also functions as lipid soluble antioxidants and protects biological membranes, 

lipoproteins and lipids against oxidation (Hamre, 1998). Singhi contains higher 

amount of vitamin K as compared to magur. The human body needs vitamin K for 

post translational modifications of certain proteins required for blood coagulation and 

in metabolic pathways in bone and other tissue and they are 2-methyl-1, 4-

naphthoquinone 3-derivatives. 

The fatty acid profile of magur and singhi are presented in table 3. The 

saturated fatty acid (SFA) content is 36.11±1.94 and 36.44±0.46 (% of total fatty 

acid) respectively in magur and singhi. Among the SFA, undecanoic acid, lauric acid, 

pentadecanoic acid, heptadecanoic acid and stearic acid are significantly (P<0.05) 

higher in magur when compare with singhi. The monounsaturated fatty acid (MUFA) 

content is 38.36±4.62 and 49.69±7.87 respectively in magur and singhi. The 

predominant MUFA is oleic acid and it is significantly (P<0.05) higher in singhi 

when compared to magur. Other MUFA present in the species were palmitoleic acid 

and pentadecenoic acid. Among the PUFA, α-linolenic acid was significantly 

(P<0.05) higher in magur in comparison to singhi and on the contrary eicosatrienoic 

acid was significantly (P<0.05) higher in singhi compared to magur.  

http://en.wikipedia.org/wiki/Secosteroids
http://en.wikipedia.org/wiki/Cholecalciferol
http://en.wikipedia.org/wiki/Ergocalciferol
http://en.wikipedia.org/wiki/Innate_immune_system
http://en.wikipedia.org/wiki/Adaptive_immune_system
http://en.wikipedia.org/wiki/Methyl
http://en.wikipedia.org/wiki/1,4-naphthoquinone
http://en.wikipedia.org/wiki/1,4-naphthoquinone
http://en.wikipedia.org/wiki/Derivative_(chemistry)
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Table 3. Fatty acid profile (% of total fatty acid) of Two Indian Catfish 

Fatty acids Magur Singhi 

Butyric acid (C4:0) 0.09±0.01 0.25±0.11 

Capric acid (C10:0) 0.10±0.03 0.16±0.09 

Undecanoic acid (C11:0) 0.75
 b
 ±0.14

 
0.02

 a
 ±0.01

 

Lauric acid (C12:0) 2.50
 b
 ±0.23

 
0.86

 a
 ±0.23

 

Tridecanoic acid (C13:0) 0.59±0.15 ND 

Myristic acid (C14:0) ND 6.12±1.18 

Pentadecanoic acid (C15:0) 2.27
 b
 ±0.59

 
0.03

 a
 ±0.01

 

Palmitic acid (C16:0) 7.26±1.21
a 

25.10
 b
 ±4.98

 

Heptadecanoic acid (C17:0) 5.09
 b
 ±1.02

 
0.23

 a
 ±0.12

 
 

Stearic acid (C18:0) 8.54
 b
 ±0.45

 
3.16

 a
 ±0.16

 

Arachidic acid (C20:0) 0.37±0.005 ND 

Heneicosanoic acid (C21:0) 8.55±4.11 ND 

Behenic acid (C22:0) ND 0.51±0.11 

∑ SFA 36.11±1.04 36.44±0.46 

Myristoleic acid (C14:1) 0.07±0.02 0.06±0.02 

Cis-10-Pentadecenoic acid (C15:1) 2.28±0.71 2.42±1.90 

Palmitoleic acid (C16:1) 6.49±1.14 5.94±2.01 

Heptadecenoic acid (C17:1) 0.22±0.01 0.14±0.07 

Oleic acid (C18:1n9) 28.96
 a 

±2.78
 

41.13
 b
 ±2.84

 

Eicosanoic acid (C20:1n9c) 0.34±0.05 ND 

∑ MUFA 38.36±4.62 49.69±7.87 

Linolelaidic acid (C18:2n6t) 0.16±0.07 0.11±0.09 

Linoleic acid (C18:2n6c) 13.76±2.56 ND 

γ-Linolenic acid (C18:3n6) 0.96±0.78 0.06±0.01 

α-Linolenic acid (C18:3n3) 2.43±0.02
b 

0.23±0.01
a 

Eicosadienoic acid (C20:2n6) 1.49±0.85 1.08±0.56 

Eicosatrienoic acid (C20:3n6) 1.19
 a
 ±0.14

 
5.80

 b
 ±0.17

 

Eicosatrienoic acid (C20:3n3) 0.30±0.09 0.80±0.19 

Arachidonic acid (C20:4n6) ND 0.58±0.21 

Eicosapentaenoic acid (C20:5n3) 2.98±1.00 3.60±1.11 

Docosahexaenoic acid(C22:6n3) 2.25±0.86 1.60±1.09 

∑ PUFA 25.52±1.40 13.86±0.64 
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Fatty acids Magur Singhi 

∑ ω3 7.96±0.58 6.23±0.74 

∑ ω6 17.56
 b
 ±2.57

 
7.63

 a
 ±1.08

 

ω3 : ω6 0.45:1 0.82:1 

a,b Means with different superscripts in a row differ significantly(P< 0.05)  

Both the catfish posses two important PUFAs, viz., eicosapentanoic acid (EPA) 

and docosahexaenoic acid (DHA) and these range from 2.98 – 3.60 (%) as EPA and 

1.60-2.25 (%) as DHA. The PUFA content was 25.52±1.40 and 13.86±0.64 in magur 

and singhi respectively. The ω6 PUFA was significantly (P<0.05) higher in magur 

compared to singhi. The ω3 and ω6 ratio (ω3: ω6) was 0.45:1 and 0.82:1 respectively 

in magur and singhi.  

The fatty acid composition of aquatic animals are influenced by intrinsic 

variables, such as species, sex, age and size; as well as extrinsic factors, such as diet, 

salinity, temperature, geographical regions, and the general rearing conditions (Paul 

et al., 2015). Fatty acids in fishes are derived from two main sources, namely, 

biosynthesis and diet (Kamler et al., 2001). The chain length varies from C14-C24 of 

varying degree of unsaturation, from saturated to polyunsaturated (Swapna et al., 

2010). Palmitic acid content among the SFA is maximum (25.10%) in singhi which is 

in agreement with earlier report (Kaya et al., 2008). Among MUFA the oleic acid 

content was 28.96 % in magur and it is similar to earlier reports (Swapna et al., 2010 

and Jakhar et al., 2012). The palmitic acid was considered as a key to many 

metabolic processes in fish and other aquatic animals (Mohanty et al., 2016). The 

PUFA content of magur in the present experiment is reported to 25.52±1.40 and it is 

in agreement with the study in other freshwater fish (Swapna et al., 2010, Kenari et 

al., 2009 and Jakhar et al., 2012). Fish oils are known to be rich source of essential 

PUFA of the omega-3 family, including both EPA and DHA (Kenari et al., 2009 and 

Paul et al., 2015).  

CONCLUSION 

 The results indicated that Indian catfish is a good source of essential amino 

acid. Among fatty acid profile, palmitic and stearic acid are maximum among SFA 

and oleic acid and myristic acid are predominant among MUFA. Among PUFA the 

fish is enriched with linolenic acid, DHA and EPA. Vitamin A and D are also rich in 

good amount in both the catfish.  
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ABSTRACT 

The change in Global climate is due to increasing concentration of 
greenhouse gases (GHG) in the atmosphere. The earths’ observed 
climatic changes over the past 50 years are primarily caused by 
various human activities. The increasing global temperature over the 
past century by about 0.8°C and expected to rise between 0.9 and 
3.5°C by 2100. Such changes will not only have a great effect on the 
growth and cultivation of different crops but also affect the 
reproduction, spread and severity of many plant pathogens. Various 
plant disease models have been developed to incorporate more 
sophisticated climate predictions at various levels. At the level, the 
adaptive potential of plant and pathogen populations may prove to 
be one of the most important predictors of the magnitude of climate 
change effects. This review highlights various influences of climate 
change on plant diseases and their effects with suitable examples. 

Keywords: CO2, climate change, GHG, plant diseases, plant 

pathogens, temperature 

Introduction 

Climate change is a major environmental challenge worldwide. Green house 

gases (GHG) viz., water vapour (H2O), carbon dioxide (CO2), Methane (CH4), nitrous 

oxide (N2O), hydrofluorocarbons (HFCs) and Ozone (O3) in the atmosphere trap 

reflected radiation to warm the earth surface (Mahato, 2014). Human activities are 

widely involved in increasing global climate changes that directly influences the 

ecology (Pachauri and Reisinger, 2007 and Ahanger et al., 2013). In India, global 

warming was observed along the west coast, central India, the interior peninsula and 

Northeast India (Gautam, et al., 2013). According to Inter-govenrmental Panel on 

Climate Change (IPCC, 2007); the planet earth is experiencing a climate change and 

atmospheric CO2 is a major GHG, which increased by nearly 30% and temperature 

by 0.3- 0.6°C (Chakraborty et al., 2000). This global climate changes by various 

factors (Pachauri and Reisinger, 2007 and Pachauri et al., 2014) and change or 
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influence all the 3 major elements of disease triangle, viz., host, pathogen and 

environment (Legreve and Duveiller, 2010). Crop growth and production can be 

significantly affected due to high atmospheric CO2 concentration, temperature, 

changes in precipitation patterns and frequency of extreme weather phenomena and 

diseases presence will altered under these condition (Rosenzweig and Tubiello, 2007, 

Ghini et al., 2008 and Chakraborty, 2011). When the host present pathogens with 

short life cycles, reproduction rates is high and dispersion mechanisms respond 

quickly and adapt faster to climate change (Coakley et al., 1999). 

Climate change would affect plant diseases together with anthropogenic 

processes such as air, water and soil pollution, long-distance introduction of exotic 

species and urbanization (Regniere, 2012). These factors contribute to the spread of 

diseases viz. sudden oak death (Prospero et al., 2009). Elevated temperature and CO2 

concentration have impact on plant-disease interaction (Lopez et al., 2012) and 

posing a higher threat perception of late blight (Phytophthora infestans) of potato 

and blast (Magnaporthe grisea) and sheath blight (Rhizoctonia solani) of rice 

(Kobayashi et al., 2006). Effects of climate change on Phoma (Leptosphaeria 

maculans) in rape seed was observed through a model in combination with climate 

change that predict temperature and rainfall under CO2 emission scenarios for the 

2020 and 2050s in UK (Evans et al. (2007); and sporulation of teleomorphs on 

climate change (Kaczmarek et al., 2016).   

For sustainable food production disease management strategies should be 

reoriented in changing climate. Although, plant diseases play an important role in 

agriculture (Agrios, 2005), a limited amount of information on the potential impacts 

of climate change on plant diseases is available (Harvell et al., 2002 and Garrett et 

al., 2006). 

Effect of temperature on plant diseases  

Certain minimum temperature is required by both plants and pathogens to 

grow. Temperature affects the chain of events in disease cycles such as survival, 

dispersal, penetration, development and also reproduction rate for many pathogens. 

With increasing temperature spore germination of rust fungus Puccinia substriata 

increases (Tapsoba and Wilson, 1997). In southern Germany, a northward shift of 

Cercospora beticola, leaf spot of sugar beeet was due to increasing annual mean 

temperature by 0.8-1°C (Richerzhagen et al., 2011). Altered temperatures favour over 

wintering of sexual propagules which increased the evolutionary potential of a 

population (Pfender and Vollmer (1999). Generally high moisture and temperature 

favours and initiate disease development, as well as germination and proliferation of 

fungal spores of diverse pathogens (Agrios, 2005). Conidia of powdery mildew have 

the ability to germinate even at 0% relative humidity (RH) (Yarwood, 1978). Conidia 

of Erisiphe cichoracearum germinate at temperature from 7 to 32°C with a RH of 60 

to 80% (Khan and Khan, 1992); and spores of Erysiphe necator germinate at 

temperatures from 6 to 23°C with a RH from 33 to 90 % (Bendek et al., 2007).  
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Cereal crops become more susceptible to rust diseases because of temperature 

influence. Oat stem rust resistance genes Pg3 and Pg4 fail at temperature above 20°C 

(Martens et al., 1967). Likewise, wheat leaf rust resistance genes viz., Lr2a, Lr210 

and Lr217 are temperature sensitive. Only Lr2a gene shows resistance at temperature 

beyond 25°C. In contrast, lignification in forage crops increases with higher 

temperature (Wilson et al., 1991). Moderate temperature is the best for fungal growth 

that cause plant disease. Phytophthora infestans, late blight of potato and tomato, 

infects and reproduces most successfully at high moisture when temperatures are 

between 7.2°C and 26.8°C. Infection of Eucalyptus sp. by Phytophthora cinnamomi 

due to increased soil temperature of 12-30°C (Podger et al., 1990). Temperature also 

plays a vital role for the occurrence of bacterial diseases such as Ralstonia 

solanacearum, Acidovorax avenae and Burkholderia glumea and bacteria also 

proliferate in the areas where temperature dependent diseases have not been 

previously observed (Kudela, 2009). Even the incidence of virus and other vector-

borne diseases also alter. Mild and warmer winters make aphids easy to survive thus 

spreading Barley yellow dwarf virus (BYDV) and also increase viruses of potato and 

sugar beet (Thomas, 1989; Mackerron et al., 1993). 

Effect of moisture on plant disease  

With increased temperature various models on climate change predict frequent 

and extreme rainfall events and higher atmospheric water vapour concentrations. 

These encourage the crops to produce healthier and larger canopies that retain 

moisture as leaf wetness and RH for longer periods and results in condition 

conducive for pathogens and diseases such as late blights and vegetable root diseases 

including powdery mildews (Coakley et al., 1999). High moisture favours foliar 

diseases and some soil borne pathogens such Phytophthora, Pythium, R. solani and 

Sclerotium rolfsii. Drought stress affect the incidence and severity of viruses such as 

Maize dwarf mosaic virus (MDMV) and Beet yellows virus (BYV) (Olsen et al., 1990 

and Clover et al., 1999).  

Effect of CO2 on plant disease  

Both the host and the pathogen are influenced by increased CO2 levels in 

various ways. Increased size of plant organs, leaf area, leaf thickness, more numbers 

of leaves, higher total leaf area/plant, stems and branches with greater diameter are 

resulted from increased CO2 levels (Bowes, 1993 and Pritchard et al., 1999). Dense 

canopy favours the incidence of rust, powdery mildew, Alternaria blight, 

Stemphylium blight and anthacnose diseases. Higher CO2 concentrations induce 

greater fungal spore production. Increased CO2 also enhances photosynthesis, 

increased water use efficiency and reduced damage from ozone (von Tiedmann and 

Firsching, 2000); and leaf area, plant height and crop yield are increased at higher 

doses of CO2 (Eastburn et al., 2011). The physiological changes on the host plant due 

to increased CO2 can conversely result in increase host resistance to pathogens 

(Coakley et al., 1999). 
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Under elevated CO2 conditions, potential of dual mechanism i.e., reduced 
stomata opening and altered leaf chemistry results in reduced disease incidence and 
severity in many plant pathosystems where the pathogen targets the stomata 
(Mcelrone et al., 2005). In soybean, elevated concentration of CO2 and O3 altered the 
expression of 3 soybean diseases, downy mildew (Perenospora manshurica), brown 
spots (Septoria glycines) and sudden death syndrome (Fusarium virguliforme) and 
response to the diseases varied considerably (Eastburn et al., 2010). Elevated CO2 
also leads to production of papillae and accumulation of silicon by barley plants at 
the site of appressorial penetration of Erysiphe graminis and changed leaf chemistry 
that decrease susceptibility to the powdery mildew pathogen (Hibberd et al., 1996). 
In general, the effects of elevated CO2 concentration on plant diseases can be positive 
or negative, but majority of the cases disease severity increased (Manning and 
Tiedmann, 1995). Besides all that mentioned above, change in temperature and other 
climatic factors make the plants vulnerable to pathogens are currently not important 
owing to unfavourable climate. For example, drought condition favours infection by 
Armilaria sp. which is normally not very pathogenic (Rishbeth, 1991 and Lonsdale 
and Gibbs, 1996). 

Climate change and microbial interactions 

Increased CO2 levels in the atmosphere have major consequences on carbon 
cycling and the functioning of various ecosystems. Nitrogen deposition level, CO2 
concentration and temperature are important factors affecting soil microbial 
communities (Garret et al., 2006). Short-term and long-term changes in the abiotic 
conditions not only affect plant growth and productivity but also the populations of 
microorganisms living on plant surfaces. Any change in phyllosphere microflora, 
affects plant growth and plants’ ability to withstand aggressive attack of pathogens. 

Effect of climate change on vector-borne diseases 

Plant viruses operate in association with their host plants and vectors. The risk 
of vector-borne disease at the local and regional level is limited by the climatic 
requirements of disease vectors (Malmstrom et al., 2011). Both host plant and insect-
vector populations are affected by climate change and spread the plant viruses (Jones, 
2009).  Global warming also influences the primary infection of the host, the spread 
of the infection within the host and/or the horizontal transmission of the virus to new 
hosts by the vector. Phenology and physiology of the host also affected by climate 
change, thereby affect its virus susceptibility and virus ability to infect. In turn, 
effects on host physiology may affect the attractiveness of the host to vectors and/or 
viral transmissibility.  Climate change has various effects on vectors like 
modification of vector phenology, vector’s over-wintering, density, migration and its 
stability. There is a little effect by elevated CO2 levels on natural enemies of insect 
herbivores. This elevated CO2 have indirect effect on third trophic level, by changing 
the size and composition of insects prey populations. Any changes either in host plant 
or insect vector population due to climate change could spread plant viruses (Canto et 
al., 2008). 
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Plant pathosystems models 

To study the effects of climate change on both plant pathogens and diseases, 

pathosystem are examined (Elad and Pertot, 2014). Predictive models have been 

developed for a few plant-pathogen systems.  Powdery mildew (E. necator) is one of 

the most important diseases of grapevine and European grapevine moth (Lobesia 

botrana) is one of the most noxious vineyard pests in the European and 

Mediterranean regions. Phenological models of grapevine with phenological models 

of grape powdery mildew and the European grapevine moth applied the models to 

climate change scenarios for the eastern Italian Alps and considered potential 

changes in the interactions between these species (Caffarra et al., 2012). They 

simulate decrease powdery mildew epidemics in disease severity, especially in years 

where disease symptoms first appear at a later date and in the presence of increased 

temperatures. They also suggested that in the warmer region with profitable 

viticulture areas, increased temperatures might have a detrimental effect on yield 

because of increased asynchrony between the growth stages of resistant larvae of 

grapevine and European grapevine moth larvae. On the other hand, the increase in 

pest pressure caused by the increased number of generations might not be as severe 

as expected on the basis of the pest model only, because of the earlier harvest dates, 

which would limit the damage caused by late-season generations. Moisture allows for 

infection by zoosporangia and dry periods kill the pathogen (Gessler et al., 2011).  

North-eastern scenario on plant disease 

This region fall under high rainfall zone with subtropical type of climate (Das 

et al., 2009 ) and several crop diseases occurred with varying levels of incidence (Ao 

et al., 2014). Cereal, spices and vegetables are affected by many diseases with 

changing climate. High incidence of colocasia leaf blight and with moderate 

incidence of blast and brown spot of paddy, bacterial blight of paddy, Curvularia leaf 

pot of maize, anthracnose and fruit rot of king chilli, leaf blotch and leaf spot of 

turmeric, powdery mildew and downy mildew of cucurbits, tomato leaf curl, sigatoka 

and anthracnose of banana and citrus canker diseases. Another effect that is drought 

and flood are adverse climatic conditions from deficit and excess rainfall and greatly 

hamper the agricultural crops. 

In the past few years, with deficient precipitation, there is a possibility of 

occurring moisture stress condition which favours plant diseases like Macrophomina, 

Rhizoctonia, etc in pulse crops. Though there is no specific study reported from 

region on the impact of climate change on plant diseases, however, we can assumed 

and foreseen several findings with scientific considerations in the line of the studies 

conducted elsewhere.      

Coping with the effects of climate change on plant diseases 

Disease development is the cumulative effect of various factors that affect the 

host and pathogen.  Microbial populations or control agents also affect the plant-
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pathogen relationship. The effects of climate change differ in different plant-

pathogen systems. Because of severe climatic conditions crops require more 

fungicide spray treatments with higher application rates, thus increasing costs for 

farmers, prices for consumers and the likelihood of the development of fungicide 

resistance (Juroszek and von Tiedemann, 2011). Annual crops have an advantage 

over perennials, as they are more flexible and when it comes to adopt new cultivars 

and cultural practices. To cope with the predicted climate change, one can evaluate 

the efficacy of current physical, chemical and biological control methods and also by 

adapting new tool and techniques. The persistence of plant protection chemicals in 

the phyllosphere is highly dependent on weather conditions. The efficacy of chemical 

pesticides can affect by change in duration, intensity and frequency of precipitation 

events. Temperature directly influences the degradation of chemicals and alters plant 

physiology and morphology; indirectly affecting the penetration, translocation, 

persistence and modes of action of many systemic fungicides (Coakley et al., 1999).   

CONCLUSION 

There has been only a limited research on impact of climate change on plant 

diseases under field conditions or disease management under climate change. 

However, some assessments are now available for few countries, regions, crops and 

particular pathogens which concern with food security. Now, emphasis must shift 

from impact assessment to developing adaptation and mitigation strategies and 

options. First, there is need to evaluate under climate change the efficacy of current 

physical, chemical and biological control tactics, including disease-resistant cultivars, 

and secondly, to include future climate scenarios in all research aimed at developing 

new tools and tactics. Disease risk analyses based on host–pathogen interactions 

should be performed, and research on host response and adaptation should be 

conducted to understand how an imminent change in the climate could affect plant 

diseases. 

ACKNOWLEDGEMENTS 

 The authors are grateful to the Dean, College of Post Graduate studies, Central 

Agricultural University, Umiam, Meghalaya, India for supporting authors to conduct 

the study. 

REFERENCES 

Agrios, G. N. 2005. Plant Pathology. p. 249-263. 5
th

 edition. London: Elsevier  

Ahanger, R. A., Bhat, H. A., Bhat, T. A., Ganie, S. A., Lone, A. A., Wani, I. A., Ganai, S. A., 

Haq, S., Khan, O. A., Junaid, J. M. and Bhat, T. A. 2013. Impact of Climate Change on 

Plant Diseases. International Journal of Modern Plant & Animal Sciences, 1(3): 105-

115 

  



206 Tanmoy Das et al. 

Ao, N. T., Banik, S., Daiho, L., Ao, M. A., Pongener, N. and Neog, P. 2014. Report on crop 

disease and pest survey in Dimapur and Peren districts of Nagaland. SASRD, Nagaland 

University 

Bendek, C. E., Campbell, P. A., Torres, R., Donoso, A., Latorre, B. A. 2007. The risk 

assessment index in grape powdery mildew control decisions and the effect of 

temperature and humidity on conidial germination of Erysiphe necator. Spanish 

Journal of Agricultural Research, 5(4): 522-532 

Bowes, G. 1993. Facing the inevitable: plants and increasing atmospheric CO2. Annual 

Review of Plant Physiology and Plant Molecular Biology, 44: 309-32 

Caffarra, A., Rinaldi, M., Eccel, E., Rossi, V. and Pertot, I. 2012. Modeling the impact of 

climate change on the interaction between grapevine and its pests and pathogens: 

European grapevine moth and powdery mildew. Agriculture, Ecosystems & 

Environment, 148: 89-101 

Canto, T., Aranda, M. and Fereres, A. 2008. Climate change effects on physiology and 

population processes of host and vectors that influence the spread of hemipteran-borne 

plant viruses. Global Change Biology, 15(8): 1884-1894 

Chakraborty, S. 2005. Potential impact of climate change on plant–pathogen interactions. 

Australasian Plant Pathology, 34: 443-448 

Chakraborty, S. and Newton, A. C. 2011. Climate change, plant diseases and food security: an 

overview. Plant Pathology, 60: 2–14  

Chakraborty, S., Tiedemann, A. V. and Teng, P. S. 2000. Climate change: potential impact on 

plant diseases. Environmental Pollution, 108: 317-326 

Clover, G. R. G., Smith, H. G., Azam-Ali, S. N. and Jaggard, K. W. 1999. The effects of 

drought on sugar beet growth in isolation and in combination with Beet yellows virus 

(BYV) infection. Journal of Agricultural Science, 133: 251–261 

Coakley, S. M., Scherm, H. and Chakraborty, S. 1999. Climate change and plant disease 

management. Annual Review of Phytopathology, 37: 399-426 

Das, A., Ghosh, P. K., Choudhury, B. U., Patel, D. P., Munda, G. C., Ngachan, S. V. and 

Chowdhury, P. 2009. Climate change in Northeast India: Recent facts and events-

worry for agricultural management. In Proceedings: Impact of Climate Change on 

Agriculture. 17-18 Dec., 2009. Ahamedabad, India 

Eastburn, D. M., Degennaro, M. M., Delucia, E. H., Dermody, O. and Mcelrone, A. J. 2010. 

Elevated atmospheric carbon dioxide and ozone alter soybean diseases at SoyFACE. 

Global Change Biology, 16: 320-330 

Eastburn, D. M., McElrone, A. J. and Bilgin, D. D. 2011. Influence of atmospheric and 

climatic change on plant-pathogen interactions. The Plant Pathology, 60: 54-59. 

Elad, Y. and Pertot, I. 2014. Climate change impacts on plant pathogens and plant diseases. 

Journal of Crop Improvement, 28(1): 99-139. 

Evans, N., Baierl, A., Semenov, A. M., Gladders, P. and Fitt, B. D. L. 2007. Range and 

severity of a plant disease increased by global warming. Journal of The Royal Society 

Interface, 5: 525-531 



CLIMATE CHANGE IMPACTS ON PLANT DISEASES 207 

Garrett, K. A., Dendy, S. P., Frank, E. E., Rouse, M. N. and Travers, S. E. 2006. Climate 

change effects on plant disease: genomes to ecosystems. Annual Review of 

Phytopathology, 44: 489-509 

Gautam, H. R., Bhardwaj, M. L. and Kumar, R. 2013. Climate change and its impact on plant 

diseases. Current Science, 105(12): 1685-1691 

Gessler, C., Pertot, I. and Perazzolli, M. 2011. Plasmopara viticola: A review of knowledge 

on downy mildew of grapevine and effective disease management. Phytopathologia 

Mediterranea, 50: 3-44 

Ghini, R, Hamada, E, Bettiol, W. 2008. Climate change and plant disease. Scientia Agricola 

(Piracicaba, Brazil), 65: 98-107 

Harvell, C. D., Mitchell, C. E., Ward, J. R., Altizer, S., Dobson, A. P., Ostfeld, R. S. and 

Samuel, M. D. 2002. Climate warming and disease risks for terrestrial and marine 

biota. Science, 296: 2158-2162 

Hibberd, J. M., Whitbread, R., Farrar, J. F. 1996. Effect of elevated concentrations of CO2 on 

infection of barley by Erysiphe graminis. Physiological and Molecular Plant 

Pathology, 48: 37-53 

IPCC. 2007. Climate change 2007: Synthesis Report. Contribution of Working Group I, II 

and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change (IPCC). R. K. Pachauri and A. Reisinger (Eds.), IPCC, Geneva, Switzerland. 

Jones, R. A. C. 2009. Plant virus emergence and evolution: origins, new encounter scenarios, 

factors driving emergence, effects of changing world conditions, and prospects for 

control. Virus Research, 141: 113-130 

Juroszek, P. and von Tiedemann, A. 2011. Potential strategies and future requirements for 

plant disease management under a changing climate. Plant Pathology, 60: 100-112 

Kaczmarek, J., Kedziora, A., Brachaczek, A., Akinwunmi, O., Dada, L., Dakowska, S., Karg, 

G. and Jedryczka, M. 2016.  Effect of climate change on sporulation of the 

teleomorphs of Leptosphaeria species causing stem canker of brassicas. Aerobiologia, 

32: 39-51 

Khan, A. U. and Khan, A. M. 1992. Incidence and severity of cucurbit powdery mildew in 

Uttar Pradesh. Indian Phytopathology, 45(2): 190-193 

Kobayashi, T., Ishiguro, K., Nakajima, T., Kim, H. Y., Okada, M. and Kobayashi, K. 2006. 

Effects of elevated atmospheric CO2 concentration on the infection of rice blast and 

sheath blight. Phytopathology, 96: 425-431 

Kudela, V. 2009. Potential Impact of Climate Change on Geographic Distribution of Plant 

Pathogenic Bacteria in Central Europe. Plant Protection Science, 45: 527-532 

Legreve, A. and Duveiller, E. 2010. Preventing potential diseases and pest epidemics under a 

changing climate. p. 50-70. In M. P. Reynolds (ed.), Climate change and crop 

production. Wallingford, CABI 

Lonsdale, D. and Gibbs, J. N. 1996. Effects of climate change on fungal diseases of trees. p. 

1019. In: Frankland et al. (Eds.), Fungi and Environmental Change. Cambridge 

University Press, Cambridge 



208 Tanmoy Das et al. 

Luck, J., Spackman, M., Freeman, A., Griffiths, W., Finlay, K. and Chakraborty, S. 2011. 

Climate change and diseases of food crops. Plant Pathology, 60(1): 113-121 

Mackerron, D., Boag, B., Duncan, J. M., Harrison, J. G. and Woodford, J. A. T. 1993. The 

prospect of climate change and its implications for crop pests and diseases. P. 181-93. 

In D. Ebbels (Eds.) Plant Health and the European Single Market. Farnham: British 

Crop Production Council 

Mahato, A. 2014. Climate Change and its Impact on Agriculture. International Journal of 

Scientific and Research Publications, 4(4).www.ijsrp.org. 

Malmstrom, C. M., Melcher, U. and Bosque-Perezc, N. A. 2011. The expanding field of plant 

virus ecology: Historical foundations, knowledge gaps, and research directions. Virus 

Research, 159: 84–94. 

Manning, W. J. and Tiedemann, A. 1995. Climate change: potential effects of increased 

atmospheric carbon dioxide (CO2), ozone (O2) and ultraviolet-B (UV-B) radiation on 

plant disease. Environmental Pollution, 88: 219-246 

Martens, J. W., McKenzie, R. I. H. and Green, G. J. 1967. Thermal stability of stem rust 

resistance in oat seedlings. Canadian Journal of Botany, 45: 451-58 

Mcelrone, A. J., Reid, C. D., Hoye, K. A., Hart, E.and Jackson, R. B. 2005. Elevated CO2 

reduces disease incidence and severity of a red maple fungal pathogen via changes in 

host physiology and leaf chemistry. Global Change Biology, 11: 1828-1836 

Olsen, A. J., Pataky, J. K., D’arcy, C. J. and Ford, R. E. 1990. Effects of drought stress and 

infection by Maize dwarf mosaic virus (MDMV) in sweet corn. Plant Disease, 74: 147-

151 

Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., Church, J. 

A., Clarke, L., Dahe, Q., Dasgupta, P., Dubash, N. K., Edenhofer, O., Elgizouli, I., 

Field, C. B., Forster, P., Friedlingstein, P., Fuglestvedt, J., Gomez-Echeverri, L., 

Hallegatte, S., Hegerl, G., Howden, M., Jiang, K., Jimenez Cisneroz, B., Kattsov, V., 

Lee, H., Mach, K. J., Marotzke, J., Mastrandrea, M. D., Meyer, L., Minx, J., Mulugetta, 

Y., O’Brien, K., Oppenheimer, M., Pereira, J. J., Pichs Madruga, R., Plattner, G. K., 

Portner, H. O., Power, S. B., Preston, B., Ravindranath, N. H., Reisinger, A., Riahi, K., 

Rusticucci, M., Scholes, R., Seyboth, K., Sokona, Y., Stavins, R., Stocker, T. F., 

Tschakert, P., van Vuuren, D. and Van Ypserle, J. P. 2014. Climate change 2014: 

Synthesis report. p.151. In R. Pachauri and L. Meyer (Eds.) Contribution of working 

groups I, II and III to the fifth assessment report of the intergovernmental panel on 

climate change. Switzerland. Geneva 

Pfender, W. F. and Vollmer, S. S. 1999. Freezing Temperature Effect on Survival of Puccinia 

graminis sub sp. graminicola in Festuca arundinacea and Lolium perenne. Plant 

Disease, 83: 1058-1062 

Podger, F. D., Mummery, D. C., Palzer, C. R. and Brown, M. L. 1990. Bioclimatic analysis of 

the distribution of damage to native plants in Tasmania by Phytophthora. Australian 

Journal of Ecology, 15: 281-289. 

Pritchard, S. G., Rogers, H. H., Prior, S. A. and Peterson, C. M. 1999. Elevated CO2 and plant 

structure: A review. Global Change Biology, 5: 807-837 



CLIMATE CHANGE IMPACTS ON PLANT DISEASES 209 

Prospero, S., Grunwald, N. J., Winton, L. M. and Hansen, E. D. M. 2009. Migration patterns 

of the emerging plant pathogen Phytophthora ramorum on the west coast of the United 

States of America. Phytopathology, 99: 739-749 

Regniere, J. 2012. Invasive species, climate change and forest health. p. 27-37. In T. 

Schlichter and L. Montes (Eds.) Forests in Development: A Vital Balance. Springer. 

Berlin.  

Richerzhagen, D., Racca, P., Zeuner, T., Kuhn, C., Falke, K., Kleinhenz., B. and Hau, B. 

2011. Impact of climate change on the temporal and regional occurrence of Cercospora 

leaf spot in Lower Saxony. Journal of Plant Diseases and Protection, 118: 168-177 

Rishbeth, J. 1991. Armillaria in ancient broad leaved woodland. European Journal of Forest 

Pathology, 21: 239-249 

Rosenzweig, C. And Tubiello, F. N. 2007. Adaptation and mitigation strategies in agriculture: 

an analysis of potential synergies. Mitigation and Adaptation Strategies for Global 

Change, 12: 855-873 

Tapsoba, H. and Wilson, J. P.  1997. Effects of Temperature and Light on Germination of 

Urediniospores of the Pearl Millet Rust Pathogen, Puccinia substriata var. indica. 

Plant Disease, 81(9): 1049-1052 

Thomas, T. 1989. Sugar beet in the greenhouse - a global warning. Brown Sugar, 59: 24-26 

Von Tiedemann, A. and Firsching, K. H. 2000. Interactive effects of elevated ozone and 

carbondioxide on growth and yield of leaf rust-infected versus non-infected wheat. 

Environmental Pollution, 108: 357-363 

Wilson, J. R., Deinum, B. and Engel, F. M. 1991. Temperature effects on anatomy and 

digestibility of leaf and stem of tropical and temperate forage species. Netherlands 

Journal of Agricultural Science, 39: 31-48 

Yanez-Lopez, R., Torres-Pacheco, I., Guevara-Gonzalez, R. G., Hernandez-Zul, M. I., 

Quijano-Carranza, J. A.  and Rico-Garcia, E. 2012. The effect of climate change on 

plant diseases.  African Journal of Biotechnology, 11(10): 2417-2428 

Yarwood, C. E. 1978. History and taxonomy of powdery mildews. p.1-37. In D. M., Spencer 

(Eds.), Powdery Mildews. Academic Press, London 

 



SAARC J. Agri., 14(2): 46-217 (2016) 

PHYSIOCHEMICAL AND MICROBIOLOGICAL 

QUALITY ASSESSMENT AND DETECTION OF 

ADULTERANTS OF RAW MILK AVAILABLE IN NAKLA 

UPAZILA, SHERPUR, BANGLADESH 

T. Hasan
1
 and R. H. Rakib

*2 

1
Department of Dairy Science, Bangladesh Agricultural University, Mymensingh-2202 

2
Goat and Sheep Division, Bangladesh Livestock Research Institute, Savar, Dhaka-1341 

Fresh milk considered as a complete diet because it contains the essential 

nutrients as lactose, fat, protein, mineral and vitamins in balanced ratio rather than 

the other foods (Khalid, 2006). It is defined as the whole, fresh, clean, lacteal 

secretion obtained by complete milking of one or more healthy animals excluding 

that obtained within fifteen days before or five days after calving or such periods as 

may be necessary to render milk practically colostrum free and containing the 

minimum prescribed percentage of milk fat (3.5%) and solids not fat (8.5%) (Goff 

and Hill, 1993). As an essential part of our daily diet, liquid milk plays a crucial role 

to meet up the increasing nutritional demand as well as ensures food safety in 

developing countries like Bangladesh. But at the same time, it is highly vulnerable to 

bacterial contamination and hence is easily perishable (Kim et al., 1983; OECD 

2005). Moreover, in Bangladesh, milk adulteration is pretty common. Quality 

evaluation of milk is thus vital.  

In Bangladesh a total of 6.97 million tons of milk were produced over the 

2014-2015 fiscal year and about 90 percent of this production comes from cows 

while the rest is filled by buffaloes and goats (DLS, 2016). The total requirement of 

milk consumption in our country is 14.6 million tons per year. The demand of milk is 

growing faster due to rapid increase in population. Therefore, the limited productions 

of milk lead the dairy personnel to adulterate milk with unhealthy liquor and other 

solid substances. The way of adulteration is occurred by unhygienic milking, 

inappropriate transport system, germ favored storage and milk collector itself which 

creates milk contaminated (Tasci, 2011). For instance, the addition of water to 

increase volume of milk, thickening agents like starch, flour, skimmed milk powder, 

whey powder or other ingredients to counter the dilution and extend the solids 

content of the milk (Fakhar et al., 2006); vegetable oil, sugarcane or urea to 

compensate the fat, carbohydrate or protein content of diluted milk. Some chemicals 

such as hydrogen peroxide, carbonates, bicarbonates, antibiotics, caustic soda and 

even the most lethal chemical formalin to increase the storage period of milk (Tariq, 
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2011), ice to enhance the shelf life of milk; detergents to enhance the cosmetic nature 

of milk which diminishes foamy appearance and whitening of milk or calcium 

thioglycolate/ potassium thioglycolate/ calcium salts of thioglycolic acid and urea for 

whitening of milk and giving it a genuine look (Walker et al., 2004). 

The Bangladesh Standards and Testing Institution (BSTI) oblige various 

chemical and sanitary requirements for the pasteurized milk (BSTI, 2002). However, 

no standard is known to be established for the raw milk available in Bangladesh. The 

physiochemical analysis is an important tool to monitor the quality of dairy products. 

Milk from various mammals are used for producing different dairy products 

including milk cream, butter, yogurt, ghee, sour milk, etc. (Adam, 2009). The present 

study was performed to throw out a light on the physiochemical composition and 

microbiological quality of raw milk that is marketed in Nakla Upazila, Sherpur, 

Bangladesh and detection of various adulterants of available raw milk. 

In this study, individual raw milk samples were collected from different local 

markets of Nakla upazila, Sherpur, Bangladesh. The selected markets were 

Narayankhola Bazar, Nakla Bazar and Chandrokona Bazar.  Designated by the 

sample as A = Narayankhola Bazar, B = Nakla Bazar, C = Chandrokona Bazar. 

Before collection, milk-carrying pots were cleaned and dried properly in order to 

avoid any kind of external contamination or adulteration. Samples were collected 3 

times from 3 different local markets and each time 3 samples were collected. These 

samples were analyzed at the Dairy Chemistry and Microbiology laboratory of the 

Department of Dairy Science, Bangladesh Agricultural University, Mymensingh. 

Sensory analysis was examined by a panel of experienced judges. The 

organoleptic properties of milk such as color, flavor and odor, and taste were 

evaluated with the help of eyes, nose and tongue respectively as per standard score 

card (ISO, 1995). In this study, several chemical analyses has been done such as 

percentages (%) of acidity,  fat content, protein content, lactose, ash, total solid (TS), 

solid not fat (SNF) and specific gravity. Acidity was determined by titrating with 

N/10 sodium hydroxide solution using the procedure of Aggarwala and Sharma 

(1961). Fat content was also determined by the Babcock method following the 

procedure described by Aggarwala and Sharma (1961). Protein percentage was 

calculated by the formal titration method described by Davide (1997). 

The lactose content of milk was estimated by the following formula:  

Lactose content of milk = % SNF - (% Protein + % Ash) 

Ash content of milk samples were determined by the incineration method 

according to AOAC (2003). SNF and TS were calculated by the following equations: 

% SNF = (CLR/4) + (% Fat/5) + 0.14 

Where, CLR = Corrected Lactometer Reading 

Total solids (TS): Total solids (TS) = % Fat + % SNF 
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Specific gravity test was performed by using Quevenne Lactometer, 

according to the method described by Aggarwala and Sharma (l96l). 

Milk is highly perishable because it acts as an enrichment medium for 

growing and multiplication of the microbial community. The determination of 

microbial concentration is a crucial step for assuring public health. There are plenty 

of techniques available for detection of microorganisms. In present study, Total 

Viable Count and Coliform Count were performed as per recommendation of 

American Public Health Association (APHA) (1960). In the present study, Clot-on-

boiling test (COB), Starch test, Formalin test and Alcohol test were performed to 

determine whether the samples were adulterated by mixing various agents. Data 

were analyzed statistically by using one way analysis of variance test as per 

Completely Randomized Design (CRD). For the pair comparison between two 

treatments DMRT method was used. 

Milk samples were brought into the laboratory immediately after collection and 

then processed. Therefore, samples were ready to determine the physiochemical, 

microbiological qualities and detection of various adulterants. The results for 

physical parameters of milk samples obtained from the three places are presented in 

the (Table 1). There were remarkable differences among the physical parameters like 

colour, flavour, taste and texture of milk samples obtained from the three different 

sources. The colours of all the milk samples from different local markets were golden 

yellowish, yellowish white and whitish. These differences in colour may be due to 

the differences in nature of feed the cows consumed, the breed, fat and solids 

contents of the milk. However, due to presence of Carotene (to some extent 

xanthophylls), milk imparts a yellowish in colour. The result of the present 

experiment agreed with Amin (2005). It was found that the milk samples collected 

from Narayankhola, Nakla, Chandrokona local markets of Nakla upazila, Sherpur, 

Bangladesh were normal in flavour (pleasant aromatic) and texture (free flowing 

liquid), and slightly sweet in taste. This might be due to the fact that the farmers take 

hygienic measures during milking and not to allow the cows to eat some sorts of 

flavoured feed prior to or during milking their cows. These results were agreed with 

the work of Bari (2001) who showed that the milk flavor and texture was normal 

(pleasant and aromatic) collected from Bangladesh Agricultural University dairy 

farm, Mymensingh. 
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Table1. Physical parameters of milk samples collected from 3 different local markets 

of Nakla upazila, Sherpur, Bangladesh 

 

Parameters 

Local markets 

A B C 

Colour Golden yellowish=40% 

Yellowish White=45% 

Whitish = 15% 

Golden yellowish=50% 

Yellowish White= 35% 

Whitish = 15% 

Golden yellowish=40% 

Yellowish White= 40% 

Whitish = 20% 

Flavou

r 

Normal flavour = 100%  

(Pleasant aromatic) 

Normal flavour = 100% 

(Pleasant aromatic) 

Normal flavour = 100% 

(Pleasant aromatic) 

Taste Slightly sweet= 100% Slightly sweet= 

100% 

Slightly sweet= 100% 

Textur

e 

Free flowing liquid= 

100% 

Free flowing liquid= 

100% 

Free flowing liquid= 

100% 

A, Narayankhola Bazar; B, Nakla Bazar; C, Chandrokona Bazar 

The acidity of raw milk samples collected from Narayankhola, Nakla, 

Chandrokona bazar were 0.150±0.01, 0.130±0.01 and 0.160±0.01 respectively (Table 

2). Statistical analysis showed that acidity of milk samples were differed significantly 

(p<0.05). The acidity of normal milk sample was within the range of 0.10 to .018 

percent with an average of 0.16 percent (Early, 1998). So, the acidity values were 

within the normal range for the experimental samples. Additionally, the results were 

in agreement with Bari (2001), who found that the acidity percentage of raw milk of 

Mymensingh town was 0.141±0.03% and also the average acidity percentage of cow 

milk in Bangladesh Agricultural University Dairy Farm was 0.144±0.01. Statistical 

analysis showed that the average fat content (Table 2) of milk samples collected from 

different sources were differ significantly (p<0.05). In this experiment highest value 

of milk-fat was obtained from the milk of Nakla bazar. According to the proposed 

standard of BSTI-2002 the average fat content of milk is 35 g kg
-1

. Average fat 

content of milk samples collected from Narayankhola, Nakla and Chandrokona were 

found to be satisfactory compared to BSTI standard. On the other hand, the result of 

the present experiment agreed with the report of Asaduzzaman (2000). 

The protein content of raw milk samples collected from Narayankhola, Nakla 

and Chandrokona were insignificant differences among the values (Table 2). The 

results were agreed with the work of Hossain (2009), who reported that the average 

values of protein content was 36.65 g kg
-1

from the dairy farm, BAU, Mymensingh. 

However, the lactose content (Table 2) of collected milk samples were statistically 

significant (p<0.05). Highest value of lactose was obtained from the samples 

collected from Nakla (46.00 g kg
-1

) and lowest value obtained from Chandrokona 
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(43.33 g kg
-1

). Amin (2005) reported that lactose content in milk collected from 

different sweetmeat shops in Mymensingh town was 38.70 g kg
-1

. The ash content of 

milk samples collected from Narayankhola, Nakla and Chandrokona were 5.33±1.15, 

5.67±0.58 and 5.33±0.58 g kg
-1

 respectively (Table 2) and there were insignificant 

differences among the values. From the experimental result it may be concluded that 

the ash content of milk sample collected from Nakla bazar was higher than other 

sources of milk sample. Amin (2005) found average ash content of Mymensingh 

town was 6.78 g kg
-1

. However, a remarkable difference was found among the total 

solids contents of milk of different local markets of Nakla Upazilla and statistically 

they were highly significant (p<0.01) (Table 2). Islam (2006) studied the milk quality 

of local cows in BAU dairy farm and found that the total-solids content of cow’s milk 

was 142.50 g kg
-1

. Yadav and Saraswat (1982) also reported that lower total solids 

content of market milk was within the range of 97.50-115.60 g kg
-1

.  

Table 2. Chemical parameters of milk samples collected from 3 different local 

markets of Nakla upazila, Sherpur, Bangladesh 

A, Narayankhola Bazar; B, Nakla Bazar; C, Chandrokona Bazar; Means with different superscripts in 

the same row differed significantly; * = Significant at 5% level (p<0.05); ** = Significant at 1% level 

(p<0.01); NS= Non Significant 

Solids-not-fat (SNF) content of milk obtained from Narayankhola, Nakla and 

Chandrokona were insignificant differences among the SNF contents (Table 2). The 

results were agreed with the work of Islam (2006) who reported that the average SNF 

percentage of milk of local cows was 87.0 g kg
-1

. On the other hand, statistical 

analysis also showed that there were no significant differences within the mean 

specific gravity of samples (Table 2). The result of specific gravity of milk of Nakla 

Parameters 
Local markets 

Level of sig. 
A B C 

Acidity 0.150
a
±0.01 0.130

b
±0.01 0.160

a
±0.01 * 

Fat ( g kg
-1

) 43.67
ab

±1.53 46.00
a
±1.0 42.00

b
±2.0 * 

Protein ( g kg
-1

) 34.67±1.15 35.67±1.53 35.67±1.53 NS 

Lactose ( g kg
-1

) 45.00
ab

±1.00 46.00
a
±0.00 43.33

b
±1.15 * 

Ash ( g kg
-1

) 5.33±1.15 5.67±0.58 5.33±0.58 NS 

TS ( g kg
-1

) 128.67
b
±0.58 133.33

a
±1.15 126.33

c
±1.53 ** 

SNF ( g kg
-1

) 85.00±1.0 87.33±2.08 84.33±2.08 NS 

Specific gravity 1.030±0.00 1.031±0.00 1.030±0.00 NS 
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Bazar (1.031±0.00) was completely in agreement with Bari (2001), who found the 

same value of average specific gravity of Cow’s milk from BAU Dairy Farm. The 

result of mean specific gravity indicates that milk of different local markets of Nakla 

Upazilla was not  adulterated, because this could satisfy the normal range of 1.028-

1.034 (BSTI, 2002).  

The total viable count per ml of different milk samples collected from 

Narayankhola, Nakla and Chandrokona are presented in table 3. It was observed that 

there were significant (P<0.01) differences among the milk samples. The highest total 

viable count/ml was recorded for sample C which indicates that it contains more 

favorable condition for growth of microbes may be due to poor hygienic milking and 

utensils. However the lowest value was recorded for sample A that might be due to 

maintaining proper hygienic condition. The average values of coliform counts/ml of 

raw milk samples collected from A, B, and C were 56.67±5.77, 46.67±5.77 and 

73.33±5.77 per ml respectively (Table 3). Statistical analysis showed that the milk 

samples were highly significant (p<0.01) according to the coliform counts/ml of 

different milk samples and it was observed that the coliform counts/ml of milk 

samples were moderate. This may be due to poor hygienic milking, improper 

cleaning of dairy utensils and unhygienic handling during marketing of raw milk.  

Table 3. Microbiological parameters of milk samples collected from 3 different local 

markets of Nakla upazila, Sherpur, Bangladesh 

A, Narayankhola Bazar; B, Nakla Bazar; C, Chandrokona Bazar; Means with different superscripts in 

the same row differed significantly; ** = Significant at 1% level (p<0.01); CFU=Colony Forming Unit.  

The Clot-on-boiling (COB) test of milk samples collected from Naryankhola, 

Nakla and Chandrokona bazar of Nakla upazila were showed negative result. Bari 

(2001) showed that all the milk samples collected from BAU Dairy Farm showed 

negative results on COB test. Similarly, collected milk samples showed negative 

results of starch test. Addition of starch increases the SNF content of milk. Apart 

from the starch, wheat flour, arrowroot, rice flour is also added. Because, it increases 

the solid content of milk, thereby reducing the amount of fat present in the milk. 

Parameters 
Local markets 

Level of sig. 
A B C 

Total viable 

count (CFU/ml) 

 

111.33
b
×10

4
 

±2.11 

 

106.33
c
×10

4
 

±1.52 

 

116.66
a
×10

4
 

±2.11 

 

** 

Coliform Count 

(CFU/ml) 

 

56.67
b
±5.77 

 

46.67
b
±5.77 

 

73.33
a
±5.77 

 

** 
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Formalin (40% Formaldehyde) is poisonous though it can preserve milk for a long 

time. In case of formalin test, if a violet or blue ring appears at the intersection of the 

two layers then it shows the presence of formalin. But, formalin test showed the 

negative result for all collected milk samples from Nakla upazila. In addition, they 

showed negative results on alcohol test, which was agreed with the report of Bari 

(2001). Milk sample showed positive results in alcohol test due to bacterial 

multiplication and enzymatic action in raw milk. 

The quality and composition of raw milk depends on its physiochemical 

parameters that vary from one area to another. Moreover, they are affected by several 

factors such as type of breeds, forage consumption, feeding schemes, milking 

incidence, milking process, seasonal changes, lactation period and adulteration. In 

addition, high level of microbial loads brought about by unhygienic distributions of 

raw milk also reduces the standard of milk. In the present study, preliminary 

investigations were carried out to ascertain the physiochemical and microbiological 

qualities including adulteration parameters of raw milk available in different local 

markets of Nakla upazila, Sherpur, Bangladesh. All the tested parameters were nearer 

to normal values of raw milk. These findings may be helpful for the concerned 

governmental regulatory bodies to monitor the quality of raw milk available in the 

market. It would be a great interest if further investigations are to be carried out to 

examine other organic and inorganic components of milk. The study will create 

awareness among consumers level in urban and rural areas of Bangladesh. 
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