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RESEARCH ARTICLES 
 

Different levels of black cumin  
(Nigella sativa) feeding on carcass characteristics and 

economics of Cobb-500 broilers 
 

H. R. Dhakal1, M. R. Tiwari2, B. R. Baral1 
1Sheep and Goat Research Program, NARC, Guthichaur, Jumla 

2Animal Nutrition Division, NARC, Khumaltar, Lalitpur 
dhakalhemraj44@yahoo.com 

 
 

ABSTRACT 
 
The research was conducted to determine the comparative effect of different levels of 
black cumin feeding on carcass characteristics and economics of Cobb-500 broiler. 
Three hundred and twenty, day-old straight run Cobb-500 chicks from a lot of the same 
hatch were brooded in an electrically operated battery-brooder for a period of seven 
days with pre-experimental diet. On eighth day, chicks having uniform body weight were 
randomly allocated into four dietary treatments with four replications (20 chicks in 
each). The isoproteinous and isocaloric formulated standard starter (1-10 days); grower 
(11-20 days), and finisher (21-42 days) diets were supplemented with different levels of 
black cumin in order of T1-control,  T2- 0.25% black cumin, T3- 0.5% black cumin, and 
T4- 0.75% black cumin, respectively. The chicks were offered ad libitum treatment diets 
and clean drinking water. At the end of six weeks, one bird from each replication was 
slaughtered and desired data (dressing percentage, gizzard weight, liver weight, heart 
weight, giblet weight and abdominal fat) were recorded. The data were subjected to 
statistical analysis using Completely Randomized Design. Effect of different levels of 
black cumin supplementation in diet on dressing percent, giblet weight and other carcass 
characteristics were  statistically similar (p>0.05). Gross expenditure was minimum 
(NRs. 257.30) in control group (diet without supplementation of black cumin) and 
maximum (NRs. 264.59) for diet supplemented with 0.75% black cumin. However, there 
was highest gross income (NRs. 331.57) and net profit (NRs. 68.83) in broiler fed diet 
supplement 0.5% black cumin. It is thus concluded that inclusion of 0.5% black cumin in 
the broiler rations could be economical and efficient production of broilers provided the 
other feeding standard are meet. 
 
Keywords: Allium sativum, Nigella sativa, Broiler, Carcass characteristics 
 

INTRODUCTION 
 

Poultry keeping has been an important source of income to many households of Nepal. 
There is growing awareness of nutritive value of meat and eggs among people. Poultry 
products (meat and eggs) are a good source of food with high biological value. Therefore, 
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poultry keeping is becoming an important business enterprise in both the urban and rural 
areas of Nepal (Bhurtel and Shah, 2000). Chicken contributes about 14.5% of total meat 
production in the country and 98.5% of the total egg production (MoAD-2013/14).  
 
The poultry populations in Nepal in 1996, 1997, 1998, 2008 and 2011/12 were 14.5, 15.6, 
15.8, 24.48 and 48.07 million, respectively (MoAD, 2011/12). The growth rate of poultry 
was observed 4.17 percent during the period from 1990-91 to 2000-2001.The annual 
growth in commercial chicken eggs and broiler productions were estimated at 10.6% and 
18.3%, respectively up to year 2001. Per capita consumption of livestock products (meat, 
milk and eggs) is expected to increase along with an increase in income and a desire for 
wholesome nutrition by the growing population. Income elasticity is low for milk 
compared to eggs and meat among livestock production (APP, 1995).  
 
In poultry farming, feeding is one of the key factors that determine successful 
productions. Increase in the production cost of meat is mainly due to the increasing cost 
of broiler feed which constituted around70-75% (Panda and Mohapatra, 1989).  
 
In the past, the major growth promoters added to the feed of broilers were antibiotics. But 
because of their residues and subsequent occurrence of antibiotic resistant-bacteria (Lee 
et al., 2004; Guler et al., 2006), there is great interest in developing natural alternatives to 
antibiotic growth promoters. Recent biological trials of certain herbal formulations in 
India as growth promoters have shown encouraging results and some of the reports have 
demonstrated improvement with respect to weight gain, feed efficiency, lowered 
mortality, increased immunity and increased livability in poultry birds (Kumar, 1991). 
Also these herbal growth promoters have shown to exert therapeutic effects against liver 
damage due to feed contaminants such as afflation (Ghosh, 1992).Various herbal 
products are being used as growth promoters in the poultry rations like garlic black cumin 
(Ihsan, 2003). Such herbal products have not yet been reported to contain cross resistance 
to pathogens and residual effect in tissues. Nigella sativa (black seed or black cumin) is a 
small aromatic black seed which contains the essential fatty acid (linoleic acid) which is 
important for obtaining maximum body weight (Saleh-al- Jassir, 1992). 
 
Under this context this experiment was designed to study the effect of different levels of 
black cumin (Nigella sativa) feeding on carcass characteristics and economics of Cobb-
500 broiler production. 
 

MATERIALS AND METHODS 
 

Experimental site and design 
This study was carried out at Rameshwor Poultry Farm, Kawasoti-6, Nawalparasi from 1 
March, 2014 to 12 April, 2014. Day old Cobb-500 broiler chicks were group brooded 
using an electric battery brooder for 7 days, and were fed on pre-experimental standard 
starter ration. A total of three hundred and twenty, 7-day-old chicks were allocated 
randomly to four different treatments with 80 chicks in each treatment. The experiment 
was designed in a completely randomized design with four replicates of each treatment. 
Each replication had 20 birds. The chicks were vaccinated with Litchi heart killed 
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vaccine by subcutaneous injection (0.2 ml/chick) at the back of neck at the age of 3rd day. 
The New castle Disease (ND) vaccine was a modified live vaccine consisting of F1 strain 
of ND virus for the initial vaccination against ND. This vaccine was given to chicks by 
ocular route (one drop/chick) at age of 7th day. For revaccination against ND, the 
modified live Lasota ND virus vaccine was given in drinking water at age of 25th days. 
The Infectious Bursal Disease (IBD) vaccine was a modified live vaccine containing 
intermediate form of IBD virus strain Georgia for both initial vaccination at the age of 
14th days by eye drop method (1 drop/bird) and booster dose in drinking water at the age 
of 21st days.  
 
Experimental diet and shed management 
Broilers were fed isoproteinous and isocaloric formulated broiler standard starter, grower 
and finisher diets (basal ration) supplemented with three different levels of black cumin. 
The dietary treatments were; 
 T1 (control) = basal ration 
 T2 = basal ration + 0.25% black cumin 
 T3 = basal ration + 0.5% black cumin, and 
 T4 = basal ration + 0.75% black cumin 
 
Black cumin were grounded and mixed in the basal ration on weight basis in the desired 
proportion to make different treatment diets. 
 
The broiler birds were raised up to 6th weeks of age. The experimental birds were fed ad 
libitum an experimental ration with different levels of black cumin. The experimental 
units were kept on a deep litter system in separate pens. The pens were thoroughly 
cleaned, white washed and disinfected before putting the experimental chick into these. 
All the birds were provided similar management conditions such as floor space, 
temperature, relative humidity, ventilation and light.  
 
Observation and management 
At the end of six weeks of experimental period, one bird from each replication was 
slaughtered. The weight of each carcass was recorded and dressing percentage was 
calculated on the basis of dressed meat including giblets and skin. After evisceration, the 
heart, liver, gizzard, and abdominal fat of the slaughtered birds were taken out and 
weighed for their absolute weight. The data thus obtained were used for the calculation of 
(a) dressing percentage (%) (Dress weight of bird/live weight of bird) × 100) (b) relative 
weight of (i) heart (ii) liver (iii) gizzard and (iv) abdominal fat. After evisceration, 
relative weights (g) [(weight of organ/live body weight) X 100] of various internal organs 
such as liver, heart, gizzard, and abdominal fat of the slaughtered bird were recorded. 
 
Data analysis 
All data collected regarding dressing percentage and relative weights of heart, gizzard, 
liver, and abdominal fat were subjected to the analysis of variance (ANOVA) technique 
using Completely Randomized Design. The differences in the treatment means were 
compared by the Duncan‘s Multiple Range Tests using computer program MSTAT-C 
basic version 1.3 (1975). 
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RESULTS AND DISCUSSION 
Carcass characteristics 
 
The carcass characteristics of broiler chicken in presented in Table 1. 
 

Table 1. Dressing percentages, relative giblet weight (gizzard, liver and heart) and 
abdominal fat weight of broiler 

Treatments 
Dressing, 

% 
Gizzard 

weight, % 
Liver 

weight, 
% 

Heart 
weight, % 

Giblet 
weight, 

% 

Abdominal  
Fat,  % 

T1 
Basal ration 
(BR) 

78.47 2.00 2.97 0.87 5.83 1.29 

T2 
BR+ 0.25%BC 

77.87 2.32 2.71 0.81 5.84 0.88 

T3 
BR+ 0.50%BC 

76.36 2.33 2.72 0.80 5.85 0.77 

T4 
BR+ 0.75%BC 

76.99 2.13 3.09 0.82 6.04 1.19 

F value 0.889 0.661 0.365 0.469 0.284 2.291 
Probability >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 
CV% 1.84 13.20 15.31 16.11 10.81 19.13 
SEM 0.31 0.06 0.09 0.03 0.13 0.05 

 
Where, BC= black cumin, CV = Coefficient of variation, SEM = Standard error of mean, 
LSD = Least significant difference 
 
Dressing percentages of birds was higher in T2 (78.87) followed by T1 (78.57) and T4 
(76.99). The least dressing percentage was for T3 (76.36). Similarly, the gizzard weight 
percentage was higher for T3 (2.33) followed by T2 (2.32) and T4 (2.13). The least 
gizzard weight percentage was for T1 (2). Likewise, liver weight percentage was higher 
for T4 (3.09) followed by T1 (2.97) and T3 (2.72). The least liver weight percentage was 
observed for T2 (2.71). The highest heart weight percentage was for T1 (0.87) followed 
by T4 (0.82) and T2 (0.81). The least heart weight percentage was for T3 (0.8).The giblet 
weight percentage was recorded higher inT4 (6.04) followed by T3 (5.85) and T2 (5.84). 
The least giblet weight percentage was observed in T1 (5.83). And abdominal fat weight 
percentage was highest in T1 (1.29) followed by T4 (1.19) and T2 (0.88). The least 
abdominal fat percentage was recorded for T3 (0.77). The experiment showed that 
different level of black cumin inclusion in basal ration did not affect significantly 
(p>0.05) on carcass characteristics of broiler chicken (Table 1). Similar type of findings 
was reported by Esmail (2012), Mahmoodet al. (2009), Ahmad (2005) Dhakal (2013) and 
Adhikari (2008). 
 
Benefit Cost (B: C) Ratio 
The benefit cost ration of the experiment is given in Table 2. 
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Table 2. Mean benefit cost (B:C) ratio of broiler fed diet supplemented with different 
levels of black cumin 

Treatments 

Gross 
expenditure 

(NRs) 

Gross 
income 
(NRs) 

Net 
income 
(NRs) 

Net income 
over basal 

ration 
(NRs.) 

Benefit 
cost (B:C) 

ratio 

T1  
Basal ration (BR) 

257.30 321.15 63.85 0.00 1.25 

T2 
BR+ 0.25%BC 

261.41 324.63 63.22 -0.63 1.24 

T3  
BR+ 0.50%BC 

262.74 331.57 68.83 4.98 1.26 

T4 
BR+ 0.75%BC 

264.59 326.95 62.36 -1.49 1.24 

Note: Gross expenditure includes cost of feed, garlic, black cumin, chicks, vaccines, litter material, 
disinfectants and labor cost 
 
Table (2) revealed that maximum gross income (NRs.331.57) was obtained from birds 
fed ration supplemented with 0.5% black cumin followed by birds fed ration 
supplemented with 0.75% black cumin (NRs.326.95) and birds fed ration supplemented 
with 0.25% black cumin(NRs. 324.63) and minimum gross income (NRs 321.15) was 
obtained from control group (ration without black cumin). Similarly, maximum net 
income (NRs.68.83) was obtained from 0.50% BC followed by Basal Ration (NRs.63.85) 
and 0.25% BC (NRs. 63.22) and minimum net income (NRs.62.36) was obtained from 
0.75% BC (Table 2). Likewise, highest benefit cost ratio (1.26) was obtained from 0.50% 
BC followed by Basal Ration (1.25) and minimum B: C ratio was found in 0.25% BC 
(1.24) and 0.75% BC (1.24). The results revealed that 0.5% black cumin was more 
profitable than 0.25% black cumin and 0.75% black cumin levels in the diet of broilers. 
The findings of this study are in line with the findings of Mahmood et al. (2009) and 
Ahmad (2005). In both studies they reported that the birds receiving 0.5% level of the 
black cumin fetched the maximum profit in the treatment groups followed by that of 
0.25% of black cumin. 
 

CONCLUSION 
From the results of this experiment, it can be concluded that the birds fed with rations 
containing herbal growth promoters‘ black cumin might be attributed to better feed 
efficiency and live weight gain leading to higher profit margin in the broilers. Therefore, 
it is suggested that broiler diet can be successfully supplemented with 0.5% black cumin 
as growth promoter to obtain more profit without any adverse effect on the carcass 
characteristics. 
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ABSTRACT 
 

Export plays a vital role in the economic development of a country. The study was 
conducted to assess the status of export performance of horticultural crops in 
Bangladesh. This research was done based on secondary data obtained from Bangladesh 
Bureau of Statistics and Export Promotion Bureau. We used tabular and trend analysis 
method. Growth rate was found in vegetables (Potato + winter vegetables + summer 
vegetables), area (0.577%), production (0.938%) and yield (0.882%) from 1997-98 to 
2008-09. Production of vegetables and fruits showed increasing trend during the period 
of 1997-2010. Export earning was the highest for vegetables, fruits and flowers, 
respectively 
 
Key words: Export, Development, Export Promotion Bureau 
 

INTRODUCTION 
 
The government of Bangladesh has given much importance on the development of 
horticultural crops as a means to increase foreign exchange revenue through exporting it, 
generate employment, improve farmers‘ income, and diversify agriculture. Various 
studies showed that (Ateng 1998; Dasgupta, 1998; Mahmnd et al. 2000) Bangladesh has 
a comparative advantage in horticultural crops production and thereby having the 
potential to export significant quantities of horticultural crops to international market at 
competitive price. Horticultural crops constitute an important share in the total 
agricultural exports of Bangladesh. A recent review indicated that Bangladesh earned 
US$ 1316 million by exporting agricultural products which was 5.74% of total export 
earning in 2009-10 (Bangladesh Economic Review, 2011). The total horticultural crops 
growing area in the country is about 10.93 million hectors (BBS, 2009). 
 
Karim et al. (2009) found the export potentialities of vegetables in Bangladesh and 
highlighted some problems in the supply chain. Awal (2009) found that fresh vegetables 
production, total export and agricultural export earning especially vegetables export 
earning, estimate domestic demand, determine nature of market integration of domestic 
and international markets, estimate growers profitability, identify the efficient marketing 
channel and examine export potentials of fresh vegetables including their problems and 
prospects. Islam and Miah (2007) observed in the districts namely, Rangpur, Comilla, 
Tangail, and Narshingdi during 2003 for estimating the profitability of exportable 
vegetables production and identifying the factors influencing their production. Sabuz et 
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al. (2004) examined the profitability of producers, margin of traders and problems 
encountered by exporters of fresh vegetables. Saha (2000) in his study highlighted the 
export pattern of the vegetables more precisely the export marketing performance and 
prospects of the said item. Bangladesh is in an advantageous position in producing 
horticultural crops as it has abundant labor and natural resources endowment like land 
and climate. So, Bangladesh should take the advantages of export potentials of 
horticultural crops. Exploiting of these opportunities may increase the income, skills and 
employment opportunities of the rural poor people and thus contribute to reduce mass 
poverty in Bangladesh.  
 

MATERIALS AND METHOD 
This research was done based on secondary data obtained from Bangladesh Bureau of 
Statistics and Export Promotion Bureau. Tabular and trend analysis method was used for 
this study. 
 

RESULTS   AND   DISCUSSION 
  
Present Production Status of Horticultural Crops 
 
Vegetables: Area and production 
In Bangladesh, more than 90 different types of vegetables of indigenous and exotic origin 
are grown. At present, total vegetable growing area in the country is about 0.71 million 
hectares (Potato + Winter vegetables + Summer vegetables) (B.B.S.2009). These crops 
were neglected and relegated in the past, as research and extension work mostly 
concentrated on cereals crops. Growth rate was found in vegetables (Potato + winter 
vegetables + summer vegetables), area (0.577%), production (0.938%) and yield 
(0.882%) from 1997-98 to 2008-09. 
 

Table 1. Area and production of vegetables from 1997-98 to 2008-09 
Year Potato Winter vegetables Summer vegetables 

Area 
(ha) 

Productio
n 
(Mt) 

Yield 
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Area 
(ha) 

Production 
(Mt) 
 

Yield 
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Area 
(ha) 

Production 
(Mt) 

Yield 
(Mt/h
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1997-98 136437.2 1553000 11.38 119838.1 888000 7.41 80971.66 419000 5.17 
1998-99 244939.3 2762000 11.27 149368.4 1059000 7.09 84210.53 424000 5.03 
1999-00 243319.8 2933000 12.05 148178.1 1057000 7.13 98380.57 502000 5.10 
2000-01 249392.7 3216000 12.89 153451.3 1065000 6.94 100000.0 513000 5.13 
2001-02 237651.8 2994000 12.60 146558.1 1043000 7.12 102429.1 524000 5.11 
2002-03 245344.1 3386000 13.80 148178.1 1034000 6.99 104858.3 591000 5.64 
2003-04 270850.2 3907000 14.42 152631.6 1101000 7.21 111740.9 599000 5.36 
2004-05 326315.8 4855000 14.88 155060.7 1182000 7.62 115789.5 658000 5.68 
2005-06 301214.6 4161000 13.82 157894.7 1238000 7.84 116599.2 667000 5.72 
2006-07 344939.3 5167000 14.98 158704.5 1267000 7.98 126315.8 780000 6.17 
2007-08 402024.3 6648000 16.54 165991.9 1386000 8.35 141700.4 874000 6.17 
2008-09 395546.6 5268000 13.32 165587 1255300 7.58 146558.7 942000 6.43 

Source: B.B.S. (1997-2009) 
 

 

al. (2004) examined the profitability of producers, margin of traders and problems 
encountered by exporters of fresh vegetables. Saha (2000) in his study highlighted the 
export pattern of the vegetables more precisely the export marketing performance and 
prospects of the said item. Bangladesh is in an advantageous position in producing 
horticultural crops as it has abundant labor and natural resources endowment like land 
and climate. So, Bangladesh should take the advantages of export potentials of 
horticultural crops. Exploiting of these opportunities may increase the income, skills and 
employment opportunities of the rural poor people and thus contribute to reduce mass 
poverty in Bangladesh.  
 

MATERIALS AND METHOD 
This research was done based on secondary data obtained from Bangladesh Bureau of 
Statistics and Export Promotion Bureau. Tabular and trend analysis method was used for 
this study. 
 

RESULTS   AND   DISCUSSION 
  
Present Production Status of Horticultural Crops 
 
Vegetables: Area and production 
In Bangladesh, more than 90 different types of vegetables of indigenous and exotic origin 
are grown. At present, total vegetable growing area in the country is about 0.71 million 
hectares (Potato + Winter vegetables + Summer vegetables) (B.B.S.2009). These crops 
were neglected and relegated in the past, as research and extension work mostly 
concentrated on cereals crops. Growth rate was found in vegetables (Potato + winter 
vegetables + summer vegetables), area (0.577%), production (0.938%) and yield 
(0.882%) from 1997-98 to 2008-09. 
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2005-06 301214.6 4161000 13.82 157894.7 1238000 7.84 116599.2 667000 5.72 
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2007-08 402024.3 6648000 16.54 165991.9 1386000 8.35 141700.4 874000 6.17 
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Figure 1.   Production of vegetables from 1997-98 to 2009-10 
 
Relevant literature showed that, production of vegetables was gradually increased from 
the period of 1997-98 to 2009-10 except for the year 2008-09. More specifically, in 1997-
98 vegetable production was about 3 million metric tons but , it was tripled in 2009-10 
amounting to 10 million metric tons. 
 
Fruits: Area and Production 
Fruit crops mainly grown in the country are mango, pineapple, papaya, jack fruit, 
coconut, Banana, citrius, carambola  guava, litchi and  bal, covering an area of about 
134554.7  ha (B.B.S.2009). Several regions specialize in certain crops, such as banana in 
Munsigong, Jessore, mango in Rajshahi, pineapple in Tangail and Rangmati, coconut in 
the delta regions. 

Table  2.  Area and production of fruits from 1997-98 to 2008-09 
Year Fruit 

Area (ha) Production (Mt) Yield(ha /mt) 
1997-98 184615.4 1495000 8.09 
1998-99 185425.1 1430000 7.72 
1999-00 182591.1 1404000 7.69 
2000-01 191498 1486000 7.76 
2001-02 194736.8 1547000 7.94 
2002-03 202024. 1631000 8.07 
2003-04 217813.8 1984000 9.11 
2004-05 116194.3 4074000 35.06 
2005-06 129554.7 3108000 23.99 
2006-07 132388.7 3468000 26.19 
2007-08 136979.8 3404000 24.85 
2008-09 134554.7 3183290 23.66 

Growth rate (%) -0.680 0.848 0.833 

Source: B.B.S. (1997-2009) 
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Figure 2. Production of fruits from 1997-98 to 2009-10 
 
It was also evident that, from 1997-98 to 2002-03 production of fruits remained constant 
which was about 1.5 million metric tons. In contrast, fruits production increased rapidly 
from 2003-04 until 2004-05 which was peaked at about 4 million metric tons. A 
downward trend was highest observed from 2005-06 to 2008-09 with a slight rise in 
2006-07. 
 
Flowers and Ornamentals 
Flowers and ornamentals are still an under-developed segment of horticultural crops. The 
types of flowers presently grown mainly include tuberose, marigold, rose, gladiolus and 
gerbera. The total area under cultivation of flowers is estimated to be above 3050.61 
hector (Census of Agriculture 2008) all over the country. Production of tuberose flowers 
is, however, concentrated in Jessore and Chuadanga regions. Flowers are also mainly 
grown in home gardens, tuberose and a portion of rose, marigold, gladiolus and gerbera 
which have been started growing commercially. 
 
In Bangladesh, there are about 10,000 nurseries. Apart from commercial flower 
production, these nurseries are also producing different types of ornamental plants and 
foliage. These plants and foliages are also being commercially transacted, the main 
markets being Dhaka and Chittagong. Like other horticultural crops, these flowers and 
ornamentals are also subject to seasonality, poor marketing system, infrastructural 
shortcomings, transportation difficulties and price volatility. 
 
Existing Export Pattern of Horticultural Crops 
 
Vegetables: Export performance 
Bangladesh primarily exports fresh vegetables and fruits in the horticultural sector. Last 
10 year’s export performance of vegetables is mentioned below. 
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Table 3. Year-wise export earning from vegetables 
Year Vegetables 

Value in million 
(Tk) 

Potato 
Value in million (Tk) 

1999-2000 701.22 4.04 
2000-2001 659.23 3.81 
2001-2002 879.12 5.06 
2002-2003 766.58 12.64 
2003-2004 1456.33 33.18 
2004-2005 2665.38 72.42 
2005-2006 2212.42 297.00 
2006-2007 2461.09 192.29 
2007-2008 4148.37 113.33 
2008-2009 3073.61 47.92 

Source: EPB (1999-2009) 
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Figure 3. Export earnings from vegetables from 1999-00 to 2008-09 

 
 
It was found that exports earnings of vegetables were almost the same with fluctuations 
from 1999-2000 up to 2002-03. After that it rose sharply until 2004-05. In 2005-06 and 
2006-07 it remained stable. Highest export earnings of vegetables were in 2007-08 
amounting just above 60 million US$. 
 
Fruits: Export performance 
Export earnings from fruits, as reflected in the official statistics of EPB are presented 
below. It was also observed that export earning of fruit climbed dramatically increased 
during the period of 2003-04 to 2005-06 and then declined in 2006-07.Highest export 
earnings of fruit was in 2007-08 which was 8 million US$. Again, it was plummeted in 
2008-09. 
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Table 4. Year-wise export earnings from fruits 
Year Fruit 

Value in million (Tk) 
1999-2000 0.24 
2000-2001 - 
2001-2002 - 
2002-2003 0.17 
2003-2004 8.11 
2004-2005 189.17 
2005-2006 448.05 
2006-2007 337.81 
2007-2008 593.07 
2008-2009 415.93 

Source: EPB (1999-2009) 
 
 

 
Figure 4. Export earnings from fruits from 2002-03 to 2008-09 

 
 
Flowers and Ornamentals 
 
Table 5. Year-wise export earnings from flowers 

Year Flower Value in million (Tk) 
1999-2000 - 
2000-2001 - 
2001-2002 - 
2002-2003 - 
2003-2004 45.10 
2004-2005 451.39 
2005-2006 1416.36 
2006-2007 2259.01 
2007-2008 3040.04 
2008-2009 2285.55 

Source: EPB (1999-2009) 
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Figure 5. Export earnings from flowers from 2003-04 to 2008-09 

 
The export earning of flower was increased sharply from 2003-04 to 2007-08 and then 
declined in 2008-09. 
 
Export Earning of Horticultural Crops 
The export earning of potato was related to 26 countries during the period of 1999-00 to 
2008-09., the important countries were  Malaysia, Singapore , Belgium, U.A.E. and Saudi 
Arabia. 
 

 
Figure 6. Export earnings from potato from 1999-00 to 2008-09 

 
The export earning of vegetables was related to 75 countries afterwards including 
countries like Italy, U.K., Kuwait, U.S.A., Bahrain, Pakistan, Germany, Australia, Japan, 
Canada, Qutar, Oman, France and Greece. 
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Figure7. Export earnings from vegetables from 1999-00 to 2008-09 

 
Export earning of fruits shared to  about 35 countries during the period of 1999-00 to 
2008-09, including countries like U.K., Qatar, Italy, Kuwait, Bahrain, Germany, U.A.E., 
Saudi Arabia and India. 
 

 
Figure 8. Export earnings from fruit from 1999-00 to 2008-09 

 
It was  observed that export earning of flowers went into 43 countries during the period 
of 1999-00 to 2008-09, including countries like Pakistan, Italy, U.K.,U.A.E., India, 
Belgium, Saudi Arabia and France. 
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Figure 9. Export earnings from flower from 1999-00 to 2008-09 

 
Future Prospects of Horticultural Crops Export 
The international trade in perishable horticultural crops is based purely on the principles 
of supply and demand. Export prices are determined according to the foreign demand and 
product quality. With rare exceptions, horticultural crops from a particular country are 
not likely to receive special favor or disfavor. Success in horticultural crops export 
depends purely on competition with other exporting countries in respect of quality, price, 
and regularity in supply and overall reliability or goodwill. But in real sense, as these 
horticultural crops are consumed by Bangladeshi people living in foreign countries and 
therefore cannot be termed as ‗Export‘. It will be real export when Bangladeshi 
vegetables will be consumed by other citizens of the world. It is fact that Bangladesh 
produces many good varieties of horticultural crops which can attract foreign buyers for 
consumption in different countries of the world. Bangladesh has vast fertile land suitable 
for the cultivation of almost all varieties of horticultural crops  are the most important 
advantage is that Bangladesh can produce many of the exportable horticultural crops at 
relatively low cost and manpower is cheap here. Besides Bangladesh has many 
enterprising and experienced horticultural crops exporters and with some training they 
can take care of the management aspects of the horticultural crops export. Horticultural 
crops of Bangladesh have great prospects for being exported in different foreign countries 
of the world. But these prospects have not been properly utilized because of some 
obstacles. If this obstacles are minimized the quantity of horticultural crops export may 
be increased manifold with by the help of public sector. Then it is possible to earn 1.5 to 
2 thousand corers of foreign exchange every year by exporting international standard 
quality of horticultural crops to Middle East, Far East European and other countries of the 
world. At the same time Bangladesh can also earn a substantial amount of foreign 
exchange by exporting its quality potato to some Asian States. But absence of required 
shipment facilities and supports is hindering utilization and this bright opportunity. There 
is a growing demand for quality potato in the South Asian region. Bangladesh is yet to 
enter into this prospective market even though it produces good quality potato at a 
relatively low cost. 

CONCLUSION 
 Based on the findings, it may be concluded that: 
1. Production of vegetables and fruits showed increasing trend during the period 
1997-2010. That is why; there was a positive relationship between production and export. 
2.  Export earning was the highest for vegetables, fruits and flowers, respectively. 
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ABSTRACT 
This paper focuses on theoretical and conceptual dimensions of right to adequate food 
and food security and discusses the state of its coherent use in national policies and 
programmes. In this context, this paper revolves around three major research 
issues/questions namely: i) Analyzing the interrelationship between state (duty bearer) 
and people (rights holder) in relation to food security governance with special focus on 
accountability and participation; ii) assessing the „state of the art‟ of the right to food 
and food security in Nepal; and iii) examining specific policies and regulatory provisions 
related to right to food and food security. While doing so, this paper discusses some 
relevant theories and concepts and drawing relation to Nepal. Literature reviews, 
interviews with the key informants and synthesis of information collected by the 
researcher and papers presented at various national and international forums are the 
main methods to develop this paper. The study carried out as part of the PhD research 
indicates that there are adequate standard conceptual instruments available for nation 
states to operationalize in their policy documents and operational procedures. Broadly, 
Nepal has devised right to food and food security related policies and strategies in 
coherence with international commitments. However, institutional arrangements to 
promote a state‟s accountability and people‟s participation to ensure right to adequate 
food for all and are yet to be realized in its full competence in Nepal. 
 
KEY WORDS: Accountability, Food security, Food governance, Right to food, 
Participation 
 

INTRODUCTION 
 
The paper, at the onset acknowledges a distinction between 'everyone should have 
adequate food' and ‗everyone has the right to adequate food'. This distinction is the basic 
to orient overall policy and institutional frameworks of the state as a duty bearer and 
enabling people as right holders to claim their entitlements. According to Kent (2005), 
contrary to having adequate food, the concept of right to adequate food implies the 
establishment of concrete institutional arrangements to ensure the realization of people‘s 
right to food. Since ensuring right to food is a global agenda with the shared 
responsibility of the nation states with embedded obligations of other actors such as 
private sector, communities, civil society organizations and international institutions as 
'responsibility bearers', they also have roles to ensure that the right to adequate food and 
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Chitwan, Nepal 
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food security is realized. To govern the process of realization of right to food and 
ensuring a proper food governance system, international instruments are established to 
standardize the provisions and processes to be adopted by all nation states.  
 

METHODOLOGY 
This paper  is developed from the data/information collected for the ongoing PhD 
research (2015/16-2017/18), by using extensive literature review of the relevant 
theoretical and conceptual literatures, series of interviews with the key informants and 
focus group discussions including policy makers, academicians, political decision 
makers, farmers and farmer‘s associations and private entrepreneurs. Further, this paper 
utilizes experiences gained by the lead author working in the field of right to food and 
food security for more than a decade and the synthesized information presented in 
different national and international forums by the authors.  
 

RESULTS AND DISCUSSION 
This section presents the main results of the study and discusses them in relation to the 
context of Nepal's policies and strategies related to right to food and food security. They 
are presented in the following sections: 
1. Some theoretical and conceptual approaches on right to adequate food and 
food security 

There are several theoretical concepts and approaches that define different dimensions of 
right to adequate food, food security, food governance and food sovereignty. Proper 
understanding of the available theories and rationales behind them are needed for any 
state to devise response mechanisms according to the national context. Some of the 
theoretical concepts and approaches are discussed below: 
 
1.1 Item Response Theory: This theory deals with individual's behavior in relation 
to right to food. Item response theory, according to Nord (2014) is a theory that basically 
emerged as a food security measurement procedural response. It promotes the idea that 
the severity of manifestations is directly related to food (in) security to a large extent. 
However, this theory also recognizes that in most of the cases, the analysis and results are 
mainly based on the individual and or household‘s response reflected from their 
experience, behavior and the context. It is also recognized that the response pattern may 
not be universal but it elicits the trend quite precisely if the research questions are well-
designed (Nord, 2014). 
1.2 Capability approach: The proponents of the capability approach such as 
Burchi and De Muro (2012) and Sen (1984) claim that food security is the basic 
requirement to move towards better human development. It considers food entitlement, 
nutritional requirements and the capability of demand (from people) and supply (from 
state) sides to fulfill the requirements as its core components. This approach, therefore, 
largely focuses on the capability of both the supply side and demand side to respond to 
the fulfillment of the food security needs. It mainly focuses on productivity enhancement 
and matches the demand with population. This approach basically deals with the 
fulfillment approach, which can either be fulfilled through production and or managing 
import/export of food items. That is why the approach largely focuses on the technical 
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approach to respond the food security needs in any country. The capability approach, 
therefore, envisions moving towards a new and broader framework encompassing food 
availability, enhancement of income base, promote concept of food as basic needs, 
promote enhancement and contribute to sustainable livelihoods (Burchi and De Muro, 
2012). This approach takes into consideration the vulnerability, ideas of sustainability 
and aims to devise coping strategies according to the context (Devereux, 2001). 
 
1.3 Household Food Security: This concept is related to the food security at the 
individual and intra-household (HH) levels. However, this is criticized because it focuses 
mainly on calorie intakes rather than of protein, micro-nutrients, safety and other quality 
aspects of food. Maxwell and Smith (1992) outlined four major types of shocks in terms 
of labor, employment, food shortages and other shocks such as debt that hinders in 
fulfilling food security objectives. Therefore, they suggest to classify the HHs 
disaggregating into different categories such as enduring HHs (those maintaining food 
security on continued basis); resilient HHs (those suffering from shocks but able to 
recover quickly) and fragile HHs (those increasingly insecure in response to shocks).  
 
1.4 Entitlement Theory: Entitlement theory emerged as an innovative and holistic 
approach to deal with poverty and famines in the 80‘s as proposed by Amartya Sen. The 
four types of entitlement of Amartya Sen discussed by Devereux (2001, p. 2) as: 
i) trade-based entitlement: obtain entitlement by trading either be it of bilateral 
exchange, multilateral exchange and or multi-sectoral deal; 
ii) production-based entitlement: production by using one‘s owned resources or 
hired from willing parties; 
iii) own-labor based entitlement: obtain entitlement through one‘s own labor power 
exchanged for trade-based and or production-based; and  
iv) inheritance or transfer-based: transfer from other legitimate owner or holder of 
the power. 
 
At the same time, Devereux (2001) mentioned that Sen himself acknowledged the 
weaknesses of the four entitlements which do not capture; a) starvation by choice, b) 
disease-driven rather than starvation-driven mortality, c) d) ambiguities in entitlement 
specification and extra-legal entitlement transfers. 
 
The theories and approaches discussed above show that there are some commonalities 
and some differences in terms of orientations and their scopes. However, they provide 
important conceptual orientations. Therefore, it is important to understand and establish 
links between theories, approaches and the implementation frameworks. In doing so, 
provisions on rights, entitlements and accountability measures are to be understood 
properly. Kent (2005) highlights that where the legal system is well-established, there can 
be three major roles to fulfill from the duty bearers, rights holders, and the agents of 
accountability bearers. They are: i) the nature of the duty bearers and their obligations 
corresponding to the rights of rights holders, ii) the nature of rights holders and their 
rights, and iii) the nature of accountability holders (Kent, 2005: p. 65). It confirms that it 
is important to define the actors, functions and the mechanisms to ensure the system is 
functioning properly. 
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  Kent (2005) categorizes three major types of right to food as a) first generation 
rights (civil and political rights such as Civil Political Rights); b) second generation rights 
(socio-economic rights such as Economic, Social, Cultural Rights (ESCR) and c) third 
generation rights (solidarity rights such as rights of groups rather than of individuals). 
Realization of all rights requires positive action by the government with meaningful 
collaboration with private sectors and civil society. It thus helps the government to 
operationalize the responsibility of respect, protect, and fulfill its obligations towards 
progressive realization of right to food and food security to its people.   
 
1.5 Governance: There are varied definitions of Governance. Santiso (2001, p. 5) defines 
governance as “governance encompasses the form of political regime;the process by 
which authority is exercised in the management of a country‟s economic and social 
resources for development; and the capacity of governments to design, formulate and 
implement policies and discharge functions". 
 
Likewise, UNDP defines it as “the exercise of economic, political and administrative 
authority to manage a country‟s affairs at all levels. It comprises mechanisms, processes, 
and institutions, through which citizens and groups articulate their interests, exercise 
their legal rights, meet their obligations, and mediate their differences” (UNDP, 1997: p. 
3).  Generally, governance encompasses at least five pillars: accountability, participation, 
transparency, efficiency and effectiveness and rule of law. Most importantly, 
participation of rights holders is meant for shaping the conditions, quality of relation 
between and individuals and government. Hence, participation for continuous 
improvement of the situation is very crucial (Kent, 2005). 
 
In relation to food security governance, Duncan (2011) explains it as a process managing 
different food priorities and interests of diverse groups of society by means of formal and 
informal arrangements. The important elements of the food governance are: a) process of 
citizen‘s participation in food related decision-making, b) ensuring government‘s 
accountability its citizens and c) responsibility of the members of society to observe rules 
and laws.  
 
Translating the concept of governance into practice is not out of challenges. It demands 
the state as a duty-bearer to exert its power for the discharge of its responsibility with full 
competence to respect, protect and fulfill people‘s rights to food. Likewise, people as 
rights-holders have certain roles and responsibilities while claiming and enjoying their 
right to food. Cargill (2014, p. 1) identifies some of the major areas for the  government 
to engage as: i) investing in agriculture and food; ii) supporting small-holder farmers; iii) 
harmonizing food safety standards; iv) enabling market space; v) reducing environmental 
impacts; vi) balancing production and trade; and vii) facilitating emergency food aid. 
The theoretical concepts discussed above therefore need to establish links with analytical 
approaches related to right to food and food security frameworks. Understanding of 
different concepts provides a pragmatic way to devise appropriate policies and 
institutional frameworks by the nation states. Hence, in the following section, some of the 
main components of right to adequate food and food security are discussed.  
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2. Main components of right to adequate food and food security 
 
In the section one, we discussed different theoretical and conceptual aspects namely, item 
theory (which deals on individual behavior), capability approach (deals with supply and 
demand capacity), household food security (deals mainly with calorie intake), entitlement 
theory (deals with different types of entitlements) and governance (deals with powers and 
managing process and institutions), which is directly linked to the components of the 
right to food and food security issues discussed below. 
 
There are diverse features of each concept dealing with the food issues. Each concept has 
its own focuses, scopes and limitations. Some of the globally accepted components of 
right to food and food security are explained below.  

2.1 Right to Food (RtF): According to Heritage Foundation (1944), the term 'Right to 
Food' was first coined by Franklin D. Roosevelt within the framework of ‗freedom from 
want‘ in 1941. Later this concept was incorporated in the human rights framework of the 
Universal Declaration of Human Rights (UDHR), 1948. The UDHR 1948, Article 25 
states that ―Everyone has the right to a standard of living adequate for the health and 
wellbeing of himself and of his family, including food, clothing, housing and medical care 
and necessary social services, and the right to security in the event of unemployment, 
sickness, disability, widowhood, old age or other lack of livelihood in circumstances 
beyond his control‖ (UN, 1949: p.5). 

Subsequently, the Twentieth Session of the Committee on Economic, Social and Cultural 
Rights of the UN in its ‗General Comment 12‘ has emphasized on the ‗right to adequate 
food‘ (UN, 1999). The document had clearly explained how the right to food can be 
ensured adhering to all three components of RtF: Respect, Fulfill and Protect (FAO, 
2004).  

Realizing the need of RtF implementation guidelines, FAO developed a Voluntary 
Guideline on Right to Adequate Food in 2004. It specifically advocates in constituting 
implementation frameworks in relation to the major three pillars of: Respect, Protect and 
Fulfill. These pillars complement each other to facilitate food security governance 
through appropriate policies, regulatory and institutional frameworks with required 
competences. The paragraphs below describe the three interrelated components of the 
RtF in brief. 
Respect: Respect mainly entails the provision for constitutional guarantee towards 
progressive realization of RtF. It emphasizes to the state parties not to take any measures 
that result in preventing existing access to adequate food by its people (FAO, 2004).  

Protect: The obligation to protect requires measures by the state to ensure that 
enterprises or individuals do not deprive other individuals from their access to adequate 
food (FAO, 2004). 

Fulfill: The provisions of fulfill incorporate both an obligation to facilitate and an 
obligation to provide. For this, state requires to devise measures to ensure that enterprises 
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or individuals do not deprive people from accessing adequate food. The obligation to 
fulfill (facilitate) demands the state to take proactive measures intending to strengthen 
people‘s access to and utilization of resources and means to ensure their food security. 
Likewise, if an individual or group is unable to enjoy the right to adequate food by the 
means at their disposal due to natural and or other forms of disasters, states have the 
obligation to fulfill (provide) (FAO, 2004).  
 
2.2 Food security (FS): World Food Summit of Food and Agriculture Organization 
(FAO) in 1996 defined food security as “Food security exists when all people, at all 
times, have physical and economic access to sufficient safe and nutritious food that meets 
their dietary needs and food preferences for an active and healthy life” (FAO, 2006, p. 
1). Food security entails five dimensions:  availability, accessibility, affordability, 
stability and utilization (FAO, 2008: p.1), which are briefly discussed in the following 
paragraphs: 
Availability: refers to the ‗supply side‘ of food security (FAO, 2008). It is determined by 
food production, stock, trade, and distribution irrespective of local production, imports or 
food aid (Maetz, 2011). However, it is important to note that availability at national or 
international levels does not necessarily guarantee household level food security (Ghale 
and Bishwokarma, 2013). 
Accessibility: refers to acquiring nutritionally adequate food by ensuring a) access to 
finance rights, b) access to means of production resources, and c) receive from other 
sources (Maetz, 2011). Further, policies should focus on stabilizing incomes, 
expenditure, markets and prices to achieve food security objectives (FAO, 2008). 
Affordability: United States Department of Agriculture (USDA) defines affordability as 
“the price of a particular food and the relative price of alternative or substitute foods. 
Affordability of food is also impacted by the budget constraints faced by consumers, who 
must consider not only the prices of different foods to meet their food needs, but also the 
prices of other necessities” (USDA, 2009, p. 2). However, it is also equally important to 
consider individual‘s ability to pay for food to ensure required food intake for healthy 
life. 
 
Stability: refers to assurance of regular supply of food either through production or by 
trade without deterioration of nutritional supply (FAO, 2008). There can be many other 
factors such as adverse weather conditions, political instability, or economic factors 
(unemployment, rising food prices) which impacts on food stability (Maetz, 2011). 
Utilization: refers to the care given to the food preparation, feeding practices, diversity 
of the diet and intra-household distribution (FAO, 2008). It therefore combines biological 
utilization and nutritional status. However, in the changing context of globalization and 
market-led food system, food security is being increasingly governed by market forces 
and its dynamics. In one hand, market-led food security mechanisms do not necessarily 
ensure availability, accessibility, affordability, stability and utilization. On the other hand, 
increasing dependence on the market for food supply can erode capacity of state to 
produce its own requirements for self-sufficiency when food system is largely governed 
by market forces (Ghale and Bishwokarma, 2013).  
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2.3 Food security governance (FSG): Food security governance largely adheres with 
the major principles of governance as described below:  
Accountability: ―is a key requirement of good governance. Not only governmental 
institutions but also the private sector and civil society organizations must be 
accountable to the public and to their institutional stakeholders. Who is accountable to 
who varies depending on whether decisions or actions taken are internal or external to 
an organization or institution. In general, an organization or an institution is 
accountable to those, who will be affected by its decisions or actions” (UNESCAP, n.d, 
p. 3). 
Participation: refers to citizen‘s participation in the formulation of policy, and 
engagement in the existing mechanisms to ensure their interest and concerns are 
addressed with specific mandates, responsibilities and composition of the institutional 
setting. That will possibly ensure better coordination, more transparency and simplify 
procedures for access to information and grievances handling mechanisms (FAO, 2011). 
Transparency: means that “decisions taken and their enforcement are done in a manner 
that follows rules and regulations. It also means that information is freely available and 
directly accessible to those, who will be affected by such decisions and their 
enforcement” (UNESCAP, n.d., p. 2). 
Efficiency and effectiveness: “processes and institutions produce results that meet the 
needs of society while making the best use of resources at their disposal” (UNESCAP, 
n.d., p.3). 
Rule of law: “requires fair legal frameworks that are enforced impartially. It also 
requires full protection of human rights, particularly those of minorities” (UNESCAP, 
n.d., p.2). 
 
2.4 Food sovereignty: The definition of Food Sovereignty was coined by Via 
Campesina, a peasant‘s movement group as “Food sovereignty is the right of each nation 
to maintain and develop its own capacity to produce its basic foods respecting cultural 
and productive diversity. We have the right to produce our own food in our own territory. 
Food sovereignty is a precondition to genuine food security.”(Lee, 2007 adapted from 
Via Campesina, 1996: p. 1). Pimbert (2009, p. 4) claims that moving towards food 
sovereignty is about - reclaiming an autonomous food system. It therefore, recreates 
democratic realms and regenerates diversified autonomous food system that leads to 
equity, social justice and ecological sustainability.  
 
3. International instruments on right to adequate food 

The section two above has presented different components of RtF and FS, which are 
reflected in to different international instruments and frameworks. Some of them are 
discussed in this section. 
 
To facilitate the process of ensuring right to adequate food and food security, there exist 
many different international instruments. Some of them are mandatory and others are 
voluntary. However, they all have moral appeal in the spirit of universal human rights 
principles.  
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The Universal Declaration of Human Rights (UDHR) 1948 is the first formal instrument 
that advocates for the right to adequate food. Article 25.1 of the UDHR says, “Everyone 
has the right to a standard of living adequate for the health and well-being of himself and 
of his family, including food, clothing, housing and medical care and necessary social 
services, and the right to security in the event of unemployment, sickness, disability, 
widowhood, old age or other lack of livelihood in circumstances beyond his control” 
(OHCHR, 1948, p.7). Convention on Economic, Social and Cultural Rights (ESCR), 
1966 further elaborates the provisions on RtF in more precise forms. Article 11 reaffirms 
right to food as ensuring right to adequate standard of living and free from hunger 
(OHCHR, 1966, p. 4). 
 
Other international instruments are Convention on Rights of Children, 1989 (CRC), 
Convention on Elimination of All Forms of Discrimination against Women and girls, 
1979 (CEDAW), and International Labor Organization (ILO) 169 to establish specific 
rights to specific groups and or communities. The CRC in its Article 12.2c mentions 
about the provision of adequate nutritious foods. Likewise, CEDAW in its Preamble 
shows concerns over different issues including women have the least access to food. The 
Article 14.2g makes a provision of access for women to agricultural credit and loans, 
marketing facilities and appropriate technology and land.  
 
In consistent to the rights framework, there are global commitments such as Millennium 
Development Goals (MDG) and subsequent Sustainable Development Goals (SDG) 
which have placed ―free from poverty and hunger‖ as the first goal among the others. 
Moreover, Food and Agriculture Organization (FAO) developed an operational Guideline 
on RtF to translate the concept in to practice by all the member states (FAO, 2004). 
 
4. Translating international instruments into the national policies and laws  

The section three above explains about the existence of many different international 
frameworks. It is important and obligatory for the member states to translate those 
commitments in to the operations through policy, laws and required institutional 
frameworks. As a signatory, Nepal Government has the responsibility and moral 
obligations to adhere to the international instruments related to RtF and FS.  
 
In this section, the national policies and laws are discussed in relation to international 
provisions. The primary responsibility to ensure the realization of RtF and FS remains 
with the state as a signatory and thus with the government that represent them. Therefore, 
defining the national policies and laws is the responsibility of the state. However, 
devising national policies and laws and their operationalization are affected by an 
external factor like rapid expansion of corporate globalization. For example, agriculture, 
which largely determines the country‘s food security, is brought under the purview of 
global trade negotiations. Therefore, food and agriculture related provisions and policies 
are dealt under single package of negotiations. It thus influences overall food security 
governance (FSG) and right to food. Many developed countries, which are influential in 
the global decision making process and setting global agenda like food security, advocate 
for market-led solution for food insecurity. On the contrary, Least Developed Countries 
(LDCs) are facing additional challenges in capitalizing the benefits despite being a 
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member of the global and regional trade arrangements. Nepal, as a LDC and also being a 
signatory of many global and regional arrangements, has its own challenges and 
opportunities to devise policies and regulatory provisions to ensure right to adequate food 
for its people. 
 
Often, market-led systems weaken state capacity to ensure right to food of its citizens 
through their influence at policy and regulations which ultimately controls resource, 
knowledge and power that ultimately could threaten the national sovereignty. Therefore, 
International Conference on Agrarian Reform and Rural Development (ICARRD) 
mentions that ―state led redistributive agrarian reform is a key building block of the food 
sovereignty model and is a crucial measure for the realization of fundamental human 
rights such as the right to food‖ (ICAARD, 2006, p.11). 
 
Further, right to food is indivisible in terms of social, economic, cultural and political 
rights and culture and location specific. Hence, the role of legislators to formulate 
comprehensive policy is essential. Similarly, sectoral ministries (e.g. Agriculture, Health, 
etc.) responsible to ensure respect, protect, and fulfill conditions to ensure indivisibility is 
crucial. Likewise, private sectors are required to ensure socially responsible business 
management system in place.  
 
In this context some of the international instruments related to right to adequate food that 
are ratified by Nepal Government are summarized below in table 1. Table 1 shows that 
Nepal being a signatory of those international instrument, it has certain obligations, 
scopes and challenges while operationalizing RtF and FS related provisions. Some of 
these instruments are legally binding and others are to be operationalized on the moral 
grounds of human rights principles. State being a signatory of those instruments, has the 
primary responsibility to define policies, laws and devise institutional frameworks 
according to the national context.   
 
Table 1. Some of the major international instruments and status of ratification by Nepal 

Source: Adapted from Ghale and Bishwokarma, 2013 
 
The following table provides overview of major national instruments related to RtF and 
FS as defined by the Government of Nepal.  
 
 

Instruments ratified by Nepal 
Convention on Child rights (CRC) (14 Sept 1990) 
International Covenant on Economic, Cultural and Social Rights 1976 (14 May 1991) 
Convention on Elimination of all forms of Discrimination against Women (CEDAW) (22 
April 1991) 
Convention of Biological Diversity (CBD) (15 Sept 1993) 
World Trade Organization (WTO) (23 April 2004) 
International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA) (02 
Jan 2007) 
International Labor Organization (ILO) 169 (22 Aug 2007) 
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Table 2: Selected national provisions related to right to food and food security 

Constitution 
of Nepal 
(2015) 

Article 36.1-―Each citizen shall have the Right to Adequate Food‖ 

Article 36.2-―Every citizen shall have the right to be protected from a 
state of starvation, resulting from lack of food stuffs‖ 

Article 36.3-―Every citizen shall have the Right to Adequate Food 
sovereignty as provided for in law‖ (CA Secretariat, 2015; P. 15) 

Article 42.2-Right to social justice to those Citizens who are economically 
very poor and communities on the verge of extinction on food among 
other needs (CA Secretariat, 2015; P. 18) 
Article 44.1-―Each consumer shall have the right to quality foodstuffs and 
services‖ (CA, 2015; P. 18) 
Article h12, part 4 under the Directive Principles, Policies and 
Responsibilities of the state-supportive measures to enhance productivity 
for the ensuring the food sovereignty (CA, 2015; P. 27). 

ADS (2015) Goal: ―A self-reliant, productive, sustainable, competitive, and inclusive 
agricultural sector that drives economic growth, and contributes to 
improved livelihoods, and food and nutrition security.‖ 
Four Pillars: Governance, Productivity, Profitable Commercialization and 
Competitiveness. 

Food Act ( 
1966) 

Preamble: legal provisions to maintain proper standard of foodstuffs, 
prevent any undesirable adulteration in foodstuffs, and prevent from 
reducing in, or extracting, any natural quality or utility from foodstuffs. 

Consumer 
Protection Act 
(1998) 

Preamble: make provisions for protecting consumers from irregularities 
concerning the quality, quantity and prices of consumer goods or services,  
as well as, ensuring that no one lowers or removes the attributes or 
usefulness of consumer goods or services, preventing circumstances in 
which monopolies and unfair trading practices may lead to an increase in 
prices, as well as false and misleading propaganda about the use and 
usefulness of consumer goods or services, selling, supplying, importing, 
exporting and storing safe and quality consumer goods or services, and 
protecting the rights and interests of consumers through the establishment 
of an agency for redressing the hardships of consumers, and thus 
maintaining the health, convenience and economic welfare of consumers. 
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13th three 
years 
periodic plan  

Long term vision: Ensure food sovereignty rights of citizens through 
strengthening all aspects of food and nutrition security 
Objectives: Improve food and nutrition security through supply of 
basic food items and ensure food security of food insecure groups 
through improved access to quality food items. 
Strategies: Devise national food and nutrition security policy; promote 
locally potential and high value products in food insecure areas; 
protection, promotion, utilization of agricultural biodiversity, and 
respond to climate change specific concerns; and ensure effective 
regulatory frameworks for food safety. 

Source: Compiled from various sources by authors 
 
The table above shows that Nepal has shown its principle commitment to ensure RtF and 
FS for its people. The constitutional guarantee of food sovereignty and commitment 
shown through the respective policy arrangements and operational plans truly reflect the 
spirit of rights to its citizen. However, there are many ambiguities in terms of the full 
commitments of the government in preparing adequate policies, laws, establishing 
institutions and allocating resources both in terms of finance and human capabilities. 
Moreover, there are no clear evidences of how participatory is the policy formulation 
processes, provisions for ensuring accountability of the state and meaningful participation 
of the people to ensure their voices to be heard and grievance handling mechanisms are in 
place. 

CONCLUSION 

The paper highlights the basic theories, approaches and major components on right to 
adequate food and food security. The paper synthesizes that, in principle, the theories, 
approaches and components are globally accepted and nation states are obliged to 
implement them in their respective national context. To establish commonly acceptable 
standards under human rights principles, many different international instruments are 
devised. The nation states as a member of the global frameworks have the primary 
responsibility to translate those provisions in to reality. Though not all the instruments are 
legally binding, the nation states have their moral obligations to execute provisions on the 
basis of moral responsibility. Therefore, the government requires ensuring adequate 
policy, law, institutional mechanisms and allocation of resources in place for the effective 
execution of the commitments. In this process, people as rights holders have certain 
responsibilities to fulfill while claiming their rights and other actors such as private 
sectors and civil society also have responsibility to behave responsibly to ensure RtF for 
all. Nepal has made many different commitments and devised certain national policies 
and laws to ensure RtF, which are not yet adequate and also need to translate available 
provisions in to practice effectively.  
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ABSTRACT 
Forest ecosystems contain more carbon per unit area than any other land use type, where 
carbon is stored in above ground biomass, belowground biomass and soil. Importance of 
forest and forest soil in mitigating the greenhouse effects has been widely accepted. 
Among various forest types found in Nepal, the Terai Sal forest is considered as a one of 
the prime storehouse of carbon, where soil organic matter is high and soil organic 
carbon content is believed to be even higher than above ground biomass. We evaluated 
the amount of soil organic carbon up to 60cm (0-20cm, 20-40cm and 40-60cm) in 
Tilaurakot collaborative forest of Kapilbastu district. We found that bulk density of soil 
was increasing with depth ranging from 1.44 gm/m3 to 1.57 gm/m3 in 0-20cm and 40-
60cm respectively. Percentage of average organic carbon was decreasing (0.53 to 
0.44%) with depth. The total soil organic carbon decreased from top to bottom where 
average total soil organic carbon was 14.26 ton/ha. Soil organic carbon content varies 
with depth where climate, moisture, amount of organic matter, soil types plays an 
important role that is further signified by the high amount of soil organic carbon in the 
top layer of Sal forest.   
 
Key words: Soil, Carbon, Organic carbon content, Bulk density, Sal Forest 
 

INTRODUCTION 
 
Soil carbon is an vital part of terrestrial carbon pool (Lal, 2004) and soils of the world are 
potentially viable sinks for atmospheric carbon (Lal et al., 200; Bajracharya et al., 1998).  
Kirschbaum (2000) estimated that world‘s soil contains about 1500Gt of organic carbon to a 
depth of 1m and a further 900Gt from 1-2 m. However, soil is deteriorating at an alarming 
rate in developing countries like Nepal due to land use changes and climate change (IPCC, 
2000), lowering C sequestration. The projected change in climate may affects soil moisture 
and temperature regimes (Lal, 2004). Soil affects the vegetation through altering soil water 
content and nutrient cycle and soil temperature at ecosystem level (Cheddadi et al., 2001); 
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which subsequently affects the species composition (White et al., 1999). These changes 
affects the Soil Organic Carbon (SOC) pool and physical properties of soil (Lal, 2004; White 
et al., 1999). The difference in distribution of soil carbon (Hamburg, 2000) is related to 
organic and mineral soil horizons which has been altered because of land-use change, shift in 
the life form of the dominant plant. SOC content exhibits considerable variability both 
spatially and horizontally according to land use and vertically with in the soil profile 
(Hamburg, 2000). The magnitude and rate of SOC sequestration depends on climate, soil 
type, plant species and nutrient content of the soil (Shrestha et al., 2012) despite of its 
significance, a few studies have assessed the C sink capacity of the forest (Lal, 2004; Oli et 
al., 2009). Current knowledge of forest carbon, carbon budgets and ecosystem change 
process is especially lacking in highly diverse tropical forest (ICIMOD, 2009). 
 
About two-thirds of the terrestrial carbon is sequestered in the standing forests, forest 
under storey plants, leaf and forest debris, and in forest soils (Perie and Ouimet, 2008). 
Thus, the Kyoto Protocol recognized the importance of forest in mitigating the 
greenhouse gas emission (i.e. carbon dioxide, methane and other compounds) and have 
included forest and soil carbon sequestration in the list of acceptable offsets (UNFCCC, 
1997). The role of forest soil in carbon sequestration is probably best understood and 
appears to offer the greatest near-term potential for human management as a sink. Soil 
carbon sequestration can be enhanced by forest management systems that add high 
amount of biomass to the soil, cause minimal soil disturbance, increase water retention 
capacity, improve soil structure, and enhance soil fauna activity (Lal, 2004).  
 
The SOC diminished with depth regardless of vegetation type, soil texture and clay size 
fraction and chemical properties (Perie and Ouimet, 2008). If soil is divided into various 
layers and a subset of the total soil column is measured, it is easy to shows clear pattern of 
SOC distribution in different layers (Hamburg, 2000). Pattern of soil organic carbon are 
closely tied to the distribution and turnover of roots (Hamburg, 2000) and as a result any 
attempt to look at only a portion of the rooting zone carbon is likely to lead spurious patterns 
(Hamburg, 2000; Lal, 2004; Sundquist et al., 2009). The change in plant community 
composition/ species dynamics can lead to alteration in rooting patterns leading more 
dynamism in soil carbon distribution in different layers. (Hamburg, 1984).  
 
Frequently, only the top 10 or 20 cm of the soil are examined (Compton et al., 1998; Ford-
Robertson et al., 1999), where roots of sallow rooted plants and organic matter content are 
very high, when looking for carbon pool. Whereas, carbon sequestration depends on the 
tree species, soil type, region, climate and management practices (Amatya et al, 2010) 
and there is little studies on soil carbon stock below 20cm in  at the tropical Terai Sal 
forest of Nepal (Ghimire, 2012). However, it is very difficult, almost difficult to know an 
accurate picture of organic soil carbon content (KC, 2010). There is a need of precise 
estimate of SOC sequestration to address the issues of climate change impacts mitigation 
and adaptation (Chaudhari et al., 2013; Oli et al., 2009; Shrestha et al., 2012). This study 
here tries to estimate the SOC percentage and total organic soil carbon content up to 60 cm at 
three different depths (0-20cm, 20-40cm and 40-60 cm in the tropical Sal forest of Nepal.  
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METHODOLOGY 
 
The study area, (Tilaurakot Collaborative forest of Kapilvastu district, lies between 
27º25' N to 27º49' N and 82°41' E to 83°14' E with area of 6612 hectare. The study area 
is located in flat land of Nepal also called as tarai region, where the productive Sal forest 
is dominant. These sal forests are categorized as very potential for carbon sequestration.  
 
Since the study area was homogeneous and flat with minimum variation in altitude, 10 
sample plots (Points for collection of soil sample) were randomly selected which 
eliminated potential bias in collecting soil samples. From those selected sample points, 
soil samples were taken from the soil profile up to 60cm depth in three different levels (0-
20cm, 20-40cm and 40-60cm). A core of 5.7 cm diameter and 20 cm length was used for 
collecting the soil samples along the soil profile. Each soil sample was bagged, labeled 
and transported to the laboratory for further analysis. To determine the bulk density of 
soil, soil samples were transported to the laboratory for oven drying and measuring the 
oven dry weight after drying 24 hours at the constant temperature of 1050C and BD was 
computed using the following formula: 
 
BD (gm/cm3) =  
 
Soil Organic Carbon percent was analyzed using the Wallkey-Black 1934 (WB) method, 
which is one of the rapid soil organic carbon analysis methods. This method is based on 
the oxidation of organic matter by potassium dichromate (K2Cr2O7) and sulfuric acid 
mixture, followed by titration of the excessive dichromate by a ferrous ammonium sulfate 
(Fe(NH4)2(SO4)2*6H2O).  
Following is the reaction shows the titration process by Wallkey-Black 1934 in detail:  
C0+2H20  CO2+4H+ + 4e- 

Cr2O7
2- + 14H+ + 6e-   2Cr3+ + 7H2O 

Fe2+    Fe3+ + e- 

Whereas, SOC was estimated using following formula by (Chhabra et al., 2003).   
 
SOC (t/ha)  
=  
 
Furthermore calculated SOC with Organic Carbon percentage and BD were further 
analyzed by a linear model and adjusted R2 was calculated to understand if there is any 
relation between these variables. Similarly, One-way ANOVA was used for testing 
significant differences of total SOC content in different layers (0-20, 20-40, 40-60 cm) at 
95% of confidence interval using R.   
 

RESULTS AND DISCUSSION 
 
The study area was dominated by Sal (Shorea robusta) forest with uniform distribution of 
crown cover where soil profile was well developed with distinct layers.  
 

= Organic carbon content(%) x Soil bulk density (
g

cm3)x Thikness of horizon(cm)
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Figure 1. (a) Bulk density (gm/cm3), (b) Organic carbon content percentage, and (c) Soil 

Organic Carbon (ton/hectare) at different depth 
 
Shallow vegetation roots were recorded even below our sample depth and presence of 
microorganism was frequent.  
 
There was some variation in the bulk density (BD) with respect to depth in the study area. 
Higher fluctuation was recorded in 20-40 cm depth of soil (Figure 1.a) whereas in the top 
layer (0-20cm) there was less variation between plots. The minimum BD was recorded in 
soil with 0.6% of organic carbon content. The average BD of the study area was found to 
be 1.49 gm/cm3 with an average BD of different soil depths; 0-20 cm, 20-40 cm and 40-
60 cm were 1.44 gm / cm3, 1.47 gm/cm3 and 1.57 gm/cm3 respectively (Table 1).  
 
The organic carbon content percentage was recorded highest at 0-20cm depth, whereas 
the lowest was in 40-60cm depth. There was a very high deviation in 0-20cm layer, 
whereas very less deviation was seen in 20-40cm depth of soil (Figure 1.b). Average soil 
organic carbon percent was found to be 0.48. The maximum SOC percentage was 
recorded at the top layer with 0.53 whereas minimum was at 40-60cm with 0.44 (Table1). 
Similar for organic carbon percentage higher amount of total SOC was recorded in 0-
20cm layer, whereas the lowest was in 40-60cm. There was more deviation in per plot 
SOC in 0-20cm and 40-60cm compare to 20-40cm (Figure 1.c).  The total SOC was 
14.26 t/ha, where total SOC at 0-20 cm, 20-40 cm and 40-60 cm were 15.08 t/ha 
14.11t/ha and 13.61 t/ha respectively (Table 1). 
 
Standard error (SE) of the mean was large in 40-60cm whereas lowest was recorded in 
20-40cm (Table 1). One-way ANOVA shows that there is no significant different in 
average SOC (T/ha) in three different horizons in 95% of confidence interval with p 
value 0.746 (P>0.05) (table not shown).  
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Table 1. Bulk density, Organic Carbon Percentage and SOC Content 
Depth (cm) Average Bulk 

Density 
Average SOC 
Percentage 

Average SOC 
(t/ha) (SE) 

0-20 1.44 0.53 15.08 (1.36) 
20-40 1.47 0.48 14.11 (1.03) 
40-60 1.57 0.44 13.61 (1.66) 

 
 
 

 
Figure 2. (a) SOC Content (t/ha) with organic carbon content percentage; (b) SOC 

Content (ton/hectare) and Bulk Density (g/cm3). 
 
There was a linear relation (Adjusted R2= 0.86) between the organic carbon percentage 
and total SOC content amount (Figure 2.a). However, these studies did not find any linear 
relation (adjusted R2= 0.03) between bulk density and total SOC content (Figure 2.b).  
 
Major forest carbon pools are forest biomass and SOC. SOC is an important part of the 
terrestrial C pool as it contains three times the amount of C stored in plant biomass 
(Shrestha et al., 2012). The sequestered SOC held in soils as organic matter, humidified 
material and in the stable structure within soil micro-aggregates or in the profile. The 
amount of carbon content in soil depends on the BD, organic matter content and organic 
carbon content percentage. There is variation in BD of soil with increase in depth (Perie 
and Ouimet, 2008). This study also illustrates that BD increase with an increase in depth 
level of soil, the average BD was found to be 1.49 gm/cm3 and was recorded maximum 
at. 40-60cm. With increases in the depth of the soil profile the organic matter content of 
the soil decreases and which leads to decrease the porosity of soil and also the 
compaction on soil leads to increase the BD (Perie and Ouimet, 2008). In addition, the 
BD of soil also varies with depth because of the available nutrients of the soil which 
plays an important role and influenced the amount of organic matter in soils, their texture, 
constituent minerals and porosity (Chaudhari et al., 2013). SOC percentage was found 
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ranging from 0.18 to 0.8 in the study area. This is similar to the Trettin and Jurgensen 
(2003) finding, they found that the SOC concentration in forest soils may range from 0% 
in very young soils to as much as 50% in some organic or wetland soils. The SOC 
percent was found higher in the upper layers and higher SOC percent in upper layer is 
due to high soil organic matter content, less degraded organic matter and less influence of 
parent materials‘ minerals. Top layer of most of the soils contains between 0.3 and 11.5% 
in the surface 20 cm of mineral soil (Lal, 2005; Lal et al., 2009). On an average highest 
amount of organic carbon was recorded on top layer of the soil profile and gradually 
decreased with increase in depth.  (Batjes, 2014) concluded that on an average 39 to 70% 
of the total organic carbon in the upper 100 cm of mineral soil is held in the first 30 cm 
and 58–81% in the first 50 cm.  
 
Relationship between BD and organic matter and carbon content is non-linear or 
polynomial based on the type of soil and amount of parent materials available in soil 
(Perie and Ouimet, 2008). Our study concluded that there is non-linear relationship 
between BD and SOC (Fig 2.b). SOC depends on organic matter content and organic soil 
amount (Gami et al., 2009) where linear relationship exist between these two (Guo and 
Gifford, 2002). This study also shows the linear relationship (adj R2 around 0.9) between 
SOC and organic carbon percentage, however low R2 value may be limited by number of 
sample plots use for the collection of soil sample. Chaudhari et al., (2013) concluded that 
there is a high degree of positive correlation between SOC content and total organic 
carbon in forest area. In mature forest soil profile change in total organic matter content 
in upper 1m of soil is very unlikely (Sundquist et al., 2009). We also found out that there 
were not significant differences in SOC in three different depths (layers). More variation 
with depth can be seen by increasing the depth of soil sample collection hole and number 
of samples plots used for collecting soil sample in such a well developed tropical sal 
forest soil profile.  
 

CONCLUSION 
The study was mainly focused calculating total soil organic carbon content at different 
depth in the tropical Sal forest of Nepal for which BD and organic carbon percentage 
were calculated. BD was increasing with increases in the depth of the soil profile, 
whereas SOC percentage was decreasing. Total SOC content was recorded high in the top 
horizon, but total SOC was not significant with other layers. This was mainly due to the 
well developed soil profile and uniform distribution of microbial activities, plant roots 
and leaf litters. There was a linear correlation between total SOC and SOC percentage 
and non-linear relation between SOC and BD. Hence, the large amount of carbon is held 
on the top layer of the Sal forest where organic matter content is very high. There are 
potentially large amounts of Carbon dioxide can be released when forest cover 
deforested, with changes in land use as well as with changes in forest management 
practices. Therefore, proper management of SOC is important for adaptation against 
climate change and reducing global warming. 
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ABSTRACT 
Concern on food safety is gradually growing and demand for organic food is increasing 
globally. Meantime, price plays an important role on consumers‟ decision on buying 
organic or not. In 2015, a study was conducted to determine the consumers‟ willingness 
to pay on organic vegetables in Kathmandu valley. The study collected primary 
information through surveying 100 consumers by using semi-structured questionnaire. 
Out of 100 respondents, 50 were organic consumers and 50 were conventional one. The 
study revealed that the consumers in Kathmandu valley are willing to go for organic 
vegetables, even with extra price. The organic vegetable consumers are willing to pay 31 
percent extra prices for certified organic vegetables and 30 percent for non- certified 
organic vegetables. On the other hand, the conventional consumers were willing to pay 
only 20 percent for certified organic and 19 percent for non-certified organic vegetables.   

Key words: Willingness, Organic Vegetables, Certification; Price, Consumers 
 

INTRODUCTION 

 The use of pesticides, insecticides and fertilizer has been increasing rapidly for the 
commercial production regardless of detrimental effect on health and environment 
(Pokheral and Pant, 2009). This leads to have alternative strategies towards sustainable 
agricultures development and preserving the natural ecosystem (Tamang et al., 2011). 
The organic farming has been new concept, although the Nepalese farming at initial 
phage was organic. According to Sobogaard Tours and Travel P (LTD), a systematic 
approach to promote organic farming in Nepal was started in 1980 after the establishment 
of the Institute for Sustainable Agriculture Nepal (INSAN). Judith chase, an American 
woman initiated commercial organic farming in Nepal in 1987. She started organic 
farming in Gamcha village of Bhaktapur under the name of Appropriate Agriculture 
Alternatives (AAA) (Nepal, 2015).  According to the IFOAM (2008), organic agriculture 
is production systems that sustain the health of soils, ecosystem, and people. It relies on 
ecological processer, bio diversity and cycles adapted to local condition, rather than the 
use of inputs with adverse effect. Organic food is finding an increasing number of 
followers and interest. In Nepal organic food is growing stronger by the day. The demand 
of organically produced fresh vegetables is increasing in Nepal, mainly in urban areas 
(Basynet, 2008). The large organic farms are running by the individual but still very 
difficult to meet the international level. The organic vegetables have been grown on sides 
of the Kathmandu valley. The organic vegetables are taken by the different organic shop 
and sell to the consumer (Acharya et al., 2009).  
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There are many established name of the organic shop in Kathmandu. The Organic Village 
located in Baluwatar sold the organic food within Kathmandu and other cities like 
Naryanghat and Pokhara. Khetibazar is another organic retail shop. The 1905 restaurant, 
Trisara, The Yellow House are some retailer organic shop. They sold vegetable, fruits, 
lentil, brown rice, coffee, tea, cheese, dried spices, white rice, Jumli Marsi red rice, 
yellow rice, kalo dal (black lentils), frog meat, cow's milk cheese Tomme, St.Marcellin 
and  Ricotta, soft fresh cheese, boar meat , burger, sausage (Rajbhandari, 2013). Besides, 
the organic shops there are number of the restaurants in the Kathmandu valley serving 
dishes made only from Nepali Organic food (Pun, 2012).  

 The 10th plan (NPC, 2003) and National Agriculture Policy (MOAD, 2004), for the first 
time spelt out policy statements regarding promotion of organic farming in the country 
(Pokheral and Pant, 2009). The Three Year Interim Plan (2007/8-2009/10) emphasises 
Integrated Pest Management (IPM)/ Integrated Plant Nutrition Systems (IPNS) and eco 
friendly technologies based on indigenous knowledge and skills. Agribusiness promotion 
policy 2006 has provision for development of organic production zones (Pandey, 2012). 
The three years interim plan (2010/11- 2012/13) covers food and nutritional security in 
agriculture sector objective, promotion of organic farming in strategy and support and 
subsidies on FYM/compost/urine management, people's awareness to reduce adverse 
impacts of pesticides, development of export-market based organic production zones and 
dissemination of relevant knowledge and skill to local level in working policy (Pandey, 
2012). 

METHODOLOGY 
 
The study was conducted in Kathmandu due to availability of number of organic outlets 
and diversity among consumers. The primary information was collected through semi 
structured questionnaire. The pre-tested questionnaire was applied to 50 organic and 50 
conventional vegetable buyers at different outlet market of Kathmandu valley. Extensive 
review of available literature was also done. The information collected from the survey 
was coded and entered into the computer and analyzed by using the MS Excel. 
Descriptive statistics like frequency, percentage, mean and standard deviations were used 
to describe the consumer character and their behavior.  
 

RESULTS AND DISCUSSION 
 
Socio economic characteristics of consumers 
 
Gender 
 
The survey showed that the male consumers mostly came to buy the organic vegetable. 
62 percent organic consumers were male who come to buy organic vegetable and 48 
percent were female out of 50 respondents. But in case of the general vegetable buyers, 
the female were higher (46%) than male buyers.   
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Residences 

Eighty percent organic consumers were permanent residence, while only 20 percent 
consumers were temporary residence. But in case of general consumers, the large 
numbers of consumers (52%) were temporary residence. It shows that the organic 
consumers were mostly permanent residence. 

Education 

The study revealed that the average level of education was higher among organic 
consumers than inorganic. Among organic consumers, 70 percent had received university 
degree and none was found illiterate. On the other hand, 30 percent of the inorganic 
consumers were with university degree followed by secondary (28%) and primary (24%) 
education along with 4 percent illiterate. 

Expenses on vegetable per week 

The organic consumer's expenses per week on vegetables were higher than general 
consumers. The maximum expense per week for organic vegetable was NRs 35,000 and 
general vegetable was NRs 2,000. The average expenses for organic vegetable were NRs 
4308 and general vegetable was NRs 605 (Table 1).  

Table 1. Socio economic characteristics of consumers 

Source: Field survey, 2015 

 

S.No Variable  Organic Conventional 
1 Gender (%) Female 48 46 
  Male 62 44 
2 Residence (%) Permanent 80 48 
  Temporary 20 52 
3. Education (%) primary(<3) 4 4 
  Secondary(6-10) 2 28 
  Higher 

secondary(10+2) 
24 24 

  University 70 30 
  Informal  10 
  Illiterate  4 
4 Expanse on vegetable 

per week (NRs) 
Maximum 35,000 2,000 

  Minimum 300 200 
  Average 4308 605.1 
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How often respondents buy vegetable 

The data showed that, in terms of frequency 94 percent organic consumer bought organic 
vegetables regularly. While 4 percent respondents bought selected organic vegetables and 
2 percent consumer bought organic vegetables when available. In general consumer, the 
majority 60 percent consumers bought organic vegetables rarely and 20 percent consumer 
bought when available and 20 percent bought selected organic vegetable. The average 
year of organic vegetables bought by organic consumers was 3.076 year (Figure1). 

Figure 1. Organic vegetable bought by organic and general consumers 

Consumer’s perception on price as major determinant for decision 

Similar to various researches on economics, price was found as an important factor on 
consumer’s decision. Among the organic consumers, 72 percent determined price as an 
important factor for buying organic vegetable while 88 percent of general consumers 
considered price as major decision factor for buying organic vegetables (Table 2). 

Table 2. Consumer’s perception on price as major determinant for decision 
Parameters Organic General Total 

Price is major determinant for decision 36 (72) 44 (88) 80 
Price is not major determinant 6 (12) 1 (2) 7 

Sometime price become major 
determinant 

8 (16) 5 (10) 13 

 Source: Field survey, 2015; Figures in parenthesis indicate percentage 
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Organic certification and consumer decision 

As certification is to ensure the quality of product, it has been the major factor affecting 
the willingness to pay on organic vegetable. Various study showed the potential role of 
certification on consumer‘s decision. This study found that organic certification played a 
major role for 18 percent of organic consumer‘s decision while it affected sometime for 
74 percent (Figure 2). On the contrary, the organic certification mainly affected 30 
percent of the general consumer‘s decision and did not affect to 20 percent of them. 

18

30

8

20

74

40

0

10

20

30

40

50

60

70

80

Organic 
consumers

General 
consumers

Pe
rc

en
ta

ge
 o

f d
ec

is
io

n 
fa

ct
or

 b
y 

ce
rt

fii
ct

ai
on

Types of consumers

yes

no

Figure 2. Certification a decision factor for buying organic vegetable for general and 
organic consumers 

Consumer’s preference and willingness to pay 

There were certified and uncertified organic vegetables available in the market. Majority 
of vegetables were not certified. Consumers trusted the trader and bought the organic 
vegetables. According to the survey, even the consumers were buying both certified and 
non-certified organic vegetable. In terms of frequency 41 (82%) organic consumers 
preferred certified vegetables while 9 (18%) organic consumer could trust the trader/ 
naturally grown vegetables without any certification.  

Similarly, for general consumers, in termed of frequency 35(70%) consumers preferred 
the certified products and only 15 (30%) trusted the trader/ naturally grown vegetables 
without any certification. The survey showed that out of 100 respondents, 76 preferred 
certified organic vegetables (Table 3). 
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Table 3.  Consumer's preference 
Parameters Organic General Total 

Certified 41 (82) 35 (70) 76 

Trust organic trader/ 
naturally grown 

9 (18) 15 (30) 24 

Source: Field survey, 2015; Figures in parenthesis indicate percentage 

Willing to pay extra price for organic vegetables 

The price of the organic vegetables was higher than the general vegetables. The question 
had been asked to the respondents regarding how much prices (in percentage) were they 
ready to pay for organic vegetables. The willingness to pay on certified and uncertified 
vegetables was found different. For organic vegetables, consumers were ready to pay 31 
percent more price for certified organic vegetables than general vegetables. While 30 
percent respondents wanted to pay more price for uncertified organic vegetables than 
general vegetables. Similarly among general consumers, 21 percent were ready to pay 
more prices for certified organic vegetable than general vegetables. And they wanted to 
pay 20 percent more price for uncertified organic vegetables than general vegetables 
(Figure3).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Willingness to pay extra price (%) for organic vegetable 

CONCLUSION 

The study revealed that the price had been the major problem for buying organic 
vegetables. The time factor had been the problem since organic shop was not found 
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frequently as general shops and it took more time to reach the organic shop. The general 
consumers did not have the knowledge about organic vegetables and those who had 
knowledge cannot afford the organic vegetables. Similarly the certified organic 
vegetables were not common in shops. The organic vegetables should be found 
frequently as general vegetables and the price should be affordable enough to buy organic 
vegetables for both general and organic consumers. The organic vegetables should be 
certified since consumer preferred certified over non certified organic vegetables. 
The study confirmed that the consumers were willing to pay more extra price for buying 
organic vegetables than general vegetables and wanted to buy it regularly. 
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ABSTRACT 

 
One hundred two rice genotypes were screened against leaf and neck blast under natural 
condition at NARC, Khumaltar, Lalitpur and Gokarna, Kathmandu, during June to 
November, 2014. Quantitative resistance in rice against blast was assessed based on 
area under disease progress curve (AUDPC). Out of 102 rice genotypes, 72 genotypes 
were found resistant, 23 moderately resistant, 2 moderately susceptible, 2 susceptible and 
3 highly susceptible to leaf blast, where as  one genotype was recorded resistant to neck 
blast , 28 were moderately resistant, 13 were susceptible and 60 were highly susceptible 
to neck blast in farmers field at Gokarna, Kathmandu. None of the genotypes was 
immune to leaf or neck blast. Genotype NR 11100-B-B-3-3-2 was resistant to both leaf 
and neck blast. Rice genotypes NR 11182-B-23, IR 87760-17-1-1-4, IR 83383-B-B-129-4 
and NR 11182-B-5 were moderately resistant, whereas Taichung-176, NR 11165-B-B-22 
and NR 11165-B-B-24 highly susceptible to both neck and leaf blast. Rice genotype NR 
11011-B-B-B-B-33 was recorded resistance to leaf blast hence may be used as a source 
of resistance for breeding resistance to blast. Similarly genotype NR11100-B-B-3-3-2 
was resistant to neck blast and genotype NR11100-B-B-3-3-2 to both leaf and neck blast. 
These three rice genotypes may be used as a donor parent for breeding blast resistance.   
 
Key words: Rice, Genotype, Blast, Host resistance, Susceptibility 
 

INTRODUCTION 
 
Blast disease caused by Pyricularia grisea, is one of the most devastating diseases of rice 
in most rice producing areas of the world (Ou, 1985). Rice blast is the most common and 
destructive disease in irrigated rice of both temperate and subtropical areas of East Asia 
(Bonman et al., 1991). The pathogen is highly adaptable to various environmental 
conditions and can be found in irrigated lowland, rain-fed upland, or deep-water rice 
fields. In Nepal, the disease causes 10-20% yield reduction in susceptible varieties, but in 
severe case, it goes up to 80% (Manandhar et al., 1992). Blast epidemic causes complete 
loss of seedlings (Chaudhary et al., 1994) in nursery and epidemics in the field (Teng et 
al., 1991) in Nepalese context. Panicle infection causes complete yield loss (Ou, 1985). 
Yield reduction by neck blast infection is twice as severe as the leaf blast (Hwang et al., 
1987). In Nepal, a grain yield loss of 38.5 and 76.0 kg ha-1 was reported in the rice 
cultivars: ‗Masuli‘ and ‗Radha-17‘, respectively, due to one percent increase in neck blast 
(Chaudhary, 1999). 
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Host resistance is the highly cost effective, environmentally safe, convenient and 
preferable means of plant protection. Thus, disease management through use of host 
resistance is the best alternative. Resistant cultivars cost the farmer nothing, pose no 
pollution problem and are readily adopted. Hence, the successful breeding program for 
resistance to blast should be concentrated on effective and efficient screening techniques 
(Chaudhary, 1996); behavior of resistant genes and host parasite interaction in rice-blast 
patho-system are essential. Manandhar et al. (1998) also showed linear relationship 
between panicle infection and to its seed infection as well as further transmission to 
seedling. Therefore, identification of the durable new sources of resistance and their 
development are necessary for blast management. In this study, 102 rice genotypes 
including checks were evaluated for quantitative resistance to blast in Khumaltar, 
Lalitpur and Gokarna, Kathmandu, during June to November, 2014. 
 

MATERIALS AND METHODS 
 
In field, 102 rice genotypes were tested against leaf and neck blasts including susceptible 
checks under natural condition at NARC, Khumaltar, Lalitpur and Gokarna, Kathmandu, 
during June to November, 2014. The experiment was laid out in augmented (rod row) 
design. To create blast congenial environment, windbreaks around the experiment and 
inoculum plots inside the windbreak were managed as per international specifications 
(Jennings et al 1979). The seedbeds were raised up to 15 cm high above the ground to 
avoid flooding. FYM and N: P: K were applied @ 10 ton/ha and 140:30:30 kg/ha, 
respectively, during land preparation. 100 seeds of each line were seeded in a row of 0.5 
m long. Weed management was done as needed. Disease evaluation was started 25 days 
after seeding and continued for four observations at 5-day interval. Ten plants were 
selected randomly from each genotype from test plots for disease scoring. The leaf blast 
disease was scored in a 0-9 scale (IRRI, 1996) at 5 days intervals starting from 25 DAS, 
i.e. at 25, 30, 35, 40 and 45 DAS. Mean values of each genotype were computed. 
 
The same augmented (rod row) design, except windbreak (maize) plot, and the same 102 
rice genotypes used for screening against leaf blast, were used also for the study of neck 
blast. The same genotypes were evaluated for resistance to neck blast under direct seeded 
dry field conditions. Single seed per hill was planted at a spacing of 10 cm row to row 
and 10 cm plant to plant distance. FYM and N: P: K were applied @ 10 ton/ha and 
140:30:30 kg/ha, respectively. Half amount of nitrogen and total amount of phosphorus, 
potash and FYM were mixed in soil at the time of land preparation (i.e. just before 
transplanting). Remaining half nitrogen was applied into two split doses; one at tillering 
stage, i.e. 20 days after transplanting and the other at head emergence stage, i.e. 35 days 
after transplanting. Fertilizers were used in between lines and mixed in soil with spades. 
Disease scoring of neck blast was done from five tillers each of five hills/genotype 
selected randomly and tagged. Scoring was done at panicle emergence stages (70 days 
after sowing).  From the total 25 tillers, total number of infected tillers was counted and 
neck blast incidence calculated as below: 
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Based on the percentage neck infected, the rice genotypes were classified as Resistance, 
moderately resistance, susceptible, moderately susceptible and highly susceptible. (IRRI 
1996). 

 
RESULTS AND DISCUSSION 

 
Out of 102 genotypes, NR 11100-B-B-3-3-2, was found resistant to both leaf and neck 
blast, IR 87760-17-1-1-4, NR 11182-B-23, IR 83383-B-B-129-4 and NR 11182-B-5 were 
found moderately resistant to both leaf and neck  blast.  Similarly, Taichung-176, NR 
11165-B-B-22 and NR 11165-B-B-24 were highly susceptible to leaf and neck blast. 
Many genotypes were found resistant to leaf blast which were highly susceptible to neck 
blast. Rice genotypes NR 11105-B-B-50-3 and  NR 11100-B-B-11-1-1 were observed 
resistant to leaf blast, while susceptible to neck blast  and several other  genotypes 
showed mixed reactions. (Table 1). The study revealed that the genotypes were more 
prone to neck blast than leaf blast. 
 
Table 1. Reaction of rice genotypes to leaf blast at NARC, Khumaltar, and neck blast at 

Gokarna, 2014 
 
Genotypes 

Leaf blast 
severity % 

Reaction Neck blast 
Score 

Reaction 

 
NR 11115-B-B-26-3       
NR 11100-B-B-15-1       
NR 11120-B-B-27-3  
NR 11105-B-B-50-3       
NR 110116-13-5-2-3-3-2  
NR 11156-B-B-20         
NR 11130-B-B-B-19       
NR 11130-B-B-B-16       
NR 11100-B-B-11-1-1     
NR 11156-B-B-11         
NR 11156-B-B-10         
NR 11142-B-B-B-1-1      
NR 11140-B-B-B-4        
NR 11139-B-B-B-21       
NR 11139-B-B-B-17       
NR 11115-B-B-31-3       
NR 11111-B-B-23         
NR 11111-B-B-22-1       
NR 11138-B-B-B-7        
NR 11137-B-B-B-10       
NR 11100-B-B-3-3-2      
NR 11100-B-B-3-3-1      

 
1.9 
1.9 
1.9 
1.9 
8.9 
9.9 
10.9 
10.9 
10.9 
10.9 
10.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
11.9 
12.9 
13.9 
13.9 

 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

 
4 
2 
4 
5 
4 
4 
4 
2 
5 
5 
2 
5 
5 
4 
5 
4 
5 
2 
4 
2 
1 
5 

 
S 
MR 
S 
HS 
S 
S 
S 
MR 
HS 
HS 
MR 
HS 
HS 
S 
HS 
S 
HS 
MR 
S 
MR 
R 
HS 

Incidence of neck blast(%) =
Number of infected panicle

x100
Total number of panicle(25)
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NR 11139-B-B-B-10       
NR 11133-B-B-B-23       
NR 11130-B-B-B-12       
NR 11100-B-B-15-2-3     
NR 11182-B-17           
IR 87760-15-2-2-4       
NR 11100-B-B-15-2-1     
NR 11115-B-B-26-3-1     
IR 87759-22-1-1-2       
NR 11142-B-B-B-6        
NR 11111-B-B-14-2-1     
Khumal-8                
NR 11182-B-8            
NR 11130-B-B-B-8        
IR 70210-39-CPA-7-1     
IR 87759-21-2-2-1       
NR 11130-B-B-B-3    
NR 11130-B-B-B-2        
 
Table 1: continued 
 
Genotypes  
 
 
NR 11130-B-B-B-24       
NR 11037-B-B-B-B-56-2   
NR 11182-B-12           
NR 11100-B-B-6-1        
IR 87759-18-1-1-1       
Manjushree-2            
NR 11139-B-B-B-18       
NR 11139-B-B-B-23       
NR 11182-B-21           
NR 11145-B-B-B-6        
NR 11016-13-5-2-3-1-3   
NR 11100-B-B-16-3-3     
NR 11145-B-B-B-2 
NR 11153-B-B-18         
NR 11011-B-B-B-B-22     
NR 11109-B-B-45-1       
NR 11139-B-B-B-6        
NR 11139-B-B-B-5        
Khumal-4                
NR 11100-B-B-13-2       
NR 11011-B-B-B-B-65     
NR 11100-B-B-23-1       

13.9 
15.9 
15.9 
15.9 
15.9 
15.9 
15.9 
15.9 
15.9 
15.9 
15.9 
16.9 
16.9 
17.9 
17.9 
17.9 
18.9 
19.9 
 
 
 
Leaf blast 
severity %  
 
19.9 
20.6 
20.9 
21.9 
21.9 
21.9 
22.9 
22.9 
23.9 
23.9 
23.9 
24.9 
24.9 
25.9 
25.9 
25.9 
25.9 
26.9 
26.9 
26.9 
27.9 
27.9 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
 
 
 
Reaction 
 
 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

2 
5 
2 
2 
2 
5 
2 
4 
5 
5 
5 
4 
2 
5 
2 
5 
5 
4 
 
 
 
Neck blast 
score 
 
2 
5 
2 
5 
5 
5 
5 
5 
2 
5 
4 
5 
5 
4 
5 
5 
5 
5 
5 
2 
2 
5 

MR 
HS 
MR 
MR 
MR 
HS 
MR 
S 
HS 
HS 
HS 
S 
MR 
HS 
MR 
HS 
HS 
S 
 
 
 
Reaction 
 
 
MR 
HS 
MR 
HS 
HS 
HS 
HS 
HS 
MR 
HS 
S 
HS 
HS 
S 
HS 
HS 
HS 
HS 
HS 
MR 
MR 
HS 
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NR 11105-B-B-20-2-3     
NR 11120-B-B-22-3-1     
NR 11115-B-B-26-3-3     
NR 11100-B-B-15-3-3     
NR 11142-B-B-B-9        
Khumal-10               
NR 11042-B-B-B1-1       
NR 1105-B-B-16-2        
NR 11100-B-B-15-2       
IR 87761-52-1-2-2       
IR 87761-28-1-1-3       
NR 11105-B-B-20-2-1     
NR 11109-B-B-28-1-3     
NR 11011-B-B-B-B-33     
NR 11109-B-B-12-3-2     
NR 11115-B-B-14-3-3     
NR 11022-2-2-3-3-1      
NR 11154-B-B-5          
IR 83383-B-B-129-4      
NR 11182-B-5            
IR 87759-12-2-1-1       
IR 87760-15-2-3-4       
NR 11182-B-23           
 
Table 1: continued 
 
Genotypes 
 
 
IR 83381-B-B-117-4      
NR 11109-B-B-42-1       
NR 11179-B-B-6          
NR 11178-B-B-6-1        
IR 87760-17-1-1-4       
IR 87759-2-2-1-1      
IR 87377-B-B-93-3       
NR 11105-B-B-49-3       
NR 11111-B-B-23-2       
NR 11176-B-B-21         
NR 11120-B-B-22-3-3     
Khumal-11               
NR 11179-B-B-19         
NR 11179-B-B-14         
NR 11165-B-B-22         
NR 11165-B-B-24         
Taichung-176            

27.9 
27.9 
28.9 
28.9 
28.9 
28.9 
29.9 
29.9 
29.9 
29.9 
30.9 
30.9 
30.9 
30.9 
32.9 
32.9 
32.9 
32.9 
33.9 
33.9 
33.9 
33.9 
35.9 
 
 
 
Leaf blast 
severity % 
 
37.9 
39.9 
40.9 
41.9 
41.9 
41.9 
43.9 
43.9 
44.9 
49.9 
51.9 
56.9 
63.9 
69.9 
73.9 
73.9 
79.2 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
 
 
 
Reaction  
 
 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MS 
MS 
S 
S 
HS 
HS 
HS 

5 
5 
2 
2 
2 
2 
5 
5 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 
5 
5 
2 
 
 
 
Neck blast 
score 
 
5 
5 
5 
5 
2 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 

HS 
HS 
MR 
MR 
MR 
MR 
HS 
HS 
MR 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
MR 
MR 
HS 
HS 
MR 
 
 
 
Reaction 
 
 
HS 
HS 
HS 
HS 
MR 
HS 
HS 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
HS 
HS 
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The result revealed that 
 Genotypes highly susceptible to leaf blast were also found highly susceptible to 
neck blast- for example: Taichung-176. 
 Genotypes resistant to leaf blast were highly susceptible to neck blast- for 
example: IR 87761-52-1-2-2. 
 Rice genotype NR 11100-B-B-3-3-2,  was  recorded resistant to leaf  and neck 
blast 
 
However, genotypes susceptible to leaf blast were not found resistant to neck blast. 
Result suggests that, neck blast was more severe and devastating than leaf blast. It might 
be due to the genetics of the genotypes. These types of variations in reactions might also 
be due to either climatic variations in two locations or at growth stages of crop plants, or 
due to occurrence of different races of the pathogen. Leaf and neck blasts appeared more 
or less independent. 
 
A similar finding was reported by Hwang et al (1987). Sreenivasa et al., (2001) and 
Bonman et al. (1989) had also reported the similar results and concluded that leaf and 
panicle blasts were not linked. 
 

CONCLUSION 
Out of 102 rice genotypes, 72 was found  resistant to leaf blast, and 29 as moderately 
resistant to neck blast, while 27 rice genotypes were moderately resistant to both leaf and 
neck blast. None of the genotype was found immune to both the blast. Thus, the study 
revealed rice genotype 11100-B-B-3-3-2 may be use as sources of resistance to both 
types of blast in field condition. 
 
Furthermore, it  revealed that Genotypes: Taichung-176, NR 11165-B-B-22 and NR 
11165-B-B-24 which were observed highly susceptible may  be use as a susceptible 
check for leaf and neck blast research in Nepal. 
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ABSTRACT 
Farmers‟ field surveyed was carried out in the major ginger growing district of Nepal to 
identify the major insect pests and diseases of ginger during August-September in 2011 
and 2012. Almost all the farmers fields were found infected with rhizome rot (Pythium sp) 
and rhizome fly (Calobata sp). Their association showed the positive co-relation with 
each other. Considering this a field experiment was conducted at Ginger Research 
Programme, Kapurkot, Salyan during the two consecutive ginger growing season of 2014 
and 2015 to identify the effect of different insecticides ( soil application of Malathion 5% 
DP @ 3 kg/ropani + Chloropyrifos drenching) and mother rhizome retrieval practices 
for reducing problem  rhizome fly associated with rhizome complex of ginger. The 
experiment was laid out in RCBD with four replications. The experiment result revealed 
that the mother rhizome retrieval practices did not differ in terms of ginger production 
and rhizome fly/ rhizome rot management. For effective management of rhizome fly and 
rhizome rot soil application of Malathion 5% DP @ 3kg/ropani + seed rhizome 
treatment with Chloropyrifos @ 2 ml/liter of water and drenching same dose of 
Chloropyrifos one month after germination was fond effective in terms of more tiller 
number (8.12 – 8.17 tiller/clump), tallest plant height (80.75 – 88.95 cm), highest fresh 
ginger rhizome yield (25.86 – 27.47 mt/ha) and lowest (0.64 – 0.71 mt/ha) rhizome 
fly/rhizome rot infected rhizome yield. 
 
Key words: Chloropyrifos, Ginger, Rhizome Yield, Rhizome fly, Rhizome rot 
 

INTRODUCTION 
 
Ginger (Zingiber officinale Rosc.) is an important perennial rhizomatous herb usually 
grown as an annual for commercial rhizome production. It is an important spice as well 
as medicinal plant having wide range of genetic variability. The production potentiality 
of ginger is 30 mt/ha (GRP, 2002) while the national average is only 11.40 mt/ha 
(ABPSD, 2013/14). The major biotic factors associated with low productivity are 
rhizome rot, rhizome fly and white grub (GRP, 2010). Rhizome fly is a serious 
devastating insect pest of ginger. The maggots of the rhizome flies in the rotten rhizomes 
were commonly found in the surveyed ginger plots at Letang, Bahundangi, and Ambote 
of Nepal. Infestation by the maggots results in the decaying and rotting of the rhizomes 
which is more common during rainy season (Sharma et.al. 1998). As reported by Sahet al, 
(2001) the rhizome fly, shoot borer, mites, and white grub were found associated with the 
rhizome rot complex of ginger. NGRP reported the damage of rhizome fly to be 
associated with rhizome rot either for initiating or hastening the rhizome rot complex 
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along with the maximum field infestation of 25 %, in Jaubari, Nawalparasi and 31.12% in 
Dhankuta Municipality, Dhankuta, respectively (Gautam and Acharya, 2013). Treatment 
of ginger seed rhizome before sowing with 4 ml Chloropyrifos 20 EC in 100 ml of 
water/kg seed  and one spray of 2.5 ml Chloropyrifos 20 EC/litre of water exactly after 
one month of germination d effective in containing infestation of Calobata indica (Garg, 
2001). Similarly, rhizome seed treatment at planting followed by soil drenching at 50 
DAP with Chloropyriphos (20 EC) was very effective in controlling fly incidence 
(Sontakke and Roul, 2007). In Himachal Pradesh, rhizome treatment with Indofil M-45 + 
Bavistin (0.25 +0.1 Percent) and soil application of Phorate (12 kg/ha) managed rhizome 
rot and increased the yield. However, rhizome seed treatment with DM-45 @ 2 gm/litre 
of water + Bavistin @1 g /litre of water before storage and prior to planting minimize the 
rhizome severity (KC, 2010). In Nepal, no systematic research have been conducted in 
past for the management of rhizome fly associated with rhizome rot complex. This 
research was carried out with the objective to reduce the incidence of rhizome rot through 
the management of rhizome fly in ginger 
 

MATERIALS AND METHODS 
 
Field survey was carried out during August-September in two consecutive year 2011 and 
2012 in important ginger growing pockets of Illam, Salyan, Nawalparasi, Palpa, Syanja, 
Tanahu, Dhankuta, Makawanpur and Surkhet district of Nepal to identify the status 
rhizome fly and Rhizome rot of ginger. These districts together constitute about 51.45 % 
of the area under ginger cultivation in the country. All together 64 ginger growing 
farmers‘ fields were visited. Insect and disease identification was done based on the 
symptoms, morphology, nature of damage and other distinguished characters. Field 
incidence was also calculated from crop cut data by using the formula number of clumps 
infected by total number of clumps per unit area expressed as percentage. A field 
experiment was conducted at Ginger Research Programme, Kapurkot, Salyan during the 
two consecutive ginger growing seasons of 2014 and 2015 to identify the effect of 
different insecticides and mother rhizome retrieval for reducing the prevalence of ginger 
rhizome fly associated with rhizome complex of ginger with the following treatments: 
1. Soil application Malathion 5% DP @ 3kg/ropani + seed rhizome treatment with 
Chloropyrifos @ 2 ml/liter of water and drenching same dose of Chloropyrifos 1 month 
after germination + no mother rhizome harvesting. 
2. Soil application of Malathion 5% DP @ 3kg/ropani + seed rhizome treatment 
with Chloropyrifos @ 2 ml/liter of water and drenching same dose of Chloropyrifos 1 
month after germination +  mother rhizome harvesting. 
3. Ginger seed rhizome planting without the use of insecticides + no mother 
rhizome harvesting. 
4. Ginger seed rhizome planting without the use of insecticides + mother rhizome 
harvesting. 
 
One hour dipping and shade drying was the treatment procedure. The experiment was 
laid out in RCB design with three replications. Planting was done during the first week of 
April. Plant spacing for ginger was maintained 30 cm x 30 cm and the plot size was 2.88 
m2 in flat bed. Total 32 pieces ginger rhizome seed was used for planting in each plot. 
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Seed rhizomes bits of about 60 gm were used for planting. Both the organic and inorganic 
fertilizers were applied @ FYM 30 t/ha and N: P2O5:K2O @ 75: 50: 50 kg/ha 
respectively. All FYM, full dose of Phosphorus and half of Potash were applied as basal 
dose. The remaining half dose of N was used in two split doses. First at 30 days after 
germination and remaining dose of nitrogen and half dose of potassium at 60 days after 
germination. Mulching was done immediately after planting and manual weeding was 
done when needed according to weed infestation. Harvesting was done in November 
when leaves and pseudo stems became dry and fallen down. The observations on initial 
plant population, tiller number, plant height, rhizome rot scale, final plant population, 
rhizome fly/rhizome rot infected yield and fresh ginger rhizome yield were recorded. The 
observed data analysis has been done by using MSTATC tools.  
  

RESULTS AND DISCUSSION 
 
1. Rhizome fly and rhizome rot prevalence 
Field surveyed report showed that almost all the field was found to be infected with 
rhizome rot disease and rhizome fly insect. Rhizome rot (Pythium sp) infected plant 
showed the yellowing and toppled down of the pseudo stem and such pseudo stem can 
easily pulled out from the rhizome which produced unpleasant smell. Rhizome fly larva 
and pupae were frequently seen in infected plants. Srivastava and Diwakar (1997) also 
reported that maggots of Calobata sp play synergistic role in the growth and development 
of ginger rhizome rot disease. Hence, from this study rhizome rot and rhizome fly were 
found associated with each other and their co-relation is present in Figure. 1. 

 
 

Figure 1. Prevalence of rhizome rot and rhizome fly in different ginger growing area of 
Nepal (Sept. – Aug., 2011 and 2012) 
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2. Effect on yield attributing traits and fresh rhizome yield 
Average tiller number and fresh ginger rhizome yield in both the year were highly 
significantly different among the treatments where as plant height showed significant 
different result among the treatment only (Table. 1). The highest tiller number (8.17 
tiller/clump), plant height (88.95) and fresh rhizome yield (27.47 mt/ha) were found by 
soil application of Malathion 5% DP @ 3kg/ropani, seed rhizome treatment with 
Chloropyrifos @ 2 ml/liter of water and drenching same dose of Chloropyrifos 1 month 
after germination and no mother rhizome harvesting plot followed by 8 .12 tiller/clump, 
80.75 cm plant height and 25.86 mt/ha fresh rhizome yield in soil application of 
Malathion 5% DP @ 3kg/ropani + seed rhizome treatment with Chloropyrifos @ 2 
ml/liter of water and drenching same dose of Chloropyrifos 1 month after germination +  
mother rhizome harvesting plot. Ginger seed rhizome planting without the use of 
insecticides produced the lowest tiller number (5.50 – 5.65 tiller/clump), plant height 
(64.02 - 65.75) and fresh rhizome yield (15.84 – 16.14 mt/ha).Gautam and Mainali ( 
2016) observed that seed rhizome treated and soil drenched with the combination of 4 ml 
Chloropyrifos + 2.5 g DM-45 + 1 g Bavistin per liter of water produced the highest 
(20.89 mt/ha) fresh rhizome yield followed by the seed rhizome treated with 4 ml 
Chloropyrifos + 2.5 g DM-45 + 1 g Bavistin per liter of water (17.05 mt/ha) and soil 
drenched with 4 ml Chloropyrifos (16.63 mt/ha).From this study it is clear that mother 
rhizome harvesting have no any effect on ginger rhizome yield and soil application of 
Malathion + seed treatment and drenching of Chloropyrifos were found  effective for 
yield attributing traits and fresh rhizome yield of ginger.  
 

Table 1. Effect of insecticides and mother rhizome harvesting on yield attributing traits 
and fresh rhizome yield at GRP, Salyan during   2014 and 2015. 

Parameters Initial 
plant 
stand/m2 

Tiller 
/clump 

Plant 
height, 
(cm) 

Fresh 
rhizome 
yield, 
(mt/ha) 

M
an

ag
em

en
t p

ra
ct

ic
es

 
(A

) 

Soil application of Malathion 5% 
DP @ 3kg/ropani, seed rhizome 
treatment with Chloropyrifos @ 2 
ml/liter of water and drenching 
same dose of Chloropyrifos 1 
month after germination and no 
mother rhizome harvesting. 

9.76 8.17 88.95 27.47 

Soil application of  Malathion 5 % 
DP @ 3kg/ropani, seed rhizome 
treatment with Chloropyrifos @ 2 
ml/liter of water and drenching 
same dose of Chloropyrifos 1 
month after germination and  
mother rhizome harvesting. 

9.72 8.12 80.75 25.86 

Ginger seed rhizome planting 
without the use of insecticides and 
no mother rhizome harvesting. 

9.67 5.65 64.02 16.14 
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Ginger seed rhizome planting 
without the use of insecticides and 
mother rhizome harvesting. 

9.24 5.50 65.75 15.84 

Y
ea

r (
B

) 2014 9.13 6.43 76.15 18.27 

2015 10.06 7.28 73.58 24.39 

 CV % 9.95 12.2 8.71 19.08 

 F-test A NS ** ** ** 
 F-test B * * NS ** 
 F-test AB NS * NS NS 
 LSD A(p=0.05) - 0.88 6.78 5.98 
 LSD B(p=0.05) 0.70 0.62 - 4.23 
 LSD AB(p=0.05) - 1.24 - - 
NS – Not significant     * – Significant   ** – Highly significant  
 
3. Effect on rhizome fly / rhizome rots complex management  
The statistical analysis showed the highly significant effects of various treatments on 
final plant population, rhizome rot scale and rhizome fly/rhizome rot infected yield 
(Table 2).  
 

Table 2. Effect of insecticides and mother rhizome harvesting on final plant population 
and rhizome fly / rhizome rot complex management at GRP, Salyan during   2014 and 

2015 
 Final 

plant 
stand/m2 

Rhizome 
rot scale 
(1-5 
scale) 

Rhizome 
fly/rhizome 
rot infected 
yield, 
(mt/ha) 

M
an

ag
em

en
t p

ra
ct

ic
es

 
(A

) 

Soil application of Malathion 5% DP 
@ 3kg/ropani, seed rhizome treatment 
with Chloropyrifos @ 2 ml/liter of 
water and drenching same dose of 
Chloropyrifos 1 month after 
germination and no mother rhizome 
harvesting. 

9.28 1.31 0.71 

Soil application of Malathion 5% DP 
@ 3kg/ropani, seed rhizome treatment 
with Chloropyrifos @ 2 ml/liter of 
water and drenching same dose of 
Chloropyrifos 1 month after 
germination and  mother rhizome 
harvesting. 

9.02 1.37 0.64 

Ginger seed rhizome planting without 
the use of insecticides and no mother 
rhizome harvesting. 

8.37 2.25 3.01 

Ginger seed rhizome planting without 8.16 2.43 2.62 
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the use of insecticides and mother 
rhizome harvesting. 

Y
ea

r (
B

) 2014 7.63 2.06 2.12 

2015 9.78 1.62 1.37 

 CV % 13.94 18.83 43.83 
 F-test A NS ** ** 
 F-test B ** ** * 
 F-test AB NS NS * 
 LSD A(p=0.05) - 0.36 0.79 
 LSD B(p=0.05) 0.89 0.25 0.56 
 LSD AB(p=0.05) - - 1.12 

NS – Not significant     * – Significant   ** – Highly significant NA– Not available 
 
The highest (9.28 plant/m2) number of plant/m2 and lowest rhizome rot scale (1.31 in 1 – 
5 scale) were found by soil application of Malathion DP (@ 3kg/ropani) + seed rhizome 
treatment with Chloropyrifos @ 2 ml/liter of water and drenching same dose of 
Chloropyrifos 1 month after germination + no mother rhizome harvesting plot whereas, 
lowest (0.64 mt/ha) rhizome fly/rhizome rot infected yield observed by soil application of 
Malathion 5% DP @ 3kg/ropani, seed rhizome treatment with Chloropyrifos @ 2 ml/liter 
of water and drenching same dose of Chloropyrifos 1 month after germination and  
mother rhizome harvesting plot. The lowest final plant population (8.16 – 8.37 plant/m2), 
rhizome rot scale (2.25 – 2.43 in 1 -5 scale) and rhizome fly/rhizome rot infected yield 
were obtained when ginger seed rhizome planting without using insecticides.  
 
Similarly, Gautam and Mainali, (2016) reported the lowest mean rhizome fly infected 
rhizome yield (0.32 mt/ha) in the treatment ginger seed rhizome treated and soil drenched 
with the combination of 4 ml Chloropyrifos + 2.5 g DM-45 + 1 g Bavistin per liter of 
water followed by the treatment ginger seed rhizome treated and drenched with 4 ml 
Chloropyrifos (0.57 mt/ha). The effect of mother rhizome harvesting was not found in 
terms of rhizome rot and rhizome fly prevalence. Hence, this research suggest soil 
application of Malathion + use of Chloropyrifos for ginger seed rhizome treatment and 
drenching the standing ginger plant one month after germination from the rhizome rot 
and rhizome fly management point of view. 

 
CONCLUSION 

The surveyed report showed that ginger rhizome fly (Calobata sp) was found to be 
associated with ginger rhizome rot (Pythium sp) in most of the ginger growing farmer's 
field of Nepal. For their management soil application of Malathion 5% DP @ 3kg/ropani 
+ seed rhizome treatment with Chloropyrifos @ 2 ml/liter of water and drenching same 
dose of Chloropyrifos one month after germination was fond effective in terms of more 
tiller number (8.12 – 8.17 tiller/clump), tallest plant height (80.75 – 88.95 cm), highest 
fresh ginger rhizome yield (25.86 – 27.47 mt/ha) and lowest (0.64 – 0.71 mt/ha) rhizome 
fly/rhizome rot infected rhizome yield. 
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ABSTRACT 
 The study was conducted to analyze the outcomes of irrigation project of IWRMP (Alital 
Gholghar Irrigation sub Project) at Alital VDC of Dadeldhura district from August 2014 
AD to November 2014 AD. The main objective of the study was to analyze the outcomes 
of intervention in irrigation through the project under IWRMP. During the study, 94 
randomly selected households at the research site were interviewed using structured and 
semi structured pre tested questionnaire; only 42 households were found using irrigation 
facility from the project and were given priority. The total cropped area after irrigation 
intervention increased from 26 hectare to 42.5 hectares with considerable incensement in 
total cultivated area. Cropping intensity of the study area increased from 147.94 percent 
to 226 percent in the year 2014. Study showed that 44.68 percent households have 
medium category (0.3-0.6ha) of land holdings. Total land owned by farmers increased by 
7.30 percent, cultivated land increased by 4.69 percent and irrigated land increased by 
12.46 percent after irrigation intervention. Also production of rice increased by 32.94 
percent, wheat by 41.27percent, maize by 26.60 percent, potato by 17.77 percent ,  
productivity of rice, wheat, maize and potato increased by 28.91 percent, 39.55 percent, 
25.19 percent and no change, respectively after irrigation intervention. The total income 
from rice cultivation increased by 62.48 percent and wheat by 73.66 percent, maize by 
68.80 percent and potato by 142.43 percent. Further 58.51 percent of respondents 
reported that the project was helpful for mechanization with introduction of collective 
community thresher. The project‟s work on the VDC was found quite impressive in 
upgrading living standard of women and children‟s and of local people by playing 
positive role in socio economic development of the community.  
 
Key words: Cropping intensity, Irrigation intervention, Productivity, Community,    
 

INTRODUCTION 
 
Irrigation is considered a constraining factor for the agriculture extension in Nepal. From 
government level development of irrigation was started since 1979 BS (Department of 
Irrigation, 2012). Despite engaging a majority of the population, agriculture is primarily a 
subsistence activity and contributes only 35.65 percent to the national gross domestic 
product (MOAD, 2010/11). Agriculture of Nepal is dominated by monsoon rain, total 
rainfall ranges from 1,000 to 4,000 mm with an annual average of 1,824 mm. More than 
75 percent rainfall occurs during monsoon period (June-September) (DOI, 2010). 
Bhandari and Pandey (2001) found that lack of irrigation and too much dependence on 
monsoon as major hindrances to agricultural production in Nepal. Crop productivity can 
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be increased by bringing more area under irrigation and the adoption of new technology. 
Irrigated agriculture has an important contribution to food security, improved nutrition 
and rural prosperity and showed that yield per crops have increased by 100 to 400 percent 
because of the combination of irrigation, improved seed, and fertilizer technology (Burn 
2002). This is true because we know that only 10-15 percent of production increment is 
possible with hybrid seed use and for further increment combination is important. Lekhi 
and Singh (1996) reported that the important input required for agricultural development 
in South Asian countries is irrigation as it facilitates multiple cropping and increases crop 
productivity. Agricultural Project Services Centre (APROSC, 1982) has reported that 
small-scale irrigation project has been more important in Nepal due to the topography as 
well as economy and technical knowledge. They are cost effective and public 
participation is high with high production of agricultural crops. Bhattarai et al. (2002) 
concluded that improved irrigation access is a powerful instrument for reducing rural 
poverty in a given region. This is not much through the direct impact of increased yield 
and farm returns, but more through indirect impacts like increased rural employment and 
the feedback and the multiplier effects associated with the provision of irrigation 
infrastructures. Joshi (2004) revealed that one of the identified reasons for poor 
performance of agriculture in Nepal is inadequate provision of irrigation.  
 
With limited availability of cultivable land, increasing productivity of food crops and 
cropping intensity are two possible ways of meeting increasing food demand in Nepal. 
While most of the cultivation is under rain-fed condition, the usefulness of supplemental 
water, as reflected in higher yields and increased cropping intensities, is well recognized 
by farmers. Increasing agricultural production through irrigation facilities has tremendous 
prospects in Nepal. Since 2008, the Irrigation and Water Resources Management Project 
(IWRMP) has been working towards improving agriculture productivity and the 
management of selected irrigation schemes in Nepal as well as enhancing institutional 
capacity for integrated water resources management under fund of the World Bank with 
participation of Department of Irrigation and Department of Agriculture. In case of 
Dadeldhura, District Agriculture Development Office (DADO) is leading government 
agency working for the agriculture development since last four decades. In recent years 
through institutional pluralism there are many actors working for agriculture development 
and this study with the assistance of IWRMP was conducted to analyze the outcomes of 
intervention in irrigation through -Alital Goalghar Irrigation Sub Project 
 

MATERIALS AND METHODS 
 
The study was conducted from August 2014 to November 2014 in Alital VDC 2 of 
Dadeldhura district, Far Western mid hills of Nepal. Farmers using and most probably 
thinking of using irrigation water from Alital Goalghar Irrigation Sub Project as specified 
means of irrigation for crop production (especially rice, wheat, maize, potato and other 
vegetables) were assessed as target respondents. Altogether 94 respondents were selected 
randomly from the project area for household survey. Primary data were collected using 
pre-tested semi-structured questionnaire. The source of primary data collection was 
related mainly to families using canal irrigation and within them the rice, wheat, maize, 
potato and vegetables growing households were focused by visiting door to door using 
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data collection tools. Secondary data were collected from the published resources like 
journals, research articles, books, VDC profile,  District Agriculture Development 
Office's (DADO) reports,  Department of Irrigation, and  Irrigation User Groups Alital, 
IWRMP Project Management Unit, etc. Other statistical data were reviewed from Central 
Bureau of Statistics' publications (CBS) and desk study of library. Personal interview and 
field observations were carried out and interaction with the key informants was done to 
collect the information about impact of irrigation in study area was conducted. 
 
For purpose of collecting in-depth information, structured and semi-structured 
questionnaires were developed with an intension to document the information about 
change in production and productivity, mechanization, cropping pattern and intensity, 
agriculture technological knowhow knowledge improvements, changes in income, etc., 
after intervention of irrigation project. The in-depth information on the various aspects of 
socio-economic impact of irrigation system was collected through face to face interview. 
Data obtained from both the primary and secondary sources were analyzed using Excel. 
Both descriptive and analytical methods were used to analyze the data collected from 
various sources both quantitatively and qualitatively.  
 

RESULTS AND DISCUSSION 

1. Changes in cropping pattern after irrigation intervention 
Irrigation intervention and improvement in the cropping patterns are directly associated 
and following different types cropping patterns were observed during study; 

Table 5 Change in cropping patterns after the introduction of irrigation 
                                               Cropping patterns  

Before  After  

Rice – wheat  Rice – wheat + mustard 

Rice – mustard  Rice-potato/vegetable-maize 

Maize - wheat/ lentil/ mustard Maize/pulses-potato/vegetable-rice 

Maize – wheat Rice - wheat / lentil/ mustard 

Maize –wheat Maize/beans-wheat, mustard 

Maize – mustard  Rice-potato/vegetable-maize 

Maize – pulses  Rice-wheat-rice 

Source: Survey Report 2014 AD 

2. Changes in cropping intensity after irrigation intervention 
During the survey it was found that the total cropped area increased from 26 hectares to 
42.15 hectares after irrigation intervention with slight increment in total cultivated area 
i.e. 17.58 hectares to 18.68 hectares.  This increment in cultivated land was due to 
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increasing trend of land leasing by farmers and intensification of cultivated land after 
irrigation intervention.  During the study period the cropping intensity of the research site 
from was found increased 147.89 percent to 225.64 percent. 
  

Figure 2. Changes in cropping intensity after irrigation intervention 
Source: Survey Report, 2014 AD 

3.  Changes in land holdings of respondents after irrigation intervention 
Land is one of the important assets for agricultural production. Before and after 
comparison was made to study the average size of land holding on recall basis by 
farmers. After irrigation intervention in the community, the ownership of land increased 
by 7.3 percent increment in cultivated land was noticed by 4.69 percent. Due to increased 
irrigated land (12.46%) trend of taking land in lease for agriculture purpose is also 
increasing.  
 

Table 7 Changes in land holdings of the respondents in the study area 
Particulars Land (hectare) Percentage 

change 
Before After 

Total land owned 46.25 49.63 7.30 

Total leased land u/a 3.08 u/a 

Total cultivated land 45.88 48.03 4.69 

Total irrigated land 24.08 27.08 12.46 

  Note: u/a refers unavailable                                               
 Survey Report 2014 AD 
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4. Changes in production and productivity of major crops after irrigation 
intervention 
Irrigation intervention was effective in the research site as it indicates considerable 
increment in production and productivity of major crops. Maximum increment in 
productivity of rice (3765.6 kg/ha) was observed where total production of rice increased 
from 23440 kg to 31160 kg respectively. Similarly total production of wheat increased to 
8900kg from 6300kg with productivity 1085.4 kg/ha, maize to 11850 kg from 9360 kg 
with 1320.2 kg/ha productivity and potato to 2485kg from 2110 kg with productivity of 
2485 kg/ha respectively. Out of 94 households, only 42 households were using irrigation 
facility from the project constructed canal and details of their production and productivity 
changes have been presented in tables below: 

Table 8 Changes in production and productivity of major crops after irrigation 

 
Source: Survey Report, 2014  
 
There was considerable changes observed in wheat production and productivity with 
41.27 percent increase in wheat production and 39.55 percent increment in productivity. 
Percentage change in area of wheat production was only 1.23 percent whereas rice area 
increased by highest 3.12 percent with 32.94 percent increased production and 28.91 
percent increased productivity. Production and productivity of potato was found 
increased with 17.77 percent with no changes in area of cultivation while 1.13 percent 
area increased in maize farming with 26.60 percent production and 25.19 percent 
productivity increment respectively. 

 
1. Changes in income of total households from major crops cultivation after 
irrigation intervention 
Total income of the household includes on-farm and off farm income together. Off farm 
income means other income that is not from farm like jobs, services, etc. off farm income 
of the household is mostly contributed by outmigration from households. Out of 94 
households, 56.38 percent houses have off farm income from out migration to India, 
10.63 percent household has job opportunities and only 9.57 percent of total household 
were engaged in business activities.  

 

S. 
No. 

Crop Production (kg) Productivity (kg/hectare) 

Before After Before After 
1. Rice 23440 31160 2920.8 3765.6 

2. Wheat 6300 8900 777.8 1085.4 

3. Maize 9360 11850 1054.6 1320.2 

4. Potato 2110 2485 2110 2485 
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Table 9. Percentage change in production, productivity and area after irrigation 

Source: Survey Report, 2014 
 

Table 10. Changes in income from major crops after irrigation intervention 
S. no. Crops Total income of 42 

irrigation using 
households/year (Rs) 

 
Percent 
change 

Average Income (Rs. 
/HH) 

Before After Before After 
1. Rice 421920 685520 62.48 10045.71 16321.90 

2. Wheat 153750 267000 73.66 3660.71 6357.14 

3. Maize 140400 237000 68.80 3342.86 5642.86 

4. Potato 41000 99400 142.43 976.20 2366.66 

Source: Survey Report, 2014  
 
Income from rice cultivation increased by 62.48 percent, wheat by 73.66 percent, maize 
by 68.80 percent and potato by 142.43 percent respectively after irrigation intervention. 
Also considerable change in per household income was found as per demonstrated in 
table above. 

CONCLUSION 
 
The result of the research indicated that research site has received positive outcomes from 
the intervention of irrigation through Alital Golghar Bhitrishen Irrigation Sub Project. 
Income of the farmers was increased considerably with irrigation intervention and 
socioeconomic development was also possible. Thus we can say that the small irrigation 
projects at mid hills are impressive to improve living standards of rural people 

S no. Crop Percentage change 

Production (%) Productivity 
(%) 

Area (%) 

1. Rice 32.94 28.91 3.12 

2. Wheat 41.27 39.55 1.23 

3. Maize 26.60 25.19 1.13 

4. Potato 17.77 17.77 No change 
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effectively. Also there are so many problems associated with the project that can be 
further solved. Farmers were lacking agricultural roads for access, suitable market where 
they can sell harvests to fetch suitable price. The water of canal is not sufficient for 
irrigation in winter and it‘s over flow creates problem in rainy season. Further landslide 
due to overflow in rainy season has hindered sub canal construction and thus capacity of 
canal was limited to few hectares. The mechanical wheat thresher was not so efficient 
due to geographical situation. But the villagers of locality have got opportunity to grasp 
wave of hope and wave of development through irrigation intervention. Hence it can be 
concluded that the irrigation intervention to the locality has considerable positive 
outcomes. 
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ABSTRACT 

 
The present work was aimed to determine the comparative effect of feeding different 
levels of black cumin on growth, feed consumption and feed efficiency of Cobb-500 
broiler. Three hundred and twenty, day-old straight run Cobb-500 chicks from a lot of 
the same hatch were brooded in an electrically operated battery-brooder for a period of 
seven days, where pre-experimental diet was offered. On eighth day, chicks having 
uniform body weight were randomly allocated into four dietary treatments with four 
replications (20 chicks in each). The isoproteinous and isocaloric formulated standard 
starter (1-10 days), grower (11-20 days), and finisher (21-42 days) diets were 
supplemented with different levels of black cumin in order of T1-control, T2- 0.25% black 
cumin, T3- 0.5% black cumin, T4- 0.75% black cumin, respectively. The chicks were 
offered ad libitum treatment diets and clean drinking water. The desired data were 
recorded weekly, which included live weight, weight gain, feed consumption, and feed 
efficiency of broiler birds. The obtained data were subjected to statistical analysis under 
completely randomized design as per the methods of MSTAT. Final live weight of the 
birds was found highly significant (p<0.01) for all treatment groups. Highest final weight 
gain (2244.59 g) was found in birds fed ration supplemented with 0.5% black cumin. 
Daily live weight of the birds was also found highly significant (p<0.01) for all treatment 
groups. Highest daily live weight gain (60.27 g) was found in birds fed ration 
supplemented with 0.5% black cumin. Supplementation of black cumin in the broiler 
rations did not exhibit any significant effect (p>0.05) on the total feed consumption. Feed 
conversion ratio was found significantly different (p<0.01) for all treatment groups. It is 
therefore, concluded that inclusion of black cumin in the broiler rations could be 
economical and efficient production of broilers. 
 
Keywords:  Nigella sativa, Broiler, Feed efficiency, Weight gain, Ration 
 

INTRODUCTION 
 
Poultry keeping has been an important source of income to many households of Nepal. 
There is growing awareness of nutritive value of meat and eggs among people. Poultry 
products (meat and eggs) are a good source of food with high biological value. Therefore, 
poultry keeping is becoming an important business enterprise in both the urban and rural 
areas of Nepal (Bhurtel and Shah, 2000). Chicken contributes about 14.5% of total meat 
production in the country and 98.5% of the total egg production (MoAD-2013/14).  
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The poultry population in Nepal in 1996, 1997, 1998, 2008 and 2011/12 was 14.5, 15.6, 
15.8, 24.48 and 48.07 million, respectively (MoAD, 2011/12). The growth rate of poultry 
was observed 4.17 percent during the period from 1990-91 to 2000-2001.The annual 
growth in commercial chicken eggs and broiler productions were estimated at 10.6% and 
18.3%, respectively up to year 2001. Per capita consumption of livestock products (meat, 
milk and eggs) is expected to increase along with an increase in income and a desire for 
wholesome nutrition by the growing population. Income elasticity is low for milk 
compared to eggs and meat among livestock production (APP, 1995).  
 
In poultry farming, feeding is one of the key factors that determine successful 
productions. Increase in the production cost of meat is mainly due to the increasing cost 
of broiler feed which constituted around 70-75% (Panda and Mohapatra, 1989).  
 
In the past, the major growth promoters added to the feed of broilers were antibiotics. But 
because of their residues and subsequent occurrence of antibiotic resistant-bacteria (Lee 
et al., 2004; Guler et al., 2006), there is great interest in developing natural alternatives to 
antibiotic growth promoters. Recent biological trials of certain herbal formulations in 
India as growth promoters have shown encouraging results and some of the reports have 
demonstrated improvement with respect to weight gain, feed efficiency, lowered 
mortality, increased immunity and increased livability in poultry birds (Kumar, 1991). 
Also these herbal growth promoters have shown to exert therapeutic effects against liver 
damage due to feed contaminants like afflation (Ghosh, 1992).Various herbal products 
are being used as growth promoters in the poultry rations like garlic black cumin (Ihsan, 
2003). Such herbal products have not yet been reported to contain cross resistance to 
pathogens and residual effect in tissues. Nigella sativa (black seed or black cumin) is a 
small aromatic black seed which contains the essential fatty acid (linoleic acid) which is 
important for obtaining maximum body weight (Saleh-al- Jassir, 1992). 
 
Therefore, this experiment was designed to study the effect of different levels of black 
cumin (Nigella sativa) on growth performance of Cobb-500 broiler. 
 

MATERIALS AND METHODS 
 
 Experimental site and design 
 
This study was carried out at Rameshwor Poultry Farm, Kawasoti-6, Nawalparasi from 1 
March, 2014 to 12 April, 2014. Day old Cobb-500 broiler chicks were group brooded 
using an electric battery brooder for 7 days, and were fed on pre-experimental standard 
starter ration. A total of three hundred and twenty, 7-day-old chicks were allocated 
randomly to four different treatments with 80 chicks in each treatment. The experiment 
was designed in a completely randomized design with four replicates of each treatment. 
Each replication had 20 birds. The chicks were vaccinated with Litchi heart killed 
vaccine by subcutaneous injection (0.2 ml/chick) at the back of neck at the age of 3rd day. 
The New castle Disease (ND) vaccine was a modified live vaccine consisting of F1 strain 
of ND virus for the initial vaccination against ND. This vaccine was given to chicks by 
ocular route (one drop/chick) at age of 7th day. For revaccination against ND, the 
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modified live Lasota ND virus vaccine was given in drinking water at age of 25th days. 
The Infectious Bursal Disease (IBD) vaccine was a modified live vaccine containing 
intermediate form of IBD virus strain Georgia for both initial vaccination at the age of 
14th days by eye drop method (1 drop/bird) and booster dose in drinking water at the age 
of 21st days.  
 
 Experimental diet and shed management 
 
Broilers were fed isoproteinous and isocaloric formulated broiler standard starter, grower 
and finisher diets (basal ration) supplemented with three different levels of black cumin. 
The dietary treatments were; 
           T1 (control) = basal ration  
           T2 = basal ration + 0.25% black cumin 
           T3 = basal ration + 0.5% black cumin, and 
           T4 = basal ration + 0.75% black cumin 
 
Black cumin were grounded and mixed in the basal ration on weight basis in the desired 
proportion to make different treatment diets. 
 
The broiler birds were raised up to 6th weeks of age. The experimental birds were fed (ad 
libitum) an experimental ration with different levels of black cumin. The experimental 
units were kept on a deep litter system in separate pens. The pens were thoroughly 
cleaned, white washed and disinfected before putting the experimental chick into these. 
All the birds were provided similar management conditions like floor space, temperature, 
relative humidity, ventilation and light.  
 
 Observation and management 
 
At the end of six weeks of experimental period, one bird from each replication was 
slaughtered. The weight of each carcass was recorded and dressing percentage was 
calculated on the basis of dressed meat including giblets and skin. After evisceration, the 
heart, liver, gizzard, and abdominal fat of the slaughtered birds were taken out and 
weighed for their absolute weight. The data thus obtained were used for the calculation of 
(a) dressing percentage (%) (Dress weight of bird/live weight of bird) × 100) (b) relative 
weight of (i) heart (ii) liver (iii) gizzard and (iv) abdominal fat. After evisceration, 
relative weights (g) [(weight of organ/live body weight) X 100] of various internal organs 
such as liver, heart, gizzard, and abdominal fat of the slaughtered bird were recorded. 
 
 Data analysis 
 
The data thus collected regarding dressing percentage and relative weights of heart, 
gizzard, liver, and abdominal fat were subjected to the analysis of variance (ANOVA) 
technique in completely randomized design. The differences in the treatment means were 
compared by the Duncan‘s Multiple Range Tests using computer program MSTAT-C 
basic version 1.3 (1975). 
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RESULTS AND DISCUSSION 
 
Body weight gain 
The weight gain trend of experimental birds is given in Table 1 and Figure 1 
 

Table 1. Weekly cumulative live weight of Cobb-500 
 

Treatment Weekly cumulative live weight, g Average 
daily 
gain, g 

Initial 2nd 
week 

3rd 
week 

4th week 5th week 6th week 

T1 135.03 300.14 557.08b 985.14c 1525.14b 2179.54c 58.41c 

T2 135.03 299.17 553.06b 1007.08ab 1539.17b 2204.03bc 59.11bc 

T3 135.03 304.17 583.6a 1023.06a 1549.03b 2244.59ab 60.27ab 

T4 135.03 299.58 558.06b 994.17bc 1541.11b 2218.33bc 59.52bc 

F - value  08.58 40.71* 71.11** 34.83* 52.38* 52.38** 
Probability  ˃ 0.05 <0.05 <0.01 <0.05 <0.01 <0.01 
CV, %  1.03 1.59 1.10 1.21 1.18 1.26 
SEM  0.66 2.7 4.05 5.36 8.62 0.25 
LSD (p<0.05)   15.65 19.32 32.57 45.88 1.31 

 
Means in a column with different superscript differ significantly by DMRT (P<0.05), 
Where BC= black cumin, CV = Coefficient of variation, SEM = Standard error of mean, 
LSD = Least significant difference, *, ** = Significant at 0.05 and 0.01 probability levels, 
respectively. 
 
 

0

500

1000

1500

2000

2500

Initial 2nd week 3rd week 4th week 5th week 6th week

T1 T2 T3 T4

 
Figure 1. Cumulative body weight gain of experimental birds 
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Table 1 showed that mean weekly cumulative live body weight was significantly 
(p<0.05) different among different treatments from 3rd week to 6th week. The result 
showed that final live weight of the birds was found highly significant (p<0.01) for all 
treatment groups. Highest final weight (2244.59 g) was found in birds fed ration 
supplemented with 0.5% black cumin followed by ration supplemented with 0.75% black 
cumin (2218.33 g) and ration supplemented with 0.25% black cumin (2204.03 g) and the 
lowest final weight (2179.54 g) was found in broiler fed ration without black cumin 
(control group). Similarly, average daily gain of the birds was also found highly 
significant (p<0.01) for all treatment groups. Highest average daily gain (60.27 g) was 
found in birds fed ration supplemented with 0.5% black cumin which was followed by 
ration supplemented with 0.75% black cumin (59.52 g) and ration supplemented with 
0.25% black cumin (59.11 g) and the lowest average daily gain (58.41 g) was found in 
broiler fed ration without black cumin (T1). 
       
Feed consumption 
The feed consumption trend of experimental bird is given in Table 2 and Figure 2 
 

Table 2. Weekly feed consumption, total feed consumption and FCR of Cobb-500 
broilers 

 
Treatment Weekly feed consumption, g Feed 

conversion 
ratio (FCR) 

2nd 
week  

3rd week 4th week 5th 
week 

6th week Total 

T1 60.97 509.03b 848.89ab 1089.03 1427.55 4255.5 2.02a 

T2 60.01 523.89a 826.11b 1114.72 1453.19 4286.95   2.02a 

T3 55.02 490.97c 959.03a 1092.08 1459.72 4265.83 1.97b 

T4 55.97 493.06c 870.97a 1092.08 1421.11 4242.22 1.98ab 

F - value 0.706 12.75** 5.67** 0.87 2.65 2.32 9.09** 
Probability ˃ 0.05 <0.01 <0.01 ˃ 0.05 ˃ 0.05 ˃ 0.05 <0.01 
CV, % 3.12 1.25 1.56 2.22 2.32 1.49 1.11 
SEM 1.66 2.9 4.45 5.19 8.82 16.23 0.01 
LSD (p<0.05)  10.95 23.05 42.46 57.9 10.2 0.34 

 
Means in a column with different superscript differ significantly by DMRT (P<0.05), 
Where BC= black cumin, CV = Coefficient of variation, SEM = Standard error of mean, 
LSD = Least significant difference, *, ** = Significant at 0.05 and 0.01 probability levels, 
respectively. 
 



Nepalese Journal of Agricultural Sciences

77

 

0

1000

2000

3000

4000

5000

2nd wek 3rd week 4th week 5th week 6th week Total

T1 T2 T3 T4

 
Figure 2. Cumulative feed consumption of experimental birds (g) 

 
Table 2 showed that the mean weekly feed consumption was found statistically similar 
(p>0.05) in 2nd, 5th and 6th week. But in 3rd and 4th week it was found significantly 
different (p<0.05). Statistically analyzed data revealed that the supplementation of black 
cumin in the broiler rations did not exhibit any significant effect (p>0.05) on the total 
feed consumption of the birds of various treatment groups.  
 
The data showed that feed conversion ratio was found significantly different (p<0.01) for 
all treatment groups (Table 1). Highest feed conversion ratio (FCR) (2.02) was found in 
birds fed ration supplemented with 0.25% black cumin. Similar FCR (2.02) was found in 
the case of control group which was followed by broilers fed ration supplemented with 
0.75% black cumin (1.98) and the lowest FCR (1.97) was found in broilers fed ration 
supplemented with 0.5% black cumin. It concluded that the birds using ration 
supplemented with different levels of black cumin utilized their feed significantly 
(p<0.05) more efficiently among the treatment groups. 
 
These results are in close agreement with the findings of Kumar et al. (2010), Mahmood 
et al. (2009), Songsang et al. (2008) and Ahmad (2005).  Mahmood et al. (2009) reported 
that the supplementation of garlic and black cumin in the broiler ration significantly 
(p<0.05) improved the weight gain, live weight and the feed conversion ratio. Ahmad 
(2005) reported higher weight gain in broilers fed rations supplemented with black 
cumin. Siddig and Abdelati (2001) reported higher weight gain in broilers fed ration 
containing black cumin. The improvement in weight gain using black cumin in rations 
might be due to the ethyl ether extracts of Nigella sativa which inhibits growth of 
intestinal bacteria such as S. aureus and E. coli as reported by Hanafy and Hatam (1991). 
It contains the essential fatty acid linoleic acid which is important for obtaining 
maximum body weight (Saleh-al- Jassir, 1992). 
 

CONCLUSION 
 
From the results of this experiment, it can be suggested that broiler diet can be 
successfully supplemented with 0.5% black cumin as growth promoter for better growth 
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performance, feed efficiency and profitability without any adverse effect on growth 
performance of Cobb-500 broiler production. 
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ABSTRACT 
 
Artificial insemination in dairy animals is a popular technology to show the performance 
of new breed in developed countries. Practice of AI is gaining popularity in Nepal also. 
Household survey, checklist, Focus Group Discussion (FGD) and Key Informant 
Information (KII) were used to collect the primary data. Secondary data were also 
collected by literature review. Statistical tools; mean and percentage were calculated and 
a probit model was run to analyze the data. Result of the studied area showed higher 
compatibility of AI in cow in Chitwan and Nawalparasi district compared to buffalo 
reflecting the higher adoption rate in cows than buffaloes. AI was less successful in 
buffalo due to difficulties in heat detection and thus, the farmers were compelled to sell 
buffaloes for meat due to repeated failures of AI. Correlation was used to analyze the 
relation among them in different parameters viz. education, size of family, age, years of 
farming, milk yield, AI awareness and AI practice. The result showed positive relation 
with AI practice with milk yield which was significant at one percent level. Focus should 
be given to increase the capacity of public and private sectors in transferring AI 
technology to the farmers and achieve the higher level of perfection or success in AI 
services. Similarly, priority should also be given to maintain and supply the quality 
semen as well as increase research to enable higher success rate of AI in buffaloes. 
 
Keywords:  Artificial insemination, Key informant Information (KII), Probit model,  
       Correlation, Milk yield   
 

INTRODUCTION 
 
Livestock production is one of the prime sectors in agrarian based economy of Nepal. 
About 15% and 25% of the total cattle (7243916) and buffalo (5178612) in the country 
was estimated to be milking cow and buffaloes respectively. It was assumed that if the 
number of milking cattle and buffaloes to be of breeding age, the artificial insemination 
(AI) coverage in milking cows (20.80%) and milking buffalo (3.76%) which aggregates 
to be 11.13% in Nepal. It seems to be lower in comparison to other nations in the South 
Asian region such as India, Bangladesh and Srilanka (MoAD, 2015). Natural breeding of 
animals was the general practice in Nepal. Worldwide, the most heavily used 
reproductive technologies in cattle are artificial insemination (AI) and embryo transfer 
(ET). Semen selection and AI can result in milk production increases of approximately 
100 kg/yr (Peel and Bauman, 1987), while ET can cause additional increases of 40 kg/yr 
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(Van Vleck, 1981). Artificial insemination (AI) was the first assisted reproductive 
technique applied to control and improves reproduction as well as genetics (Heise, 2012). 
After successful use of artificial insemination in Europe and America, the technology was 
introduced in Nepal, in 2018 (NLBC, 2014). Though AI was introduced in the country 
about 54 years back, network to render the good technological services in the farm level 
is still lacking and need to be strengthened (NLBC, 2015). 
 
Government of Nepal had launched Dairy Cattle and Buffalo Improvement program 
(DCBIB) in Chitwan and Nawalparasi district of Nepal emphasizing on breed 
improvement for milk production. Similarly, Animal Breeding Division of Nepal 
Agricultural Research Council (NARC) had launched program for the evaluation of the 
native breeds and their improvement suitable for the existing agro-climatic conditions 
and management systems.  Studies on the identification of suitable breeds and then their 
development works were also being carried out. AI technology was one of the activities 
carried out for herd improvement in dairy animals. After successful research results; AI 
technology has been pushed by extension agencies to the farmers but its adoption and its 
effect in milk production is yet to be identified. Fixed- time artificial insemination (FTAI) 
programs can be advantageous to the farmers as they reduce the time and labor required 
for the detection of estrus and thus, allow for the introduction of sires with superior 
genetics (Parish and Riley, 2011). In this connection, this study was carried out to know 
the adoption of Artificial Insemination technique in dairy animals and its impact on milk 
production in Chitwan and Nawalparasi districts of Nepal. 
 

METHODOLOGY 
 
Different dairy pocket areas in Nawalparasi and Chitwan districts were indentified. 
Bardaghat, Sunwal, Ram gram, Danya, Parasi, and Khaireni VDCs were from 
Nawalparasi and Pithuwa, Chainpur, Ratnanagar municipality were from the Eastern part 
of Chitwan district. Therefore, these VDCs were purposely selected for this study. 
Primary data were collected by household survey, checklist, Focus Group Discussion 
(FGD) and Key Informant Information (KII). Random sampling technique was followed 
on the dairy pocket area of Chitwan and Nawalparasi district. A total of 32 and 40 sample 
households from Nawalparasi and Chitwan districts were surveyed respectively. 
Secondary data were also collected by literature review. Statistical tools as mean and 
percentage were calculated and a probit model was run to analyze the data.   
 

RESULTS AND DISCUSSION 
 
Socio economic characteristics of the selected households 
Family size, literacy and some of the key characteristics of AI adopting households are 
summarized to depict the socioeconomic characteristics of the surveyed household in 
table 1 and 2 respectively. Average family size was found to be 5.11 per household in 
Nawalparasi whereas, 4.29 per household in Chitwan district. About 50% of the 
respondents in Chitwan had education up to SLC or above it while respondents having 
education level up to or above SLC was about 40% of the total study population.  
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Table 1. Literacy level of respondents 
Average year of schooling Nawalparasi Chitwan 

(n=32) (n=40) 
Above bachelors level 1.9 3.4 
Above SLC 4.6 5.6 
Up to SLC 30.9 42.9 
Up to Primary 25.9 19.9 
Below Primary 25.6 19.6 
Informal education 5.4 2.9 
Illiterate 5.7 5.7 
Total 100 100 

 
Characteristics of AI adopting farm  
 
It was found that farmer‘s of Chitwan district adopted AI technology in milking animals 
earlier than farmers in Nawalparasi farmers because the AI mission program was initiated 
earlier. The study revealed that average number of dry buffalo as well as number of 
lactating buffalo per household in Nawalparasi was higher in comparison to Chitwan. 
About 0.92 and 0.29 was the average number of dry buffalo for meat purpose in 
Nawalparasi and Chitwan districts respectively (Table: 2). Besides, average number of 
lactating buffalo per household was 0.92 in Nawalparasi and 0.1 in Chitwan. Easy access 
and higher proportionate number of aware farmers about AI service and the higher 
literacy of Chitwan district showed higher adoption status of district in comparison to 
Nawalparasi district.  
 

Table 2. Characteristics of dairy animals raising households 
 

SN 
Characteristics of dairy animals raising 
households  Nawalparasi Chitwan 

1 Average number of years in AI adoption 7 10 

2 
Average number of dry buffalo (Meat 
purpose/HHs) 0.93 0.29 

3 Average number of lactating buffaloes/HHs 0.92 0.1 
4 Average number of cow/HHs 0.2 2 

 
Farmer’s perception about conception of animals and its effect on AI technology 
adoption and calf ratio 
 
Farmer's perception about conception on animals and its effect was also taken during this 
study. Milk production increment of about 89.4% on buffalo and 100% on cow has been 
recorded due to practice of AI technology. Similarly, beside the milk production 54.4% 
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respondents, those who were raising buffalo also perceived that AI helped to increase 
meat production.  Respondents from Nawalparasi reported that although the effect of AI 
in the case of buffalo is demanded for increased meat but the rate of conception on 
buffalo is very low in comparison to cow (Table 4). The ratio of male calf to female calf 
was 1.07. This shows the dominance of male calf. 

 
Table 4. Farmers'perception in milk and meat due to conception of animals through AI 

 
Farmers view Buffalo (%) Cow (%) 

Yes No Yes No 
Increased milk 89.4 10.6 100 - 
Increased meat 70 30 - - 

 
Correlation among different variables regarding AI 
 
Correlation was used to analyze the relation between different variables. Among them, 
education, size of family, age, years of farming, milk yield, AI awareness and AI practice 
were tested. The result showed that positive relation was found with AI practice and Milk 
yield and are significant at 1 per cent level. 
 

Table 5. Effect of AI practice in milk yield 
 

  Education 
Size of 
Family Age 

 Years 
of 
farmin
g 

Milk 
yield 

AI 
aware
ness 

AI 
practi
ce in 
cow 

Education 1 
      Size of 

Family -0.30 1 
     Age -0.05 -0.03 1 

     Years of 
farming 0.07 0.134 0.29 1 

   Milk yield 0.18 -0.11 0.17 -0.07 1 
  AI awareness -0.24 -0.08 0.09 -0.10 0.04 1 

 AI practice in 
cow 0.41 -0.25 0.063 -0.05 0.56 -0.06 1 

 
Factors affecting the adoption of AI 
 
Probit model was used to analyze the adoption of artificial insemination. In the model, 
dependant variables were X1= Age, X2 =Education, X3 =family size, X4 = Years of 
farming, X5 = Milk Yield (Liter/ day), X6 = Awareness of AI (Yes or No), and AI 
practice (Yes or No) was used as dependant variables.  Milk yield was found to be 
significantly increased by adoption of AI which is due to improved breed, better feed 
management and veterinary care. The variable awareness was taken for both the case of 
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cow and buffaloes. In the case of buffalo, heat detection was a problem, so, in some 
cases, the farmers were aware about it but not adopting. 
 

Table  6. Probit analysis for adoption of AI 
 

  Variables Coefficient Std. Err.  Z P>Z 
Age -0.01 0.02 -0.42 0.68 
Education 0.04 0.06 0.66 0.51 
Size of family -0.11 0.09 -1.17 0.24 

Years of farming 0.00 0.02 0.10 0.92 

Milk yield (L/day) 0.17*** 0.05 3.47 0.00 
Awareness of AI -0.16 0.42 -0.39 0.70 
Constant 0.01 1.17 0.00 1.00 

 
Note: No of obs. = 72, LR chi2 (6) =41.86, Prob>chi2=0.0000, Log likelihood=-
25.984766, Pseudo R2=0.4461, *** and ** means significant at 1 and 5 per cent 
respectively. 
 
Existing institutional service delivery in selected sites 
 
Existing institutional source of service delivery depicted, 86% service delivered through 
governmental organization whereas 10% through Agro vet, 4% through dairy and on 
personal basis. It shows that AI technology are mostly extended through the government 
agencies and if focus is paid on building and accelerating public and private partnership 
on AI technology, then it may reach to the farmers effectively and quickly. Dairy Cattle 
Improvement Program (DCIP), Forum for Rural Welfare and Agricultural Reform for 
Development (FORWARD), Department of Livestock Services (DLSO) were the 
institutions involved in AI practice. Holstein and Jersey was the parent breed used for 
semen collection from the Livestock Breeding Centre, Pokhara.  For cow, Holstein breed 
had 65% and rest 38% was from Jersey. Buffalos are being raised almost in individual 
basis and number of prominent VDCs for buffalo raising was not fixed.  
 
Constraints in adoption of artificial insemination 
 
The adoption of AI is low in buffalo as compared to cows due to silent heat in buffalo 
and difficulty to detect. Besides having a dominance of buffalo rising and also awareness 
of farmers on AI in Nawalparasi, farmers were reluctant to adopt AI practice because 
buffaloes were meant for meat production. Experiencing high chances of AI failure (with 
more than 3 repeated failures) in buffalo, farmers had a practice of selling buffalo for 
meat. Besides that, 20% of the total farmers reported that the poor capacity and practice 
of AI service providers and inefficient knowledge on handling of AI equipments among 
farmers are the constraints in AI adoption. 
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CONCLUSION 
 
In the case of Chitwan and Nawalparasi district, compatibility of AI in cow was higher in 
comparison to buffalo therefore; adoption rate in cow was higher than buffaloes. AI was 
not successful in buffalo due to difficulties in detecting silent heat. Majority of the 
farmers raising buffaloes were compelled to sell buffaloes for meat due to repeated 
failures of AI in buffaloes. The study revealed that among the various constraints major 
constrains to adopt the AI technology for milking animals are poor capacity and practices 
of AI services with inefficient knowledge for handling of AI equipments in farmers‘ 
level. In addition to this, male new born of cow is major problem of the study area. The 
AI technology adoption depends on the easy access and availability of good quality 
semen and skilled AI practioner in field level. Therefore, focus should be given to 
increase the capacity of public and private sectors to transfer AI technology basically 
based on sexed semen; should be easily available and cheap to the farmers and achieve 
the higher level of perfection or success in AI services. Similarly, focus should also be 
given to maintain and supply the quality semen as well as increase research to enable 
higher success rate of AI in buffaloes. 
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ABSTRACT 
 

This study estimated technical efficiencies on BRRI Dhan rice in the northern part of 
Bangladesh. The estimates for all parameters of the stochastic frontier and inefficiency 
model will be estimated in a single stage by using the maximum likelihood (ML) method. 
The study showed that the levels of technical efficiency in Bogra and Dinajpur  ranged 
from 75 % , 77 % to 93 % ,98% with a mean of 83 %,,87%  which  suggests that average 
rice output falls 17 %,13%  short of the maximum possible level. Therefore in the short 
run there is scope to increase technical efficiencies on rice farms in the study area. The 
study also showed that the empirical results indicated that the coefficients of MP, seed 
cost, mechanical power cost were positive and significant which implied that an increase 
in the magnitudes of these variables would result the positive impacts on rice production. 
 
Key words: Technical Efficiency, Bangladesh Rice Research Institute (BRRI),  
       Maximum likelihood (ML), Seed cost, Mechanical power 
 

INTRODUCTION 
 
Rice cultivation is the principal activity and source of income for millions of households 
around the globe. Several countries of Asia and Africa are highly dependent on rice as 
source of foreign exchange earnings and government revenue. (Rice Trade, 2011)  Rice is 
the second  largest produced cereal in the world after wheat, it is a crop that cuts across 
regional, religious,  cultural,  national  and  international  boundaries  with  very  high  
demand.  Rice production is geographically concentrated in Western and Eastern Asia. 
Asia is the biggest rice producer, accounting  for  90 percent  of  the  world's  production  
and  consumption  of  rice  (Wikipedia,  2011). Today, rice is grown and harvested on 
every continent except Antarctica (Rice Trade, 2011), where conditions make its growth 
impossible.  Asian farmers (India, China, Indonesia, Vietnam, and Bangladesh) account 
for 92 percent of the world's total rice production. More than 661  million  tons  of  rice  
is  produced  annually  around  the  globe (United States Development Agency, 2009). 
Bangladesh is over populated country with limited cultivable land and hence there is little 
scope of bringing more land under cultivation. To meet the food deficit, Bangladesh had 
to import huge quantity of food grains every year to feed the fast growing population. 
Due to infrastructural and industrial development activities, the cultivable land getting 
smaller and smaller. Production Strategies, therefore, required to be formulated in a 
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manner so as to enable the farm families to increase food production. The contribution of 
Boro rice is the highest, which provides about 50 percent of the total rice production in 
Bangladesh (Farrell, 1957). It distinguishes between technical and allocative efficiency 
(and price efficiency) in production through the use of a ―frontier‖ function. Technical 
efficiency is the ability to produce a given level of output with a minimum quantity of 
input sunder a given technology. Allocative efficiency refers to the ability to choose 
optimal input levels for given factor prices. Numerous studies (Obwona, 2000; Son et al., 
1993) have attempted to determine technical efficiencies of farmers in developing 
countries because determining the efficiency status of farmers is important for policy 
purposes.  
 
Efficiency is also an important factor in productivity growth. In an economy where 
resources are scarce and opportunities for new technologies are lacking, inefficiency 
studies will be able to show that it is possible to raise productivity by improving 
efficiency without increasing the resource base or developing new technology. Estimates 
of the extent of inefficiency also help in deciding whether to improve efficiency or to 
develop new technologies to raise agricultural productivity (Tijani, 2006). The objective 
of the study was to determine the technical efficiency of BRRI Dhan29 and the factors 
affecting inefficiencies of production. 
 

MATERIALS AND METHODS 
 
Selection of the Samples and Sampling Technique 
For sampling, at first a list of BRRI Dhan29 growers in a village was prepared. From a 
list of farmers of a village, 15 farmers were randomly selected. Thus, 60 farmers were 
selected from the four villages. Profitability of any enterprise varies due to managerial 
capacities of different farmers. Those 60 farmers were classified into three groups, such 
as: 
i) Small: Below 1 hectare of cultivable land. 
ii) Medium: Having 1.01 to 3 hectares of cultivable land. 
iii) Large: Possessing above 3 hectares of cultivable land. 
 
In total, 60 farmers were randomly selected from Dinajpur and Bogra region for the study 
in which 11 were small, 13 were medium and 6 were large from Dinajpur district, 
whereas 10 were small, 16 were medium and 4 were large from Bogra district. 
 
Technical efficiency estimation 
 
 Cobb-Douglas is the appropriate form of the production function. The Cobb-Douglas 
type production (measured in terms of gross value of output) was estimated of BRRI 
Dhan29 production to estimate the effect of profitability. The estimated Cobb-Douglas 
production function is shown below. 
 
Y= aX1

b1 X2
b2 X3

b3 X4
b4 X5

b5 X6
b6 X7

b7 eui 



Nepalese Journal of Agricultural Sciences

88

 

The function was linear used by transforming logarithmic (Double log) form: Ln Yi= ß0+ 
ß1 lnX1+ ß2 lnX2 + ß3 lnX3 + ß4 lnX4+ ß5 lnX5+ ß6lnX6 + ß7 lnX7+ ß8 lnX8+ ß9 ln X9 + ß10 
D1i + ß11 D2i+ß12 D3i…………..(1)   
Where,  
Y= Gross returns from BRRI Dhan29 rice cultivation (TK/ha) 
ß0= constant or intercept value 
X1= Cost of Pesticide (Tk/ha) 
X2= Cost of MP (Tk/ha) 
X3= Cost of TSP (Tk/ha) 
X4= Cost of Urea (Tk/ha) 
X5= Cost of Seed (Tk/ha) 
X6 = Total family labor cost (Tk/ha) 
X7 = Total hired labor cost (Tk/ha) 
X8= Irrigation cost (Tk/ha) 
X9= Mechanical power cost (Tk/ha) 
D1i = Dinajpur district dummy (Tk. /ha) 
D2i= Small farm dummy (Tk/ha) 
D3i= medium farm dummy (Tk/ha)  
Ln= Natural logarithm 
ß1………… ß12 = Coefficients of the respective explanatory variables to be estimated. 
 
Technical inefficiency model  
 
The current study therefore employed the Stochastic Production Frontier Approach 
because most farmers operate under uncertain conditions (Abedullah and Ahmed, 2006). 
Review of literature showed that Cobb Douglas and Translog production Functions are 
the widely used forms in agriculture. However, Translog production Function 
specification suffers from multicollinearity problem as a result of the square and 
interaction terms of the inputs used (Hussain et al., 2012). 
The ui‘s were non negative random variables, assumed to be independently distributed 
such that the technical inefficiency for the ith farmer, ui were obtained by truncation of 
normal distribution with mean zero  and variance  σ2    such that  
U i =    δ0   +   δ1 Z 1i+   δ2 Z2i + δ3 Z3i + δ1 Z4i+   δ2 Z5 + δ2 Z5 + Wi  
Where, 
            Z 1i =Ln operated land of the i-th farm operator (ha) 
            Z2i =Farmng experience of the i-th farm operator (years) 
            Z3i =Farmers education of the i-th farm operator 
            Z4 I = Family size of the i-th farm operator 
            Z5i = Dummy for extension linkage the i-th farm operator 
            Z6i = Dummy for training of   the i-th farm operator 
 
These were observable random variables which are assumed to be independently 
distributed, obtained by normal distribution with mean zero and unknown variance σ2 The 
estimates for all parameters of the stochastic frontier and inefficiency model will be 
estimated in a single stage by using the maximum likelihood (ML) method. The 
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econometric computer software package FRONTIER 4.1 (Coelli, 1994). . was applied to 
estimate the parameters of stochastic frontier models using the ML method. 
 

RESULTS AND DISCUSSION 
 
Estimation of Technical Efficiency of BRRI Dhan29    

Maximum Likelihood Stochastic Cobb-Douglas frontier production function and 
technical inefficiency model for Dinajpur District 
The Maximum Likelihood Stochastic Cobb-Douglas frontier production function and 
technical inefficiency model for Dinajpur District is presented in the table 1 and 
discussed in the following sentences 
 
Human labor (X1): The coefficient of human labor was 0.619, which was 
significant at 5% level. This implied that an increase in human labor by 5 percent, 
keeping other factors constant would increase yield of rice by 0.619 percent.  
 
Land preparation (X2): The value of land preparation coefficient was -0.815, which was 
negatively insignificant. This implies that land preparation had no significant effect on 
the yield of rice 
 
Seed (X3): The value of coefficient of seed was 0.787, which was significant at 1% level. 
This indicates that further 1 percent increase of cost in seed would increase the yield of 
rice by 0.787 percent. 
 
Urea (X4): The value of production coefficient of urea was 0.727, which was significant at 
10% level. This implied that any 10 percent increased used in urea application would 
increase yield of rice by 0.727 percent. 
 
TSP (X5): The value of production coefficient of TSP was -0.432, which was negatively 
insignificant. This implied that any increased use of TSP would not be able to increase the 
yield of rice. 
 
MP (X6): The value of production coefficient of MP was 0.323, which was positive and 
insignificant. This implied that most of the rice farmers used balanced doze of MP fertilizer. 
 
Gypsum (X7): The value of production coefficient of gypsum was 0.496 which was 
significant at 10 percent level. This implies that any 10 percent increased use of gypsum 
keeping other factors constant would increase the yield of rice by 0.496 percent. 
 
Pesticide (X8): The coefficient for pesticide was -0.176, which was negatively 
insignificant. This implied that any increase in pesticide application would not be 
able to increase yield of rice. 
 
Irrigation (X10): Production coefficient for irrigation was 0.810, which was n significant 
at 5% level. This indicates that any 5 percent increased use of irrigation keeping other 
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factors constant would increase the yield of rice by 0.810 percent. 
 
Factors affecting technical inefficiency 
In order to quantify determinants of technical inefficiency in potato production socio-
economic or managerial variables, viz. farmer‘s age, Educational level, family size 
and farm size were included in the inefficiency effect model. The coefficients of the 
inefficiency factors are presented in the Table-1 and discussed in the following sections: 
 
Farmers age (Z1): The value of inefficiency factor farmers age (Z1) was -0.900 which was 
negatively significant at 5 percent level. This indicates that farmer‘s age has negative effect 
on the yield of BRRI Dhan29 rice. 
 
Farmers' education (Z2): The coefficient of farmer‘s education (Z2) was -0.195, which was 
negatively insignificant. This implies that farmer‘s education had no effect on the 
technical inefficiency of BRRI Dhan29. 
 
Family size (Z3): The coefficient for family size (Z3) was 0.132, which was 
significant. This indicates that family size has effect on the yield of BRRI dhan29. 
 
Farm Size (Z4): The value of the inefficiency factor operated land (Z4) was 0.176, which 
was significant. This indicates that operated land has effect on the yield of BRRI Dhan29. 
 
Table 1. Maximum Likelihood Stochastic Cobb-Douglas frontier production function and 

technical inefficiency model for Dinajpur District 
Independent variables Parameters Co-efficient Standard 

error 
t-ratio 

Stochastic frontier: 
Constant β0 0.918 0.208 4.41 
Human labor (X1) β 1 0.619** 0.300 2.06 
Land preparation cost (X2) β 2 -0.815 0.785 -1.03 
Seed (X3) β 3 0.787*** 0.271 2.90 
Urea (X4) β 4 0.727* 0.415 1.75 
TSP (X5) β 5 -0.423 0.847 -0.49 
MP (X6)  β 6 0.323 0.871 0.36 
Gypsum (X7) β 7 0.496* 0.301 1.64 
Manure (X8) β 8 0.738 0.990 0.73 
Pesticides (X9) β 9 0.176 0.300 0.56 
 Irrigation (X10) β 10 0.810** 0.335 2.45 
Technical inefficiency model: 
Constant δ0 0.342 0.126  2.69 
Farmers Age(Z1) δ1 -0.900** 0.360 -2.50 
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Farmers education (Z2) δ2 -0.195 0.418 -0.47 
Family size (Z3) δ3 0.132 0.477  0.27 
Farm Size(Z4) δ4 0.176 0.559  0.31 
Variance parameters: 
Sigma-squared σ2 0.005*** 0.002 2.5 
Gamma γ 0.711*** 0.194 3.67 
Log likelihood function   56.2  

 
***, ** and * indicate significant at 1%, 5% and 10% level of probability, respectively 
Source: Field survey, 2010 
 
Maximum Likelihood Stochastic Cobb-Douglas frontier production function and 
technical inefficiency model for Bogra District 
The Maximum Likelihood Stochastic Cobb-Douglas frontier production function and 
technical inefficiency model for Bogra District is presented in the table 2 and discussed in 
the following sentences 
 
Human labor (X1): The coefficient of human labor  was 0.271, which was 
significant at 5 percent level. This implied that an increase in human labor by 5 percent, 
keeping other factors constant would increase yield of rice by 0.271percent.  
 
Land preparation (X2): The value of land preparation coefficient was -0.334, which was 
negatively insignificant. This implies that land preparation had no significant effect on 
the yield of rice. 
 
Seed (X3): The value of coefficient of seed was 0.374, which was significant at 1% level. 
This indicates that further 1% increase of cost in seed would increase the yield of rice 
by 0.374 percent. 
 
Urea (X4): The value of production coefficient of urea was 0.584, which was significant at 
10% level. This implied that any 10 percent increased used in urea application would 
increase yield of rice by 0. 0.584 percent. 
 
TSP (X5): The value of production coefficient of TSP was 0.118, which was significant. 
This implied that any increased use of TSP would be able to increase the yield of rice 0.118 
percent. 
 
MP (X6): The value of production coefficient of MP was -0.725, which was negative and 
insignificant. This implied that most of the rice farmers used balanced doze of MP fertilizer. 
 
Gypsum (X7): The value of production coefficient of gypsum was -0.815which was 
insignificant. 
 
Pesticide (X8): The coefficient for pesticide was 0.108, which was significant. 
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This implied that any increase in pesticide application would be able to increase yield 
of rice by 0.108 percent. 
 
Irrigation (X9): Production coefficient for irrigation was 0.221, which was significant at 
5% level. This indicates that any 5% increased use of irrigation keeping other factors 
constant will increase the yield of rice by 0.221percent. 
 
Factors affecting technical inefficiency 
In order to quantify determinants of technical inefficiency in potato production socio-
economic or managerial variables, viz. farmer‘s age, Educational level, family size 
and farm size were included in the inefficiency effect model. The coefficients of the 
inefficiency factors are presented in Table 2 and discussed in the following sections: 
 
Farmers age (Z1): The value of inefficiency factor farmers age (Z1) was 0.230which was 
significant at 5% level. This indicates that farmer‘s age has a positive effect on the yield of 
BRRI Dhan29. 
 
Farmers' education (Z2): The coefficient of farmer‘s education (Z2) was 0.293, which was 
significant. This implies that farmer‘s education had effect on the technical inefficiency 
of BRRI Dhan29. 
 
Family size (Z3): The coefficient for family size (Z3) was -0.220, which was not 
significant. This indicates that family size has effect on the yield of BRRI Dhan29. 
 
Farm Size (Z4): The value of the inefficiency factor operated land (Z4) was 0.024, which 
was significant. This indicates that operated land has no effect on the yield of BRRI 
Dhan29. 
 
 
Table 2. Maximum Likelihood Stochastic Cobb-Douglas frontier production function and 

technical inefficiency model for Bogra District 
Independent variables Parameters Co-efficient Standard 

error 
t-ratio 

Stochastic frontier: 
Constant β0 1.316 0.966 1.36 
Human labor (X1) β 1 0.271** 0.120     2.25 
Land preparation cost (X2) β 2 -0.334** 0.142 -2.35 
Seed (X3) β 3 0.374** 0.174 2.14 
Urea (X4) β 4 0.584*** 0.187 3.12 
TSP (X5) β 5 0.118 0.923 1.27 
MP (X6)  β 6 -0.725 0.998 -0.72 
Gypsum (X7) β 7 -0.815*** 0.224    -3.63 
Manure (X8) β 8 0.216 0.377 0.57 
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Pesticides cost (X9) β 9 0.108 0.281 0.38 
 Irrigation cost (X10) β 10 0.221 0.990 0.22 
Technical inefficiency model: 
Constant δ0 -0.238 0.141 1.68 
Farmers Age(Z1) δ1 0.230 0.176 1.30 
Farmers education (Z2) δ2 0.293 0.575 0.50 
Family size (Z3) δ3 -0.220** 0.105 -2.09 
Farm Size(Z4) δ4 0.024 0.021 1.14 
Variance parameters: 
Sigma-squared σ2 0.005*** 0.002 2.5 
Gamma γ 0.999*** 0.260 3.84 
Log likelihood function   53.82  

***, ** and * indicate significant at 1%, 5% and 10% level of probability, respectively 
Source: Field survey, 2010 
 
Technical Efficiency and its distribution 
This is contrast to the findings of Tijani, (2006) who found out that there is great 
variation in the levels of efficiency – the range is from 29.4 percent to 98.2 percent with a 
mean of 86.6 percent. The mean level of technical efficiency indicates that on average 
rice output falls 13.4 percent short of the maximum possible level. Therefore in the short 
run it is possible to increase rice production in the study area by an average of 13.4 per 
cent by adopting the technology used by the best performers. According to other similar 
investigation (Kadiri et al, 2014) the individual technical efficiency indices ranged 
between 0.384 and 0.941 with a mean of 0.626.  The results showed that 90.0 percent of 
the rice farmers had technical efficiency index above 0.50. Thus, this result on technical 
efficiency of rice farmers implies that the rice farmers are technically inefficient in 
resource utilization since the overall technical efficiency index was less than 1.00 or 100 
percent. Therefore, the hypothesis  which states that rice farmers  in  Niger  delta  area  of  
Nigeria  are  technical  inefficient  in  resource  use  is  hereby accepted. 
 
It was observed for Bogra that the mean value of technical efficiency was 0.83 with a 
range from 0.75 to 0.93. This implied that, on average rice producers in the study areas 
were producing rice about 79 percent of the potential (stochastic) frontier production 
levels, given the levels of their inputs and the technology currently being used. This also 
indicated that there existed an average level of technical inefficiency of 17 percent .The 
technical efficiencies were almost the same for different farm categories. The variation in 
technical efficiency was observed higher with the large farmers (ranged from 78-93%) 
than small (ranged from 77-92%) and medium (ranged from 75-90%) farmers. The 
higher variation in technical efficiency implied that technical efficiency was somewhat 
fluctuating for the large farmers. For Dinajpur, mean value of technical efficiency was 
0.87 with arrange from 0.80 to 0.98.This also indicates that average level of technical 



Nepalese Journal of Agricultural Sciences

94

 

inefficiency of 13 percent and mean technical efficiency of small, medium and large 
farmers were 0.87, 0.86 and 0.89 respectively (Table 3). 
 
Table  3. Farm specific technical efficiency of BRRI  Dhan-29  producers 
Location Farm 

category 
No. of 
farmers 

Technical efficiency 
Mean Maximum Minimum 

Bogra Small 11 0.84 0.92 0.77 
Medium 13 0.82 0.90 0.75 
Large 6 0.85 0.93 0.78 

 Total 30 0.83 0.88 0.76 
Dinajpur Small 10 0.87 0.92 0.82 

Medium 16 0.86 0.96 0.77 
Large 4 0.89 0.97 0.81 
Total 30 0.87 0.98 0.80 

Source: Field survey, 2010 
CONCLUSION 

 
To generate farm specific efficiency indices for rice cultivation in the study area, the 
Cobb-Douglas production function with yield as dependent variable was estimated in 
which all variables were standardized on the basis of per hectare of land area. The 
empirical results indicated that the coefficients of MP, Seed cost, mechanical power cost 
were positive and significant which implied that an increase in the magnitudes of these 
variables would result the positive impacts on rice production. On the other hand, the co-
efficient of total family labor cost was found negative and significant which adversely 
affect the yield of rice. Urea, TSP, hired labor cost, pesticide cost was found insignificant 
for rice production. In Dinajpur and Bogra, if MP and seed used efficiently, the 
production will get higher. The levels of technical efficiency in Bogra and Dinajpur 
ranged from 75 percent, 77 percent to 93 percent, and 98 percent with a mean of 83 
percent, 87 percent which suggests that average rice output falls 17 percent, 13 percent 
short of the maximum possible level. 
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ABSTRACT 

This study was conducted in Dang district during 15 January 2015 to 12 June 2015. 25 
soil samples were collected from 3 different nutrient management practices (T1- with 
chemical fertilizers only; T2- with IPNM; and T3- with organic manure only) for soil 
analysis. The comparative study of soil physical parameters i.e. soil texture, soil chemical 
parameters i.e. pH, OM, N, P and K content of all soil samples was done. The mean soil 
texture of all soil samples was found to be sandy loam. The value of N, P, K and OM was 
found higher in T3 thanT1. The mean pH value of T1 was 6.3, T2 was 6.65 and T3 was 6.7 
where, differences in pH value between T1 & T2 as well as T1 & T3 were statistically 
significant at p≤ 0.05.  Similarly, the mean value of OM was found to be 4.66% in T1, 
4.25% in T2 and 6.62% in T3. Differences in OM content between T1 & T3 as well as 
between T2 & T3 were significant at p≤ 0.05. The mean value of total N was found to be 
0.052% in T1, 0.071% in T2 and 0.092% in T3. Difference in N content between T1 & T3 
was statistically significant at p≤ 0.05.  Similarly, the mean value of available P was 
found to be 22.48 kg ha-1 P2O5 in T1, 38.42 kg ha-1 P2O5 T2 and 37.446 kg ha-1 P2O5 in T3. 
Differences in P content between treatments were not significant statistically. Mean value 
of K was found to be 286.83 kg ha-1 K2O in T1, 286.83 kg ha-1 K2O in T2 and 554.74 kg ha-

1 K2O in T3. Differences in K2O content between T1 & T2 as well as between T1 & T3 
were significant at p≤ 0.05. The study was found that fertility status of organic field was 
found to be better in term of fertility and OM content than inorganic fields. 

Key words: Organic field, IPNM, Organic matter, Sustainability, Soil texture   

INTRODUCTION 

The challenge for agriculture over the coming decades will be to meet the world‘s 
increasing demand for food in a sustainable way. Declining soil fertility and 
mismanagement of plant nutrients have made this task more difficult. Population growth, 
urbanization and industrialization will compete for more lands from the agricultural 
lands. Hence, the projected yield increases have to be met with greater mobilization and 
efficient use of nutrients, of both inorganic and organic sources. Increasing food 
production and sustaining soil fertility in the smallholder farms is an enormous challenge 
in Nepal (Rajbhandari, 2015). Soil nutrient status is widely constrained by the limited use 
of mineral and organic fertilizers and nutrient loss mainly due to erosion and leaching. 
Many smallholder farmers do not have access to mineral fertilizers for reasons such as 
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high price of fertilizers, lack of credit facilities, poor distribution and other 
socioeconomic factors. Consequently, crop yields are low, in fact decreasing in many 
areas, and the sustainability of the current farming system is at risk (UNDP, 1992). 

Soil fertility depends upon a number of physical, chemical and biological properties of 
soil: texture, structure, pH, water holding capacity, porosity, soil organic matter, soil 
nutrients, soil flora and faunas etc. plants are known to need at least 16 essential elements 
to grow; although more than 90 elements can be absorbed by plants (Miller and Donahue, 
1995). From the air and water, plants utilize hydrogen, oxygen and carbon. The other 
macronutrients, those absorbed in large amounts from soil and fertilizers, are nitrogen, 
phosphorus, and potassium plus calcium, magnesium and sulfur. The micronutrients, 
those absorbed in lesser quantities are chlorine, copper, boron, iron, manganese, 
molybdenum and zinc. All of these elements which are essential for plants maintaining a 
balance between potassium and other nutrients (especially nitrogen, phosphorus, Ca and 
Mg) have important role in soil fertility (Brady and Weil, 2002). Therefore, the 
assessment of nutrient supplying capacity of the soil is nothing but soil fertility 
evaluation. 

Another approach is to emphasize on lower input agriculture system that could be 
sustainable in the long run. It includes integrated systems of agricultural production that 
are less dependent in intensive management than conventional monoculture system 
(Rajbhandari, 2015). These low input systems maintain or increase net income for the 
farmers and are ecologically desirable and protective for the environment. Most of the 
authors dealing with sustainable agriculture such as Swift and Womer (1993), Bauer and 
Black (1994), Rajbhandari (2015) have emphasized on low inputs sustainable agriculture 
that is organic farming. 

The physical properties of soils determine their adaptability to cultivation and the level of 
biological activity that can be supported by the soil. Soil physical properties also largely 
determine the soil, water and air supplying capacity to plants. Many soil physical 
properties change with changes in land use system and its management such as intensity 
of cultivation, the instrument used and the nature of the land under cultivation, rendering 
the soil less permeable and more susceptible to runoff and erosion losses (Sanchez, 
1976). Soil chemical properties are also important among the factors that determine the 
nutrient supplying power of the soil to the plants and microbes. The chemical reactions 
that occur in the soil affect processes leading to soil development and soil fertility build 
up. 

MATERIALS AND METHODS 
 
This study was conducted in Tulsipur Municipality of Dang district during 15 January 
2015 to 12 June 2015. Soil samples were collected and used locally available tools to the 
depth up to 20 cm an attempt was made to collect 25 samples. In which 8 soil samples 
were collected from organic field, 8 soil samples were collected from chemical fertilizer 
applied field i.e. only chemical fertilizer were used for crop production; and 8 soil 
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samples were collected from integrated plant nutrient management field (IPNM)  i.e. 
where all fertilizer were used (farm manure, organic fertilizer and as well as chemical 
fertilizer).  

For the analysis of physical and chemical properties, soil samples were collected from 0-
20 cm depth from the field with chemical fertilizer only (T1); field with IPNM (T2) and 
field with organic manure only (T3) were air dried, grinded and sieved through a 2 mm 
mesh wire net. The major part of the soil physical and chemical analysis was carried out 
at the soil laboratory of the HICAST. The following methods were used for soil 
parameter measurements: 

Table 1. Method of soil parameter measurement 
S.N. Measurement  Method  
1 Texture  Hydrometer  
2 PH  measurements  PH meter  
3 Organic matter Walkley black  
4 Total nitrogen  Kjeldahl  
5 Available Phosphorus  Modified olsen‘s 
6 Available Potash  Flame photometer  

The information collected from soil analysis was coded first and entered into the 
computer. Data entry and analysis was done by using computer software package, which 
were Statistical Package for Social Science (SPSS 20) and Microsoft Excel. Descriptive 
statistics like mean, standard deviation, coefficient of variation, percent, frequency and 
one way ANOVA were used to describe physicochemical properties of soil.  

RESULTS AND DISCUSSION 

Physical and chemical properties of soil 

Soil texture  
The soil of the T1, T2 and T3 field were found to be sandy loam. The percentage of soil 
Particles and their texture have been summarized in table 2. 

Table 2. Comparison of soil texture of farmers' field adopting T1, T2 and T3 at Dang, 
Nepal, 2015 

Treatments   Sand (%) Silt (%) Clay (%) Texture class 
T1 69.55 20.5 9.95 sandy loam 
T2 66.02 22.05 11.92 sandy loam 
T3 71.21 19.01 9.77 sandy loam 

Treatments: 
T1- Chemical fertilizer only; T2- Field with IPNM and T3- Field with organic manure only  
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Soil pH 
The average pH value of T1 was found 6.3, similarly the value of T2 was 6.65 and T3 was 
6.7.  It was found that the pH value of T3 was higher than the T1 and T2 (Figure 1). The 
pH value indicated that both T3 and T2 were neutral in nature and T1 was slightly acidic in 
nature. There was significant difference (p≤0.05) between T1 & T2 and T3 & T1, however 
no significant difference was there between T2 and T3. The lower pH value in the 
chemical farm soil than that of organic soil was also observed by Maskey et. al. (1994). 
 

 
Figure 1. Soil pH in T1, T2 and T3  

Treatments: 
T1- Chemical fertilizer only; T2- Field with IPNM and T3- Field with organic manure only  
 
Soil organic matter  
The average organic matter content of T1 was found 4.66 percent. The organic matter 
content of T2 and T3 was 4.25 percent and 6.62 percent, respectively. Organic matter 
content was found to be medium in both T1 and T2 and high in T3(Figure 2). There was 
significant difference between T2 & T3 and T1 and T3. The soil organic matter of T3 was 
found to be higher than that of T1 and T2 due to application of organic manures since last 
several years. Maskey et al. (1994) also got the higher organic matter content in the field 
where organic manure and bio-fertilizers were used. Amount of N, P, and K is found to 
be less in soils of low organic matter and high in soils of high organic matter (Chaudhuri, 
1996). It may be due to the nutrients that are retained in finer soil particles. 
 
Total nitrogen  
Total N content of soils was affected by land use, soil depth and interaction of land use 
by soil depth. The average total nitrogen content of T1 was found 0.052 percent; similarly, 
the nitrogen value of T2 was 0.071 percent and T3 was 0.092 percent (Figure 3). It was 
found that the nitrogen status in research site was low in status. Statistical analysis 
revealed statistically significant difference at p≤0.05 between T1 and T3, but there were 
no significant differences between T1 & T2 and T3 & T2. It was found that the total 
nitrogen in T3 was higher than the T1 and T2.  The reason for this may be the higher FYM 
and compost used in T2 and T3 which contributed to the increase in Naas reported by 
Karki (2004). 
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Figure 2. Organic matter content of soil in T1, T2 and T3 

 

 
Figure 3. Total nitrogen contents of soil in T1, T2 and T3 

Treatments: 
T1- Chemical fertilizer only; T2- Field with IPNM and T3- Field with organic manure only  
 
4.4.5 Available phosphorus  
The average available phosphorus of T1 was found 22.48 P2O5 (kg ha-1). The available 
average phosphorus value of T2 and T3 sample was 38.42 P2O5 (kg ha-1) and 37.446 
P2O5 (kg ha-1), respectively (Figure 4). There was not significant difference between T1, 
T2 and T3. The calculation found to be in T1 phosphorus status was low and similarly T2 
and T3 were found to be medium in status. Available phosphorus was found higher in T2 
than the T3 and T1.  
 
4.4.6 Available Potassium  
The average potassium content of T1 was 286.83 K2O (kg ha-1), similarly the potassium 
content of T2 and T3 was 554.74 K2O (kg ha-1) and 627.92 K2O (kg ha-1), respectively 
(Figure 5). Statistical analysis revealed statistically significant difference (p≤0.05) 
between T1 and T2, as well as between T3 & T1. No significant difference was found 
between T2 & T3.  The T3 had higher potassium content than the T2 and T1. The potassium 
status of T1 was high and that of T2 and T3 were very high.  
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Figure 4.  Available phosphorus contents in the soil samples under T1, T2, and T3 

 
 

 
Figure 5. Potassium content in soil sample under T1, T2, and T3 

Treatments: 
T1- Chemical fertilizer only; T2- Field with IPNM and T3- Field with organic manure only  

CONCLUSION 

The comparative study of soil physical parameters i.e. soil texture; soil chemical 
parameters i.e. pH, OM, N, P and K content of all soil samples was done. The mean soil 
texture of all soil samples was found to be sandy loam. The value of N, P, K and OM was 
found higher in T3 thanT1. The mean differences in pH value between T1 & T2 as well as 
T1 & T3 were statistically significant at p≤ 0.05.  Similarly, differences in OM content 
between T1 & T3 as well as between T2 & T3 were significant at p≤ 0.05. The difference 
in N content between T1 & T3 was statistically significant at p≤ 0.05.  Similarly, the 
differences in P content between treatments were not significant statistically. The 
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differences in K2O content between T1 & T2 as well as between T1 & T3 were 
significant at p≤ 0.05.  

Based on these findings it was concluded that the fertility status and OM content of the 
crop field was found to be better with the application of organic manure only than with 
the application of chemical fertilizers alone. It is very important for the sustainability of 
the soil fertility and structure. 
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ABSTRACT 
A study on characterization and diversity assessment of Nepalese wheat was conducted at 
National Agriculture Genetic Resource Center, Khumaltar, Nepal from 17th November 
2014 to 28th May 2015 to study phenotypic variation and estimate diversity among 
Nepalese wheat accessions. A total of 393 wheat landraces were taken for 
characterization using standard descriptors of IBPGR 1985. Sowing was done in 
different dates starting from 17th November 2014 to 11th December 2014 and each plot 
was of size 1m*0.5m were arranged with no replication from where data were taken from 
randomly selected five plants. A lot of diversity was observed in both qualitative and 
quantitative traits. Diversity in quantitative traits was found more than the qualitative 
traits determined by Shannon weaver diversity index. The present study indicates that 
Nepalese wheat possess a lot of diversity which can be used for different breeding 
purpose and for improvement of wheat in future.  
 
Key words: Landraces, Genetic resource, Diversity, Breeding, Diversity index 
 

INTRODUCTION 
 
Nepal is a landlocked country with a population of around 27.5 million predominately, an 
agricultural country. Agriculture is the basis of livelihood for about 65.6 percent of 
Nepalese people particularly for those living in the rural areas (CBS, 2011). It is the 
mainstay of the rural population as well as national economy contributing 35 percent to 
the national gross domestic product (GDP). Over the past few decades, there has been 
spiraling population growth making arable land limited for food production. The growth 
rate of cereal production at 1.2 percent over the fast five year has remained frustratingly 
low and below the growth rate of population (FAO, 2007).  
 
Rice and wheat are the basic staple foods for the indogangetic region of South Asia. The 
rice-wheat rotation is the main cropping system in this region. The wheat crop occupies 
about 0.66 million hectares with an average productivity of 2.07 t/ha (Ranjit, 2009). 
Mudwari, 1999 reported many landraces and 10 wild relatives of wheat in Nepal. During 
mid 1960s the yield potential of dwarf high yielding varieties initiated to a scope for 
raising wheat production in the country. Several exotic varieties were obtained through 
CIMMYT and USAID (NARC, 1997). National Wheat Development Programme was 
established in 1972 to organize the research and development works on wheat as a 
commodity crop. Since then, there have been great achievements brought out by the 
consolidated efforts of wheat researchers, extension workers and farmers. So far there are 
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35 improved wheat cultivars and 90 percent of the wheat area is covered by modern 
wheat cultivars in Nepal (Bhatta et al., 2000). Nepal has many locally adapted wheat 
landraces but no one has been used or improved for developing Nepalese wheat cultivars. 
NWRP has maintained 150 landraces and ABD has 390 accessions of wheat (Bal K Joshi 
2006). Wheat (Triticum aestivum) although being relatively new cereal crop of Nepal, 
occupies the third position among the cereal crops after rice and maize. However, wheat 
is the most preferred food commodity second to rice in Nepal (Tripathi, et al., 2012). 
Wheat is utilized in the form of flour or whole-meal and consumed in many forms such 
as noodles, pancakes, chapattis, porridge, breads etc. It is traditional crop particularly in 
the hills of the mid and far western region where still some local landraces are under 
cultivation. Until the early 60s, wheat cultivation was limited predominately to this part 
of the country. However, introduction of the semi-dwarf varieties from Mexico during the 
mid-sixties had led to tremendous increment in the area and production in Terai and other 
areas too.  
 

MATERIALS AND METHODS 
 
Research site 
The experiment field was conducted at research field of the National Agriculture Genetic 
Resource Center (NAGRC), Khumaltar, Lalitpur, Nepal from 17th November 2014 to 
May 28 2015. 393 landraces of wheat which were conserved in NAGRC, collected in 
different years with their collaborated institution and individual farmers form all 
development regions of Nepal was used.  
 
Details of field operation 
Seed sowing was done in different dates (111 accessions in 17th Nov, 93 in 18th Nov, 10 
in 21th Nov, 9 in 25th Nov, 80 in 1st Dec, 68 in 8th Dec and 22 in 11th Dec. Each plots of 
size 1m*0.50m were arranged. Each plot consists of two 1 meter row and spacing of 
0.25m. Chemical fertilizer was applied at the rate of 100:50:25 Kg per hectare of N: P: K 
as recommended by MoAC 2014. Two third of nitrogenous fertilizer was applied at the 
time of sowing and remaining one third was applied by top dressing after tillering stage. 
Irrigation was given twice. The wheat genotypes used were of different growth habits, 
they were harvested at different time when the heads were dried enough and turned straw 
colored. After each harvesting, spikes were dried for a week and threshed manually.  
 
Sampling and observation 
The observations were taken from randomly selected five sample plants from a plot. 
Observations were taken for the following parameters as per the descriptors for wheat 
(IBPGR, 1985). 
Qualitative triats 
1. Growth habit of young plant: was taken at vegetative stage during tillering, but 
before jointing as upright (3) and prostrates (7). 
2. Tillering capacity: was determined as subjective assessment of number of tillers 
per plant at low densities as Low (3), Medium (5), and High (7) 
3. Spike Density: Was taken as a visual measure of density of a spike measured on 
a scale 1-9 as very lax (1), Lax (3), intermediate (5), dense (7), and very dense (9). 
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4. Glume color: Was determined by observing on the outer glume as White (1), red 
to brown (2) and purple to black(3). 

5. Awnedness: Was taken at maturity stage by looking on spike as awnlwss (0), 
awnletted (3) and awned (7) 

6. Glume hairiness: Was measured on outer side of sterile glume at milking stage 
as absent (0), low (3) and high (7) 

7. Seed color: Seed color was taken as white (1), red (2) and amber (3) 
8. Seed size: Seed size as small (3), intermediate (5), large (7) and very large (9). 

Quantitative traits 
1. Days to sowing: Was taken when the seed was sown in the field. 
2. Days of emergence: Was taken when 50% of the sown seed start to emerged in 

the field 
3. Days of heading: Counted as days from sowing to 50% of plant in heading 
4. Days of flowering: Counted as days, from sowing to 50% plants in flower 
5. Days of maturity: Taken as days, from sowing to 80% of spike matured 
6. Plant height: Height of plant at maturity, measured in cm from ground to top of 

spike, excluding awns 
7. Spike length: Taken as cm from spike node to the top of spike, excluding awns 
8. Spike breadth: Measured in mm taken by digital vernier caliper 

Measurement of diversity of quantitative and qualitative traits 
Shannon weaver diversity index was used to determine genetic diversity among traits. 
Shannon weaver diversity index determine diversity as H’=∑Pn

i=1*Log2 (Pi), where, H’ 
is Shannon weaver diversity index, n= the number of phenotypic classes of a character 
and Pi= the proportion of the total number of entries belonging to the ith classes.  
Shannon weaver diversity index can also be standardized by dividing H’ by the Log2 of 
the total number of phenotypic classes, which may or may not easily, be obtained for 
some characters.  
Standardized H’ = H’/Log2K 
Range is from 0 to 1. 0 means no diversity while, 1 means maximum diversity.  
 

RESULTS AND DISCUSSION 
 
Qualitative traits 
The studied landraces showed high variability in terms of qualitative traits. Among the 
studied 393 landraces 30 of them were of upright and 263 of them were of prostrate type 
of growth habit. There was also high variability in terms of tillering capacity, 126 were of 
low tillering capacity, 216 were of medium and 51 were of high tillering capacity. In 
terms of spike density 98 were of lax, 229 were of intermediate, 62 of them were of dense 
and only 4 of them were of very dense. 141 of studied landraces had white, 216 had red 
to brown and 36 had purple to black glume color. Among the studied landraces 3 of them 
were awnless, 58 were awnletted and 332 were awned. With respect to glume hairiness 
109 landraces had no glume hairiness, 226 had low and 58 had high glume hairines. The 
studied landraces showed marked diversity in terms of seed size too (79 small, 275 
intermediate 39 large). 261 landraces had white seed color, while 78 had red and 54 had 
purple or amber seed color.  
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Table 1. Statistical parameters for qualitative traits of 393 accessions Khumaltar, 2015 
S 
N  

Growth 
habit  

Tillering 
capacity 

Spike 
density 

Glume 
color 

Awnedness Glume 
hairiness 

Seed 
size  

Seed 
color 

 D N D N D N D N D N D N D N D N 

1 3 26
3 

3 126 1 0 1 141 0 3 0 109 3 79 1 261 

2 7 30 5 216 3 98 2 216  3 58 3 226 5 27
5 

2 78 

3   7 51 5 22
9 

3 36 7 332 7 58 7 39 3 54 

4     7 62       9    
5     9 4           

D = descriptors, N = Number of accession 
 
 
Quantitative traits  
There was high diversity of landraces in there quantitative traits. Days of emergence 
ranged from 7 to 15 days with mean 10.66 and standard deviation of 1.83. Likewise days 
of heading ( 95 to 147 with mean 112.30), days of flowering (99 to 154 with mean 
118.41), days to maturity (138 to 189 with its mean 162.22). There was high diversity in 
terms of plant height (50.4 to 141.2 cm), spike length (6.18 to 12.8), spike breadth (5.61 
to 13.43), 1000 seed weight (19.09 to 71.96) and grain yield per plot (0.125 to 0.975). 
The details of qualitative traits with their range, mean, standard deviation, standard error 
and coefficient of variation are shown in the table 2.  
 
Table 2. Statistical parameters (mean) for quantitative traits of 393 accessions Khumaltar, 
2015 

Traits Range Mean  ± SE SD CV % 
Days to emergence (DAS) 7 to 15 10.66 ± 0.09 1.83 17.14 
Days to heading (DAS) 95 to 147 112.30  ± 0.32 6.33 5.64 
Days to flowering (DAS) 99 to 154 118.41  ± 0.32 6.29 5.31 
Days to maturity (DAS) 138 to 189 162.22  ± 0.50 9.95 6.14 
Plant height (cm) 50.4 to 141.2 95.36  ± 0.64 12.62 13.23 
Spike length (cm) 6.18 to 12.8 9.15  ± 0.06 1.19 13.04 
Spike breadth (mm) 5.61 to 13.43 8.36  ± 0.05 1.05 12.60 
1000 seed weight (gm) 19.09 to 71.96 40.96  ± 0.40 7.87 19.21 
 Grain yield per plot (Kg) 0.125 to 0.975 0.50  ± 0.01 0.15 30.76 

 
Shannon Weaver Diversity Index 
The studied accession showed high diversity both in qualitative and quantitative 
characters. The standardized H’ for quantitative character ranges from 0.84 (days to 
heading) to 0.898 (spike length). Qualitative characters showed less diversity than 
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quantitative characters because they are less affected by environment. The standardized 
H’ for qualitative characters ranges from 0.14 (growth class) to 0.87 (tillering capacity). 
The standardized H’ of both quantitative and qualitative traits is listed in table 3. 
 
Table 3. Standardized H’ of qualitative and quantitative traits, Khumaltar, 2015 

Quantitative traits Standardized H’ Qualitative traits Standardized H’ 

Days to emergence 0.85 Growth class 0.14 
Days to heading 0.84 Tillering capacity 0.87 

Days to flowering 0.85 Spike density 0.51 
Days to maturity 0.88 Awnedness 0.39 

Plant height 0.88 Glume color 0.54 
Spike length 0.89 Glume hairiness 0.49 

Spike breadth 0.88 Seed color 0.78 
Thousand seed weight 0.89 Seed size 0.72 

Yield per plant 0.88   
 

CONCLUSION 
A lot of diversity was observed both in terms of qualitative and quantitative traits of 
Nepalese wheat landraces. There was high diversity in quantitative traits than qualitative 
traits. The plant height ranges from 50.4-141.2, spike length (6.18-12.8) spike breadth 
(5.61-13.43) days to maturity (138-189), grain yield (0.125-0.975). Glumes color was 
dominated by red to brown, awnedness was dominated by awned, glumes hairiness was 
dominated by low glumes hairiness, intermediate seed size was found dominated, seed 
color was dominated by white. Diversity in quantitative traits was found more than the 
qualitative traits determined by Shannon weaver diversity index.  
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ABSTRACT 
The study on “Interrelationship between women‟s empowerment, food/nutritional 
security and engagement in bio-intensive farming system in Udayapur District” was 
conducted to analyze the women participation in bio-intensive farming system, its impact 
on their income generation as well as to assist the nutritional security at the research 
site. The study was conducted in two VDC‟s, namely Hadiya and Jogidaha of Udayapur 
district. The stratified random sampling method was used for selection of the respondents 
and the sample size was 80 households, 40 from each VDC. The study was conducted 
from 10 January to 10 May 2015. The study revealed positive impact of BIFS 
(sustainable agriculture) on household income and empowered women of the study sites. 
There were major social changes in which women were involved in groups and meetings, 
they had increased their decision power as well as had control over their resources. The 
nutritional condition, health and hygiene of the family were improved after adopting 
BIFS practices. The children both male and female had access to school and the 
nutritional status was not compromised for the children. In the study area, before farmers 
used to adopt rice- based cropping system whereas now the trend of vegetable cultivation 
was a major technological change. Farmers now were more engaged in FYM making, 
compost and botanical pesticides. The study showed that most farmers from Hadiya were 
adopting BIFS than Jogidaha. The women were more active which made them to 
participate in the groups and helped them to be empowered. The implication of BIFS 
were positive for the women of the study sites which has encouraged them to actively 
participate, make decision  and uplift the nutritional status of their family. The study has 
found positive correlations between women's empowerment, food/nutritional security and 
engagement in bio-intensive farming system.  

Key words: Food security, Nutrition, Women‘s empowerment, FYM, Bio-intensive 
Farming System 

INTRODUCTION 

Nepal is rich in agro bio-diversity because as a result of its diverse farming system, 
extreme variation in micro-agro-ecological niches and varied socio cultural settings. 
Agriculture is the engine of development of Nepalese economy. Obviously, the country 
cannot succeed sustainable development in the absence of agricultural development. Over 
70 percent of Nepal‘s population works in the agriculture sector, accounting for 38 
percent of the GDP. Farmers have limited access to improved seeds, new technologies, 



Nepalese Journal of Agricultural Sciences

112

 

and market opportunities. Declining agricultural production has depressed rural 
economies and increased widespread hunger and urban migration. Almost 50 percent of 
Nepal‘s population is undernourished, and nearly half of all children under 5 are 
chronically malnourished. 

Poverty and unemployment are wide spread in Nepal. It is very likely that several million 
Nepali are food insecure. Food security prevails when all people at all times have access 
to sufficient, safe and nutritious food to maintain a healthy and active life (FAO, 2003). 
Basically, food availability, food access and food use are considered the three pillars of 
food security. The consideration is that all physical and economic access to food that 
meets people‘s dietary needs as well as their food preferences should be achieved by all 
human beings. In this context, food security situation of least developed countries like 
Nepal is not much different from the majority of countries in the world. 

Nepal remains one of the poorest countries in the world, with a Human Development 
Index of 0.463, placing it 157 out of 187 countries listed in the UNDP Human 
Development Report 2013. Over 30 percent of Nepalese live on less than US$14 per 
person, per month, according to the National Living Standards Survey conducted in 
2010-2011. Household food deficiency due to low agricultural productivity, limited 
livelihood opportunities, inefficient food distribution system, weak market linkage, poor 
infrastructure and lack of awareness among general public about healthy food habit are 
some of the development challenges in Nepal (Rajbhandari, 2015). All forms of 
nutritional problems ranging from imbalances in energy and specific macro and 
micronutrients has caused very high rates of child under-nutrition with 41 percent of 
children under five being stunted, 29 percent being underweight and 11 percent 
wasted.  These figures are even worse in mid and far western region. Within the country 
western Nepal suffer more from poverty and hunger with 37 percent of the people living 
below the poverty line compared to the national average of 25.16 percent. Similarly, 
productivity of major crops is significantly lower than the national average which is 
already among the lowest in South Asia. Per capita consumption of animal products (32 
litres of milk, 7.5 kg of meat and 6.4 eggs per capita per annum) is among the lowest in 
the region hunger indices pointing to an extremely alarming situation. Household food 
balance (result of food inflow, household production, household consumption and 
outflow) is negative almost throughout the year in the region. 

The concept of bio-intensive farming system is based on the agro-ecological principles of 
sustainable organic agriculture system and participatory rural development (Rajbhandari 
and Gautam, 1998). These principles include the scientific crop rotation, mixed farming 
system with specialized crop and/or livestock/agro-forestry enterprise(s), optimization of 
organic recycling, participatory and sustainable management of natural resources (land, 
forest, water, plant /animal biodiversity), participatory research and extension, and higher 
degree of economic self-reliance of farm households against external techno-economic 
shocks. Agriculture has direct links to nutrition in that it provides a source of food and 
nutrients and a broad-based source of income, as well as directly influencing food prices. 
Gender roles mediate these linkages, particularly in relation to increased food availability 
and increased income. Thus, one possible pathway through which agricultural 
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development could improve health and nutrition outcomes is by considering gender roles 
and gender equity in agriculture. 

MATERIALS AND METHODS 

This study was carried out in Udayapur district of Nepal, in collaboration with WOREC 
Nepal which is a non-governmental organization implementing BIFS in 9 VDCs and 1 
municipality of Udayapur district for the last 16 years. Two VDCs Hadiya and Jogidaha 
were selected for the study. This study was conducted from 10 January to 10 May 2015. 
Primary data were collected through household survey conducted by using semi 
structured questionnaire. The questionnaire was drafted and pre-tested with small groups 
of farmers and then finalized by incorporating useful suggestions. Relevant qualitative 
information was also collected through focus group discussion (FGD) and field 
observation.  

RESULTS AND DISCUSSION 

Farmers experience on bio-intensive farming system and after its adoption 
The study showed that maximum (16.25%) of farmers who implemented BIFS was since 
past three years. Sixty four percent of the respondents have no idea about BIFS. The 
other 36 percent of the respondents were aware about the BIFS and were also following 
it. About 36.25 percent of respondents felt that they found some changes after adopting 
BIFS. 
 

 
 

Figure 1. Farmer‘s knowledge about BIFS in each VDC and changes after its adoption 
 
Cropping system 
Cropping system plays an important role in BIFS. Cropping system usually refers to a 
combination of crops in time and space. Combination in time occurs when crops occupy 
different growing period and combinations in space occur when crops are inter planted. 
Before adoption of BIFS respondents were unaware of cropping calendar, crop rotation 
techniques and mixed farming systems. The vegetables mostly cultivated in the study 
sites were cabbage, cauliflower, potato, garlic, onion, brinjal, okra, pumpkin, squash, 
bitter-gourd. 
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Table 7. Cropping patterns in lowland and upland 

Land type Cropping pattern followed in a year 
Pre monsoon Monsoon Post 

monsoon 
Winter  

Before adaptation of BIFS 
Lowland  Rice Rice Fallow Fallow  

Rice Rice fallow Pulses  
Fallow Millet fallow Wheat  
Maize Rice fallow Fallow  

Upland  Maize Rice millet Wheat  
Fallow Rice  vegetables Potato  
Rice  rice fallow Mustard  
Rice rice vegetables Potato  

 After adaptation of BIFS 
Lowland  Maize+vegetables Rice+lentil Vegetables  Mustard  

Maize+cowpea Rice+blackgram vegetables Pulses  
Maize +bittergourd Rice+soyabean Vegetables  Wheat+lentil 
Maize+cucumber Rice+lentil Vegetables  Vegetables  

Upland  Rice+tori Vegetables Vegetables  Wheat+lentil 
Maize+vegetables Rice Millets  Vegetables  
Maize+ Vegetables Rice vegetables Mustard+lentil 
Rice+tori Vegetables Vegetables  Vegetables  

 
Soil fertility maintenance 
 
Use of manures and botanical pesticides and inorganic fertilizers 
In the study area of Udayapur district, compost is generally prepared mixing animal and 
farm wastes, straw etc in a pit. FYM and compost were usually used as a source of 
manures. After adoption of BIFS, 90 percent of respondents said that they used FYM and 
compost (Figure 2). 
.  

     
A                                                            b 

Figure 2. Use of manures and botanical pesticides (a) and chemical fertilizers (b) 
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About 59 percent of the respondents used urea, MOP and DAP and only 10 percent used 
urea only. 
 
Social changes 
Social changes like women‘s higher involvement (86%) in groups and meetings, access 
of female and male children to school (47.5%), women‘s access and control over 
resources (43.8%), leaderships of groups by women (51.2%), and better nutritional 
condition of women (48%) were some the positive changes that were seen after adopting 
BIFS (Table 8 – 12) . 
 

Table 8. Women involvement in groups and meetings 
Categories  Before At present 

Percentage of respondents Percentage of respondents 
Average  VDC 1 VDC 2 Average  VDC 1 VDC 2 

High  55 57.5 52.5 86.2 87.5 85 
Medium  40 35 45 13.8 12.5 15 
Low  5 7.5 2.5 0 0 0 

 
Table 9. Access of children to school 

Categories  Before At present 
Percentage of respondents Percentage of respondents 

Average  VDC 1 VDC 2 Average  VDC 1 VDC2 

High  1.2 0 2.5 47.5 47.5 47.5 
Medium  38.8 37.5 40 38.8 30 47.5 
Low  60 62.5 57.5 13.8 22.5 5 

 
Table 10. Women‘s access and control over resources 

Categories  Before At present 
Percentage of respondents Percentage of respondents 

Average  VDC 1 VDC 2 Average  VDC 1 VDC2 

High  1.2 2.5 0 43.8 55 32.5 
Medium  22.5 15 30 13.8 12.5 15 
Low  76.5 82.5 70 42.5 32.5 52.5 

 
Table 11. Leaderships of groups by women 

Categories  Before At present 
Percentage of respondents Percentage of respondents 

Average  VDC 1 VDC 2 Average  VDC 1 VDC2 

High  0 0 0 51.2 60 42.5 
Medium  58.8 60 57.5 43.8 32.5 55 
Low  41.2 40 42.5 5 7.5 2.5 
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Table 12. Nutritional condition of women 
Categories  Before At present 

Percentage of respondents Percentage of respondents 
Average  VDC 1 VDC 2 Average  VDC 1 VDC 2 

High  1.2 2.5 0 47.5 62.5 32.5 
Medium  53.8 55 52.5 50.0 35 65 
Low  45 42.5 47.5 2.5 2.5 2.5 
 
Impact of BIFS on food security 
Methodology suggested by Coates, J., Swindale, A., & Bilinsky, P. (2007) was used for assessing 
food insecurity at household level. A mildly food insecure (access) household worried about 
not having enough food sometimes or often, and or was unable to eat preferred foods, and 
/or ate a more monotonous diet than desired and / or some foods considered undesirable, 
but only rarely. In the study area, 56.22 percent were mildly food insecure (Figure 3). 
Household sacrifices quality more frequently, by eating a monotonous diet or undesirable 
foods sometimes or often and or had started to cut back on quantity by reducing the size 
of meals or number of meals, rarely or sometimes. But it did not experience any of the 
three most severe conditions. In the study area, 19.35 percent were moderately food 
insecure. Household running out of food, going to bed hungry, or going a whole day and 
night without eating was categorized as severe food insecurity. Only about 13.73 percent 
of the respondents were found severely food insecure after adopting BIFS. 
 

 
Figure 3. Average household food insecurity after adopting BIFS  

The HFIAS scale is a continuous measure of the degree of food insecurity (access) in the 
household in the past four weeks (30 days)  as suggested by Coates, J., Swindale, A., & 
Bilinsky, P. (2007). The maximum score for a household is 27 and the minimum score is 0. 
The higher the score, the more food insecurity the household experienced and the lower 
the score, the less food insecurity the household experienced. Thus, the farmers after 
adopting BIFS were more food secure than before. The farmers started earning more than 
before, and the production was also increased which directly or indirectly affected the 
household food security. From the study it was found that the number of the respondents 
after adopting BIFS had low HFIAS score which was 3.06. This clearly shows that 
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farmers have become food secure after adoption of BIFS. These findings agree with those 
reporteb by Nepal and Rajbhandari (2007) and Sharma (2009). 

Inter-relationships between women’s empowerment, food/nutritional security and 
engagement in bio-intensive farming 

Positive relationships were found between productions with dose of organic manure 
(BIFS) and chemical fertilizers (CFS). The Pearson correlation coefficient (r) for use of 
FYM/compost and production trend was 0.205, which was statistically significant (p < 
.001 for a two-tailed test), based on 80 HH survey. This graph shows that the annual 
production from BIFS was dependent on use of FYM and compost. The correlation was 
higher for the use of FYM than the use of chemical fertilizers (Figure 26). 

A

B 
Figure 4. Correlations between production with dose of chemical fertilizers (A) and FYM 

(B), 2015  

Positive relationship was found between average annual household income with 
production in low land and upland consitions employing BIFS (Figure 5). The Pearson 
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correlation coefficient (r) for production from BIFS in lowland and the average 
household income from BIFS  was 0.537, which was statistically significant (p < .001 for 
a two-tailed test), based on 80 HH survey. 

A

B 

Figure 5. Correlations between average annual household income and production in 
lowland (A) and upland (B), 2015 

 
Similarly positive relationship was found between annual expenditure on education with 
average annual household income (A); between annual expenditure on health services 
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with average annual household income (B) and annual expenditure on food (nutrition) 
with average annual household income(C). It can be interpreted as impact of BIFS on 
education of the children (both male and female), health services and nutrition of the 
rural households in the study areas. The Pearson correlation coefficient (r) for household 
income and expenses on education was 0.313; for household income and expenses on 
health services was 0.153; and for household income and expenses on food was 0.49.   
All of them were statistically significant (p < .001 for a two-tailed test), based on 80 HH 
survey. 
 

 
A.  

 

B. 
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C. 

Figure 6. Correlations between annual household income with education (A), health (B) 
and expenses on food (C), respectively, 2015 

 
CONCLUSION 

As BIFS focuses on sustainability issues with participatory approach, its socio-
technological impact on livelihood and economic aspect of household was considered in 
this study. The major change was found in the livelihood of the farmers especially 
women who were engaged in BIFS activities besides their traditional role of looking after 
household chores. After implementation of BIFS women had become more active, started 
participating in social for a and activities; were able to take decisions; had access and 
control over resources and expenses; the farm production had contributed for achieving 
food / nutrition security; and they had substantially increased their income. There was 
positive change for the respondents following bio-intensive farming system as their 
nutritional condition was improved (ate more vegetables, milk, fruits). They understood 
that nutritional food was very necessary for their physical as well as mental growth and 
health so they didn‘t compromise the feeding habit for their children. The hygiene and 
health of women was also improved as they had access to toilets, improved cooking 
stove, nutritional foods, safe drinking water, proper balanced diets and health srvice. 
Positive effect of BIFS was estimated in increasing household income, which had direct 
effect on child education, health service and nutrition (food). These were the aspects 
looked after by women in rural areas. Obviously BIFS had reduced the mental stress of 
women in these aspects.  
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ABSTRACT 

The study on seroprevalence and epidemiological study of bovine brucellosis was 
conducted in dairy cattle of Kavrepalanchowk district of Nepal. A cross sectional study 
was conducted among 184 dairy cattle from the study site. Laboratory work was 
performed to determine the prevalence of Brucella by Rose Bengal Plate Test (RBPT) 
and ELISA examination at Microbiology Laboratory of Animal Health Research 
Division, Nepal Agricultural Research Council. The statistical analyses were done by 
using the PHStat2 version 3.0 statistical software for possible associations between 
positive cases of Brucella infection and each factor of interest. Out of 184 blood samples, 
13 samples (7.06%) were positive against Brucellosis by RBPT and 24 (13.04%) were 
positive against Brucellosis by ELISA. The relationship between age and cattle 
brucellosis showed that the prevalence was higher (16.21% by RBPT and 18.92% by 
ELISA test) in cattle with age group more than 5 years of age followed by cattle with 2 to 
5 years of age (5.74% by RBPT and 16.09% by ELISA test) than cattle less than 2 years 
of age (3.33% by RBPT and 5% by ELISA test) respectively, showing that prevalence of 
Brucella infection in all age groups were statistically significant (p<0.05, χ2 value= 
6.22) in RBPT test whereas statistically non-significant (p>0.05, χ2 value= 5.26) in 
ELISA test. Similarly, the prevalence was higher (26.31% by RBPT and 31.57% by 
ELISA test) in Holstein Friesian (HF) crossbred cattle followed by Jersey cross (6.82% 
by RBPT and 12.12% by ELISA test) and the local cattle having lowest (3.03% by RBPT 
and 6.06% by ELISA test) prevalence rate. The prevalence of Brucella was found to be 
significantly high (14.81% by RBPT and 31.48% by ELISA test) in Nala Ugrachandi 
VDC followed by Bhaisepati VDC (17.65% by RBPT and 23.53% by ELISA test), 
Mahendra Jyoti VDC (5.55% by RBPT and 8.33% by ELISA test), and nil prevalence 
(0%) in remaining VDCs (Panchkhal, Katunje Besi and Kushadevi). The history of 
abortion over the overall prevalence was found to be 53.85% (7/13) by RBPT and 
31.91% (15/47) were positive against Brucellosis by ELISA test showing the history of 
abortion with the prevalence of Brucellosis was statistically significant (p<0.01, χ2 value 
= 8.64). This study concludes that the Kavrepalanchowk district of Nepal should be 
considered as an area of enzootic stability for Brucella infection. The differences in the 
overall prevalence observed among different studies may be due to differences in the 
diagnostic techniques used in the different regions, geographic distribution of animals 
and the agent and the climatic variations from one region to another. 

Key words: Babesia, Babesiosis, Dairy cattle, Nepal 
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INTRODUCTION 

Brucellosis is a zoonotic disease, and still endemic in many parts of the world including 
Nepal. In addition to the burden of human ailments, the disease also seriously 
compromise livestock production, erects zoo-sanitary barrier in international livestock 
trade. Though data are lacking, present day estimation at current prices must be 
unbearably high for our country as well. There is no current work done to screen the 
diseases in bovine populations. A number of studies were undertaken in animals but there 
is lack of systematic study to assess prevalence among bovine especially in dairy cattle 
population. So the picture of epidemiology is still incomplete in Nepal. This provokes for 
an urgent research regarding exact estimation of prevalence of the disease in bovines, 
rapid and reliable method for diagnosis of brucellosis. Keeping in view with the 
magnitude and seriousness of the disease due to its public health concern the present 
investigation is proposed. The major research questions of this study is to know the 
prevalence rate of the bovine brucellosis especially in dairy cattle and to familiar with the 
epidemiological pattern of the very disease in the selected research site. Serological 
screening of the blood samples from the dairy cattle will be performed by Rose Bengal 
Plate Test (RBPT) and the standard structured questionnaire will be used for the 
epidemiological study of Bovine Brucellosis in Kavrepalanchowk district, Nepal.  

Out of 394 sera samples, 23 samples were found positive by Rose Bengal Test 
representing the overall prevalence of 5.8%. Seroprevalance among VDC‘s varies from 
0% in Tikathali to 10% in Bhandara. The male serum samples were tested for RBPT with 
negative reactors. Age group was divided into 3 parts- <2 years, 2-5 years and >5 years. 
Seroprevalance increased with age viz. 1.01%, 6.3% and 9.2% respectively. Among 
species wise prevalence, cattle were found to be at higher risk (1.1 times) than buffalo 
representing the prevalence of 6.1% and 5.5% respectively. Out of 394 samples taken 
from the study, 46 animals (8 positive) had history of abortion, 11 (1 positive) had history 
of repeat breeding representing the overall prevalence of 17.3% and 9.09% respectively 
(Bindari and Shah, 2014). 

A cross-sectional study was conducted in Kailali district of Nepal during a period from 
September, 2012 to January, 2013 to indicate the sero-prevalence of Brucellosis. A total 
of 233 animal blood samples (50 Cattle, 67 Buffalo and 116 Goat) were collected and 
tested for Brucella antibody by plate agglutination test (PAT). The seroprevalence of 
Brucellosis was found to be 12% (28/233). Thirty two percentage (16/50) of cattle, 13.4% 
(9/67) of buffaloes, and 2.6% (3/113) goats were sero positive (p<0.05). Seroprevalence 
was higher in females (14.6% vs. 10.6%) (P>0.05) and was higher in younger cattles and 
older buffalo and goats (p>0.05) (Pandeya et al., 2013). 

A study was conducted to reveal the prevalence of Brucella infection in buffaloes of 
Balkot VDC of Bhaktapur district, Nepal. Out of a total of 60 serum samples, nine were 
found to show positive reaction against antibodies of Brucella depicting the prevalence of 
brucellosis in the tested samples to be 15% (Mishra and Joshi, 2008). A sero-prevalence 
of brucellosis conducted by Poudel (2006) in small ruminants of Nepal revealed 29.26% 
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(12 out of 41) goats from Makawanpur, 5.12% (2 out of 39) from Kavrepalanchowk and 
5.4% (2 out of 37%) from Kathmandu, the positive one. Similarly, 14.28% (2 out of 14 
sheep serum from Kavrepalanchowk showed the positive results for brucellosis) (Joshi et 
al., 2005). 

DHS, (2003) indicated that in Nepal around 2-3 % of the cattle and buffaloes are 
seropositive. Jha, (2003) detected Brucellosis serologically from repeat breeder and 
aborted cows of cross bred and exotic cattle. He reported 0.8% positive for Brucellosis 
out of 118 serum samples. Lefkomitz et al., (2003) done a study on Brucellosis in Yak, 
Nak, Chauries, and hilly cattle of Langtang valley, Nepal by MRT (Milk Ring Test) 
revealed the prevalence to be 17.6% (13 out of 74). Rana (2002) conducted a sero-
epidemiological study on animal brucellosis in Surkhet district of Nepal. Out of 400 
samples examined prevalence rate in buffalo was 29% and that of cow was 19%. 

In general, brucellosis can be found in any season of a year. The epidemic peak occurs 
from February to July and is closely related to the months associated with delivery and 
abortion in animals (Shang et al., 2002). Joshi (2000) studied animal brucellosis in 
Kathmandu and around the valley of Nepal. The positive reaction was found to be 4.69% 
(31/660). Similarly he examined 4229 milk samples (single) of buffaloes and cows from 
DDC centers, milk vendors and villages in Kathmandu valley and around the valley viz., 
Kavrepalanchowk district (Panchkhal, Banepa) and Bhaktapur district and observed 
1.25% positive by MRT. The incidence in cow was found to be 3.8% (2/53). 

A study on the prevalence of brucellosis among 546 cattle and 361 buffaloes of both 
sexes was carried out in 4 districts of Koshi Hills of Nepal using Rose Bengal Plate Test 
(RBPT) and serum agglutination test. The prevalence of positive reactors was 1.28% in 
cattle and 1.93% in buffaloes. There was higher prevalence (22.22%) in cattle with a 
history of abortion but no positive cases were found in aborted buffaloes while all male 
animals tested negative (Jha et al., 1993). 

MATERIALS AND METHODS 

Before blood samples were collected, permission was obtained from dairy farmers. 
Trained veterinarians collected the sample with no or minimal pain to animal and 
communicated test results among the farm owners. The study was done in dairy cattle of 
Kavrepalanchowk district of Nepal.  

Sampling Framework  
Altogether six VDCs (Nala Ugrachandi, Bhaisepati, Mahendra Jyoti, Panchkhal, Katunje 
Besi and Kushadevi) of Kavrepalanchowk district were selected for the study. The milk 
producer‘s list was made based on the number of milch animals and land holding size by 
using Reconnaissance survey, group discussion and key informant survey techniques. 
Altogether 120 farmers, twenty farmers (13 men and 7 women) from each VDC were 
selected for the questionnaire survey.  
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A total of 184 blood samples were collected between February to December 2013 using 
convenient cluster sampling method. The laboratory examination was done at 
Microbiology Laboratory of Animal Health Research Division, Nepal Agricultural 
Research Council, Lalitpur, Nepal. The obtained serum samples were tested by the Rose 
Bengal Plate Test (RBPT) manufactured by ID Vet, France according to the protocol of 
OIE, 1998 for screening purpose. The positive samples were further tested by ELISA kit 
for confirmation. The ELISA test was conducted to detect the anti-Brucella antibody 
using ID Screen Brucellosis Indirect Multispecies manufactured by ID Vet, France. 

The main serological test used for diagnosis of brucellosis is the Rose Bengal Plate Test 
(RBPT), which has very high (>99%) sensitivity but low specificity. As a result, the 
positive predictive value of this test is low and a positive result is required to be 
confirmed by some other more specific test like serum agglutination test (SAT) and 
ELISA (Barroso et al., 2002). 

Data Analysis  
The primary and secondary information collected from the field survey and laboratory 
analysis was coded, tabulated and analyzed by using PHStat2 version 3.0 statistical 
software. 

RESULTS AND DISCUSSION 

Overall Prevalence of Brucellosis 
The result of this study revealed that the overall prevalence rate of Brucella infection in 
cattle of Kavrepalanchowk district, Nepal was 7.06% by RBPT and 13.04% by ELISA 
test. Out of 184 samples studied, 13 samples (7.06%) were positive against Brucellosis by 
Rose Bengal Plate Test (RBT) and 24 (13.04%) were positive against Brucellosis by 
Enzyme Linked Immune-Sorbent Assay (ELISA). 

In the present study, Brucella infection was found at low levels indicating the carrier 
status of most of the studied animals. Such carrier animals are important contributors to 
transmission to susceptible animals, especially in endemic areas and, thus, detection of 
infection in carrier animals is an important epidemiological parameter (d‘Oliveira et al., 
1995 cited by Almeria et al., (2001). 

The prevalence of Brucella in Kavrepalanchowk district was found within the range from 
7.06% to 13.04% suggesting great potential for transmission of these agents prevalent in 
that area. The prevalence of Brucellosis in the present study by RBPT was 7.06% which 
nearly coincides (5.8%) with the findings by Bindari and Shah, (2014) which was 
conducted at Kavrepalanchowk district, Nepal and by Joshi (2000) in which the 
prevalence of Brucellosis in cattle of Kavrepalanchowk district was 3.8%.  

Incidence rate of 32%, 15%, 2-3%, 17.6%, 19% and 1.28% were recorded in different 
areas of Nepal by Pandeya et al., (2013), Mishra and Joshi, (2008), Jha, (2003), 
Lefkomitz et al., (2003), Rana (2002) and Jha et al., (1993) respectively. 
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Figure 1. Overall prevalence of Brucellosis 

The differences in the overall prevalence observed among different studies may be due to 
differences in the diagnostic techniques used in the different regions, geographic 
distribution of animals and the agent and the climatic variations from one region to 
another. This contrast result may be either due to more false positive reaction or the 
animals outer than valley is less infected with this disease. 

Relationship between Age and Brucellosis 
The relationship between age and cattle brucellosis showed that the prevalence was 
higher (16.21% by RBPT and 18.92% by ELISA test) in cattle with age group more than 
5 years of age followed by cattle with 2 to 5 years of age (5.74% by RBPT and 16.09% 
by ELISA test) than cattle less than 2 years of age (3.33% by RBPT and 5% by ELISA 
test) respectively, showing that prevalence of Brucella infection in all age groups were 
statistically significant (p<0.05, χ2 value= 6.22) in RBPT test whereas statistically non-
significant (p>0.05, χ2 value= 5.26) in ELISA test. 
 
Relationship between Breed and Brucellosis  
In the present study, the examination of prevalence of Brucella infection revealed that the 
prevalence was higher (26.31% by RBPT and 31.57% by ELISA test) in Holstein 
Friesian (HF) crossbred cattle followed by Jersey cross (6.82% by RBPT and 12.12% by 
ELISA test) and the local cattle having lowest (3.03% by RBPT and 6.06% by ELISA 
test) prevalence rate. The result revealed that the prevalence of Brucella among the breed 
of cattle were statistically significant (p<0.01, χ2 value = 9.84 by RBPT test and p<0.05, 
χ2 value = 7.27). 
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Figure 2. Age wise prevalence of Brucellosis 

 

 
Figure 3. Breed wise prevalence of Brucellosis 

 
VDC-wise prevalence of Brucella in cattle 
The prevalence of Brucella was found to be significantly high (14.81% by RBPT and 
31.48% by ELISA test) in Nala Ugrachandi VDC followed by Bhaisepati VDC (17.65% 
by RBPT and 23.53% by ELISA test), Mahendra Jyoti VDC (5.55% by RBPT and 8.33% 
by ELISA test), and nil prevalence (0%) in remaining VDCs (Panchkhal, Katunje Besi 
and Kushadevi). This result showed that the prevalence of Brucella between VDCs were 
statistically significant (p<0.05, χ2 value = 13.82 by RBPT and p<0.01, χ2 value = 30.09 
by ELISA test). 
 
Relationship between history of abortion and Brucella 
Altogether 47 animals were noted for the history of abortion during collection of samples. 
Out of 47 samples tested, 14.89 % (7/47) were positive against Brucellosis by RBPT 
whereas the overall prevalence rate of Brucellosis by RBPT was 7.06% (13/184). The 
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result revealed that the prevalence of Brucellosis with the history of abortion over the 
overall prevalence was found to be 53.85% (7/13) by RBPT showing the history of 
abortion with the prevalence of Brucellosis was statistically significant (p<0.01, χ2 value 
= 8.64). Similarly, 31.91% (15/47) were positive against Brucellosis by ELISA test 
whereas the overall prevalence rate of Brucellosis by ELISA test was 13.04%% (24/184). 
The result revealed that the prevalence of Brucellosis with the history of abortion over the 
overall prevalence was found to be 62.5% (15/24) by ELISA test showing the history of 
abortion with the prevalence of Brucellosis was statistically significant (p<0.05, χ2 value 
= 6.09). 

 

 Figure 4. VDC wise prevalence of Brucellosis 

 

Figure 5. History of abortion and prevalence of Brucellosis 
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CONCLUSION 
This study provides the epidemiological data regarding Babesia in dairy cattle of Nepal. 
Dairy business is one of the potential agri-business in Kavrepalanchowk, the business has 
been declared as commercial farming in the district. These data provide important 
information about the incidence of Brucella infections in dairy cattle and will likely be 
very beneficial for management and control programs of the disease. 

As brucellosis agent is not so much invasive and pathogenic but due to its high 
prevalence and close contact with human population , it is a serious threat to public health 
in Kavrepalanchowk district. Thus the status of brucellosis in human is another facet to 
be studied to the bottom as in such rural setup; the prevalence of the disease in buffaloes 
and other species is directly proportional to the chances of human having contracted it. 
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ABSTRACT 
This study focuses on the rural employment and its contributions. Objectives of this study 
were: to assess the state of art of rural employment, to examine the situation of wage 
earning; and explore the relationship between employment and decision making, 
capacity building and wellbeing of rural people working in agriculture sector. The study 
was conducted in Ilam district by using qualitative and quantitative methods with survey 
of 513 households at Jirmale VDC. The study found that despite the marginalization of 
agriculture at national priorities, it is the largest employment provider and means of 
improving wellbeing, strengthening capacity and creating assets of rural population. The 
paper concludes that laborers are getting better wage than national average. Agriculture 
sector has great scope to retain Nepali migrant workers. Similarly, local organizations 
like agricultural and women's cooperatives are strategic means for capacity development 
of women, expanding asset base and overall wellbeing. 
 
Key words: Agriculture, Decision-making, Employment, Income, Wellbeing 
 

INTRODUCTION 
 
Nepal is undergoing tremendous changes in the past few decade and one of them is the 
change in the rural labour force because of massive migration (Adhikari and Hobley 
2011; CBS, 2011). The decade long armed conflict (1996-2006), political instability, and 
lack of employment opportunities within Nepal are some of the main reasons for the 
labour migration (Upreti, Ghimire, & Ghale, 2013). The Population X Census of out 
migration shows that 2.1 million Nepali (i.e. 7.2 % of the population) are absent from 
Nepal for a period of more than six months compared to 761,000 in 2001 (CBS, 2011). 
Among them the largest portion is labour migrants and 13 % are women (ibid). This 
scenario of significant increase in out migration raise fundamental question about the 
availability and potential of rural employment in Nepal. However, there is a debate on 
potential of employment generation in rural employment in general and agriculture sector 
in particular. Hence, this study aims to examine the dynamics of rural employment with 
the following 3 objectives:  
 To assess the rural employment situation and contribution of different sectors in 
employment generation   
 To examine the situation of wage earning from rural employment    
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 To explore situation of decision making, capacity building and wellbeing of 
rural people working in agriculture sector. 
 
In the recent days, there is an argument in Nepal that there are tremendous employment 
opportunities for rural men and women in different sectors such as on-farm agriculture, 
off-farm sector, industries, tourism and service sector (Islam, 2014; CBS, 2008; 
Upadhyay, 2011). Hence, this study looks the sectoral contribution in the employment, 
situation of wage earning, and state of decision making and well-being of the rural 
people.  
 
This paper is the outcome of the Nepal component of the study under the broader 6 years 
research project called ―Feminization, agricultural transition and rural employment: 
Social and political conditions of asset building in the context of export-led agriculture 
(FATE) running in four countries – Bolivia, Lao PDR, Nepal, and Rwanda.   
 

METHODOLOGY 
 
This section presents the different components of research methodology such as study 
site, sampling procedure, data management and analysis and interpretation of data as 
follows: 
 
Study site and sampling procedures  
Though the qualitative study covered Ilam Bazaar, Mangalbare, Fikkal and Barbote 
Village Development Committees (VDC), the Household Survey was conducted at 
Jirmale VDC of Ilam district. Jirmale was purposively selected using criteria of intensive 
cultivation and export of cash crops (cardamom/ginger), rural area, border with India, 
engagement of men and women. Jirmale VDC had 1069 households (CBS, 2012) of 
which about 300 households were engaged in cardamom/ginger production but there was 
no disaggregate record of grower and non –growers. Hence, developing sampling frame 
of households for simple random or systematic random sampling was not feasible. 
Therefore we use multistage sampling strategy (Collins, 2010). Since cardamom/ginger 
growers were the focus of the study, the survey aimed to include as many as 
cardamom/ginger producers. So, census technique was adopted in the entire three most 
cardamom growing wards (1, 2, & 3) to capture around 300 cardamom/ginger growers. 
Additionally, two clusters were randomly selected from 6 wards to capture the 
representative sample from cardamom/ginger non–growers. The summary of multistage 
sampling procedure is presented in the Figure 1. 
 
Out of 1069 households, 513 (Table 1) were surveyed by using two parts containing 
questionnaires from September to October 2015. The Part I have to be filled up by the 
household head (either male or female) and part II to be filled up by both the male and 
female of the household. The types of the households interviewed are presented in Table 
2 below: 
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Figure 1. Overview of multistage sampling procedure 
 
The detail of population and sample is presented in Table 1 below. 
 

Table 1. Population and sample size 
Ward Number Total Number of Household 

Population ( CBS, 2012) 
Sample Households 

1 91 87 
2 113 104 
3 174 158 
4 118 - 
5 81 67 
6 114 18 
7 78 79 
8 194 - 
9 106 - 
Total 1069 513 

 
 
 

Selection of Jirmale VDC for the study 

 
Purposive sampling  

Division of C/G grower (ward 1 to 3) and 
non – grower (ward 4 to 9) in two groups  

Division of 3 clusters (ward 1, 2, 3) for C/G 
grower and 6 cluster (ward 4, 5, 6, 7, 8 &9) 
for non – grower population 

Taking all 3 clusters from first stratum and 2 
clusters (ward 5 &7) from second stratum to 
collect data 
 
Surveying all households of selected five 
cluster  

Stratified sampling  

Cluster sampling  

Random sampling 
(to select 2 clusters 
of non – grower) 

Census 
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Table 2 Type of Sampled Household 
Household Type  Part I Part II 

Response of  family 
head (male or female) 

Response of  the 
male 

Response of 
the female 

Male and female headed  219 (42.7) 207 (47.1) 211(44.4) 
Female headed only 79 (15.4) 25(5.8) 76(16.0) 
Male headed only 215 (41.9) 207 (47.1) 188(39.6) 
Total  513 (100.0) 439 (100.0) 475(100.0) 

 
Analysis and interpretation of data  
While managing survey data, separate Excel files have been produced on the basis of 
different module of the questionnaire. Excel data has been transferred to the SPSS and 
analysis has been done. Data analysis was limited to descriptive statistics and presented 
in tables and figures. Qualitative data were directly inputted in the analysis from the field 
notes and records. They were interrelated in descriptive way and presented as per the 
objective of the research. 
 

RESULTS AND DISCUSSION 
 
From the 1069 households of Jirmale VDC, 513 households were surveyed. The survey 
had focused on the situation of wage earning, non-farm employment, investment in 
assets, wellbeing, capacity building and decision making. In the following sections these 
aspects of rural employment are discussed:  
 
1. Main rural employment providers  
 
Table 3 presents the data related to the involvement of households in paid salaried 
activities. 
 

Table 3 Situation of paid salaried activities by household sector contribution 
Employment sectors   Number Percentage 
Agricultural sector 128 56.4 
Construction 52 23.0 
Teaching 13 5.7 
Service (government, private, NGOs) 7 3.1 
Tourism 5 2.2 
Skill (e.g., driving) sector 2 0.8 
Others 20 8.8 
Total  227 100.0 
Source: Field Survey, 2015 

The table 3 reveals that agriculture, construction, teaching, services, tourism and others 
were major employment generating sectors. Majority (56%) of the households was solely 
involved in paid salaried activities in agriculture sector. The cardamom farming is the key 
source of employment in the VDC. Almost one fourth of the households were engaged in 
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construction for the employment. The trend of involving in government and private 
sector has also been gradually increasing. Likewise, the involvement in the tourism and 
other potential sectors has also been increasing. Most of the households (around 90%) 
involved in paid activities in agricultural sector were for exports. It shows that the expert 
led agriculture has been attracting rural people. Similarly, around 80% paid salaried jobs 
were created by individual households of the VDC. Interestingly, unlike in other parts of 
country, in the study areas male and female were involved equally in the paid salary 
activities in expert led agricultural sector. If we see the national data the share of paid 
employees in total employment is not motivating, as it is 27 percent in male and  just 8 
percent in female (ILO, 2014).  
 
While examining the non-farm self-employment situation in the study area, out of 513 
households, 95 (19%) were found engaged in nonfarm self-employment. Almost half of 
them (49%) were engage in grocerries and retail shops folowed by tailoring (14%) and 
another 10% were found engaged in preparing local wine for commericial purpose. 
Othere areas such as construction work, hotel service, transportation service, beauti parles 
etc were also the sectors of nonfarm self employment  and other activities  in the VDC. 
Around 23% of the non –farm self employment and other activities were linked with the 
agricultural sector. The preliminary result from the qualitative data show that 
employment opportunities in rural areas are expanding outside agriculture.  
 
2. Situation of rural wage earning 
In this section the situation of rural income and rate of wage earning of the employees is 
discussed. The per day income of the paid employed has been presented in the table 4. 
 

Table 4 Situation of per day income for paid job activity (in Nepalese Rupees) 
Employers  Number Percentage 
Below  200 20 8.8 
200 -400 127 55.9 
400 -600 50 22.0 
600 -800 5 2.2 
800- 1000 9 4.0 
1000-1200 11 4.8 
1200 -1400 3 1.3 
1400 -1600 1 0.4 
Non response  1 0.4 
Total  227 100.0 
Source: Field Survey, 2015 

 
The Table 4, shows that around 9% employees were getting below 200 NPR per day 
where as 56% (large majority) earned 200 to 400 NPR per day, and another 22 % 
employees received 400 to 600 NPR and around 13% secured more than 600 NPR per 
day whcih is quite high compared to the government rate of minimum wage for 
agriculture labour which is NPR 150 per day and NPR 18.75 per hour (GoN, 2008). In 
average, employees were getting 380 NPR (3.6 USD) per day. According to 
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Ulandssekretariaterat (2014), 22% Nepali workers earn 1.25 USD per day, and 54% earn 
2 USD per day. In comparison to these figures, paid salaried workers of the Jirmale VDC 
are earning far better. However, only 20% employees have written contract and majority 
of employees (68%) of them work without formal contract on call as seasonal labour. 
Around one fourth households were engaged below 6 months for the job and more than 
two third of the households work more than 15 working days per month.  
 
While examining the wage earning and employment types, of the 513 households. 227 
(44%) were engaged in paid salary activities. Most of them (56%) were engaged in 
agricultural sector followed by construction work (19%). Likewise, around 5% 
households were engaged in other professions like teaching, driving, small scale business.  
Of 227 households engaged in salaried job, 114 (50%) were working for export led 
agricultural sector. Similarly, of 513 surveyed households 322 (63%) were employing 
seasonal and causal labour and only 6 (1%) households created permanent job and 
remaining 316 (99%) households had been using agricultural workers either seasonal or 
causal basis. Around one third of the households (29%) had been employing workers for 
processing and harvesting of cardamom. Likewise, around one fifth (21%) households 
had been using workers for weeding and harvesting and only one sixth (17%) for 
harvesting. Of 316 households, 92 (29.1%) had been creating job in the agricultural 
sector for exports. As reported by the primary respondents, men and women were in 
almost equal number as workers.  
 
3. Nonfarm self-employment and daily income 
Some of the households of the Jirmale VDC were engaged in non-farm self-employment 
and other activities. Of the 513 households, members of 95 households (19%) were 
employed in various activities. The Table 5 presents the situation of non –farm self 
employment and other activities in the study area. The table 5 reveals that almost half 
numbers of households out of 95 were operating grocery shop followed by tailoring 
(14%). Around 11% households were found engaged in preparing local alcohol though it 
is not legal. Some of the important income generating activities opted by households 
were construction work, hotel, fresh house, diary, home-stay, vehicle servicing, beauty 
parlor, bee keeping, poultry farming, blacksmith, iron handicraft. Almost one fourth of 
the employment were linking with agricultural sector.  Most of the employment activities 
(68%) were permanent in nature and remaing others were seasonal. 
 
4. Situation of assets building 
The survey data reveled that of 513 households, in 2010; only 24 (5%) had owned 
vehicles like cycle, motorcycle, and tractor. In 2015 that number had increased to 66 
(13%). There were varieties of vehicles such as cycle, motorcycle, tractor, truck and bus.  
In 2010, only 2.5% households had the facility of electricity supply through grid – line. In 
2015 that number had increased to 23 %. In 2010, around 44% households had joined 
Solar Panel for electricity supply. This percentage had increased to 67% in 2015.  
Regarding fuel for cooking food, 55% households were dependent only on firewood.  
Survey data shows that around 38% households were using firewood and cooking gas.   
Nominal use of bio-gas and LPG gas was also reported.  
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Table 5. Situation of Nonfarm Self Employment Activities (n=95) 
Non-farm Self 
Employment Activities 

Gender Total 
Male Female 

Grocerry  shop  28 (50.9) 19(47.5) 47(49.5) 
Tailoring  3(5.5) 10(25.0) 13(13.7) 
Local alcohol 
preparation  2(3.6) 8(20.0) 10(10.5) 

Construction work 6(10.9) - 6(6.3) 
Hotel/homestay 4 1 (2.5) 3(3.2) 
Vehicle service 3(5.5) - 3(3.2) 
Beauty parlor  - 2(5.0) 2(2.1) 
Bee keeping/poultry 
farming 3 - 2(2.1) 

Blacksmith/iron 
handicraft 4 - 2(2.1) 

Making broom 2(3.6) - 2(2.1) 
Total  55 

(100.0) 
40 

(100.0) 
95 

(100.0) 
Source: Field Survey, 2015 

 
Interestingly, out of 513 households, 511 (99.6%) family had their private house. Only 
two families were renting house. Majority of houses (60%) had 3 to 6 rooms. However, 
only 16% households had separate kitchen. The roof of 95% houses was made from 
corrugated sheet. Regarding the wall of the houses, 40% were made of wood, 28% was 
made of concrete, and 19% was made of mud. In case of use of cell phone, in 2010 it was 
only 38% households which increased to 76% in 2015.  Likewise, the number owing 
television had also increased to 33% in 2015 from 14% in 2010. Survey data shows that 
57% households had been using private tap water for drinking. Around 56 % households 
were found using boiled water for drink. Ninety five percent of households had their own 
toilet close to their home. In conclusion, the trend of asset building in 5 years is increased 
and in some cases it is quite fast. 
 
5. State of wellbeing and capabilities 
 
During the survey, 439 male and 475 female were asked about the satisfaction of their 
life based on 9 different parameters related to wellbeing as: a) life as a whole, b) standard 
of living, c) current living standard compared to five years ago, d) health, e) achieving in 
life, f) personal relationships, g) safe life, h) feeling part of the community and i) future 
security. There was a scale from 0 (completely dissatisfied), 5 (neutral) and 10 
(completely dissatisfied). The result is presented in figure 2 below:  
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Figure 2. Wellbeing Status of Male and Female 

 
 
The figure 2 reveals that both male and female were found satisfied with their life as a 
whole and other wellbeing related parameters. The mean value of both the male and 
female is above 7. It indicates that the wellbeing status is satisfactory in both the sex. The 
independent samples t- test was conducted to examine the significance difference 
between mean value of men and women. There was no statistically significant different 
perception between male and female. 
 
6. Financial and household level decision-making 
Male and female respondents were asked about the decision making within the 
households and financial decision. For this purpose, 439 male and 475 female were 
interviewed. Questions were related to decision about land acquisition, planting decision, 
use of technologies, decision about agriculture inputs (e.g., fertilizer, labour), harvesting 



Nepalese Journal of Agricultural Sciences

140

 

and selling product. Descriptive statistics (mean and standard deviation) shows that in 
comparison to male, female participants were more influential within the households than 
male members.  
 
Regarding the decision on finance, out of 439 male and 475 female interviewed, 83% 
male and 81% female reported that they jointly decide on financial issues. Concerning 
their personal money, 71% male and 65% female reported that they keep it for their 
emergency use. Not much difference observed on the decision related to education of 
their children. Hence, unlike male dominating in decision making in many parts of 
country the pattern is different in the study area, i.e., they decide jointly, which is also 
observed in other middle hills of Nepal (Adhikari 2013).  
 
7. Leadership development and voices 
In comparison to male, the participation of female in different social groups was higher. 
Out of 439 male and 475 female interviewed, 18% male and 56% female were found 
engaged in different social groups. Around 26% out of 56% female were engaged in 
cooperatives, 18% in mothers group, 6% agricultural group, 3% in community forestry 
user groups and 1% in women groups. More women found in leadership positions in 
these social groups. They were able to raise their voice more strongly. Further, qualitative 
work in the study areas revels that women were more active in creating and managing 
different social-economic organizations such as 'women's cooperatives', 'Saving Credit 
Cooperatives' and 'Agriculture Cooperative', which have provided them strategic 
platforms to improve their wellbeing, decision making capacity and ultimately social, 
economic and political empowerment, and asset building (e.g., investment in children's 
education, purchase of modern equipment like TV, solar panel, land acquisition, etc.). 
Previous study (Ghale, 2008) has also demonstrated that women are emerging as leaders 
in agriculture.  
 

CONCLUSION 
Still agriculture is not only the largest employment provider in rural Nepal but also means 
of wellbeing, capacity building and asset creators despite that this sector is ignored by the 
state for several decades. Other important sectors providing employment are service in 
the government, private sector and NGOs.  
 
Since some years, laborers are getting better wage in the employment sector and the 
average earning in the study area is far better than the national average. Non-farm self-
employment is contributing to rural area.  
 
Once agriculture and non-farm sectors generate more job opportunities for employment, 
the migration debate is also shifting its focus: to employment creation, linking with 
development. 
 
Once people are getting employment and earning better wage, they are able to invest in 
different types of assets that ultimately led to better wellbeing. The rural employment has 
also contributed women to develop their leadership, decision making power and capacity.  
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Organized forums or platforms like women's cooperatives, agricultural cooperatives, 
mothers clubs and users committees are strategically important to develop the capacity of 
women, asset building, and overall wellbeing.  
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ABSTRACT 
     
The study was carried out using twenty one growing female goats (50% Jamunapari, 
50% Barberi and Khari; 6 each) at Agriculture Research Station (Goat), Bandipur, 
Tanahun for three months from 7 April to 5 July 2014. Female goats of average 9 kg 
were grouped into three having six goats in each group, as replicates, using Completely 
Randomized Design (CRD) having six goats of three breeds in each group (2 animals 
from each breed). They were drenched against internal parasites with Fenbendazole @ 5 
mg/kg body before starting the experiment. Dry matter requirement (DMR) of goats was 
calculated based on 5 kg of body weight. Three types of ration were formulated for 
experimental goats. Goats of T1 group was provided seasonal fodder ad lib + compound 
concentrate feed @ 2% of body weight; T2  group was provided seasonal fodder ad lib + 
compounded concentrate feed @ 2% of body weight and T3 was provided seasonal 
fodder ad lib + compounded concentrate feed @ 1.5% of body weight +100 g soybean 
cake per head. The average dry matter feed intake per day was observed highest for T3 
(554.46g) followed by T1 and T2 (504.29 g and 484.75g, respectively). Similarly, feed 
conversion ratio was found to be higher in T1 (10.8:1) followed by T2 and T3 (7.6:1 and 
7.32:1, respectively). The total body weight gain was highest in T3 (6.81 kg) followed by 
T2 and T3 (5.74 and 4.2 kg, respectively) with average daily gain 75.72, 63.81 and 46.67 
g for T3, T2 and T1, respectively. It can be concluded that supplementation of the oil 
cake is beneficial for goat fattening to get higher benefits. 
  
Key words: Crossbred goats, Drenching, Feed Conversion Ratio (FCR), Seasonal fodder,    
        Higher benefit 
 

INTRODUCTION 
 
Goats were among the first farm animals to be domesticated. As indicated by the 
archaeological evidence, they have been associated with man in a symbiotic relationship 
for up to 10,000 years (Ensminger and Parker, 1986). Goats disseminated all over the 
world because their great adaptability to varying environmental conditions and the 
different nutritional regimes under which they were evolved and subsequently 
maintained. They proved useful to man throughout the ages due to their productivity, 
small size, and non-competiveness with him for food. Goat meat is the preferred food for 
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all ethnic groups in Nepal. Since the demand for goat meat has outpaced domestic 
production, a substantial production of goat meat is consumed in Nepal is imported. The 
goat population of Nepal is estimated to be 9.78 million in which about 13.7 percent are 
crossbred goats. The goat population is growing by 2.4% each year. Goats are used for 
meat, pack, manure, and milk. The total production of goat meat (chevon) was 55578Mt 
goat meat per annum (MoAD, 2012/13). 
 
 Barberi is a small size and their color is white creamy to golden. Spotted animals also 
come across. Their meat conformation is considered good. Triple kidding and early 
maturity are common features of these goats 
(http://www.ansi.okstate.edu/breeds/goats/barbari).  Jamnapari is white with patches of 
tan on the neck and head. Their heads tend to have a highly convex nose, which gives 
them a parrot-like appearance. They have long flat drooping ears which are around 25 cm 
long. They also have unusually long legs (Shelton and Maurice, 1978). Khari goats are 
widespread and more abundant (50%) than other indigenous breeds and are present in the 
mid-hills. Khari goats are relatively small bodied with body weight ranging between 20-
40 kg. They are more prolific among the four indigenous breeds and can adopt in 
different agro-climatic zones Joshi and Shrestha (2003). 
 
Protein is usually the most expensive component of the goat diet. Protein is required both 
as a source of nitrogen for the ruminal bacteria and to supply amino acids for protein 
synthesis in the animal's body. When the levels of protein are low in the diet, digestion of 
carbohydrates in the rumen will slow down and intake will decrease. Inadequate levels of 
protein in the diet can affect growth rate, milk production, reproduction and disease 
resistance negatively, because insufficient amino acids are getting to the intestines to be 
absorbed by the body. Unlike energy, excess of protein is not stored in the body of the 
goat. Therefore, it is important to feed enough protein to cover the nutritional 
requirements of the animal. Protein nutritional requirements vary with developmental and 
physiological stages and level of production. Prieto et al. (2011) reported that optimum 
protein levels for feedlot goats ranged from 16 to 20.3%. Negesse et al. (2001) showed 
that the kids fed with 8% dietary CP level had lower average daily gain (ADG) and dry 
matter intake (DMI) than the kids fed with 10.5, 12.8, 15.5 dietary CP levels. Hwangbo et 
al. (2009) reported that the kids fed with 18% CP in diet had significantly higher ADG 
when compared with the kids fed with 14, 16 and 20% CP in diet.  In Nepal, for the 
optimization of crude protein level for fattener no investigated so far. Therefore, the 
objective of this study was to investigate effects of different crude protein levels on the 
growth and performance of growing goats.  
 

METHODOLOGY 
Experimental animal 
This experiment was carried out on eighteen growing female goats (50% Jamunapari, 
50% Barberi and Khari goats; 6 each) at Agriculture Research Station (Goat), Bandipur, 
Tanahun from 7 April to 5 July 2014 (070/12/24 to 071/3/21).  Female goats of average 7 
months old with average body weight of 9 kg were grouped into three groups having six 
in each group, as replicates, using Completely Randomized Design (CRD) having six 
goats of three breeds in each group (2 animals from each breed). They were drenched 
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with Fenbendazole @ 5 mg/kg body weight against internal parasites before assigning in 
experiment. 
       
Concentrate mixture composition 
Feed ingredients maize, mustard cake, soybean cake, rice bran, minerals and salt were 
procured from Champadevi Feed Industry, Chapagau, Lalitpur. For T2 and T3 
concentrate mixture were composed by using procured feed ingredients with 16% crude 
protein level that has been presented in Table 1 while for T1 commercial compound feed 
was used made by Pancharatna Feed Industry, Narayangadh, Chitwan.  
   

Table 1. Composition of concentrate mixture 
S/n Ingredients Part Crude Protein, % 

1 Maize 50 4.40 
2 Mustard cake 31 10.12 
3 Rice bran 17 1.49 
4 Mineral mixture 1 0 
5 Salt 1 0 
Total 100 16.01 

 
Experimental diet of the animals 
The dry matter requirement of goats was calculated based on 5 kg per 100 kg body 
weight. Following diets were formulated to the experimental animals (Table 2). 
  

Table 2. Experimental diets of the animals 
Treatment Experimental diet 
1 Seasonal fodder ad lib + compound  feed @ 2% of body weight 
2 Seasonal fodder ad lib + compound feed @ 2% of body weight 
3 Seasonal fodder ad lib + compound feed @ 1.5% of body weight 

+100 g soybean cake per head 
 
Feeding regime 
Compound feed and ad lib amount of fodder was provided to the experimental animals 
individually in plastic vessel. Compound feed was provided once a day in the morning 
whereas fodder twice a day (morning and evening). Quantity of compound feed and 
fodder given daily to the animals was weighed daily and refusal was weighed in next 
morning. Experimental animal had free access to drinking water. 
   
 Chemical analysis  
The samples of feed ingredients, prepared compound feed and forest mixed fodder were 
sent to the Animal Nutrition Division, Khumaltar, Lalitpur for proximate analysis. 
Representative samples were analyzed for dry matter (DM), crude protein (CP), crude 
fibre (CF), ether extract (EE) and total ash contents (TA). The DM was determined by 
oven drying at 100°C for 24 hrs. Crude protein of the samples was determined using the 
Kjeldahl method. Ether extract was determined using Soxhlet apparatus. Ash content was 
determined by ashing at 550°C in a muffle furnace for 16 hrs (AOAC, 1980). Crude fibre 
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of the samples was determined using the Van Soest method (Goering, H.K. and Van 
Soest, 1970). 
 
Observation recording 
The trial period consisted 90 days after an adaptation period of 7 days. Total feed intake 
by the goats was recorded daily for all experimental period. The body weight gain of 
individual animal was measured fortnightly in the morning before feeding. 
  
Data analysis 
Data of feed intake and body weight gain were analyzed by “One Way Annova” test for 
every measurement using computer statistical package Minitab 2003, versions 13.20. 
 

RESULTS AND DISCUSSION 
 
Chemical composition of feedstuffs 
The result of chemical analysis has been given in Table 3 and crude protein content of 
prepared concentrate mixture was verified in laboratory that is presented in Table 4. 
 

Table 3. Chemical composition of different feed ingredients (on dry matter basis) 
Ingredient DM OM TA CP CF EE 
Maize 87.69 97.97 2.03 8.92 2.34 4.48 
Rice bran 87.85 89.5 10.5 11.52 4.83 5.1 
Mustard cake 87.27 90.5 9.5 35.52 9.19 NA 
Mixed  forest fodder 30 88.23 11.77 10.3 NA NA 

 
Table 4 Chemical composition of prepared concentrate mixture (on dry matter basis) 
Particular DM OM TA CP CF 
Farm feed 93.13 88.12 11.78 14.5 8.57 
Concentrate mixture 93.39 87.33 12.67 16 7.13 
Concentrate mixture + soybean cake 93.38 86.72 13.28 18.2 6.79 

 
Feed intake 
Average feed and fodder intake of experimental animals is presented in Table 5. 
 

Table 5. Feed intake of experimental animals/day/animal 
Feedstuffs Mean ± SD 

T1 T2 T3 
Feed intake, g 226.87± 61.57 205.06±96.01 271.41±65.01 
Fodder intake, g  976.7±339.70 977.5±352.0 1003.4±383.20 
Dry matter intake/day, g        504.29       484.75        554.46 
Crude protein intake/day, g        146.31       146.26        193.26 
Total dry matter intake (DMI), kg 45.39 43.62 49.9 
Total crude protein intake, kg 13.17 13.16 17.39 
Feed conversion ratio (FCR) 10.8:1 7.6:1 7.32:1 

 
Table 5 showed that highest compound feed intake was found in T3 (271g) followed by 
T1 and T2 (226.87 and 205.06 g, respectively) which was highly significant (P<0.001) 
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among diet groups. Similarly, highest fodder intake was recorded for T3 (1003.4 g) 
followed by T2 and T3 (977.5 and 976.7g, respectively) which was no significant among 
diet groups which resulted highest dry matter intake for T3 (49.9 kg) followed by T1 and 
T2 (45.39 and 43.62 kg, respectively). The FCR was noted higher for T1 (10.8:1) 
followed by T3 and T2 (7.32:1 and 7.6:1, respectively) 
   
Growth performance 
Average growth performance of experimental animals is presented in Table 6. 
           

Table 6. Growth performance of goats 
Parameter Mean ± SD 

T1 T2 T3 
Initial body weight, kg 9.74 ± 2.65 9.37 ± 3.14 9.58 ± 1.90 
Initial metabolic weight, kg 5.51 5.35 5.44 
Final body weight, kg 13.94 ± 3.55 15.11 ± 4.99 16.4 ± 3.94 
Final metabolic weight, kg 7.21 7.66 8.15 
Total weight gain, kg 4.2 ± 1.96 5.74 ± 2.21 6.81 ± 2.25 
Average daily gain, g 46.67 ± 21.88 63.81 ± 24.60 75.72 ± 25.04 

 
In the beginning of the experiment, the highest initial weight was in T1 (9.74 kg) 
followed by T3 and T2 (9.58 and 9.37 kg, respectively) while by the end of experiment 
(after 90 days) total weight gain was obtained higher from T3 (6.81 kg) followed by T2 
(5.74 kg) and T1 (4.2 kg).  
 

 
Figure 1. Body weight gain trend of experimental animals 

 
Both initial and total weight gain was no significant (P>0.05) among diet groups. The 
average daily gain was observed highest in T3 (75.72 g) followed by T2 (63.81 g) and T3 
(46.67 g). 

 
DISCUSSION 

This experiment revealed that higher level of crude protein in goat diet increase the feed 
intake of T3 groups (271.41 g) than that of T1 (226.87 g) and T2 (205.06 g). Similarly, 
fodder intake also was increased in higher level of crude protein diet group (T3) which 
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was 1003.4 g than that of T2 and T1 (977 g). Likewise, total body weight gain was also 
higher in increased crude protein level diet (6.81 kg for T3) than that of T2 (5.74 kg) and 
T1 (4.2 kg). Moreover, experiment showed decreasing trend of FCR with increasing level 
of crude protein in diet. It might be due to bypass of protein from rumen to lower guts. 
 
Sharifi et al. (2013) suggested that increasing CP levels from 14 to 16% in diet improved 
feed intake, average body gain and feed efficiency but had no effect on apparent 
digestibility of nutrients and body. Therefore, 16% dietary CP could be recommended for 
Iranian Sannen kids; however, higher ratios of CP should be tested. 
 
Kabir et al. (20014) reported that feeding of goats with high protein (HP) diet 
significantly (p<0.01) increased crude protein intake (73.14 vs. 59.91 compared with low 
protein (LP) diet. However, no significant (p>0.05) difference was observed between  LP 
and HP diet for the values of DM intake and live weight gain although there was a 
tendency to increase  live weight gain in goats given the HP diet.  
 
Shahjalal et al. (1997) reported that growth rate of grazing Black Bengal goats can 
improved under conditions of increased protein supplementation. Feeding of sheep with 
HP diet significantly (p<0.01, p<0.05) increased CP intake (78.54 vs. 55.39 g/d) and DM 
intake (509.0 vs 425.9 g/d) compared with those received the LP diet. This protein intake 
resulted in increased (p<0.01) live weight gain in sheep received the HP diet. This can be 
related with the Lu and Potchoiba (1990) who suggested that DM intake in goats 
increased linearly as dietary CP level increased. The results suggest that the effect of 
supplementing high protein on intake and live weight was higher in sheep than goats. 
 
Chaokaur et al. (2012) conducted an experiment with objective to quantify protein 
requirements for maintenance and gain of Anglo-Nubian crossbred growing goat fed 
under tropical condition in Thailand and found that crude protein requirement for 
maintenance and gain 100g average daily gain were to be 157 and 272 g/day, respectively 
 

CONCLUSION 
 
Experiment proved that increased crude protein level had increased body weight gain and 
reduced feed conversion ratio. Therefore, further experiment should be carried out to 
optimize the crude protein level for higher body weight gain and reduced feed conversion 
ratio.  
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ABSTRACT 
 
Mungbean (Vigna radiata L) and black gram (Vigna mungo L) both are prominent hosts 
for Mungbean Yellow Mosaic Virus (MYMV) transmitted through whitefly (Bemisia 
tabaci Genn). The lack of sources of genetic resistance materials against diseases and 
insect pests in mungbean and black gram varieties is one of the main reasons for their 
low yield in Nepal. During the summer season, mungbean yellow mosaic epidemic 
damages the crop in most of the crop growing areas of Nepal. For the purpose of 
identifying resistance/tolerance in mungbean and black gram genotypes, disease 
screening nurseries, comprising of 48 and 30 test entries including resistant and 
susceptible checks, respectively, were developed. Screening was done under natural 
environmental conditions during two consecutive years of 2013-2014 at Grain Legume 
Research Program, Rampur, Chitwan against MYMV disease. Most of the test entries 
showed susceptible response, however, IPM-01-03, IMB 37, MEHA, SUKUMAR, V0 
6008 (B-G), HUM-16, V0 2023 (A-B), 5248 Chitwan, Kalyan & VC 6173 C of mungbean 
and BLG0035-1, BLG 0003-2-1, BLG 0068-1, BLG 0092-2 & BLG 0069-1 of black gram 
produced good yield and showed resistance to MYMV. Resistance against MYMV is a 
considerable factor to be included in breeding program to develop high yielding varieties 
of mungbean and black gram.  
 
Keywords:  Mungbean, Black gram, MYMV, Resistance, Tolerance 
 

INTRODUCTION 
 
Among the pulses, black gram (Vigna mungo L.) is an important summer legume in mid 
hills and a rich source of protein, which is one of the essential nutrients in human diets. 
Black gram contributes 5.5% to the national pulse production from an area of 7% 
(MOAD, 2014). The area under black gram in Nepal is about 23,312 ha with production 
of 19,383 mt and productivity of 831 kg/ha during 2013/14 (MOAD, 2014). At present 
black gram is the third most leading pulse crop in Nepal after lentil and soybean. 
Mungbean is another important pulse cultivated during summer as well as spring season 
in Nepal (GLRP, 2011). It is a short duration legume, thrives well in various cropping 
systems of Nepal and it is grown in rainy and spring season both. However, spring 
mungbean in rice-wheat-mungbean pattern is gaining popularity in recent years (GLRP, 
2012). It was estimated that about 400 thousands ha lands remain fallow after wheat 
harvest and before transplanting of monsoon rice in Nepal. Mungbean can be 



Nepalese Journal of Agricultural Sciences

150

 

successfully integrated as catch or filler crop and provides additional income and food 
security to the farmers. The average yield of mungbean and black gram is very low in 
tropical and subtropical Asia including Nepal due to low yield potential and susceptibility 
to diseases. Mungbean and black gram are host to a number of diseases caused by fungi, 
bacteria and viruses. MYMV infects mungbean, black gram, soybean, cowpea and some 
other leguminous hosts (Dhingra and Chenulu, 1985; Qazi et. al., 2007). MYMV is 
reported to be the most destructive viral disease not only in Nepal, but also in India, 
Pakistan, Bangladesh, Srilanka and contiguous area of South East Asia (Bakar, 1981; 
Malik, 1991; Biswass et. al., 2008; John et. al., 2008). MYMV belongs to genus 
Begomo-virus of the family Geminiviridae (Bos, 1999). Virus has germinated particle 
morphology (20×30 nm) and the coat protein encapsulates spherical single stranded DNA 
genome of approx 2.8 Kb (Hull, 2004). The virus causes uneven yellow and green specks 
or patches on the leaves which finally turn entire yellow. MYMV affected plants generate 
fewer flowers and pods which also develop mottling and remain small and contain fewer 
smaller and shrunken seeds. The virus is transmitted by whitefly (Bemisia tabaci Genn). 
(Nariani, 1960; Nene, 1972), but not through sap, seed or soil. There are about 12 
overlapping generations of whitefly in a year but it is most active from May to September 
(Kooner and Chhabra, 1980). Both male and female flies can transmit the virus but the 
female adults were four times more efficient than the males neither sex remains infective 
throughout its life (Costa, 1976). The chemical management of the vector is not cost-
effective since numerous sprays of insecticide are required to control whitefly. Recurrent 
sprayings also lead to health hazard and ecological effluence. The reasonable, robust and 
perfect method of controlling viral diseases is regarded as the use of resistant crop 
varieties. In view of the above facts, a study was undertaken to find out the 
resistant/tolerant sources of mungbean and black gram genotypes under natural 
environment conditions against MYMV.  

 
MATERIALS AND METHODS 

 
The experiments were conducted by following augmented design during two summer 
seasons of 2013 and 2014 under field condition. Both black gram and mungbean 
genotypes were sown on the second week of August in a unit plot size of 2 m x 0.5 m 
(two rows of 2m long) with the spacing of 50 cm (row to row) x 10 cm (plant to plant). 
Thirty black gram genotypes were sown in case of black gram screening nursery 
including one susceptible check Bari Phant Mas-1 and one resistant check BLG 0076-2 
(GLRP, 2012) which were repeated after each 10 test entries. The total number of genotypes 
shown in mungbean nursery were 48 including Pratikshya as resistant check and Saptari 
local as a susceptible check which were repeated after each 8 test entries. After a completion 
of sowing, the experiment was kept under constant supervision to an entire crop cycle. 
Agronomic practices were followed as recommended (GLRP, 2012). Each experimental unit 
was fertilized with a recommended dose of 20:40:20 (N: P: K) kg/ha.  
MYMV disease was scored on 0-5 arbitrary scale as suggested by Bashir (2005). 
0 = No virus symptoms seen (highly resistant) 
1= Occasional mild symptoms (1-10% infection) (resistant) 
2= moderate infections (11-20% infection) (moderately resistant) 
3= 21-30% infection (moderately susceptible) 
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4 = severe and wide spread symptoms (30-50% infection) (susceptible) 
5 = Severe with likely loss in yield (More than 50% infection) (highly susceptible) 
Data was recorded on yield and yield attributes after necessary sun drying. All data were 
analyzed using Microsoft-Excel software. 
 

RESULTS AND DISCUSSION 
 
Black gram screening nursery (2013-2014) 
The cropping seasons of 2013-2014 were favorable for Mungbean Yellow Mosaic Virus 
(MYMV) disease development. The disease severity, grain yield and hundred seed 
weight were varied among the tested genotypes in screening nursery of 2013 and 2014 
both at Rampur, Chitwan. Out of 30 genotypes including BLG 0076-2 as resistant and 
Bari Phant Mas-1 as susceptible check, 5 genotypes BLG0035-1, BLG 0003-2-1, BLG 
0068-1, BLG 0092-2 & BLG 0069-1 were showed resistant reaction (disease severity 
score 1) for 2 years of experimentation period continuously. Five genotypes namely 
BLG0002-3-1, IPV 002-1, BLG 0008-2 (F), BLG 0036-1 and BLG 0072-1 (disease 
severity score 2) showed moderately resistant reaction to the disease. Eight genotypes 
were found moderately susceptible reaction to the disease while rests were susceptible or 
highly susceptible (Table 1). The higher grain yield was recorded on BLG 0035-1 
(2000kg/ha) followed by BLG 0068-1 (1900 kg/ha) during cropping season of 2014 
(Table 1).  
 

Table1. MYMV severity, grain yield and 100 seed weight in black gram disease 
screening nursery at GLRP, Rampur during 2013-2014 

En
try 
No 

Genotypes Year (2013) Year (2014) 

MYMV    
(0-5) 

Yield 
kg/ha 

HSWt 
(g) 

MYM
V    

(0-5) 
Yield 
kg/ha 

HSWt 
(g) 

1 BLG 0076-2 2 985 5.78 2 1200 6.34 

2 Bariphant Mas 1 5 64.875 1.88 4 407 3.13 

3 Bariphant Mas 2 5 337.75 3.12 4 540 3.11 

4 BLG 0002-3-1 2 577.625 3.41 2 1000 5.06 

5 BLG 0035-2-1 4 339.75 3.67 2 670 6.12 

6 Bari Mas 2 477.125 3.58 3 1560 6.11 

7 BLG 0016-1 (C) 3 329.25 3.66 2 870 6.21 

8 BLG 0092-3  3 120.375 3.33 4 320 5.01 

9 BLG 0035-1 1 780.5 4.39 1 2000 6.07 

10 BLG 0064-1-1 3 642.75 3.39 3 1330 5.12 

1 BLG 0076-2 2 1053 4.98 2 1850 5.18 

2 Bariphant Mas 1 5 103.875 3.4 5 475.89 2.97 

11 Chitwan local 2 452 3.56 3 950 5.11 
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12 IPV 2002-1 2 800.75 4.03 2 1090 6.13 

13 BLG 0074-1 3 649.25 3.77 3 1470 5.21 

14 NDU-1 3 637.25 3.72 4 1380 5.32 

15 Pant U 31 3 800 4.19 4 1430 5.12 

16 BLG 0055-1-1 3 703.125 3.92 3 1370 6.25 

17 BLG 0035-2-2 2 271 4.18 3 600 5.21 

18 BLG0008-2 (F) 2 540 3.32 2 950 5.34 

19 BLG 0067-3 4 251.5 3.66 3 1260 6.05 

20 BLG 0016-1(F) 3 297.875 3.76 2 1000 5.31 

1 BLG 0076-2 2 978.85 3.15 2 1450 6.24 

2 Bariphant Mas 1 5 195.75 3.18 4 480 3.21 

21 BLG 0041-1 2 696.125 4.02 3 1440 6.32 

22 BLG 0079-1 3 316.5 3.91 2 770 5.13 

23 BLG0003-2-1 1 1059.88 3.77 1 1160 5.24 

24 BLG 0068-1 1 985.5 3.68 1 1900 6.24 

25 BLG 0092-2 1 978.375 4.06 1 1700 5.11 

26 BLG 0036-1 2 939.5 4.15 2 1310 5.65 

27 BLG 0072-1 2 501.625 3.96 2 1610 4.98 

28 BLG 0069-1 1 899.75 3.5 1 1710 6.14 

29 BLG 0067-1 3 652.625 3.24 2 1360 6.11 

30 BLG 0068-2 3 473.375 3.85 2 920 6.13 

1 BLG0076-2 3 454 3.45 2 1198 5.32 

2 Bariphant Mas 1 4 189.5 2.54 4 545 2.14 
MYMV- Mungbean Yellow Mosaic Virus, HSWt- Hundred Seed Weight, kg/ha- 
kilogram per hectare, g- gram 
 
Mungbean screening nursery 2013-2014 
The lower disease severity (1) was recorded for the genotypes IPM-01-03, IMB 37, 
MEHA, SUKUMAR, V0 6008 (B-G), HUM-16, V0 2023 (A-B), 5248 Chitwan, Kalyan 
& VC 6173 C which showed highly resistant reaction out of 48 to the MYMV. Among 
the tested genotypes, the higher grain yield were recorded for KPS-1 (2230 kg/ha), 5240 
Chitwan (2000 kg/ha) and Sukumar (1810 kg/ha) (Table 2). 
 
The higher hundred seed weight were for the genotypes Kalyan (6.03 g), 5229 Dang 
(6.03 g), 5230 Dang (6.02 g) and VC 6144 (B-12) (6.02 g). The genotypes Pusa Vishal, 
5229 Dang and Pusa Baisakhi  showed moderately resistant reaction to the disease while 
rest was moderately susceptible and susceptible to the disease (Table 2). 
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Table2. Screening of mungbean genotypes for MYMV resistance at GLRP, Rampur 
Chitwan during 2013-2014 

Entry 
No 

Genotypes Year (2013) Year (2014) 

MYM
V (0-5) 

Yield 
(kg/ha) 

HSW
t (g) 

MYMV 
(0-5) 

Yield 
(kg/ha
) 

HSWt 
(g) 

1 Pratikshya 1 1027 5.4 1 1030 5.38 

2 Saptari Local 4 740 2.4 3 990 3.21 

3 PM-5 3 316 2.9 3 830 2.68 

4 IPM-01-03 1 1123.6 4.66 1 1480 5.21 

5 IMB-37 1 1253.6 4.81 1 1460 5.09 

6 MEHA 1 1039 4.74 1 1060 4.85 

7 PM-2 3 304 3.11 3 880 5.01 

8 SONALI 3 199.7 1.49 3 760 2.12 

1 Pratikshya 1 1054 5.21 2 1790 4.97 

2 Saptari Local 4 630 2.1 4 750 2.14 

9 SAMRAT 4 215.7 4.31 3 580 3.89 

10 SUKUMAR 1 859.78 4.31 1 1810 3.46 

11 PUSA VISHAL 1 914.4 5.5 2 740 4.89 

12 VC 6153 (8-19) 4 173.9 1.78 3 650 2.11 

13 VC 6171 (B-33) 3 169.8 2.2 3 670 2.32 

14 VO 6008 (B-G) 1 715.8 3.62 1 1050 4.13 

15 KPS-1 2 633 5.13 1 2230 5.15 

16 PUSA BAISAKHI 3 268 1.71 3 670 2.11 

1 Pratikshya 1 1154 4.97 1 1000 5.13 

2 Saptari Local 3 750 2.45 3 650 3.12 

17 HUM-16 1 949 2.72 1 1470 4.12 

18 VO 2023 (A-B) 1 791.4 2.57 1 1380 3.45 

19 5224 Dang 2 1057.9 4.82 1 530 4.75 

20 VC 6370 A 3 361.6 2.43 3 685 2.58 

21 VC 6148 (50-12) 3 599.1 5.46 2 1780 5.12 

22 Pant Mung -5 3 135.8 1.6 3 580 2.1 

23 VC 6367 (44-55-12) 3 134.9 2.69 4 480 2.65 

24 5245 Chitwan 3 156.5 4.81 3 540 3.89 

1 Pratikshya 1 1055 4.78 1 1390 4.78 

2 Saptari Local 4 430 1.98 3 659 2.14 
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25 VC 6360 (23-11) 4 186.9 4.39 3 850 3.98 

26 VO 1953 (A-G) 3 449.1 4.51 3 960 5.07 

27 5248 Chitwan 1 824.3 5.24 1 1240 5.26 

28 KPS-28 2 587.3 4.96 1 956 5.21 

29 VC 3960 A-89 2 735.6 4.96 3 1480 5.03 

30 VO 1957 A-G 3 818.3 4.45 2 1700 5.02 

31 Kalyan 1 1184.6 4.33 1 780 6.03 

32 VC 6375 (41-113-6) 1 1005.9 4.58 2 1580 4.67 

1 Pratikshya 1 1145 4.98 1 1450 4.89 

2 Saptari Local 3 389 2.54 4 570 3.56 

33 VC 6144 (B-12) 2 668.3 4.53 3 1430 6.02 

34 Pusa 9072 3 473.7 4.74 3 1480 4.76 

35 5240 Chitwan 3 514.7 3.84 2 2000 5.11 

36 VC 6173 A 2 578.9 4.2 1 920 5.42 

37 HUM-12 2 697 4.56 1 830 5.16 

38 5242 Chitwan 1 942.2 2.27 3 750 4.11 

39 5229 Dang 1 993.9 4.33 2 890 6.03 

40 VO 6176 2 575.2 5.3 3 760 5.21 

1 Pratikshya 1 1076 4.65 1 1290 4.98 

2 Saptari Local 3 437 2.86 4 670 2.31 

41 5230 Dang 4 288 4.77 4 440 6.02 

42 VC 3960-88 2 502.5 2.1 1 850 5.03 

43 VC 1973 A (SC) 3 154.8 3.3 4 570 3.46 

44 VC 3890 A 3 272.5 1.55 4 656 2.89 

45 VC 6173 C 1 1093.65 1.89 1 1440 5.21 

46 VO 1953  (B-5) 2 449.5 4.26 1 1690 3.89 

47 NM-54 3 429.8 2.6 3 780 2.98 

48 Pusa Baisakhi 2 697.4 2.4 2 1085 2.87 

1 Pratikshya 1 1098 4.21 1 1130 4.89 

2 Saptari Local 4 370 2.13 3 580 2.65 
MYMV- Mungbean Yellow Mosaic Virus, HSWt- Hundred Seed Weight, kg/ha- 
kilogram per hectare, g- gram 
 
The findings of this study matched well to the findings of Nariani (1960) and Nene 
(1972), who reported that the virus was transmitted by vector whitefly (B. tabaci) but not 
through sap, seed or soil and vector is very efficient, acquiring and inoculating the virus 
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in certain hosts within 10 to 15 minute. Nene (1973) reported that 10 viruliferous flies per 
plant were required for 100% transmission of virus. The chemical management of the 
vector is not cost-effective since numerous sprays of insecticides are required to control 
whitefly. Recurrent sprayings also lead to health hazard and ecological effluence. High 
incidence of yellow mosaic virus in black gram and mungbean is encountered every year, 
which are attributed to the combination of factors, such as high whitefly population, 
presence of virus inoculum potential and favorable environmental/ecological conditions. 
Evolution and use of resistant varieties are considered as effective and durable solution of 
controlling MYMV, and therefore, remains a subject of research. The present finding is 
also supported by the results of GLRP (2012) that genotypes BLG 0003-2-1 and 
BLG0036-1 of black gram suffered less infestation of whitefly and less infection of 
yellow mosaic virus. These results may be attributed by biochemical compounds on the 
leaves, which repelled insects from host plant. Phloem feeding whitefly (B. tabaci) 
induces oxidative stress in black gram plants and induction of high levels of anti-
oxidative compounds particularly phenols may probably play a significant role in black 
gram and mungbean defense thus contributing to bio-protection of those plants against B. 
tabaci infestation (Taggar et al., 2014). Antioxidative compounds have the ability to form 
insoluble complexes with proteins, act as enzyme inhibitors or are oxidized to toxic 
quinines, thus rapid accumulation of phenols in resistant genotypes, following whitefly 
(B. tabaci) infestation highlights inducible biochemical pathway of expression of host 
resistance probably involving synthesis of phenolic precursors and their further oxidation 
into toxic quinines (Metraux and Raskin, 1993). On the other hand, physical factors such 
as leaf area, pubescence and lamina thickness must also be taken into account regarding 
host selection and might play a role in imparting resistance in mungbean and black gram 
plants to B. tabaci (Taggar and Gill, 2012).  
 

CONCLUSION 
The findings from the screening experiments conducted during two consecutive years 
(2013-2014) showed that black gram genotypes BLG0035-1, BLG 0003-2-1, BLG 0068-
1, BLG 0092-2 & BLG 0069-1and mungbean genotypes namely IPM-01-03, IMB 37, 
MEHA, SUKUMAR, V0 6008 (B-G), HUM-16, V0 2023 (A-B), 5248 Chitwan, Kalyan 
& VC 6173 C were comparatively more resistant against to MYMV at Rampur, Chitwan, 
Nepal. 
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ABSTRACT 
 
Ginger rhizome fly (Calobata sp) is a serious insect pest of ginger in most of the ginger 
growing farmer‟s field of Nepal. The devastating stage is maggot and to identify the 
nature of damage and longevity of maggots as well as other stages a lab experiment was 
conducted at Ginger Research Program, Kapurkot, Salyan(1500 masl) during the fiscal 
year 2012 and 2014. The experiment revealed that the total life cycle of ginger rhizome 
fly occupied 41 ± 1.12 – 45 ± 1.17 days in the mean maximum temperature 26.44 – 27.16 
0C, mean minimum temperature 12.28 – 12.59 0C and mean relative humidity 76.13 – 
78.65 % in the laboratory condition. The devastating stage is maggot which last for 17.9 
± 0.65 to 18.7 ± 0.57 days. Slight difference in the days of life cycle could be due to the 
some variation in the micro environment with respect to the year. 
 
Key words: Adult, Ginger, Life cycle, Maggots, Rhizome fly 

 
INTRODUCTION 

 
Rhizome fly (Calobata sp) is a serious insect pest of ginger. Lefroy first identified 
Calobata indica in 1989 (Garg, 2001). He bred  this  fly from  the decaying  roots of  
ginger plants  which had been  attacked by a  fungus disease . He reported elongated  
reddish  pupae frequently  deep  in the  root, lying  in long  tunnels eaten  by the  larvae 
and along  this tunnels  the  imago made  its  way to the surface on  emerging. Rhizome 
fly was reported as the key pest of ginger crop for the first time in Sirmour district of 
Himachal Pradesh and worked out its life history, nature of damage, incidence and 
control measures (Anonymous, 1996). The eggs of rhizome fly hatched in 24 hours, 
larval pass through 4 instars and full grown in 7 – 8 days and pupal stage lasts for 6 – 8 
days (Garg, 2001). Srivastava and Diwakar (1997) made an interesting observation and 
reported that maggots of Calobata sp play synergistic role in the growth and development 
of ginger rhizome rot disease. The life cycle of rhizome fly depends on temperature, 
relative humidity and surrounding environment. The egg incubation period was 3-4 days, 
the larval period 23-25 days, the pupal period 10-15 days, the longevity of the adults was 
4-5 days and the total life cycle took 36-44 days (Rao and Reddy, 1990). Ghorpade et al. 
(2008) found that the incubation period varied from 2 to 5 days, the total larval period 
ranged from 13 to 25 days, the pupal period lasted for 5 to 15 days, adults from 7 to 24 
days and the total life span from 38 to 62 days. Arabhavi over four generations revealed 
that the total life cycle of turmeric rhizome fly to occupy 28.30 – 38.00 days with an 
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incubation period of 11.00 days to 21.00 days in the mean maximum temperature 30.43 
0C mean minimum temperature 22.6 0C and mean relative humidity 69.86%  in the 
laboratory condition (Kotikal and Kulkarni, 2000). The maggots of the rhizome flies 
infesting the rotten rhizomes were commonly found in the rhizome rot infected rhizome 
in the various region of Nepal. The infestation by the maggots results in the decaying and 
rotting of the rhizome season (Sharma et.al. 1998). Rhizome fly is a devastating pest of 
ginger and field surveyed reported that the damage of rhizome fly (Calobata sp) was 
found to be associated with rhizome rot (Pythium sp) either for initiating or hastening the 
rhizome rot complex with the maximum field infestation of 25 % in Nawalparasi and 
31.12% in Dhankuta, respectively (Gautam and Acharya, 2013). In Nepal, till now no any 
systematic research has been made to study the life cycle of rhizome fly. With the aims to 
identify the duration of different stages and nature of damage of rhizome fly maggot this 
experiment was launched.  
 

MATERIALS AND METHODS 
 
An experiment was conducted to study BIOLOGY of the rhizome fly in the laboratory of 
GRP, Kapurkot, Salyan during 2012 and 2014. The experiment was started from 2nd week 
of August during 2012 and 4th week of August during 2014. Rhizome rot infected 
rhizome along with the sufficient number of rhizome fly larvae and pupae were collected 
from field and placed in the plastic jar having the size of 20 cm x 20 cm for fly 
emergence. For providing proper ventilation middle portion of the cap was removed and 
replaced by using muslin cloth. The flies were emerged from decaying rhizome in 
subsequent days. Ten pair's flies were transfer to same size five plastic jar having only 
rotten rhizome for egg laying. An aqueous 10% honey solutions was provided in plastic 
jars as food for flies. After 5 – 6 days egg laying started. After egg laying incubation 
period, larval duration, pupal duration and flies longevity was observed. The mode of 
larval feeding and nature of damage caused was also studied in the laboratory. The mean 
and standard deviation was calculated from observed data and interpreted. 

 
RESULTS AND DISCUSSION 

 
The result has been presented in table 1 and table 2. The fertilized female rhizome flies 
laid cylindrical, white eggs in cluster in the different part of the decaying rhizome just 
below the tiny scales which were easily seen with naked eyes. The incubation period of 
eggs was 3.2 ± 0.76 and 5.0 ± 0.35 days during the year 2012 and 2014, respectively 
which was similar to 2.0 - 5.0 days as reported by Ghorpade et al. (2008). Larva is an 
apodous maggot which was transparent at the beginning and turned translucent and 
whitish as it grew. They enter the rhizomes by making holes and eat inside. They grow, 
eat and passed through four instars. Total larval stage was completed in 17.9 ± 0.65 days 
during 2012 and 18.7 ± 0.57 days during 2014. Kotikal and Kulkarni, (2000) reported 
slightly lower (13.50 – 15.80 days) compared to this observation. Pupation occurred in 
the rhizome bits and deeply embedded inside the rhizomes in tunnel made by the 
maggots. The pupa was enclosed in an elongated dark brown puparium. Pupal period 
varied from 11.3 ± 0.27 days during 2012 and 12.4 ± 0.65 during 2014. A pupal period of 
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9.2 to 13.50 days on turmeric and 5.0 – 10.0 days on ginger has been reported by 
Ghorpade et al. (1988). The adult longevity was found 8.6 + 0.82 days and 9.4 ± 0.42 
days during the year 2012 and 2014, respectively, which was similar to 7 – 24 days as 
reported by Ghorpade et al. (2008). The total life cycle of the rhizome fly occupied 41 ± 
1.12 days during 2012 and 45 ± 1.17 days during 2014. This may be attributed to the 
differences in the temperature, relative humidity and variation in the micro environment 
of the different years. In the first year study was carried out from 2nd week and in the 
second year it was from 4th week of August. The average mean temperatures and relative 
humidity were 19.88 0C & 78.65 % in the first and 19.36 0C & 76.13 % in the second 
year of rearing. 
 

Table 1. Biology of the rhizome fly under the laboratory condition at GRP, Kapurkot 
Stages Duration (Days) Mean  ± 

SD 
Mean 
temperature (0C) 

R.H.  
% 

Jar I Jar II Jar III Jar IV Jar V Max. Min. 
Egg 3-5 2-3 4 2-3 3 3.2 ± 0.76 29.64 13.73 80.0 
Larvae 16-18 16-19 17-19 17-20 18-19 17.9 ± 0.65 28.20 12.45 82.6 
Pupae 10-13 10-13 10-12 9-13 11-12 11.3 ± 0.27 26.57 12.34 76.4 
Adult 8-12 7-9 7-10 8-9 7-9 8.6 + 0.82 24.25 11.87 75.6 
Total life cycle period 41 ± 1.12 27.16 12.59 78.65 

 
Table 2. Biology of the rhizome fly under the laboratory condition at GRP, Salyan, 2014 

Stages Duration (Days) Mean ± SD Mean 
temperature 
(0C) 

R.H.  
% 

Jar I Jar II Jar III Jar IV Jar V Max. Min.  
Egg 4-6 4-5 4-6 4-6 5-6 5.0 ± 0.35 29.33 13.50 78.00 
Larvae 16-20 19-20 17-20 18-19 18-20 18.7 ± 0.57 27.31 12.67 80.46 
Pupae 11-14 11-13 12-14 10-13 12-14 12.4 ± 0.65 25.40 12.10 74.06 
Adult 8-10 7-11 9-11 9-10 8-11 9.4 ± 0.42 23.75 10.88 72.00 
Total life cycle period 45 ± 1.17 26.44 12.28 76.13 
 

 
Fig. 1. Duration of different stages of rhizome fly during the year 2012 and 2014 
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Fig. 2. Life cycle of Ginger rhizome fly (Calobata sp.) 

 
CONCLUSION 

This study revealed that the life cycle of ginger rhizome fly passed through the four 
stages of development and the total life cycle completed within 41 ± 1.12 to 45 ± 1.17 
days (under average mean temperature 19.62 0C and 77.49 % relative humidity) at Ginger 
Research Program, Kapurkot, Salyan, Nepal. The devastating stage is maggot which 
lasted for17.9 ± 0.65 to 18.7 ± 0.57 days.  
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ABSTRACT 
An experiment was carried out in bio-control laboratory of Entomology Division, NARC, 
Khumaltar, Lalitpur from December 31st 2014 to April 6 2015. The purpose of this 
experiment was to find out the life table and efficacy of larval parastoid, Orgilus lepidus 
(Muesebeck) in its host Potato Tuber Moth, Phthorimaea operculella (Zeller). For this 
mass rearing of P operculella and O. lepidus was conducted. The life table study of 
Orgilus Lepidus was made on two nutritional conditions; fed with honey water and not 
fed with honey water (control).The parasitisation rate of O. Lepidus was studied on 
different aged host insect. Efficacy of parasitoids was studied in glass house by releasing 
both host and parasitoid and subsequent collection of host infested leaf followed 
laboratory analysis. The life table study revealed that the  egg to pupal period, pupal 
mortality and pupal to adult period was found to be 18.18±3.49 days, 3.2±0.89 percent, 
9.32±1.10 days respectively in honey water fed condition as compared  to 
respective14.5±1.8 days, 5.4±1.03 percent and 9.67±1.46 days in control condition. Adult 
longevity of male and female was found 7.73±4.06 and 7.13±3.06 days, respectively in 
honey water provided condition however, it was only 4.40±1.11 and 5.27±1.31 days in 
control condition. Fecundity in honey water provided condition (50.4±3.84 per female) 
was found significantly higher (p<0.05) than control (25.53±3.51 per female). Sex ratio 
was found 0.9139 in honey water provided condition and 0.658 in honey water not 
provided condition Replacement ratio was found 26.3 per female in honey water 
provided condition and 15.4 per female in control condition. The efficacy study of 
parasitoid on laboratory condition revealed that the maximum rate of parasitisation of O. 
lepidus on larva of P. operculella was found on 3 to 6 days old larva. The efficacy study 
of parasitoid on glass house condition showed that both population of host and 
parasitoid was build where population of host was found 81.13 percent and parasitoid 
was found 18.87 percent indicating establishment of parasitoid was somewhat successful 
in glass house condition. Hence, this study illustrated that larval parasitoid is potential to 
suppress the potato tuber moth population. 
 

Key words:  Potato, Pthorimaea operculella, Orgilus Lepidus, Parasitoids, Life table 
 

INTRODUCTION 
Nepal is an agricultural country where in 65.6 percent of total population is engaged in 
agriculture for their livelihood and agriculture sector has contributed 32.6 percent to the 
country‘s GDP. Out of this, the contribution of vegetable is also considerable in Nepal‘s 
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AGDP (ABPSD, 2014). Among various vegetable crops potato is considered as cash crop 
in Nepal. During the year 2013/2014 it was cultivated in 205725 hectare with production 
of 2.817512 million tons and average yield of 13695 kg/ha (ABPSD, 2014).  In Nepal, 
potato is an important staple food in Himalayan region (high hills) but in Terai (plains, 
<500 m asl) it is used as vegetable. Potato is widely grown in Nepal from below 100 m 
altitude in the south to as high as 4,000 m in the northern mountains. If production of 
potato is compared ecologically, the productivity is highest in Terai with 13.692 tons/ha 
followed by mid-hill 12.541 tons/ha and high hill 11.606 tons/ha, respectively (VDD, 
2066/67).  
 
From nutritional point of view, potato is an important source of carbohydrates, quality 
protein, and a good source of vitamin C and vitamin B complex, and minerals such as 
calcium, iron and magnesium and it is also a source of antioxidants such as ascorbic acid, 
carotenoids and phenolic compounds. Potato contains 80% water, 18% starch, and 2% 
protein and also contains vitamin B, vitamin C and minerals (Panhwar, 2005). 
 
Potato tuber moth, Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae), 
originated from the Andean region and co-evolved with its food plant potato (Solanum 
sp.). Now, it has become an invasive pest globally (Kroschel et al 2013).It is prevalent in 
all potato growing region and widely found in North Africa, parts of Asia, Europe, the 
Americans and Oceania mostly in tropical and subtropical climatic zone. P. operculella is 
also a major pest of potatoes, tomatoes and egg plants, but important constraints of potato 
production worldwide. P. operculella larvae mine the leaves, stems and petioles and 
excavate tunnels through potato tubers. The first and second generation larva causes 
foliage damage which is usually not of economic importance but the third generation 
larva causes damage in tuber which causes economic loss. Larval infestation of potato 
tuber makes potato unmarketable so adequate control of potato tuber moth is critical.  
 
Potato tuber moth is most economically important pest of potato both in storage and field 
condition affecting seed potato and ware potato that cause loss of stored tubers by 23-
47% (Were and Aringo, 2012). P. operculella moves between crops and forage up to 0.15 
mile to infest tubers or plants. Long distance movement of potato tuber moth is probably 
due to movement of infested tubers (Alvarez et al., 2005). Economic losses are likely to 
occur in regions where P. operculella is established and develops more than 4 
generations per year. Mainly P. operculella causes damage to exposed tuber compared to 
cover ones (Sileshi and Teriessa, 2001). P. operculella completes its life cycle in four 
stages i.e. adult, egg, larva and pupa, among which larval stage is the most damaging 
stage of P. operculella. So to increase the production of potato, damage caused by P. 
operculella should be reduced. The host finding capacity of parasitoids addresses the 
ability of the parasitoids to control pest. Host finding by parasitoids depends on responses 
to cues from the host habitat and the host itself (Doutt, 1964; Vinson, 1975).  
 
For this simple and eco-friend control method should be selected, and IPM model is 
suggested for controlling potato tuber moth which is eco-friendly. For controlling potato 
tuber moth biological control method is also very effective. So to reduce the use of 
pesticides input in potato crops production Integrated Pest Management (IPM) can be 
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used for controlling P. operculella biologically involving biological control of P. 
operculella by the use of parasitoids such as Orgilus lepidus(Muesebeck) (Braconidae), 
Apanteles subandinus (Blanchard) (Braconidae), Copidosoma koehleri (Annecke), etc 
(Symington and Horne,1998). There are number of parasitoids which attack potato tuber 
moth and reduce its population such as Copidosoma koehleri, Orgilus lepidus, etc., 
among  which O. lepidus  is very effective biological control agent for controlling P. 
operculella. O. lepidus is a larval endoparasite parasitoids of P. operculella, which is a 
successful biological control of the P. operculella (Salehi and Keller, 2002). O. lepidus 
wasps which are 4mm long are the good flyer and can work through a paddock searching 
for P. operculella larvae and female O. lepidus lays its egg into small P. operculella 
larvae so that a wasp develops rather than a moth. O. lepidus takes about 3 weeks for 
more wasps to emerge from parasitized larvae. The adult emergence of O. lepidus is 
stimulated by light and copulation takes place soon after emergence of either sex. Male 
O. lepidus gets mated more than once, but female O. lepidus mate only one time. 
Unmated female O. lepidus produce only male and mated female O. lepidus produce both 
males and females. This parasitoid has a significant impact by reducing the subsequent 
generations of P. operculella within the crop. Both male and female parasitoids look 
similar but female can be easily identified by its long ovipositor. The eggs of O. lepidus 
are of transparent white colour. It usually deposits one egg in each host larva, although 
occasionally this number is exceeded (Cazares et al., 2000). It lays eggs on the larva of 
potato tuber moth and starts its lifecycle. While searching the host the O. lepidus first fly 
towards the odour of P. operculella infested leaves (Keller and Horne, 1993). Host 
finding capacity of the parasitoids O. lepidus is stimulated by a combination of 
chemicals. Female of parasitoid O.lepidus can discriminate between the volatiles of 
mechanically damaged plant and those of P. operculella damaged plant. The combination 
of odours originating from plant host on which P. operculella is feeding play a crucial 
role in the foraging behaviour of this parasitoid (Salehi and Keller, 2002).  It has been 
found that one O. lepidus can parasitize more than 150 larva of its host so it is one of the 
most effective biological methods of controlling P. operculella. 
 

MATERIALS AND METHODS 

The experiment was conducted in PTM laboratory of entomology division of NARC, 
Khumaltar, Nepal from December 31st 2014 to April 6, 2015 in two series to find out the 
parasitisation percentage, life table and efficacy of Orgilus lepidus in its host P. 
operculella. The materials and chemicals used and the methodology implemented to 
carry out different trials to execute the objectives set forth in the present study has been 
presented here under. 
 
Mass Rearing of Potato Tuber Moth 
Mass rearing of P. operculella was performed in laboratory setting maintaining 
appropriate conditions, sanitary precautions and materials and chemicals as present in 
Table 1. First, few healthy and fresh potato tubers were selected, washed with clean 
water, dried in shade condition and then punctured  with the help of needle to make hole 
that covered at least 20% surface area of each potato tuber. Then, the eggs of P. 
operculella were placed in P. operculella rearing cylindrical aluminium box (40×5 cm) 
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containing 2-3 cm sterilized sand and pierced potato tubers as required. The open end of 
the rearing box was covered with black cloth and kept in appropriate room temperature at 
25 0C. Pupa developed inside the puparium from larva within 15 to 16 days after eggs 
were placed in the rearing box which transformed into adults within about 12-16 days, 
and these adults were collected with the help of glass tube or low pressure vacuum 
cleaner. After collecting the adults of P. operculella, the male and female P. operculella 
were kept inside the plastic box (30×12×12 cm) for mating and fed with honey water. 
The one end of the box was covered with net and black cloth where female P. operculella 
laid eggs after mating. After 24 hours of mating, black cloth along with eggs was 
removed from the box and kept in another cylindrical plastic box(12×12 cm)  where eggs 
were hatched into larva within 3-5 days, the latter were collected and used for rearing of 
larval parasitoids O. lepidus. 

Table 1. Materials and chemicals required for mass rearing of Pthorimeae operculella 

Materials required 

Brush Needle 

Sieve Cotton 

Rubber Thick thread 

Low pressurized vacuum cleaner Narrow forceps 

Box of 5cm height and 40 cm 
length 

Plastic box of 12cm height and 12 cm 
wide 

20 lit bucket Net 

Black cloth  Eggs or larva of PTM 

Chemicals required 

Hypochloride 3% Formalin 5% 

 
Mass Rearing of Orgilus lepidus 
After identification of male and female Orgilus lepidus by observing their body structure, 
and possession of ovipositor by female, they were kept in a plastic mating box (30×15 
cm) and mouth of box was covered with net cloth. Materials and chemicals required for 
mass rearing of O. lepidus are depicted on table 2. Few healthy, pesticides free potato 
tuber were selected, washed with clean water, dried, and cut into 5 cm thick slices and 
kept over tissue paper. The one day old larvae of P. operculella were kept on the potato 
slices just one day before parasitoid O. lepidus used for parasitisation. The following day 
potato slices with P. operculella were placed in the mating box containing adult O. 
lepidus for parasitisation for 24 hour. After 24 hour these potato slices with P. 
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operculella larva were transferred to plastic box (26×19×11cm) that contains tissue paper 
at the bottom. After 12-15 days adult O. lepidus were started to emerge. 
 

Table 2. Materials and chemicals required for mass rearing of O. lepidus 
Materials required 

Brush   Forceps 

Healthy larva of PTM Freshly cut 5cm thick potato 
slices 

White cloth Tissue paper 

Plastic box of 26 cm long, 19 cm wide and 
11cm high 

 

Chemicals required  

Sodium hypochloride 3%  

 
Life table study of the larval parasitoid Orgilus lepidus on its host Phthorimeae 
operculella 
Thirty pairs of Orgilus lepidus (i.e. 30 male and 30 female) were kept for mating inside 
the plastic box (26×19×11cm) and the mouth was covered with net cloth. On the same 
day, few potato tubers were selected, washed properly and cut into 5cm thick slices and 
wrapped with tissue paper for drying. Then, 30 dry potato slides were selected and given 
15 larva of P. operculella to each potato slices, and kept in plastic box. The following 
day O. lepidus kept for mating in previous day were transferred in neat and clean 6 small 
cylindrical plastic boxes such that each box contained 5 male and 5 female. Then, 5 
pieces of potato slices with 15 P. opercuella larva, prepared the day before, were given in 
each box for parasitisation. Among the 6 boxes, three boxes were given honey water and 
designated as replication one (R1) and remaining other 3 boxes were not given honey 
water and designated as replication two (R2) and kept as control. Each box was labelled 
containing the information mating date, number of male and female O. lepidus, and with 
honey water or control. After one day, the potato with P. operculella larva given to O. 
lepidus were transferred to another plastic box and potato slices again new potato slices 
with P. operculella larva were given to the O. lepidus like before. The process of 
replacement was continued repeatedly until all female inside the box died. The replaced 
out potato slices with larva were kept in observation for emergence of pupal/adult stage 
of either P. operculella or O. lepidus. The sex ratio was calculated by the following 
formula, 
 
           Sex ratio= Number of male /Number of female 
 
The change in reproductive capacity of the parasitoid in laboratory condition was 
determined through calculation of Replacement rate (R) as per the formula given below. 



Nepalese Journal of Agricultural Sciences

167

 

Replacement rate(R) = Number of daughter/Number of mother 
 
Parasitisation effect of larval parasitoid Orgilus lepidus on different Ages P. 
operculella larvae 
Five potato slices were selected and each potato slice was given 25 one-day-old larvae of 
P. operculella with the help of brush, kept on the plastic box (26×19×11cm), covered 
with lid, labelled the date and number of larva per slice, and kept safely. The same 
process was repeated for 10 days and labelled as T1 to T10 for ten-day-old to one-day old 
P. operculella larva respectively (Table 3). On ninth day, 15 pairs of O. lepidus (i.e. 15 
male and 15 female) were kept for mating in each four mating box (26×19×11cm) to 
make 4 replications and the mouth of each box was covered with net cloth and labelled 
properly with date and number of male and female. Then, an iron net was placed in each 
mating box, later on which labelled potato slices with P. operculella larva (T1 to T10) 
were kept randomly for parasitisation. Then, the open end of each mating box was 
covered with black cloth, tightened by rubber band, and kept in place having equal 
distribution of light. The following day each potato slices with parasitized P. operculella 
moth was transferred to neat and clean small box, open end covered with white cloth, 
tightened with rubber band and labelled as in the potato slice inside it. These small boxes 
were kept in four neat and clean plastic trays R1, R2, R3, and R4 in exact position as they 
were in the previous replication (mating) boxes on the table. The setting was kept under 
observation for three weeks and observed each day for emergence of adult P. operculella 
moth or adult O. lepidus. The data obtained were recorded regularly and accurately every 
day from the trial set to the dispose date. 
 
Glass house study on efficacy of parasitoid 
Potato tubers weighing 10-20 gram were selected and planted inside a glass house in four 
plots, each having 2.5 metre square area. Each plot was divided into number of rows 60 
cm apart but 30 cm was left above the first row and below the last row. After that, seed 
tubers were sown in the flat beds maintaining 20 cm distance between two seed tuber. 
Ridges were not made, but earthing up was done after sprouting of the tubers. Light 
irrigation was given regularly with the help of sprayer and followed up regularly. 
 
Releasing of Phthorimeae operculella and parasitoids Orgilus lepidus on potato field 
On 19th January 2015 twenty pairs of adult P. operculella kept for mating one day before 
were released in the potato field cultivated earlier and after 3 days that is on 22nd January 
2015, forty pairs of O. lepidus adult were released on the same potato field and again on 
25th January 2015 twenty pairs of adult one day before mated P. operculella were 
released on the same field. The process was repeated again after 11-12 days. After 10-12 
days damaged potato leaves were collected and stored in a box, and observed for 
emergence of either P. operculella or O. lepidus. Infected sample collection from the 
glass house was started to collect from 24th March 2015 and after that sample were 
collected on 28th March, 1st April, 5th April, 9th April, 13th April, 17th April, 21st April, 
25th April, 29th April, 2nd June , 6th  June and 10th June. And during these days total 
number of larva collected were 479 and total emerged adults were 265 among which 215 
emerged adults were P. operculella and 50 adults were O. lepidus and 214 larvae were 
dead.  
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Table 3. Treatment used in Parasitization of O. lepidus on different ages of P. operculella 

Treatment Description 

T1 10 days old larva of P. operculella (1 day old larva inoculated on 
31st December 2014) 

T2 9 days old larva of P. operculella (1 day old larva inoculated on 1st 
January 2015) 

T3 8 days old larva of P. operculella (1 day old larva inoculated on 2nd 
January 2015) 

T4 7 days old larva of P. operculella (1 day old larva inoculated on 3rd 
January 2015.) 

T5 6 days old larva of P. operculella (1 day old larva inoculated on 4th 
January 2015) 

T6 5 days old larva of P. operculella (1 day old larva inoculated on 5th 
January 2015) 

T7 4 days old larva of P. operculella (1 day old larva inoculated on 6th 
January 2015) 

T8 3 days old larva of P. operculella (1 day old larva inoculated on 7th 
January 2015) 

T9 2 days old larva of P. operculella (1 day old larva inoculated on 8th 
January 2015) 

T10 1 days old larva of P. operculella (1 day old larva inoculated on 9th 
January 2015) 

 

Statistical analysis 
The data were collected and analysed by using descriptive and inferential statistics. For 
this, the data from all experiments were recorded, tabulated and managed using MS 
EXCEL spreadsheet. For those data having more than 30 values, treatment means are 
compared by Z- test and while, t – test was performed for those data having less than 30 
values by using software SPSS version 17. The P- value was taken at p<0.05. 
  

RESULTS AND DISCUSSION 
 
Life table parameters of Orgilus lepidus 
The synopsis of life table parameters of Orgilus lepidus in two nutritional provided 
conditions i.e. fed with honey water and no honey water (control) is given in Table 4. 
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After parasitizing P. operculella, the wasp, O. lepidus hatched into larva and developed 
into pupa within 18.18±3.49 days in honey water provided condition and 14.5±1.8 days 
in control condition which is more compared to Oatman et al. (1969) who reported 9 days 
egg to pupal period. 
 
For honey water fed condition, the pupal mortality rate was found 3.2±0.89 percent 
whereas it was 5.4±1.03 percent in control condition which is very low compared to Rana 
(2014) where she reported 9 percent pupal mortality. It may be probably due to effect of 
fluctuation in temperature and nutrition provided condition.  
 
The oviposition or fecundity per female fed with honey water was found 50.4 i.e. 
significantly higher than fed no honey water (25.53). Rana (2014) reported that egg 
laying capacity of O. lepidus female was 24.35±2.62. In addition, Llanderal-Cazares et al. 
(2000) reported egg laying capacity of O. lepidus was up to 206 on average in appropriate 
environmental condition with temperature 27±20C and relative humidity 50±10%. This 
result reported that nutrition is the prime factor for achieving higher parasitisation. So, In 
future, to get higher efficacy on field release, nutrition must be made available in the field 
condition and for this conservation of nectar or pollen bearing plant i.e. flowering plant is 
essential in the field. 
 
The pupa developed into fully formed wasp in about 9.32±1.10 days in honey water 
provided condition and 9.67±1.46 days in control condition and new wasps emerged from 
parasitized larvae which is consistent with the findings of Rana (2014) that is 8±3.2 days. 
The longevity of emerged adult male and female was found 7.73±4.06 days and 
7.13±3.06 days respectively for honey water provided condition, whereas it was 
4.40±1.11 days and 5.27±1.31days for male and female respectively for control condition 
which is very shorter according to Rana (2014) where she reported the adult longevity for 
male up to 15±2.3 days and for female up to 14.2±3 days. Oatman et al (1969) recorded 
adult longevity without food and water up to 3-5 days which in the line of findings my 
present research and in honey and water provided condition they recorded adult longevity 
for female up to 21.4 days and for male up to 23.9 days which is much more compared to 
the findings of my research. Shorter longevity of the adult male and female may be due to 
low relativity humidity in the laboratory due to operation of heater during to load 
shedding time. 
 
The replacement ratio was also found higher in honey water treatment case than control 
which was 50.4±3.84 against 25.53±3.51 which is much more than the finding of Rana 
(2014) according to which the replacement ratio is only 12. The sex ratio (Male: Female) 
of emerged adult fed with honey water was found 0.9139 and 0.658 in control condition 
which is in the line with Rana (2014) where she also recorded sex ratio 1.8:1, of Oatman 
et al. (1969) where the finding was  recorded 1:4, of Llanderal-Cazeres et al. (2000) 
where the finding was recorded 1:2.  
 
Average life span on different nutritional type 
The average life span of male fed with honey water was 7.73 days and fed no honey 
water was 4.40 days. Similarly honey water fed female survived for 7.13 days and no 



Nepalese Journal of Agricultural Sciences

170

 

honey water fed survived for 5.72 days. The lifespan of male was found higher than 
female in case of honey treatment, but was water reverse in no honey water treatment. 
 

Table 4. Life parameters observed in two nutritional conditions provided in laboratory 
condition, 2015 

CV represents Coefficient of variation 
 
 
 
 
 
 
  
 
 

 

 

 

 

 

Figure 2. Effect of food material on lifespan duration of Orgilus lepidus 

Fecundity per female 
In honey water fed condition fecundity per female was observed higher at 3 day old 
female followed by 4 day old female and from 4th day it was found decreasing in 5 day 
old, 6 day old and 7 day old female and again it was found increasing from 8 day old 
female and again fecundity was found decreasing from 9 day old female. The maximum 
fecundity was found in 3 and 4 days old female in honey water fed condition. In honey 

Life table parameter Nutritional condition 
provided Probability 
Honey water Control 

Egg to pupal period 18.18±3.49 14.5±1.8 0.6 
Pupal mortality (%) 3.2±0.89 5.4±1.03 0.73 
Pupal to adult period 9.32±1.10 9.67±1.46 0.86 
Developmental 
period(Days) 

27.27±3.54 24.18±2.48 0.5 

Adult longevity (male) 7.73±4.06 4.40±1.11 0.007 
Adult longevity (female) 7.13±3.60 5.27±1.31 0.007 
Fecundity per female 50.4±3.84 25.53±3.51 0.02 

Replacement ratio 26.3 15.4 0.06 
Sex ratio 0.9139 0.658 0.58 
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water not fed condition fecundity was found high in 3 day old female and after that it was 
found in decreasing order.  Fecundity per female fed with honey water was found 
fluctuating that is first increasing and decreasing and again increasing condition 
compared to the fecundity per female fed without honey water or kept in control 
condition. 
 

 

 
 

 

 

 

 

 

 

Figure 3. Fecundity of female Orgilus fed with honey water at differ ages 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4. Fecundity of female fed no water 

 
Parasitization percentage of Orgilus lepidus in different aged Phthorimeae 
operculella larvae 
Orgilus lepidus in experiment of total parasitisation rate was found different on different 
days old larva of Potato tuber moth. The maximum rate of parasitisation of O. lepidus on 
larva of P. operculella was found on five days old larva which was followed by three 
days old larva and six days old larva respectively (Figure: 3). After six days  of larval 
period, the parasitisation by O. lepidus  was found to be in decreasing trend. Thus the 
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maximum rate of parasitisation was found in larva of age three to six days which is in the 
line with (Giri 2015). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Parasitization percentage of Orgilus lepidus in different aged P. operculella 

larvae 
 
Efficacy of parasitoid in glass house condition 
The larval parasitoid, O. lepidus had been released as an exotic parasitoid for controlling 
P. operculella as a classical biological control strategy in glass house laboratory setting at 
Khumaltar.  

 
Figure 2. Population of P. operculella and O. lepidus observed in collected P. operculella 

infested leaf from glass house 

The observation of emerged parasitoid from the collected sample of infested leaves 
having larva of potato tuber moth indicated that there was presence of both population of 
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P. operculella and O. lepidus. About 81.13 percent population observed was found to be 
P. operculella and remaining 18.87 percent was found to be O. lepidus population. 
 
The observation of emerged parasitoid from the collected sample of leaf having larva of 
Potato tuber moth indicated that there was presents of Parasitization by the parasitoid O. 
lepidus. The trend of Parasitization was found somewhat constant during the second 
month of release or first month of collection. Thereafter, the Parasitization capacity of 
parasitoid on P. operculella found to be increase in successive days of collection which is 
also supported by Rana (2014). 

Table 5. Glass house efficacy of parasitoid O. lepidus on P. operculella host, Khumaltar, 
Lalitpur, 2015 

Date of sample 
collection 

Larva 
collected 
and reared 
at lab 

Adult emergence Dead Parasitizatio
n percentage 
by Orgilus 
Lepidus 

PTM Orgilus 
lepidus 

Total 
emerged 
(PTM+O
rgilus) 

24th March 35 22 2 24 11 9.1 
28th   March 40 21 4 25 15 19.0 
1st April  25 18 3 21 4 16.7 
5th April 52 19 3 22 30 15.8 
9th April 50 10 2 12 38 20.0 
13th April 20 13 4 17 3 30.8 
17th April 30 22 2 24 6 9.1 
21st April 33 14 5 19 14 35.7 
25th April 37 12 2 14 23 16.7 
29th April 29 8 2 10 19 25.0 
2nd June 28 5 2 7 21 40.0 
6th June 25 12 4 16 9 33.3 
10th June 35 17 7 24 11 41.2 
14th June 40 22 8 30 10 36.4 
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ABSTRACT 

This study entitled "An assessment of marketing opportunities of IPM grown produce in 
Rupandehi and Nawalparasi districts was conducted from 12th January to 20th May 2015. 
A total of 330 respondents were randomly selected for survey from those two districts out 
of which 100 consumers, 50 farmers, 10 traders, 5 Agrovets were selected from each 
districts. In both districts, most of the farmers were from age group of 41 to 50 years and 
had land holding of 3 to 6 hectares. Farmers produced different high value vegetables 
adopting IPM approach .Due to awareness about effect of chemical pesticides consumers 
were found using remedial measures like deep freezing and proper washing before 
consumption. Consumers of both districts preferred IPM vegetables and bought in local 
market haatbajar which indicate good marketing opportunities for IPM vegetables of 
local level. Moreover fifty-nine percent traders of both districts showed willingness to 
sell IPM produce to meet demand in market .But there was not enough production of IPM 
produce for regular supply to market .There is lack of certification procedure and quality 
assuring label at point of sale that did not assure consumers assured quality of product. 
Sixty-eight percent farmers revealed that price of IPM produce was fixed by the 
unilaterally traders. Forty percent Agrovets of both districts were found suggesting 
farmers to use biopesticides/botanicals as first priority However some problems faced by 
Agrovet while recommending biopesticides/Botanicals. The study revealed that on an 
average B/C ratio of IPM product per hectare was 1.54. IPM products have good 
marketing potential in both districts. 
 
Key words: Sustainable agriculture, Integrated Pest Management, Biopesticides, Traders, 
Consumers 
 

INTRODUCTION 
 
Nepal is predominantly an agricultural country where 65.7 percent people are directly 
involved in agriculture (MOAD, 2013). Agriculture is the backbone of the national 
economy, a means of livelihood for a majority of the population, main source of gross 
domestic product (GDP), incomes and employment opportunities. The agriculture sector 
in Nepal constitutes about 36 percent of the national GDP in 2011/12 (ABPSD, 2012). 

 Many farmers of developing countries do not produce enough food to feed their families. 
USAID has stated that increasing the productivity of the agricultural sector is a crucial 
goal (USAID 2007). The conventional agriculture focuses merely on yield rise to meet 
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growing food needs of increasing population, and pays little concerns to sustainable use 
of locally available natural and human resources. This has resulted in intensive use of 
agro-chemical inputs but there is a wide productivity gap between the best practices and 
the conventional farm practice. Agricultural lands continue to shrink, and farming system 
has led to environmental degradation such as depletion of soil health and soil fertility, 
decline in water availability and increase in different forms of pollution. At the same 
time, such practices upset both environmental resources and indigenous knowledge 
system rendering the agriculture system unsustainable (Scialabba, 2000). Pest and disease 
are the major problems faced by agriculture growers. Different measures are being used 
in agriculture to manage pest at tolerable level. Among them Integrated pest management 
(IPM)  is a comprehensive  approach to reduce pest population at tolerable level, by 
maintaining the quality of environment and by using combined means of pest 
management. IPM takes advantages of all appropriate pest management options 
including, but not limited to, the judicious use of pesticides. In contrast, organic food 
production applies many of the same concepts as IPM but limits the use of pesticides to 
those that are produced from natural resources as opposed to synthetic chemicals 
(Ciborowski, 2014). It is the approach that blends technology from research with 
traditional farming practices, reduces crop losses in sustainable manner. The success of 
IPM depends upon knowledge of farmers and understanding of biological and ecological 
processes of pesticides. The Environmental Protection Agency (EPA) has defined IPM as 
an effective and environmentally sensitive approach to manage pests that relies on a 
combination of common-sense practices (EPA, 2007).  Integrated pest management 
(IPM) is a type of agricultural technologies designed to minimize environmental damage 
associated with crop yield improvements. IPM makes use of both chemical and biological 
methods to manage insects, plant pathogens, weeds and vertebrates, thereby reducing the 
frequency and quantity of chemicals needed to keep pest populations to a threshold 
density (Radcliffe et al, 2009). According to the EPA (2007), IPM practices can be 
implemented in agricultural and non-agricultural settings e. g. the home, garden, and 
workplace (Norton and Mullen, 1994). 

MATERIALS AND METHODS 

This study was conducted in two Terai districts viz. Nawalparasi and Rupandehi where 
IDE/USAID had implemented IPM programme. In Nawalparasi district, Ramgram 
Municipality, Daunee, Sanai and Jamuniya VDCs and in Rupandehi district 
Siddarthanagar Municipality, Basantapur and Sikthan VDCs were selected for this study 
based on the adaptation of Integrated Pest management Approach in vegetable production 
and marketing. This study was conducted from 12 January to 20 May 2015. A total of 
330 respondents were randomly selected for this study. Number of respondents in both 
districts included 100 farmers, 200 consumers, 20 traders, 10 Agrovets. 

 Farmers adopting IPM approach were mainly targeted in this study. The respondents 
were selected purposively by applying simple random sampling method. Altogether 50 
farmers were selected in each district as presented in Table 1. 



Nepalese Journal of Agricultural Sciences

177

 

Table 1. Sample size distribution in the study area 
Districts Study area No. of respondents 
Rupandehi Siddarthanagar Submetropolitian 15 
 Basantapur VDC 20 
 Sikthan VDC 15 
Nawalparasi Somani 10 
 Danunee VDC 10 
 Sanai VDC 30 
 Total 100 

 
Selection of Traders, Consumers and Agrovets 
Mostly traders who were trading IPM produce where randomly selected for study. Ten 
number of trader were selected in each district. Altogether 100 consumers were randomly 
selected for this study in each district. 
 

Table 2. Sample size distribution of consumers in the study area 
Districts Study area No. of respondents 
Rupandehi Siddarthanagar Submetropolitian 50 
 Basantapur VDC 25 
 Sikthan VDC 25 
Nawalparasi Ramgram Municipality 50 
 Jamuniya VDC 25 
 Sanai VDC 25 
 Total 200 

Five agro-vets selling IPM tool were randomly selected in each district for this study. 

A semi-structured interview schedule was prepared containing a set of both closed and 
open-ended questions. Questions were designed to obtain the information about Market 
condition, farmer's perception towards IPM produce, consumer's preference, production 
status and challenges of IPM produce. Respondents were interviewed by visiting their 
field and household. Collected information was immediately filled in questionnaire 
format and results were analyzed through Microsoft excel. 

                                         RESULTS AND DISCUSSION 

Production status of IPM produces (vegetables) 
The respondents in both districts reported that they were smallholder farmers. They were 
growing IPM vegetables mostly on leased land for commercial purpose. Various crops 
were grown on both districts that included cauliflower, cabbage, cucumber, bitter gourd, 
sponge gourd, chili, tomato, brinjal etc (Table 4). Among these crops cauliflower, 
cabbage and tomato occupied 2.5 ha in Rupandehi and 1.7 ha land in Nawalparasi.  
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Table 3. Size of land holding 
 

Size of land Rupandehi Nawalparasi 
No. of respondents Percent No. of respondents Percent 

below 0.03 he 12 24 9 18 
0.03-0.1 he 21 42 19 38 
0.1-0.2 he 9 18 15 30 
0.2-0.3 he 5 10 5 10 
Above 0.3 he 3 6 2 4 

               
 

Table 4. Average production of vegetables in last season 
 

Vegetables 

Rupandehi Nawalparasi Average 
Yield 
(t/ha) Area Cultivated 

(he) 
Yield 
(t/hectare) 

Area 
(he) 

Yield 
(t/hectare) 

Cauliflower 1.16 6.96  1 6 6.48 
Cabbage 1 6 0.83 4.98 5.49 
Tomato 1.3 9.04 1.17 8.19 8.61 
Bitter gourd 0.33 2.31 0.27 1.89 2.1 
Brinjal 0.33 2.97 0.33 2.64 2.8 
Sponge 
gourd 

0.27 1.89 0.233 1.61 1.75 

Chili 0.2 1 0.27 1.89 1.44 
Cucumber 0.5 4 0.83 6.64 5.32 

Average yield of different IPM vegetables was at average with 31.25t in both districts. 
Based on these data attempt was made to estimate empirical value of IPM vegetables 
produced in the total cropped area (Table 5). It is quite encouraging to note that the total 
monetary value of the IPM vegetables was Rs 5,75,150 on an average calculated @ Rs 
25/kg. 

IPM practices adopted by farmers 
There are different tools of IPM which can help farmer to manage pest of agricultural 
farm .The study revealed that farmer were using different tools to manage pest through 
IPM approach (Table 6). Upreti (2013) had reported that majority of farmers had positive 
attitude towards IPM method of pest management. 
 
Elements for assurance of quality product 
The study figured out that quality assuring label at point of sale can make 58 consumers 
of Rupandehi and 66 consumers of Nawalparasi assured about quality of vegetables 
products. Buying from trusted farm can make 32 consumer of Rupandehi and 23 
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consumer of Nawalparasi assured about quality of product. Out of total respondents 10 
percent of both districts do not care about quality of product (Figure 1). These data 
showed that more of consumers of both districts were being concerned about quality of 
product. 
 

Table 5. Total cropped area total yield and empirical value of IPM vegetables 
Particulars Rupandehi Nawalparasi Average 
Total area (ha) 5.2 4.43 4.8 
Total yield (t) 34.57 33.84 35.84 
Empirical value calculated @ 25 
Rs/kg 

8,62,500 8,46,000 8,54,000 

 
Table 6. IPM tools used by farmers 

S.N. IPM tools Percent  
1. Biofungicide (Dhanus) 60 
2. Jibatu ( biological compound) 40 
3. EM.1(Effective microorganism) 30 
4. Trichoderma viridae 50 
5. Culure 65 
6. Pheromone trap 55 
7. Light trap 50 
8. Yellow sticky trap 50 
9. Jholmal 50 
10. Biopesticide (Metarizium anisophilae) 20 
11. Biopesticide (Beauveria bassiana) 10 
12. Different plant extract (Neem, Asuro, Chili etc) 50 

Note: Due to multiple choices total percentage is higher than 100 percent. 

 

 

 

 

 

 

Figure 1. Elements for assuring consumer about quality of product 

 



Nepalese Journal of Agricultural Sciences

180

 

 Willingness to pay more price for quality produce (IPM product) 

Every human being wants to be healthy and maintain quality life. Consumption of 
healthy and quality product will help to maintain quality life. The study figure out that 
more respondents were ready to pay more prices for quality product (Figure 2). 

 

 

 

 

 

   

 
Figure 2. Willingness to pay premiun for IPM product in Rupandehi and Nawalparasi 

 
'Waiting period'  
In Rupandehi district, 30 percent traders considered waiting period but in Nawalparasi 
only 10 percent traders considered waiting period (Figure 3). There was ignorance of 
waiting period which is possibly due to lack of awareness and competition between 
traders to supply vegetables in market. 

 

Figure 3. Consideration about waiting period 
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Pricing mechanism 
There was different system by which price of vegetables could be determined. In 
Rupandehi, 64 percent farmers gave information that price fixation was done unilaterally 
by buyers (traders), in Nawalparasi also 72 percent farmers provided information that 
price fixation was done unilaterally by the buyers (Traders) (Figure 4). 
 

 

 

 

 

 

 

Figure 4. Price fixation system of farmers of Rupandehi and Nawalparasi district 

B: C ratio analysis 
Benefit cost ratio simply gives an idea about recovery of cost incurred during the 
production by return from products. It is a simple method to know the ratio at which 
return is obtained with respect to cost invested. It measures the economic worth of 
project. The study revealed that on an average B/C ratio of IPM product per hectare was 
found 1.57 in Rupandehi and 1.52 in Nawalparasi districts (Table 7). In other word the 
IPM approach is an economically more viable option with an average B: C ratio of 1.54 
in both study areas. Thus IPM practice is a better technology for the farmer.  
 

Table 7. B/C ratio of IPM product 
 

Area Conventional practice IPM practice 
Rupandehi 1.23 1.57 
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Figure 4. Price fixation system of farmers of Rupandehi and Nawalparasi district 
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Traders from both districts were interested to trade IPM produce. IPM approach was 
found economically more viable option with an average B: C ratio of 1.54 in both study 
areas. Lack of regular supply and small volume of production were major constraints 
towards fulfilling the demand of the consumers. Price fixation was done unilaterally by 
the middlemen (buyers) which show less bargaining capacity of the farmers.  
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ABSTRACT 
 

A study was conducted in Khairahani VDC of Chitwan district during 2007 to 2008 to 
learn about the challenge poses on the dependency to agriculture mainly due to 
occupational migration in Nepal. A total of 662 individuals covering both Tharu and non 
Tharu (Brahmin/ Chhetries) were interviewed across the old and young generation of 
respective ethnic groups, and their responses were analyzed in terms of status of 
dependency to agriculture considering ethnicity and generations. Old generation people 
were those having the age of 50 and above whereas the young generation was defined as 
those between the age group of 25 to 49 years during the time of study. Findings revealed 
that compared to non-Tharu, Tharu respondents were more flexible in agricultural 
related practices whereas young generations in both of the categories were departing 
away from the agriculture. Labor crisis in the household was most visible reason behind 
to leave agriculture as an occupation. It was also learned that agriculture requires more 
investment, is less profitable; difficult in operation and sensed as dirty work compared 
with other job. Moreover, agricultural productivity is being low year by year for these 
reasons as well youth prefer to migrate overseas for better opportunity. These findings 
are the reflection about challenges to present agriculture that appropriate measures 
should be adopted to safeguard agriculture in terms of retaining youth in this occupation. 
In spite of these scenarios, respondents were sensitive to maintain the century long 
traditional occupation that requires government‟s attention to support them so that they 
can continue in their occupation. 
 

Key words: Ethnicity, Generation, Labor dynamics, Agriculture, Migration  

 
  INTRODUCTION 
 
Agriculture is the dominant sector in Nepal. It plays a significant role in Nepalese 
economy with its considerable contributions to the national GDP. Nepalese economy is 
largely based on agriculture which accounts for around 35% of GDP (MOAD, 2012). 
About 65% of the total population is engaged in agriculture (CBS, 2011). Nepalese rural 
youths are distinctly drawn to agricultural operation to get a living since it is a part of 
their culture, and requires neither better educational qualification nor greater capital 
investment as pre requisites for farming (Devkota et.al. 2007). At present day, due to 
influence of western culture and lack of employment opportunities within the country 
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rural youths are flying to overseas even as unskilled labor (Thami and  Bhattarai, 2015; 
Gauchan, 2008). Rural youths by and large, are exhibiting exemplary dynamism, getting 
increasingly disinterested in agricultural work and are moving out of agriculture and rural 
areas (Agasty and Patra, 2013; Thami and Bhattarai, 2015). Since agriculture involves 
highly labor intensive operations and workers are withdrawing from farm activities, the 
agricultural sector is facing acute shortage of labor and rising wages and costs introduce 
dual loss indeed. This study is an attempt to analyze the current scenario of dependency 
on agriculture due to change in traditional occupation and suggest measures to safeguard 
agriculture as a major occupation in the farming communities. 
 

METHODOLOGY 
 
Khairahani VDC of Chitwan district was purposively selected for this study. The reason 
of selecting such VDC was due to the availability of two distinct ethnic groups to 
compare the extent of challenge posed in dependency to agricultural occupation. Those 
ethnic groups identified for the study were Tharu, and non-Tharu (Brahmin and Chhetri). 
Tharu ethnic group is taken as the aborigine of Chitwan district which has long historical 
background to pursue the knowledge about status of agriculture whereas among non-
Tharu: Brahmin and Chhetri were the dominating ethnic group available in the study 
VDC. Indeed they are the migratory population with distinct agricultural occupation. 
They are comparatively early adopter of innovation and are pioneer in most of the 
agricultural and associated activities. Moreover, they are the dominating group among 
non-Tharu resided in the study site. In this study old generation were identified based on 
their current age of 50 years, and the young generation was defined as those between the 
age group of 25 to 49 years during the time of study.  
 
On the basis of findings of reconnaissance survey, ward 1, 3, 4, 6 and 8 were identified as 
these wards had more households that could cover the required sample size of both ethnic 
groups. Total pool of households from those selected wards were 2354, among them, 150 
Tharu households and 181 non-Tharu households were randomly identified and used in 
the study. Two generation respondents were identified based on age category. Rational 
for selecting population of 25-49 years, and 50 years and older was to collect information 
on changed role (if any) of the adults and elderly population and its consequences to 
household and agriculture. Similarly, those categories of landholding i.e. household with 
having at least 10 kattha and more was to see gender involvement in different types of 
agricultural activities considering typical farming situation as in Chitwan, 10 kattha is 
considered minimum land holding to survive based on agriculture. Respondents for 
household survey were thus selected purposively from the respective strata of the 
reconnaissance survey. A questionnaire was prepared, pre-tested and final version was 
developed based on necessary correction. Face to face interview was done covering a 
total of 662 individuals (300 Tharu and 362 non-Tharu; each with 150 old and young 
generation in the case of Tharu and 181 each for non-Tharu category) (Devkota, 2011). 
Available data were statistically analyzed using SPSS software and findings presented by 
using simple descriptive statistical tools.  
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RESULTS AND DISCUSSION 
 
Agricultural dependency 
The overwhelming positive responses were found when asked to the respondents whether 
they are depending to agriculture to support the livelihood system. This was equally 
reflected in all categories of respondents for both Tharu as well as non-Tharu (Table 1).  
 
Nearly one-fifth of the non-Tharu young respondents thought that they are not depended 
on agriculture as a major occupation, compared with one-tenth of the response of Tharu 
respondents. This could be the effect of level of education as non-Tharu young are 
reported more educated than the selected young Tharu respondents (Devkota, 2011) that 
may facilitate for searching alternative non-farm opportunity within and or outside the 
country for the non-Tharu young respondents compared with young Tharu (Table 1). 
 

Table 1. Dependency on agriculture as major occupation across the generation and 
ethnicity (Percent respondent responded) 

 
Dependency on agriculture 
as major occupation  

Tharu (n=300) Non-Tharu (n=362) 
Generation 

Old 
(n=150) 

Young 
(n=150) 

Old 
(n=181) 

Young 
(n=181) 

Yes, dependent on 
agriculture 

96.7 90.7 92.3 79.6 

Not depended on 
agriculture 

3.3 9.3 7.7 20.4 

Source: Field Survey, 2007 
 
The study findings of Devkota et.al, (2007) revealed that the majority of young people 
would think survival though agricultural dependency is still possible. The main reason 
behind this response could be due to hope on agriculture thinking that there would be 
chances of commercialization in agriculture, otherwise agriculture as a major occupation 
could be questioned in the future.  
 
Level of agricultural dependency 
On revealing respondents’ perception towards agriculture as major occupation, it was 
learnt that whether survival through agricultural dependency was possible for the young 
generation. The level of dependency on agriculture as major occupation was slightly 
more than two-third of old and young Tharu as they are fully depended on agriculture 
compared to similar proportion of old, and about half of the young non-Tharu 
respondents (Table 2).  
 
This trend was also similarly reflected when analyzed overall responses. Likewise, about 
one-fifth of the both young and old Tharu realized their partial dependency in agriculture 
compared to one-third of the non-Tharu young and old respondents. With slightly better 
response by young respondents, similar trend of partial dependency to agriculture by 
overall responses was found when ethnic group was not considered (Table 2). 
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Table 2.  Level of dependency on agriculture as major occupation across the generation 
and ethnicity (Percent respondent responded) 

Level of dependency on 
agriculture as major 

occupation  

Tharu(n=300) Non-Tharu (n=362) 
Generation 

Old 
(n=150) 

Young 
(n=150) 

Old 
(n=181) 

Young 
(n=181) 

Fully dependent 76.0 69.3 66.8 47.0 
Partially dependent 19.3 22.7 28.2 44.8 
No dependent 4.7 8.0 5.0 8.2 

Source: Field Survey, 2007 

Reasons for departing from agriculture dependency  
About half of the old and young Tharu respondents gave logic that they would be no 
dependent on agriculture because they think it would be easy to earn money from non- 
agriculture compared to agriculture (Table 3).  
 

Table 3. Reasoning of departing from agricultural dependency as major occupation 
across the generation and ethnicity (Percent respondent responded) 

 
Reasons of departing from agricultural 

dependency as major occupation 

Tharu(n=300) Non-Tharu (n=362) 
Generation 

Old 
(n=38) 

Young 
(n=47) 

Old 
(n=60) 

Young 
(n=93) 

1. Low agricultural productivity that may not 
be enough to feed the growing population 
thus difficult to survive 

10.5 8.5 15.0 23.5 

2. Young are not interested to  live in rural 
village rather prefer to migrate in cities and 
international market even as unskilled labour  

26.3 23.4 36.7 30.2 

3. Difficult for elderly to continue 
agriculture as major occupation due to 
labour shortage 

10.6 10.6 8.3 4.4 

4. Easy to earn money from non-agriculture  47.4 46.9 38.3 37.6 
5. Self- employed/business 5.2 10.6 1.7 4.3 

Source: Field Survey, 2007 
 
With slightly lesser extent, one-third of old and young non-Tharu also had similar reasons 
about the changing occupation from farm to non-farm (Table 3). About one-fourth of old 
and young Tharu as well as one-third of young and old non-Tharu also thought that they 
would not depend on agriculture as main stay because they thought young people would 
not be interested to live in rural villages, and would prefer to migrate for better 
opportunity to the cities and international market even to work as unskilled job (Table 3). 
Similarly, about one-tenth of the all categories respondents thought that it would be 
difficult for elderly to continue agriculture under their leadership as rural youths are 
getting increasingly disinterested in agricultural work and are moving out of agriculture 
and rural areas that would bring young labour shortage in the rural context. The findings 
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of the study of Thami and Bhattarai (2015) was revealed similarity with this study as they 
identified experiences of labor crisis in Nepalese agriculture because of the slim interest 
of youth to live in rural village thus are preferred to migrate cities and international labor 
market in search of better opportunities. Bhattarai (2006) mentioned that moreover, 
poverty, limited employment opportunity and deteriorating agricultural productivity and 
country‘s political instability are driving factors behind departing from agriculture as an 
occupation to international labor migration in search of lucrative job. 
 
Youth’s interest on agriculture as major occupation 
The findings revealed that agriculture would not be taken as main occupation of youth as 
responded by more than eighty percent of the Tharu of both generations. This response 
was further stronger among non-Tharu, where both young as well as old generation 
respondents had similar responses of no interest of accepting agriculture as main 
occupation (Table 4).  
However, very few respondents of all categories have little interest towards accepting 
agriculture as major occupation. Very few of them did not have any logic about the 
acceptance of agriculture as major occupation (Table 4). 
 

Table 4. Interest of young generation to continue agriculture as major occupation 
(Percent respondent responded) 

Interest of young to 
continue agriculture 
as major occupation  

Tharu (n=300) Non-Tharu (n=362) 
Generation 

Old 
(n=150) 

Young 
(n=150) 

Old 
(n=181) 

Young 
(n=181) 

1. Not interested 81.3 80.7 93.3 90.1 
2. Interested 14.0 15.3 5.0 8.8 
3. Can't say anything 4.7 4.0 1.7 1.1 

Source: Field Survey, 2007 
 
This findings indicated that young people are not interested to continue agriculture as 
major occupation as their survival. Young people have growing concern about the 
comparing time, effort and investment that they need to put with agricultural activities as 
they have experience of decreasing agricultural productivity year by year thus they want 
to leave this profession and considered agriculture as less profitable profession that 
possess question to survive. Moreover there is increasing trend of young labor migration 
to the international labor market as skilled or semi-skilled labor (Aase and Chapagain, 
2005; Pant et.al. 2011; Smith, 2004) which is a matter of serious concern. 
 
Reasons of no interest of youth to continue agriculture as major occupation 
Several reasons were raised when asked why youth would not like to continue agriculture 
as major occupation (Table 5). The most preferred reason was such that agriculture would 
require more investment, but is less profitable, whereas it involves difficult and dirty 
work compared with other job. It was also similar about one-third of the young and half 
of old Tharu as well as nearly half of young and old non-Tharu respondents had similar 
responses (Table 5). The next preferred reason was such that agricultural productivity is 
often low; whereas young people prefer to go to the overseas even as unskilled labor for 
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easy and quick money, or would prefer to migrate to cities for better job opportunity. 
Nearly one-fifth of the young and old respondents of both Tharu and non-Tharu had 
similar opinion about continuity of agriculture as major occupation (Table 5).  
 
Change in labour management for agricultural activities was thought mainly due to better 
education of the family members. Nevertheless, almost all respondents reported that they 
are depending on agriculture to support the livelihood system, but this was specially the 
logic by old generation than the young as young would like to depart from the agriculture 
as the mainstay of living (Table 5).  
 
All the above findings were interrelated if we analyze the present situation of rural people 
for their dependency to agriculture. Obviously young generation's issues, irrespective of 
Tharu and non-Tharu ethnic groups could be of similar as they thought agriculture as 
dirty and difficult occupation when there are opportunities of foreign earnings avails. Old 
generation respondents, on the other hand still realized agriculture as their mainstay of 
life as oversees migration for them is not appropriate, whereas possibilities of migration 
towards city for old generations people was also suspected due to problem in logistic 
management for them in the rural villages. 
 

Table 5. Possible reasons of no interest of youth to continue agriculture as major 
occupation (Percent respondent responded) 

Reasoning of no interest of 
youth to continue 
agriculture as major 
occupation 

Tharu (n=300) Non-Tharu (n=362) 
Generation 

Old 
(n=150) 

Young 
(n=150) 

Old 
(n=181) 

Young 
(n=181) 

1. More investment, less 
profitable, difficult and 
dirty work compared with 
other job 

31.3 
(n=47) 

46.0 
(n=69) 

47.5 
(n=86) 

47.5 
(n=86) 

2. Low productivity, rather 
young prefer to go overseas 
for easy and quick money / 
migration for better 
opportunity 

24.0 
(n=36) 

19.3 
(n=29) 

23.8 
(n=43) 

20.4 
(n=37) 

3. Labour intensive, less 
profit, less technical 
training available at home 
so other business is better 

5.3 
(n=8) 

4.7 
(n=7) 

16.0 
(n=29) 

12.2 
(n=22) 

4. Self-employed, no time 
for farming, no interest to 
continue agriculture 

0.7 
(n=1) 

 
NA 

1.7 
(n=3) 

5.5 
(n=10) 

5. Lack of improved 
agricultural technology 
even when demanded 

6.7 
(n=10) 

10.0 
(n=15) 

1.7 
(n=3) 

4.4 
(n=8) 
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6. Don't know the interest 
of youth's to continue 
agriculture 

16.0 
(n=24) 

8.7 
(n=13) 

5.0 
(n=9) 

3.3 
(n=6) 

7. Interested to continue 
agriculture as major 
occupation if subsidy 
provided by the 
government 

13.3 
(n=20) 

9.3 
(n=14) 

0.6 
(n=1) 

0.6 
(n=1) 

8. Due to shortage of 
seasonal labour, no interest 
to continue agriculture as 
major occupation so rented 
out land 

2.7 
(n=4) 

2.0 
(n=3) 

3.9 
(n=7) 

6.1 
(n=11) 

Source: Field Survey, 2007 
 
Labour shortage during the peak demanding season and fate of agriculture are thus 
slowly driving towards the crisis. Effect of global opportunities to international migration 
and increased access to education should have created this situation along with the other 
pertinent reasons which are difficult to explain.  
 
Measures to safeguard agriculture as a major occupation in the farming 
communities 
There are several factors and points that would be useful to consider in line with 
safeguarding agriculture as a major occupation so that farming communities would be in 
advantage. The following points are worthy to consider: 
 It is important to provide necessary support to safeguard agricultural works, 
from government and or related stakeholders, so that youth would stay in agriculture in 
the future. 
 Labor being one of the important factors that is in short supplies either at 
household or community, needs serious consideration either following temporary 
measures or by increasing labor wage so that level of attraction would be increased. 
 Common consideration for alternative way of employment creation that has root 
to agriculture would provide alternative opportunities for youth to stay in the agricultural 
related activities. 
 Special trainings, exposure to the commercial farms, or new innovation would 
provide special attention to the youth in line with maintaining agriculture as occupation 
with improved spirit of development and modern paradigm in agriculture. 
 

CONCLUSION 
 
Agriculture is still a major occupation of Tharu as well as non-Tharu rural ethnicities 
irrespective of old or young generation people in Chitwan District. Dependency to 
agriculture as occupation is slowly eroding mainly due to the factors responsible to 
perform agriculture activities such as household labor, market and so on. It is thus 
important to consider that if agriculture is to maintain as a strong occupation, 
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government‘s attention in line with supporting farming communities is a must so that 
migration related hazards could be minimized. 
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ABSTRACT 
The growth potential of the kids is very important in goat production and it is essential to 
have knowledge of the factors affecting this economically important trait to formulate 
optimum improvement strategy for better production. In this connection, a study was 
carried out mainly aiming at determining the effect of non-genetic factors on the average 
daily gain (ADG) of kids of Nepalese hill-goats in Nawalparasi, Nepal during February, 
2012 to January, 2015. Growth performance of altogether 1260 kids born from 1005 
does was recorded in relation to various non genetic factors such as altitude, coat color, 
season of conception, season of kidding, parity, size of dam, sex of kids and birth type. 
Effect of these non-genetic factors on ADG from birth to weaning (ADGW), weaning to 
nine months (ADGW9) and nine months to fifteen months (ADGN15) determined by 
dividing the differences in the weight of kids (g.) between different stages of growth 
mentioned above by the total number of days between the defined ages, respectively. 
Data were analyzed by „Least Square Mixed Model and Maximum Likelihood Computer 
Program (LSMMML PC-2)‟ (Harvey, 1990). Significantly different means of ADGW, 
ADGW9 and ADGN15 were compared using Duncan‟s Multiple Range Test (DMRT) 
computer software. Results of this study revealed that ADGW was significantly affected 
by all non-genetic factors considered i.e. altitude (p<0.001), coat color (p<0.001), 
season of conception (p<0.001), season of kidding (p<0.05), parity (p<0.01), size of dam 
(p<0.001), sex of kids (p<0.001) and birth type (p<0.001). Similarly, ADGW9 was 
significantly influenced by the effect of size of dam (p<0.001), sex of kids (p<0.001) and 
birth type (p<0.01). Meanwhile, ADGN15 was significantly influenced by altitude 
(p<0.001), season of conception (p<0.05), parity (p<0.05), sex of kids (p<0.001) and 
birth type (p<0.01). On the other hand, ADGW, ADGW9 and ADGN15 responded 
differently with respect to the interactions between different non-genetic factors 
considered. Based on the findings of present study, it has been concluded that due care 
should be given to the non-genetic factors such as size of dam, sex of kids and birth type 
showing greater influence on the ADG of Khari goat kids at various stages of growth for 
increased production and productivity. Selection based on the phenotypic values of ADG 
would result in higher production and productivity of Khari goat kids. 
 
Key Words: Non genetic factors, Average daily gain, Khari goat,  
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INTRODUCTION 
Livestock farming is an important component of Nepalese economy that contributes 
about 26.8% to total Agricultural Gross Domestic Product (AGDP) and about 11% to 
total Gross Domestic Product (GDP) as reported by MOAD (2015). Nepal is enriched 
with more than 10.25 million heads of goats (MOAD, 2015) and endowed with four 
prominent indigenous breeds viz. Chyangra (in mountains), Sinhal (in high hills), Khari 
(hills and mid hills), and Terai (in Terai) as reported by Kharel and Neopane (1998). The 
rate of increment in goat population during last 13 years (2000/01 to 2013/14) was 
reported to be 3.67 percent per year contributing about 19.8% to the total meat production 
in the country (MOAD, 2014).  
 
There is increasing demand of goat meat in Nepal that is being reflected by the 
importation of million heads of goats from Tibet and India investing billions of Nepalese 
currency for fulfilling the country‘s meat demand. Khari goat, inhabiting in the mid-hill 
and hill ecology across the country, is well known for its prolificacy, twinning ability, 
adaptability in harsh climate and carcass quality, is still being underestimated.  
 
Moreover, production traits are affected by various non-genetic factors like sex, season, 
year and type of birth (Bharathidhasan et al., 2009 and Kumar et al., 2007). The birth 
weight and early growth rate of animals are determined not only by genetic potential but 
also by maternal and environmental factors (Yan Zhang et al., 2009 and Mandal et al., 
2006). Hence, an attempt has been made to know the effects of various non-genetic 
factors on the pre and post weaning average daily weight gain (ADG) of Khari goat under 
farmers managed condition in Nawalparasi, Nepal. 
 

MATERIALS AND METHODS 
This study was conducted in the village goat herds of Deurali VDC, Nawalparasi, Nepal 
from February, 2012 to January 2015 covering two agro-ecological domains viz. Inner 
terai (lower altitude, ranging 300-700 masl) and hill (upper altitude, ranging 700-1100 
masl). All the collected data were sub-classified on the basis of various non-genetic 
factors considered. Accordingly, season of conception and season of kidding were 
grouped into four sub-classes viz. Spring (February/March to April/May), Rainy 
(May/June to July/August), Autumn (August/September to October/November) and 
Winter (November/December to January/February); parity of dams into three sub-classes 
i.e. early (1st and 2nd parity), mid (3rd to 6th parity) and late (7th and above parity), size of 
dams into three sub-classes i.e. small (≤22 kg live body weight), medium (>22 to ≥32 kg 
live body weight) and large (>32 kg live body weight); and birth type in to three sub-
classes i.e. single (does having 1 kid at time), twins (does having 2 kids at a time) and 
triplet (does having 3 kids at a time). Birth weight of the litters of 1005 does was 
recorded within 24 hours of kidding and their subsequent weight was recorded (in Kg) at 
the age of weaning (4 months), nine months and fifteen months. The differential weight 
of kids at the age of weaning and birth was divided by the number of days to calculate 
pre-weaning average daily gain (ADGW). Similarly, differential weight of kids between 
nine months and four months; and fifteen months and nine months was divided by the 
consecutive number of days to calculate average daily gain between weaning to nine 
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months (ADGW9) and that between nine months to fifteen months (ADGN15), 
respectively.  
 
Data were analyzed by ‗Least Square Mixed Model and Maximum Likelihood Computer 
Program (LSMMML PC-2)‘ (Harvey, 1990). Least Square mean (LSM) and standard 
error of the mean (SEM) of litter weight at birth and weaning were determined using the 
following statistical model given by Henderson (1953). Significantly different means of 
ADGW, ADGW9 and ADGN15 with respect to various sub-classes of non-genetic 
factors considered were compared using Duncan‘s Multiple Range Test (DMRT) 
computer software.  
 
Yijklmnopq = µ + ai+bj+ck +dl+fm+gn+ ho+tp+eijklmnopq 
Where, Yijkl = adjusted mean for average daily weight gain.  
µ = Pooled mean 
ai is the effect of ith altitude (i =1,2): lower and upper. 
bj is the effect of jth

  coat color of kids (j= 1,2,3,4,5); black, black and white, brown, 
mixed and white. 
ck is the effect of kth

  season of conception (k= 1,2,3,4); spring, rainy, autumn and winter. 
dl is the effect of lth season of kidding (l= 1,2,3,4); spring, rainy, autumn and winter. 
fm is the effect of mth number of parity of dams (m = 1,2,3); early, middle and late. 
gn  is the effect of nth size of dams (n = 1,2,3); small, medium and large. 
ho is the effect of oth

  sex of kids (o= 1,2); male and female. 
tp is the effect of pth

  type of birth (p= 1,2,3); single, twins and triplets. 
eijklmnopq = is the random element (residual effect) assumed to be normally and 
independently distributed. 
 

RESULTS AND DISCUSSION 
 
Mean average daily gain 
The overall mean average daily weight gain (ADG) from birth to weaning (ADGW) was 
57.73 ± 1.64 g/d, weaning to nine months (ADGW9) was 46.29 ± 1.28 g/d and from nine 
months to fifteen months (ADGN15) was 45.71 ± 1.12 g/day (Table 1). The overall pre-
weaning ADG in this study was lower than the estimates reported by Thiruvenkadan et 
al. (2009) and Thiruvenkadan et al. (2007). Thiruvenkadan et al. (2009) working in 
Tellicherry goats reported the post-weaning ADG as 37.45 g/d which was lower as 
compared to the value for the same trait revealed in present study. Bazzi & 
Tahmoorespur (2013) reported that kids had a faster growth rate from 6 to 9 months with 
daily gain 118.4 (g/d) that the average daily gain in kids decreased with the age increase 
from 9-12 months of age. 
 
Effect of altitude 
Kids born in lower altitude were found to had higher (P ≤ 0.001) ADGW and ADGN15 
compared to kids born on upper altitude (Table 1). The significant effect on the average 
daily gain of kids might be attributed to the weather conditions which is different with the 
change in altitude. The higher availability of nutritious forage/grass in lower altitude 
might also affect the ADG of kids. 
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Effect of coat color 
Results of this study revealed that coat color was in important source of variation 
(p<0.001) with respect to pre-weaning average daily weight gain of Khari goat kids 
(Table 1). However, ADG after weaning to nine months and nine months to fifteen month 
were not significantly influenced by differences in coat color. According to the findings, 
maximum ADG was observed in case of black coat colored kids as compared to other 
types of coat color at almost all period of growth. 
 
Effect of season of conception 
Non-significant effect of season was reported on the ADGW9 and ADGN15 whereas we 
found significant effect of season of kidding on ADGW (P ≤ 0.05). The kids born on 
spring or winter had higher ADGW (P ≤ 0.05) compared to kids born on Rainy season or 
autumn season (Table 1). The climatic condition has a great influence on the production 
and distribution of the biomass consequently affecting the palatability and nutritive value 
of grass/forage.   
 
Effect of Season of kidding 
Findings of present study indicated that pre-weaning ADG was significantly influenced 
(p<0.05) by the season of kidding, whereas it was not varied significantly with respect to 
season of kidding at the period weaning to nine months and nine months to fifteen 
months age of kids (Table 1). Highest pre-weaning ADG was observed for the kids born 
during winter season followed by those born during spring, autumn and rainy. 
Thiruvenkadan et al. (2009) analyzing the genetic and non-genetic factors affecting body 
weight in Tellicherry goats reported significant effect of season of kidding on pre-
weaning (p<0.01) and post-weaning (p<0.05) ADG of kids indicating significantly higher 
pre-weaning and post-weaning growth rate of kids born in south-west monsoon season 
(June-August) as compared to the contemporary kids born in other seasons.  
 
Effect of parity 
Parity of dams had significant influence on the pre-weaning (ADGW; p<0.01) and 
second post weaning (ADGN15; p<0.05) and non significant influence on first post-
weaning average daily gain (ADGW9) of Khari goats in this study. Accordingly, the kids 
born on early (1st and 2nd) and middle (3rd to 6th) parity of does had higher ADGW; 
however ADGN15 was higher in the kids born in late parity of does (Table 1). The result 
obtained from this study is in agreement with the findings of Chanie et al. (2014) and 
Jimenez-Badillo et al. (2009). Similarly, higher value of ADGW in the middle parity was 
possibly due to the higher rate of ovulation resulting from well-developed reproductive 
system. The poor condition of dam might be responsible for the lower growth of kids 
born from does with very late and very early parity. Thiruvenkadan et al. (2009) also 
reported the significant influence of dams parity on pre-weaning ADG (p<0.01) of 
Tellicherry goats and non significant influence on post weaning ADG of the same.  
 
Effect of size of dam 
Size of dams had significant effect (P ≤ 0.001) on the ADG of kids from birth to weaning 
and from weaning to nine months (Table 1). The kids born from large does had higher (P 
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≤ 0.001) ADGW and ADGW9 compared to kids born from medium and small does. The 
significant effect on the ADG of kid might be due to the nutritional status of the does 
which in most cases is reflected by the size of does. However, the author believes that the 
age of the does should also be taken into account as the ADG of kid can be affected by 
the age of does. 
 
Effect of sex of kids 
Table 1 shows that male kid‘s conception has higher (P ≤ 0.001) ADG in all three 
categories compared to female kids. This result is in agreement with several authors 
(Jimenez-Badillo et al., 2009; Mahgoub et al., 1996). Higher ADG in male kids might be 
associated with the presence of male sex hormones in male kids which have anabolic 
effect possibly stimulating growth rate in male kids (Hafez, 1993). Bazzi and 
Tahmoorespur (2013) in contrary, reported the higher value of pre-weaning daily gain in 
female as compared to males and there was no significant effect of sex observed in pre-
weaning gain. In this study effect of sex on pre-weaning weight gain of Sistani goat 
found non-significant. Similarly, Bharathidhasan et al. (2009) found no significant effect 
of sex on pre-weaning weight gain of Barbari goat. Thiruvenkadan et al. (2009) also 
reported the significant influence of sex of kids on pre-weaning ADG (p<0.01) of 
Tellicherry goats and non significant influence on post weaning ADG of the same 
indicating the higher values of pre-weaning and post weaning ADG (76.25 and 39.05 g/d, 
respectively).  
 
Effect of birth type 
Kids born as singles (Table 1) had higher (P ≤ 0.001) ADG in all three categories 
compared to kids born as twins and triplets. This result is in agreement with the findings 
of several authors (Husain et al., 1996; Liu et al., 2005; Jimenez-Badillo et al., 2009). 
The significant effect of birth type is attributed to the fact that there is no competition 
among kids for space and nutrition if they are born as singles. The limitation of uterine 
environment in multiple born kids might also be reason for the higher ADG in kids born 
as single (Sinha and Sahni, 1983; Saxena et al., 1990). Thiruvenkadan et al. (2009) 
reported the significant influence of birth type on pre-weaning ADG of Tellicherry goats 
indicating the difference in rate of weight gain per day of single-born kids compared to 
multiple born kids as 8.97 g up to weaning but 1.20 g by 12 months of age, the latter 
being not significant (P>0.05). 
Effect of interactions between the non-genetic factors on average daily weight gain 
of Khari kids 
 
In present study, the findings revealed that there was a significant difference (p<0.01) 
ADGW of Khari goat kids with respect to the interactions between the non-genetic 
factors considered, i.e. altitude × season of conception, altitude × birth type, parity × sex 
of kids, whereas, the same was influenced significantly at a level of 5% (p<0.05) by the 
interaction between altitude × season of kidding (Table 2). Moreover, the average post 
weaning daily weight gain from weaning to nine months age (ADGW9) was significantly 
influenced by the interaction between altitude × parity (p<0.01), altitude × dam‘s size 
(p<0.05), altitude × birth type (p<0.001), season of conception × parity (p<0.01), and 
season of kidding × size of dams (p<0.05).  
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Table 1. Effect of non-genetic factors on average daily weight gain (LS mean ± SEM) of 

Khari kids in Nawalparasi district, Nepal 
Fixed Factors  No. ADGW  

(g/d) 
ADGW9 
(g/d) 

ADGN15 
(g/d) 

Overall 1260 57.73±1.64 46.29±1.28 45.71±1.12 

Altitude  *** NS *** 

Lower  188 60.91±1.88a 47.02±1.46 44.03±1.28b 

Upper  1072 54.54±1.68b 45.58±1.31 47.39±1.15a 

Color  *** NS NS 

Black 460 62.23±1.69a 47.73±1.32 46.56±1.16 

Black/white 45 59.49±2.88b 46.09±2.25 45.65±1.97 

Brown 537 56.52±1.63c 47.73±1.27 46.24±1.12 

Mixed 64 59.54±2.64b 45.80±2.06 46.43±1.81 

White 154 50.55±1.97d 44.13±1.53 43.68±1.35 

Season of 
Conception 

 *** NS * 

Spring 98 52.24±2.32c 47.73±1.80 47.29±1.58a 

Rainy 418 63.29±1.84a 45.68±1.44 47.44±1.26a 

Autumn 722 62.01±1.90ab 45.45±1.48 44.14±1.30b 

Winter 22 53.38±3.92c 46.313.06. 43.97±2.68bc 

Season of 
Kidding 

 * NS NS 

Spring 548 58.93±1.99b 48.05±1.55 46.31±1.37 

Rainy 26 54.73±3.63c 42.55±2.83 46.03±2.49 

Autumn 316 55.64±2.02c 47.39±1.57 44.74±1.38 

Winter 370 60.83±1.94a 47.20±1.51 45.76±1.33 

Parity  ** NS * 

Early (1st and 2nd) 424 59.21±1.75a 45.79±1.37 44.87±1.19b 

Middle (3rd to 6th) 634 59.32±1.79a 46.18±1.40 44.78±1.23b 

Late (> 7th ) 202 54.65±1.93b 46.92±1.50 47.48±1.32a 

Size of Dams  *** *** NS 
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Small 152 51.81±2.21c 45.73±1.72b 45.82±1.52 

Medium 902 57.06±1.64b 44.27±1.28c 45.38±1.12 

Large 206 64.32±1.83a 48.89±1.42a 45.93±1.25 

Sex  *** *** *** 

Male  696 61.84±1.71a 49.26±1.33a 49.12±1.17a 

Female 564 53.62±1.70b 43.33±1.33b 42.30±1.17b 

Birth Type  *** ** ** 

Single 754 65.99±1.45a 47.45±1.13a 47.68±0.99a 

Twins 472 60.19±1.51b 44.88±1.17b 45.38±1.03b 

Triplets 34 47.00±3.25c 46.55±2.53ab 44.08±1.23b 

CV 24.72% 28.18% 23.98 

Note: ADGW: Average daily gain between birth to weaning; ADGW9: Average daily gain between 
weaning to nine months; ADGN15: Average daily gain between nine months to fifteen months; *: 
Significant at 5% level (i.e. p<0.05); **: Significant at 1% level (i.e. p<0.01); ***: Significant at 
0.1% level (i.e. p<0.001); NS: Non-significant (i.e. P≥0.05); Means, within an effect, with the 
different superscript are significantly different; LS mean: Least square means; SEM: Standard error 
of Means; No: Number of observations; CV: Coefficient of variation. 
 
Similarly, post weaning daily weight gain from nine months to fifteen months (ADGN15) 
was significantly influenced at a level of 5% (p<0.05) by the interactions between season 
of conception × parity, season of kidding × sex of kids, parity × sex of kids; at a level of 
1% (p<0.01) by the interaction between altitude × season of conception and at a level of 
0.1% (p<0.001) by interactions between season of conception × parity and season of 
conception × sex of kids, respectively. Detail information on the effect of interactions 
between various non genetic factors considered under present study on average daily gain 
at different ages is presented in Table 2. 
 
Table 2. Effect of interactions between non-genetic factors on average daily weight gain 

at different stages of growth of Khari kids in Nawalparasi district, Nepal 
Interactions   Birth to 

weaning 
Weaning to 
nine months 

Nine to 
fifteen 
months 

Altitude X Season of 
Conception 

** NS ** 

Altitude X Season of 
Kidding 

* NS NS 

Altitude X Parity NS ** NS 

Altitude X Size of Dams NS * NS 

Altitude X Birth Type ** *** NS 
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Season of 
Conception 

X Parity NS ** *** 

Season of 
Conception 

X Size of Dams NS NS NS 

Season of 
Conception 

X Sex NS NS *** 

Season of 
Kidding 

X Parity NS NS * 

Season of 
Kidding 

X Size of Dams NS * NS 

Season of 
Kidding 

X Sex NS NS * 

Parity X Sex ** NS * 

Size of Dams X Sex NS NS NS 

Note: *: Significant at 5% level (i.e. p<0.05); **: Significant at 1% level (i.e. p<0.01); 
***: Significant at 0.1% level (i.e. p<0.001); NS: Non-significant (i.e. P≥0.05); 
 

CONCLUSION 
Altitude, coat color, season of conception, season of kidding, dam‘s parity, size of dams, 
sex of kids and birth type were the important sources of variation with respect to average 
daily gain from birth to weaning (ADGW). Similarly, average daily gain from weaning to 
nine months age (ADGW9) was significantly influenced by the effect of size of dams, 
sex of kids and birth type, whereas, altitude, season of conception, dam‘s parity, sex of 
kids and birth type had significant effect on the average daily gain of kids from nine 
months to fifteen months (ADGN15). Size of dam, sex of kids and birth type were three 
of the important non-genetic factors affecting ADG of Khari goat kids at different stages 
of growth as compared to other factors considered.  

 
More ADG was observed for the kids born from larger sized dams suggesting the 
importance of selection of heavier dams and culling of inferior smaller ones for 
enhancing production and productivity of Khari goat in proceeding generations. On the 
other hand, ADG was observed to be higher for the male kids as compared to that of 
females suggesting the selection of males showing greater ADG for getting improved 
progeny generation. Similarly, more ADG was observed for the kids born as single as 
compared to twins and triplets indicating the competition for feeding and maternal care in 
case of twins and triplets. However, it is more profitable to have twins and triplets with 
respect to the total weight gain at marketable age. Thus, due care should be given to 
manage these non-genetic factors for increased production and productivity of goats 
through selection based on the ADG of kids at different stages of growth.  
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ABSTRACT 

 
The abundant availability of water resources makes Nepal a country with potential for 
fish farming. However, the development of fisheries sector in Nepal has not been as 
expected. The objective of this paper is to analyze the historical trends of fish production, 
yield and water resources availability for fish production and identify the opportunities 
and constraints of fish farming in Nepal. The result showed that there has been a steady 
growth in the fish production in the last 15 years, with more than 37000 mt fish produced 
in 2013/14. Fish yield increased by more than 2000 kilograms per hectare during the 
same time period. The majority of the fish productions are coming from eastern terai 
region, with some hilly districts developing themselves as a good hub for rainbow trout, a 
cold water fish species. The major problems faced by the farmers are the shortage in 
fingerlings supply, lack of marketing infrastructure, disease problems and lack of skilled 
human resources in the fishery sector.  We recommend Nepal government to address the 
problems faced by the farmers, as it would be difficult to achieve the target of making 
Nepal a self-sufficient country in fish production in the next three years, as envisioned in 
the budget speech of 2073/74.  
 
Key words: Fish farming, Fingerlings, Marketing infrastructure, Water resources. 
 

INTRODUCTION 
 
Nepal has abundant water resources available with many rivers, lakes, stream, reservoirs 
and village ponds. The Koshi, Gandaki, and Karnali are the three major river systems of 
Nepal. Besides, these major rivers and their tributaries, there are an innumerable number 
of streams, lakes and water reservoirs available in Nepal. Nearly three percent of the total 
area of Nepal is occupied by water resources, of which about 500,000 hectares may be 
available for fish farming (Shrestha, 1999). Out of total inland water resources, river, 
lakes and reservoirs comprise 48.8%, paddy fields 49%, swamps around irrigated fields 
1.4% and village ponds 0.8% (Shrestha, 1999). The availability of a plethora of water 
resources gives Nepal an opportunity to exploit its resources for various usages such as 
the electricity production, irrigation, and fish farming. The widespread availability of 
paddy fields in the southern plains and mid-hills of the country provide additional 
opportunities for rice cum fish culture.  
 
Nepal is rich in fish biodiversity with nearly 200 fish species available, of which around 
190 are indigenous species and remaining are exotic species (Sharma, 2008). Among 
them, 59 indigenous and two exotic fish species are considered cold water species 
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(Shrestha, 1999). In total, 10 fish species has been categorized in the endangered and 
vulnerable categories, while 34 fish species falls under threatened category (Sharma, 
2008). Fish farming has been traditionally practiced by some tribes in Nepal since time 
immemorial. Generally, Tharu, Kewat, Das, Kahar, Mallaha, Lodh, Gaud, Gaha, Gurung, 
Kumal, Gupta and Magar tribes were traditionally involved in capture fishery (Dahal et 
al., 2013). They were mainly dependent on capture fishery for their livelihood and food 
sources, which is still a common practice across the country, but is unorganized and done 
mostly at subsistence level (Rajbanshi et al., 2002). Culture fishery is relatively new in 
Nepal and was initiated in a small scale in the mid-1940s with the introduction of Indian 
major carps seed (FAO, 2016). The introduction of exotic common carp (Cyprinus 
carpio) in the 1950s and three exotic Chinese carps, namely silver carp 
(Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis) and grass carp 
(Ctenopharyngodon idella) in the 1970s provided a major impetus in the development of 
cultured fishery in Nepal (FAO, 2016). In addition to this, the successful induced 
breeding of three major carps rohu (Labeo rohita), catla (Catla catla) and mrigal 
(Cirrhinus mrigala) provided a new avenue for commercial aquaculture farming practices 
in Nepal. The initiation of cage fish culture in lakes and reservoirs with silver carp and 
bighead carp in the 1970s with the support of Food and Agricultural Organization of the 
United Nations (FAO), United Nations Development Program (UNDP) and International 
Development Research Center (IDRC) was another important cornerstone in the 
development of fishery farming in Nepal (FAO, 2016). However, the actual development 
of commercial fish farming in Nepal began after the 1980s with the implementation of 
Aquaculture Development Project under the support of Asian Development Bank (ADB) 
and United Nations Development Program (UNDP). In the recent years, the cultivation of 
high-value cold water species such as rainbow trout (Oncorhynchus mykiss) in some of 
the hilly districts has provided a new dimension in the commercial fish farming in Nepal. 
 
The Government of Nepal has identified fisheries as one of the prominent sub-sector for 
poverty reduction in Nepal. The budget speech of the current fiscal year 2073/74 has 
targeted Nepal to make a self-sufficient country in fish production in the next three years. 
To achieve this ambitious target, the current production level needs to be expanded by 
many folds. It is very important to know the historical context of fish production in 
Nepal, the current level of resource utilization, policies of Nepal Government on fish 
production, problems faced by the farmers in fish farming, and opportunities available to 
evaluate the potential of fish farming in Nepal in the future. The objective of this paper is 
to review the trends, opportunities, and constraints of fish farming in Nepal. More 
specifically, this review analyses the temporal fish production trends in Nepal during the 
last 15 years, explore the water resources availability and their use for fish farming across 
districts, evaluate the policies of Nepal Government on fish production and discuss the 
constraints faced by farmers in fish farming and the opportunities of fish farming in 
Nepal.  
 

MATERIALS AND METHODS 
Study area 
Nepal has three distinct eco-zones: Terai in the southern plain, hills in the middle and 
mountains in the north. The northern part of the country shares borders with China; 
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whereas east, west and south borders are shared with India. The altitudinal variation 
ranges from nearly 70 meters above the sea level to the highest peak in the world (8,848 
m). This variation makes Nepal a suitable habitat for both cold water and warm water fish 
species. Politically, Nepal is divided into 7 states, 75 districts, 217 municipalities and 
nearly 3,150 village development committees. As Nepal is currently in the phase of state 
restructuring, state level government entities are yet to be functional. The unit of analysis 
in this study is the district, as data on fish production beyond this level is not available.  
 
Data sources and processing 
The data on annual fish production and water resources available at district level were 
obtained from the annual publications of the Ministry of Agricultural Development of 
Nepal Government. Information on policies of Nepal Government on fisheries was 
obtained from the documents of National Planning Commission and the budget speech of 
2073/74.  
 
Data were processed at the district level using Microsoft Excel 2010. Choropleth maps 
showing district-wise fish production and yield and water resources availability were 
created using the ArcGIS 10.3. Analysis of variance (ANOVA) test was used to compare 
the differences in the fish production and yield in mountain, hills and terai of Nepal. A 
Tukey‘s HSD posthoc test was conducted for pair-wise comparison of production and 
yield in mountain, hills and terai districts when ANOVA result was significant. SAS 9.4 
(SAS Institute Inc., Cary, NC, USA) software was used for statistical analysis.  
 

RESULTS AND DISCUSSION 
 
Temporal and spatial trend of fish production in Nepal 
The average annual fish production from fiscal year 1999/00 to 2013/14 in Nepal was 
22929.1 metric tons (mt) (95% confidence interval (CI): 19232, 26626). During these 
past 15 years, the lowest production was 14000 mt in the year 1999/00 and the maximum 
production was 37427 mt in the year 2013/14. The trend of annual fish production 
showed that fish production increased each year, with the exception in 2008/09 (Figure 
1). In the last 15 years, there has been an increase of more than 23000 mt of fish 
production in Nepal compared to that of the base year 1999/00. 
 
As the total production increased, correspondingly the yield has also increased. The 
average fish yield from 1999/00 to 2013/14 was 3344.3 kilograms per hectare (kg/ha) 
(95% CI: 3027, 3661 kg/ha). During these 15 years, the minimum yield was 2397 kg/ha 
in 1999/00 and maximum yield was 4352 kg/ha in 2013/14. The annual fish yield has 
increased by nearly 2000 kg/ha in the last 15 years (Figure 1), compared to that of the 
base year 1999/00. 
 
To understand the spatial pattern of total fish production, yield and availability of water 
resources for the fishery in Nepal at the district level, 2013/14 data was analyzed. At the 
district level, the average fish production in 2013/14 was 499 mt (95% CI: 262.1, 735.9). 
The highest production was 4785.7 mt from Bara district. The top ten highest fish 
producing districts were Bara, Saptari, Dhanusha, Rupandehi, Mahottari, Siraha, Morang, 
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Chitwan, Parsa, and Sarlahi respectively. There were no fish being produced in 15 
districts of Nepal (Figure 2). The average yield of fish in 2013/14 at the district level was 
2258.9 kg/ha (95% CI: 1890, 2628 kg/ha). The highest yield was 5063 kg/ha from Bara 
district. The top ten districts with highest fish yield were Bara, Chitwan, Dhanusha, 
Parsa, Morang, Mahottari, Baridiya, Sarlahi, Rautahat and Saptari, respectively. 
 
Ecozone wise, total fish production (F value= 58.8, p<0.0001) and yield (F value= 87.6, 
p<0.0001) were significantly different. Pair-wise multiple comparisons using Tukey‘s 
HSD test showed that total fish production was significantly higher in Terai compared to 
hills and mountain, but there was no significant different between hills and mountain. 
Likewise, terai had significantly higher yield compared to hills and mountain, and hills 
had significantly higher yield than a mountain. Looking at the current level of production 
as well as due to the availability of more ponds and surface water, terai regions seems 
most suitable for fish farming in Nepal. The details on average, median, minimum and 
maximum number of ponds, surface water availability, fish production and yield at the 
eco-zone level are presented in Table 1. 
 
The reason for the increase in production and yield temporally and spatially may be due 
to the increasing level of knowledge among farmers in fish farming, and increased 
availability of quality fingerlings and fish feed compared to the past. However, current 
fish production needs to be increased to three- or four-fold to be comparable with 
neighboring countries (Gurung, 2014). Spatial analysis of production and yield showed 
that terai region is the main hub for fish production in Nepal. Within the terai, eastern 
terai has higher production and yield compared to western terai. Higher surface water 
available in the eastern terai compared to the western terai may be one of the reasons for 
this observed discrepancy. However, with increased extension efforts from Nepal 
government and private sector, it is possible to increase fish production and yield from 
western terai too. Hills contribute moderately to total fish production, but increasing 
production of high-value cold water fish species such as the rainbow trout makes the hill 
a potential area for cold water fisheries. Rainbow trout has been done in eleven hilly 
districts so far (Joshi, 2014), which can be easily extended to other hilly districts with 
collaborative efforts from Nepal government and the private sector. 
 
The other potential areas for increasing fish production are the lakes, natural reservoirs 
and artificial reservoirs created due to dams for hydroelectricity production. Though at a 
low level, cage fish culture in lakes, natural reservoirs, and hydropower reservoir dam has 
also not only contributed to the total fish production but also been an important livelihood 
alternative for local communities. The major problem faced by the community involved 
in fish farming in the reservoir is the lack of sustainable fingerlings supply (Gurung et al., 
2010). The negative part of using lakes and reservoirs for commercial fish farming is that 
due to the introduction of carp species in these lakes and reservoirs, there has been a loss 
in indigenous fish species. For example, Swar and Gurung (1988) reported that after the 
introduction of carp species in Begnas lake, harvest increased by 266% but indigenous 
species declined by 42%. A study conducted at Marshyangdi dam found that 
ichthyofaunal diversity of fish is affected by the construction of dams as the movements 
of migratory fish are hindered by dams (Mandal and Jha, 2014). 
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Figure 1. Annual fish production (metric ton) and fish yield (kilograms per hectare) in 
Nepal from 1990/00 to 2013/14. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. District-wise fish production (metric ton) and yield (kilograms per hectare) in 
Nepal 
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Table 6. Eco-zone wise number of ponds, water surface, fish production and yield 
Number of ponds Mountain Hills Terai 

Mean (95% CI#) 6.5 (0.7, 12.4) 66.3 (43.2, 89.4) 1585.5 (1188, 1983) 
Median 0 40 1325 
Minimum 0 0 630 
Maximum 36 255 3581 
Water surface (ha*)    
Mean (95% CI) 0.5 (-0.05, 1.1) 7.2 (4.4, 9.9) 415.9 (291.5, 540.4) 
Median 0 4 301.5 
Minimum 0 0 92 
Maximum 4 41 945 
Fish production (mt**)    
Mean (95% CI) 1.03 (-0.5, 2.5) 18.2 (9.8, 26.7) 1834.9 (1249, 2421) 
Median 0 7 1303.8 
Minimum 0 0 373.4 
Maximum 11.4 129.3 4785.7 
Yield (kg/ha***)    
Mean (95% CI) 578.3 (59.3, 1097) 1894.5 (1563, 2226) 4314.3 (4184, 4445) 
Median 0 1945 4280.5 
Minimum 0 0 3950 
Maximum 3252 3387 5064 
# Confidence interval, *hectares, **metric ton, ***kilograms per hectare 
 
Surface water availability district-wise 
The availability of surface water indicates the potential of a district for fish farming.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. District-wise surface water availability in Nepal. 
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In general, terai districts have higher surface water availability compared to hills and 
mountainous districts (Figure 3). Hilly and mountainous districts in the mid-western and 
far western Nepal have very low surface water availability (Figure 3).Within Terai, 
eastern Terai has higher surface water availability. Eco-zone wise distribution of surface 
water availability is shown in Table 1. The average surface water availability at the 
district level was 114.7 ha (95% CI: 62.5, 167.1 ha). The maximum surface water 
availability was 945 ha in Bara district. 
 
Major fish species currently farmed in Nepal 
Several indigenous and exotic fish species are farmed in Nepal for food and recreational 
purposes. The three major Indian carps commonly farmed in Nepal are Rohu (Labeo 
rohita), Catla (Catla catla) and Mrigal (Cirrhinus mrigala). In addition, exotic carps 
namely Common carp (Cyprinus carpio ), and Chinese carps: Grass carp 
(Ctenopharyngodon idellus), Silver carp (Hypophthalmicthys molitrix) and Bighead carp 
(Aristichthys nobilis ) have been cultured since 1955/56. Recently goldfish (Carassius 
auratus) was introduced as a recreational species in Nepal (Shrestha, 1999). Cold water 
fish species rainbow trout (Oncorhynchus mykiss) was introduced in 1968 and 1971 from 
India and in 1988 from Japan (Shrestha, 1999). Rainbow trout farming has been done in 
eleven districts of Nepal namely Mustang, Manang, Rasuwa, Nuwakot, Sindhupalchok, 
Lalitpur, Kathmandu, Makwanpur, Dhading, Kavre, and Kaski (Joshi et al., 2014). 
Recently, Nile tilapia (Oreochromis niloticus), Java barb (Barbonymus gonionotus) and 
giant river prawn (Machrobrachium rosenbergii) have been introduced to study the 
potential of their commercial production in Nepal (Shrestha, 1999). Three high-value 
indigenous cold water fish species popular as delicacies: Asala (Schizothorax sp.), Katle 
(Acrossochielus sp.) and Mahseer (Tor sp.) are also under consideration for commercial 
farming. 
 
Major fish diseases in Nepal 
One of the major problems of fish farming in Nepal is the prevalence of fish diseases. 
Several bacterial, protozoan, parasitic, crustacean, fungal and unknown diseases are 
prevalent in Nepal. Among the bacterial diseases, the major diseases are Tail and Fin rot, 
Columniaris, and Gill disease (Nepal et al., 2002; Jha and Bhujel, 2012). The common 
fungal diseases are Saprolegniasis, Epizootic ulcerative syndrome (Dahal et al., 2008; Jha 
and Bhujel 2012), and Hepatoma disease (Nepal et al., 2002). Trichodiniasis, Costiasis, 
Ichthyopthirius, Myxosomiasis, Apiosomiasis, and Epistylis are the major protozoan 
diseases identified in Nepal (Jha and Bhujel, 2012). Ectoparasitic diseases caused by 
Dactylogyrus sp. and Gyrodactylus sp. and helminthic diseases caused by 
Bothriocephalus sp, Procamallnus sp., Zylanema sp, Piscicola sp., and Cariophullaeus 
sp. have also been reported in Nepal (Jha and Bhujel, 2012). Among the crustacean 
diseases, diseases caused by Argulus sp and Learnea sp. are present (Jha and Bhujel, 
2012). In addition to specific diseases, other unknown problems such as sporadic fish kill 
and falling of scales have been observed by fish farmers in Nepal (Jha and Bhujel, 2012).  
 
Marketing channel of fish in Nepal 
Fish marketing channel has not been systematic in Nepal. Commonly, fisherman and 
small scale fish producers sell their fish directly to the consumers. Medium and large 
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scale fish farmers use different channels to sell their fish. They sell some of their fish 
directly to the consumers in local markets, or through agent or contractors to the 
middleman or wholesalers. A study conducted by Shrestha (1999) has shown that 28% of 
the fish are consumed or given away by farmers, 30% are sold directly to the consumers 
and 42% are purchased by wholesalers from contractors and distributed to retailers in 
major urban centers.  
 
Major problems of fish farming in Nepal 
There are several challenges faced by the farmers involved in fish farming. The major 
problem is the lack of sustainable fingerlings supply system (Gurung et al., 2010). In 
addition, lack of marketing infrastructure, lack of cold storage facilities, poor quality 
fingerlings and fish feed and lack of technical knowledge are other major issues the fish 
industry is facing (Gautam, 2015). There is also no fish-processing factory available in 
Nepal. Loss of habitat and their degradation are other major issues for sustainable fish 
farming in Nepal (Gurung, 2013). Another worrying issue for the fish industry in Nepal 
has been the identification of heavy metal contamination in fish sold at some major urban 
centers. For example, some fish were found to have been contaminated with Manganese, 
Lead and Chromium at Kathmandu (Paudel et al., 2016), and Mercury at Pokhara (Thapa 
et al., 2014). If not taken seriously, this can be a public health issue anytime, and could 
impact the fishery industry.  
 
Fisheries extension and research services in Nepal 
The extension and research services of the fishery in Nepal fall under the jurisdiction of 
Ministry of Agricultural Development (MoAD).  Under MoAD‘s Department of 
Agriculture, the Directorate of Fisheries Development (DoFD) is mainly responsible for 
providing extension services to the farmers.  The other institutions under DoFD are 
Central Fish Laboratory, Fisheries Development and Training Center, Fisheries 
Development Centers located in different districts, and the District Agriculture 
Development Offices. The organization responsible for research on fisheries is Nepal 
Agricultural Research Council (NARC).  NARC has several fisheries research program at 
several locations, namely Tarahara and Parwanipur for warm water fishery; Pokhara for 
lake and reservoir fisheries; Trishuli for riverine species; and Godawari for cold water 
fisheries. 
 
Major policies related to fishery in Nepal 
Nepal government is currently at the end of its 13th three-year development plan (2013/14 
to 2015/16. For fishery sector, the target of this plan is to achieve per capita annual 
production of 2.7 kg fish (NPC 2016). To achieve this target, the major policies put 
forward by the Nepal government are to extend fisheries program in the mid-hills and 
cooperative based fisheries in the reservoirs, ponds, and wetlands of Terai (Gurung et al., 
2012). Small, landless and marginalized farmers would be the target of the program. 
Suitable technologies would be developed and extended based on local feasibility to 
enhance the fish production and productivity. High-value fish production would be 
prioritized in north-south road corridor, and cold water fish species would be promoted in 
hills. The policies include mobilization of farmer‘s group, encouragement of international 
and private investments, promoting insurance system for commercial fish farming, 
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guaranteeing the supply of fingerlings, and providing bank loans for those interested in 
fish farming. Other major policies include leasing provision of common water bodies 
such as community ponds, rivers, reservoirs and swamps, integrated support system for 
commercial fish production are, expert exchange among academic institutions, promotion 
of local and indigenous knowledge of fish production, restoration of degraded water 
bodies and promotion of biodiversity conservation.  
 
In addition to the above policies, Nepal Government had promulgated the Aquatic Life 
Conservation Act 1961 (Jalchar Sanrakshan Ain 2017) for the protection of aquaculture 
species. The 1999 (2056 BS) amendment of the act included restrictions on capture 
methods and killing of some vulnerable and rare fish species. The Act has also provisions 
for using hydropower reservoirs and dams for the establishment of fish hatcheries.  
 

CONCLUSION 
 
The Government of Nepal has targeted to reduce the poverty level to 18 percent from the 
24 percent at the base year by the end of the 13th three-year plan (2013/14 to 2115/16). 
Fish farming is one of the several prominent sub-sectors that can be effectively used for 
poverty reduction in Nepal. In this context, this paper analyzed the production and yield 
trends of fish farming, water resources availability at the district level, policies of the 
Nepal government, constraints faced by the fish farmers and opportunities of fish farming 
in Nepal.  
 
In summary, there has been a continuous increase in the production and yield of fish in 
Nepal. However, the increase at the current level is not sufficient to cater the growing 
demand of fish in Nepal, and also to fulfill the target of making Nepal a self-sufficient 
country in fish production in the next three years. To achieve this target, promotion of 
public-private partnership for improved fish farming is necessary for Nepal. In addition, 
it is recommended to the Nepal Government address the major problems faced by the 
farmers with priority such as the fingerlings supply, fish disease diagnostic facilities, 
development of fish marketing channel and cold storage facilities.    
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ABSTRACT 

 
Fruit orchards are not only the source of fruits but also the sink of atmospheric carbon 
dioxide. In this study, we used non-destructive allometric method to determine the carbon 
stored in tree plants. For this method, plant height, diameter at breast height and pre-
determined constants and factors were used.  Fruit plants in Nepal Agricultural Research 
Council, Regional Agricultural Research Station, Khajura fruit orchard have stored 
carbon 2.17 t in mango tree, 2.73 t in litchi tree, 1.63 t in wood apple tree and 3.5 t in 
gooseberry tree. For future purpose, determination of allometric constants by destructive 
methods for local climate will help to obtain more accurate data on carbon stored in the 
trees.      
 
Key words: Carbon sequestration, Carbon dioxide, Climate, Fruit, Orchard 
 

INTRODUCTION 
 
Carbon sequestration gained popularity in the 21st century as climate change heated the 
globe. Carbon sequestration is the process of removing carbon dioxide from the 
atmosphere and storing it in soil, water or plant biomass. Carbon sequestration is sought 
as the one of the global alternatives to moderate the climate change effect as carbon 
dioxide (CO2) is one of the main greenhouse gases and human activities has contributed 
its increment in the atmosphere. Applying different methods of carbon sequestration, now 
we attempt to reduce the concentration of CO2 in the air. Different methods for 
sequestration are proposed like bio-sequestration, seawater sequestration, greenhouse 
injection, algal filtration, carbon capture and sequestration in gas processing etc. Among 
these, bio-sequestration or phyto-sequestration is the process by which natural process of 
photosynthesis is amplified to increase carbon stored in the plant biomass and or soil. 
Agricultural practices like no tillage, minimum tillage, crop residue incorporation, 
biochar application, afforestation, agroforestry etc. are the possible agricultural practices 
to increase carbon sequestration in the soil.        
 
As per the Kyoto protocol (1997), all the countries in the world are supposed to 
contribute in the greenhouse gas (GHG) mitigation either by decreasing emission or 
contributing in the carbon sequestration. As per the clean development mechanism 
(CDM), countries with higher amount of emission are supposed to obtain carbon credits 
for their greenhouse gas emissions by contributing to the carbon sequestration in terms of 
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monetary value. Following the ratification of the Kyoto protocol on September 5, 2005, 
Nepal is expected to obtain carbon finance (Bosi et al., 2010) for carbon capture and 
sequestration (CCS) in its forests (39.6% of the total land area) and other plantations (like 
fruit orchards) (AICC, 2015). To get the carbon finance, the country needs to earn the 
certified emission reduction (CER) credits, each equivalent to one ton of CO2 (UNFCCC, 
2015). And for this, we need to calculate the carbon sequestered in its forests and 
plantation biomass. Based on different studies, national carbon stock of Nepal ranges 
from 246 to 393 M t carbon (Gibbs et al., 2007).  
 
Different methodologies are used to calculate the amount of carbon sequestered by forest 
and plantation in the area. Biome averages, forest inventory, optical remote sensors, very 
high-resolution airborne optical remote sensors, radar remote sensors, laser remote 
sensors are used to determine the carbon stock in the national level (Gibbs et al., 2007).  
Field level destructive methods (Hairiah et al., 2011) and non-destructive methods 
(Chave et al., 2005, Rojas-García et al., 2015, Wang, 2006) are used to estimate carbon 
sequestration in small area.  
 
Among non-destructive methods, use of predetermined allometric equations to estimate 
carbon sequestration is one of the reliable methods. Allometry is the study of 
relationships between growth and size of one portion of an organism to the entire 
organism. To determine the allometric relationships of a species of tree, forestry scientists 
must first determine the diameter of several trees of one species, cut them down, dig up 
the roots, dry everything out and then weigh the biomass of all the wood. Forestry 
scientists then use this information to develop an allometric equation using two 
coefficients that approximates a relationship between tree stem diameter and the total 
biomass of a particular species of tree. 
 
Fruit tree species are planted for the purpose to harvest fruits for economic benefit. In 
addition to direct economic benefit, fruit tree species are also contributing in carbon 
harvesting from the atmosphere. So, a fruit orchard is also contributing in the carbon 
sequestration. Here, we estimated the amount of carbon stored by fruit trees.  
 

MATERIALS AND METHODS 
 
This study was conducted in fruit orchard in regional agricultural research station at 
Khajura, Banke. The area gets highest temperature in the country reaching 45°C in the 
month of April. The data were taken in the month of October, 2014.  
 
The required parameters for the estimation of carbon sequestration are described 
herewith: 
Diameter at breast height (DBH): Diameter of stem(s) at breast height was determined 
after measuring the circumference using measuring tape. Diameter is equal to the 
circumference divided by pi (π) value.  
Theodolite instrument/clinometer: This instrument is used to determine the tangent of 
angle to the tip of plant.  
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Based on the angle measured, the tangent value of degree angle was calculated. For that, 
in excel degree values were converted to radian by multiplying with a factor i.e. 
pi(π)/180. 
As per the Pythagoras theorem, tangent of angle = perpendicular divided by base. Hence, 
perpendicular is equal to the tangent value of angle multiplied by base length.  
 
Though many papers were published with species specific allometric constants for 
example Rojas-García et al. (2015), Zianis and Mencuccini (2004), we could not find the 
one for the all species in concern. Hence, to determine the above ground biomass without 
destructing plant, we used the following allometric equation developed by Chave et al. 
(2005) for dry climate:  
ln (AGB) = α + ln (D^2*H*ρ) 
Where, ln = natural logarithm of number 
 AGB = above ground biomass (t/tree) 
α = allometric co-efficient, considering effect of climate 
D = diameter at breast height (cm) 
H = plant height (m) 
ρ = wood density (g/cm3) 

The below ground biomass was determined multiplying above ground by 0.26 as a factor 
as proposed by Cairns et al. (1997).  

The carbon stored in angiosperms were calculated multiplying total biomass by 0.521 as 
a factor as proposed by SERC (2015).  

The carbon was converted to carbon dioxide multiplied by factor 3.67 (Hairiah et al., 
2011).  
Ngwayi (2012) also used similar equation to determine the aboveground biomass.  
Data on four fruit tree species were taken (Table 1). Wood density values were compiled 
from Zanne et al. (2009) . 
 

Table 7. Fruit species in RARS, Khajura, used for estimation of carbon sequestration 
English name Local 

name 
Scientific name wood density (g/cm3)* 

Litchi Litchi Litchi chinensis var. 
philippinensis 

0.96 

Mango Aanp Magnifera indica  0.68 
Gooseberry Amala Phyllanthus emblica 

Emblica officinalis Gaertn. 
0.68 

Wood apple Bel Limonia acidissima 0.84 
*Source: Zanne et al. (2009) 
 
Data analysis 
Data were analysed using statistical software Rstudio version 0.99.473. For standard error 
calculation, statistical package plotrix was used. Coefficient of variance (%) values was 
calculated by dividing standard deviation (sd) with mean of the parameter.  
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RESULTS AND DISCUSSION 
 
A mango tree is able to fix 2.17 t of carbon-dioxide in a tree of 14 years old (Table 2). 
AERD (2014) revealed with higher biomass and age of the plant the amount of carbon 
sequestered is increased. Mango plants aged 41 years sequestered 6.58 t carbon per tree, 
whereas aged 11 years mango tree sequestered only 5.9 kg carbon per tree in Sarlahi, 
Nepal. It is due to increase in the biomass with age.  Similarly, a litchi tree had 
sequestered 75 kg carbon in its total biomass (Table 2). Compared to last year data by 
AERD (2014) of carbon stock of 53.5 kg/tree, with increase in biomass with age has 
increased the carbon stock in the litchi plants. Moreover, the use of allometric equation in 
this estimation compared to use of cylinder volume to obtain above ground biomass in 
the previous work has also caused differences. A wood apple tree of height four metres 
was able to sequester 44 kg carbon in its biomass (Table 2). A gooseberry tree along with 
producing vitamin C rich fruit sequestered 3.5 t carbon-dioxides per tree (Table 2).  
 

Table 8. Carbon sequestration by different plant species in RARS, Khajura 
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Mango 26 14 

mean 5.04 8.50 0.90 0.20 0.59 2.17 
standard 
error 0.19 0.51 0.06 0.02 0.04 0.15 

CV (%) 19.2 30.0 34.8 34.8 34.9 35.0 

Litchi 20 14 

mean 4.81 10.12 1.13 0.29 0.75 2.73 
standard 
error 0.21 0.76 0.06 0.01 0.04 0.13 

CV (%) 19.0 33.7 22.0 22.0 22.2 22.1 

Wood apple 5 10 

mean 4.06 6.50 0.68 0.18 0.44 1.63 
standard 
error 0.36 0.80 0.15 0.04 0.10 0.37 

cv (%) 19.7 27.5 51.3 52.8 51.2 51.4 

Gooseberry 7 14 

mean 8.51 15.1 1.45 0.38 0.95 3.50 
standard 
error 0.46 1.31 0.04 0.01 0.03 0.10 

cv (%) 14.3 23.0 7.8 7.8 7.7 7.7 
 

CONCLUSION 
Fruit orchards should be promoted as environment friendly economic activity in the 
country. It will help in sustainable agricultural development as well as contribution in the 
climate change mitigation. In addition, determination of allometric constants for different 
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fruit tree species by destructive methods in the local climate will contribute in the more 
accurate estimation of carbon sequestration in the future.     
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ABSTRACT 

Dowry, with its long history, is entrenched in marriage custom among the Brahmins 
residing in the Terai part of Nepal. On the onset of its practices it was a cultural 
enterprise while, contemporarily, it has been both cultural and economic enterprises. The 
shift from cultural to economic identity of dowry raised two major issues. First, why 
dowry, as a cultural entity, turned to be an economic enterprise in the Terai Brahmins of 
Nepal?  Second, what consequences the dowry as a cultural-economic entity caused in 
the life of the target community. I therefore will discuss the context and necessity of 
dowry and its pedagogic effect among the members of the target community. To meet the 
purpose of this article I collected ethnographic data from the members of the Terai 
Brahmins community which were analyzed and interpreted in line with social identity 
theory to make meaning. This article came up with the conclusion that the custom of 
dowry in the past was a cultural ritual emerged as an ideal practice in the part of the 
members who involve into it. Culturally, it represented liberal, emotional, an independent 
offer and a self-motivated performance in the part of parents wishing for their daughters‟ 
happy marriage life. Later, the same turned to be entertained activity, a form of social 
prestige, and gradually a compelled economic discourse resulting pain, agony and threat 
to social relationships among the many in the community. Had the dowry system been 
linked with modern, self-sustained education, its distressing effects would have been 
minimized or eliminated from the target community.   
 
Key words: Dowry, Culture, Economy, Education  
 

INTRODUCTION 
 
Dowry is a give-and-receive kind of event that takes place in the process of finalizing 
marriage in the Terai Brahmins community of Nepal. At the time of marriage of a bride 
her parents or family head customary provides money, property or a gift to the 
parents/family members of the bridegroom. This means that dowry is generally provided 
in cash, goods or any kind of valuable things which supposedly help to form and run 
family right after getting married (Das,2008). The customary of dowry is existing in 
almost all part of Nepal either in one form or the other (Ibid). But, it is massively used in 
the southern (The Terai) part of Nepal particularly among Brahmins‘ community (Ibid). 
Since I belonged to the Terai Brahmin community; I got an opportunity to participate in 
two different marriages recently. I observed the entire process of marriage and divided it 
in three stages: before-, after- and while- marriage. As I observed, the system of dowry 
remained the central agenda in the entire process of marriage. This focused agenda in the 
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marriage caused me raise question that why dowry is taken as the matter of primary 
importance in the marriage system of the target community. This article therefore 
addresses this query. 
 

METHODOLOGY 
  
To meet the purpose of this article I generated data through in-depth interviewing 
(Seidmen, 2006) from two different families of the Terai Brahmins who temporarily 
living in the Kathmandu Valley. Both the families were selected purposively. Since I had 
a great intimacy with both the family, this helped me conduct in-depth interviewing with 
them to elicit their opinions on historical, cultural, and economical landscapes on dowry. 
 
The newly married couple in the family ‗A‘ was interviewed in their home environment 
mostly in most familiar, joyous and entertaining environment. Family ‗A‘ was selected to 
generate the data on the status of dowry then and now in the community. Similarly, 
family ‗B‘ was selected to get responses on the consequences of dowry. I have presented 
ethnographic data in the sense that this nature of inquiry gave me enough space to bring 
forth the rich and thick data set from the given cultural settings (Denzin & Lincoln, 
2005). 

RESULTS AND DISCUSSION 
 
Dowry as a Cultural Entity 
Recently, one of my distant relative (who now lives in the Kathmandu Valley) got 
married with a girl in the Terai. Since I knew both the families (the family of the boy-
Kumar- and girl-Beni), I became the mediator of the arranged marriage. In the beginning, 
I proposed the boy family to get Kumar married with Beni, the mother of Beni asked me 
about the detailed of Beni. While I was explaining about Beni‘s contents and character to 
Kumar‘s mother, his father arrived and thus there became a prolonged discussion on 
several aspects of the marriage which I have presented below: 
 
―…yes, my son is of about 24 and I am looking for a marriage proposal for him from a 
good family. You know well that I am a business man and have a good deal of money. I 
have a house in the Kathmandu Valley. My family is short and fine,” Kumar‟s father said 
to me in one gasp. I then told him, “Beni‟s father is also an officer working in a 
government office. Beni herself is the girl of good education with appreciable contents 
and character….‖ Interrupting me Kumar‘s mother said, ―Yes, this is what we are 
looking for in a girl who is supposed to be the wife of my son.” Kumar‘s father further 
inquired, ―How much Tilak (cash) does the girl‟s parents offer, you know?” In reply I 
told him, “in this time of individual development ...  your son has acquired considerable 
level of qualification. He can independently earn and live. Why do you focus on „tilak‟?‖ 
Kumar‘s father said, ―You know that marriage event is expensive. Inviting guests, 
performing rituals, offering party, etc. require a lot of expenses. I can‟t bear these 
expenses myself.‖ I persuaded him to minimize the expenses in favour of himself and also 
for the sake of bride‘s family. He then insisted on the cultural norms of dowry/ tilak. He 
further opined, ―Tilak and dowry has been taking place in the marriage process since 
time of religious era. This is also a ritual. If I give up tilak the members in community 
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and relatives would think there might be some serious problem with my son which led me 
to get him married without tilak. This is a social prestige, you know….‖ 
 
The emergence of dowry traces its history back possibly to TretaYug in which God Ram 
and Goddess Sita (the Hindu deities) got married These two personalities have been still 
worshipped as the most ideals among the Hidus. As a result, the way they led their life 
became milestone to the ideal life for the followers of Hinduism (Sindhu, 2010). The 
King Janak gave a lot of dowry while his daughter, Sita, got married with Ram. Since 
they were the ideals in the society, their actions, behavior and life approaches also 
became the ideals for the people at large If one gives a close observation at the cultural 
core of the dowry system at marriage, one easily can find that it was independent and 
self-motivated offer as a symbol of love, affection of the bride‘s parents (Roy, 2004) 
Since the bride does not stay with her parents, the dowry from the side of bride‘s parents 
works for memorial gift. This system became the part of culture.  
 
As maintained by Kumar‘s father in the data above the cultural norms of dowry that is the 
very nature of its virtue of independent and self-motivated offer depreciated over time 
and slowly it became an compelling and conditional entity in the part of bride‘s family 
for a marriage to take place. This shift of the practice of cultural symbol added a lot of 
complications in the entire marriage life. As time enrolled, dowry in the poor and middle 
class family became a one-time handsome earning to begin a business or buy land for the 
bridegroom‘s family to support his living.The shift of the meaning of dowry encouraged 
me to explore the change in the social relationship, if any, among the people who involve 
into it. I therefore selected a Family ‗B‘ to learn about the affects of dowry as a 
compelling and conditional phenomenon in the marriage. 
 
Consequences Generated by Dowry 
 
Practice of any socio-cultural phenomenon has got its consequences over the members of 
the target community. Dowry as a compelling entity also overcast some effects upon the 
social relationship and individuals‘life. To study its effect, I interviewed with a woman 
from family ‗B‘ who got married about five years ago. She had a following story to 
explain about her experiences upon the practice of dowry:  
 
“…no I don‟t prefer it at all. At the time of my marriage I could not receive dowry as per 
the demand of the family of my husband. I know that my parents were poor. But, they had 
a dream of getting me married with a good boy. You know, a good bridegroom in all 
aspects demands handsome money (tilak) along with various household appliances and 
materials useful for life. Due to my beauty, my husband agreed to get married with me 
but as my father did not offer the demanded money and materials as tilak and dowry the 
proposal of my marriage once was dismissed. Later, some mediators again revived the 
marriage proposal and led my marriage to the success. After marriage, my mother-in-law 
often insulted me among some community members that I have not been able to bring 
anything from my parents. No dowry or tilak, only plain marriage. You know, I adopted 
very liberal course of marriage for my son. My son‟s father-in-law is very poor. What to 
do. Sometimes we must work for the sake of the other…” These were the words that my 
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mother-in-law spoke among the many which I felt as a social assault. Right after I 
marriage I was loaded with a lot of domestic chores which sometimes I felt totally 
unbearable.  
 
Once my mother-in-law whispered to my father-in-law which I heard as, ―she is daughter 
from poor family. She can work patiently. No need to express sympathy. You know no 
tilak, no dowry. This means she has to serves us fully.” These words pinched me a lot. 
For many years, no one asked me whether I had any personal need, whether I was 
hungry, whether I wanted to go somewhere for entertainment, etc. I felt myself as if I was 
an object, a machine to work day and night continuously without hope for goodness and 
courage from others. Painful, very painful, rather disgusting to remember those days….‖ 
 
The consequences of dowry are of many folds. It has affected at personal to social level 
of performance. The compelling and conditional context of dowry at marriage has served 
as obstacle of marriage for the many (Huda 2006). Dowry, in the part of bridegroom 
family, appears as the symbol of greed while the same in the bride family serves as a hard 
phenomenon to maintain. If the greed of the bridegroom family is not met, the bride has 
to bear assault, pain and abuse as the cost of tilak and dowry. 
 
The parental family of the bride on the other hand is disseminated as weak, poor and 
unable in the society at large. The bride and her parents bear all these assaults for the sake 
of social prestige, and also to be safe physically in the part of bride and emotionally in the 
part of her parental family. In this context, the bride and her parents give more 
importance to social relationship, smooth running of marriage life than the resentful 
reaction to their disrespect from bridegroom‘s family.  
 
Discussion and Theoretical Underpinning 
In course of time, dowry as the core of marriage culture in the Brahmin‘s community 
could got the status of economic enterprise. I would like to discuss the cultural and 
economic status of dowry with the lens of social identity theory and modernism theory. 
Social identity and personal identity are closely interrelated. Personal identity is the 
product of inner emotional, aspiration, character and familial relationship.  
 
The subtle familial encouragement and the vision to perceive, achieve and perform reality 
in life give a meaning to personal identity. Since a person does not stand without being 
interrelated to community or social identity. The personal identity therefore does not 
remain complete in itself. On this ground, individual possesses dual identity. While 
comparing the personal identity with the social one, we can find that the social identity 
always hit the personal identity. Class, caste, male and female children, adult, man and 
women, etc. are the names which are asserted in the form of social identity (Stets and 
Bruke, 2000). The system of dowry to be maintained in the part of the female can be 
vividly interlinked with the personal and social identity of the people of the target 
community.The female in the ancient and medieval cultural practices stood as the 
dependent, subjugated individual who needed support from male counterpart. In the 
ancient and medieval and also in some decades of modern period, female identity was not 
attributed with the personal property either in their parental or in their husband home. 
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Neither were they endowed with education to re/think of their own identity at the larger 
social cosmos. As a result, to take their responsibility throughout their life, dowry was 
thought to be wise give-and-take relationship at the part of marriage. But the theory of 
modernism gave rise to individualism. Modernism linked people with education and 
economy; not merely as cultural, social and religious self. Modernist movements brought 
economic, pedagogical values with each individual regardless of their cultural and social 
identity. 
 
 The modernist movements in its various forms brought deep economic consciousness 
among the individual. The male and female then were not considered as merely cultural 
or social performers; but as a vital being to generate res to sustain and promote life in a 
meaningful way. The modernists took education as a key and indispensible tool to bring 
economic consciousness and empowered them to perform for economic strength. The 
female identity which once crushed under the cultural and social barbarism got a light of 
right and advancement through modernist‘s stances. A few number of female in the 
community in question therefore sprang into the field of education and developed their 
independent identity stepping upon the economic reality. The female who still remain in 
the confinement of traditional and social barbaric stances are still suffering from the same 
which can vividly be claimed from the data mentioned in the above. If the female in the 
community at present are linked with education and sustained economy, they can be 
empowered to combat themselves with the dowries barbarism. The education at present 
can endow the females in question to bring improvement in traditional and social evils.  
 

CONCLUSION 
 
Culture is very vital in itself. There is hardly any human who claim to exist without any 
culture. Any living culture must be dynamic and progressive to ensure the larger form of 
welfare to its follower. Dowry as a cultural practice in the past had a genuine stance. 
When the same became the part of economic exchange, it remained as an extreme pain 
and agony in the part of the females in the community. In the name of culture, it brought 
assault, and bitter life experiences among relatives and close members in the society. In 
this context, it can be concluded that if the traditional dowry culture had been linked with 
the modern, self-sustained education, the people in the target community can have given 
up stressful consequences of dowry to give the dowry at marriage a meaning.  
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ABSTRACT 
ICT is one of the important initiatives for better services in agricultural development. 
ICTs play a vital role in communicating the improved and scientific technologies for the 
better production and productivity. Kathmandu Valley was purposively selected to assess 
the status of ICTs application in poultry farming. Household survey, focus group 
discussion and observation were carried out during 21st July – 5th September, 2015 A.D.  
44 poultry producers from Kathmandu, Lalitpur and Bhaktapur districts were randomly 
selected and interviewed. It was found that only about 22.72 percent farmers were 
trained on poultry farming and 36.36 percent have basic computer skills. On an average, 
there was 2.74 (3) number of worker per farm but it was varied with the farm size. On an 
average, 71.57 percent farms were found self funded but large sized farms (46.66 %) 
have taken loan as the source of fund. Most of the farms were broiler farm (86.36 %). 
Television (100%) was the most common a mass media and Mobile phone (100%) was 
found as the most common ICT tool among poultry producers. On an average 97.72 
percent farmers have been used ICTs for obtaining information regarding disease control 
and management, 93.18 percent were used ICT as an important means of market 
information and 84.09 percent of them were used ICT in Management Information 
System. However, lower percentage of the respondents (31.81 %) were applied ICT in SC 
and VC management. All surveyed farmers were perceived that ICT could have 
prospective application in various aspects of poultry farming. Farmers needed 
qualitative and quantitative, technical and managerial, market and policy related 
information regarding poultry farming to make a rational decision. Most of the farmers 
reported that information is the means of farm problem solution. Thus, the concerned 
agencies should harmonize their policies for the development and promotion of ICT 
based information system in poultry farming.   
 
Key Words: ICTs, Poultry, Market, Information system,     

 
INTRODUCTION 

 
Agriculture is the mainstay of the Nepalese economy, a means incomes and employment 
opportunities to the people. Agriculture provides livelihood for 65.6 percent of the 
population (MoAD, 2014). The agriculture sector including crop, livestock, forestry and 
fishing accounting for 32.61 percent of Gross Domestic Product (GDP) with 4.72 percent 
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annual growth at current price and 34.14 percent at constant price in 2013/14 (MoAD, 
2014). Livestock; an important sub-sector covers about 32 percent of agricultural Gross 
Domestic Product (GDP) and about 11.5 percent of total country GDP (CBS, 2011).  
 
Among various livestock enterprises poultry is one of the important business both for 
livelihood and income generation. The national poultry flock includes chickens, ducks, 
pigeons and other birds that are kept in different production system. Acharya and Kaphle, 
(2015) stated that Nepal is one of the countries where there are the highest ratios of 
livestock to humans in Asia (5.8 livestock and poultry per household) with 70% of the 
population rearing the some types of livestock. More than 2 million households own 
cattle, and over 1.4 million households raise chickens in the country (CBS, 2011).   
 
In addition, since poultry farming is within the reach of all classes of society, including 
women, marginal farmers and schedule caste and tribes, it could become one of the 
government‘s strategic activities for poverty reduction and for reaching the most 
disadvantaged socio-economic groups. Hence, poultry farming is a key income 
generation sector for small, middle and large scale farmers. Poultry contributes about 4 
percent to the agriculture GDP (CBS, 2011) and 11.5 percent to the livestock GDP 
(MoAD, 2014). It is the third most popular source of meat in Nepal (MoAD, 2012). It has 
gained the popularity due to its economic and the positive influence to health comparing 
with other meat products. According to MoAD statistics (2013/14), during 2013/14, the 
population of fowl (generally chicken) and Duck was around 48079406 and 390209 
respectively. The total population of laying Hen was around 8350237 and that of laying 
duck was 179447. Likewise, the Egg production was 882918000 including 859515 of hen 
egg and 13403 of Duck eggs.  
 
Various studies have shown that per capita consumption of eggs and meat in Nepal is 
very low as compared to other Asian countries. On an average per capita consumption of 
eggs in Nepal were 15 in 1985 compared to 65 in 2013 which is very low as compared to 
that of Sri-Lanka (80 eggs), China (115 eggs) and Japan (180 eggs) (Acharya and Kaphle, 
2015). Likewise, availability of meat from poultry per capita was 500 gm in 1985 
compared to 4.8 Kg in 2013 (Acharya and Kaphle, 2015).The egg and meat production 
increased many fold but still per capita consumption is far behind the status of many 
developing countries. This is below the average of Asia (9 Kg meat and 120 eggs) 
(Acharya and Kaphle, 2015). This low per capita consumption of eggs and meat is 
opening the huge potential for efficient poultry farming in Nepal. Recent data on meat 
consumption in Nepal showed that per capita meat consumption in Nepal was 11.15 Kg 
per year in 2014 which was 9.8 Kg per year in 2008. Despite the growth, Nepal is still far 
behind other developing countries (Kathmandu post, May 16, 2014).  Buffalo meat is 
preferred the most by Nepalese followed by goat, chicken and pig meats. Likewise, it is 
seen that Nepali eats 30.16 eggs per year. Chicken eggs make up 98.44 percent of the 
total egg production (Kathmandu post, May 16, 2014).  
 
The increasing demand for meat and egg and easy access to technologies has attracted 
many farmers to this industry. To accelerate growth and development of such industries 
as well as to encourage and promote marginal and poor farmers various inputs and 



Nepalese Journal of Agricultural Sciences

224

 

technological adoption in poultry farming plays vital role. Even though advancement can 
be quiet expensive sometimes yet, high-end technological advances have been a great 
benefit to most farmers by constructing a stress-free, cost-effective and efficient 
agricultural system. This indicates that there is immediate need to realize and to fetch the 
benefits of ICTs in poultry farming to make it more competitive and cost effective.   
 
Interestingly, 2011 census shows that around 60-64 percent Nepalese people are currently 
using mobile phone (CBS, 2011). The easy access to FM radio, TV, internet facility, 
publications, and newspapers are other indicators of paradigm shift in the communication 
field. Nepal boasts more than 100 FM radio stations across the country. The Government 
of Nepal has identified Technology is one of the main components of 20-year Agriculture 
Perspective Plan (APP) as well as NARC Vision 2021. Furthermore, ICTs have been 
significant in disseminating agriculture based information to farmers. Since 1966, 7 
Radio Programs; a week of each 15 minutes duration like ―Sukrabar ko Budhi Aama‖, 
The Old Mother have been aired by Radio Nepal and 15 minutes daily program is being 
broadcasted by national Nepal Television which has been increased to 20 minutes since 
2006. Agriculture Information and Communication Centre (AICC) has been publishing 
bi-monthly magazine for over 40 years and agriculture diary, booklets, leaflets, calendars. 
Kantipur daily and other Newspapers have been covering Agricultural Information. Bi-
monthly electronic journal ‗Krishi‘ has been put for downloading in AICC website with 
various other booklets. The materials are in Nepali so that a literate farmer can read 
(AICC, 2015).  The poultry industry in Nepal can take advantage of the potentials of the 
development of ICTs for preeminent poultry production and management.  
 
A study conducted in Bangladesh showed that the farmers using ICT in farming activities 
have increased 5.91 percent of their farm productivity (rice production) while farmers 
having no exposure to ICT have increased 3.90 percent of farm productivity (Moon, 
2013). Nepal has undertaken a numerous initiatives towards modernization and 
commercialization of agriculture. Extension and ICT service is one of the important 
initiatives for better services in agricultural development. Communication and 
publication of improved technologies through mass media (Newsprint, FM Radios, TV 
Channels etc.) play a vital role in communicating the improved and scientific 
technologies which help increase the production and productivity of the agriculture sector 
(CPDD, 2014). Thus, this study attempted to explore the present status of the ICT 
application in the three scales poultry farming through extension services and farmers 
own application of ICT for various business objectives.   

 
METHODOLOGY 

 
Kathmandu valley is one of the potential areas for poultry production from both technical 
and marketing aspects. It is the capital city of Nepal which is highly connected with road 
and ICT networks. For this reason Kathmandu Valley was purposively selected for this 
study.  Total number of registered poultry farms in Kathmandu Valley (146) was the 
target population of the study. The poultry farmers who have launched enterprise five 
years ago or earlier at less than one ropani of land (8 ropani is equivalent to one acre) 
with less than 500 birds (small sized farm), 501-1000 (Medium Sized farm) and more 
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than 1000 birds (Large sized farm) was covered. The reason why five year period was 
considered is that at least five years is required to gain experiences and arrive at the 
break-even point.  
 
A household survey, focus group discussion (FGD) and observation method was 
administered during 21st July – 5th September, 2015 A.D. to collect primary data. 
Altogether 44 poultry producers; 30 percent of the registered farms from each districts of 
Kathmandu valley namely; Kathmandu, Lalitpur and Bhaktapur were selected by 
applying purposive simple random sampling techniques. A pre-tested questionnaire was 
used as data collection tools. A FGD was made with 9 experienced farmers recognized by 
respective DLSOs (3 from each districts) with help of a checklist. Both qualitative and 
quantitative analysis was carried out as per the nature of data. Microsoft Excel 2007 was 
used to analyze the data. 
 
Both mass media and various ICT tools which have direct or indirect contribution in 
poultry farming were considered as ICT indicators in this study. The farmers of the study 
area were asked to mention the ICT indicators that they have been used in poultry 
farming. The status of ICT indicators was than measured in frequency and percentage of 
farmers having use of particular ICTs in poultry farming.  

 
RESULTS AND DISCUSSION 

 
Status of training on poultry farming and computer skills of respondents 
Improvement in technical capabilities of the farm and adoption of modern tools and 
techniques including ICTs in poultry farming is influenced by trainings and computer 
skills of farmers. The study showed that only about 22.72 percent of the farmers were 
trained on poultry framing whereas 36.36 percent of the farmers were skilled regarding 
general use of computer.  
 

  
Figure 1. Status of training on poultry farming and 
computer skills of respondents by districts  

Figure 2. Number of workers by farm size 

 
Number of workers per farm   
Average numbers of workers per farm was found 2.74 (3). There was variation in the 
numbers of workers by farm size; number of workers per farm in large scaled farm was 
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found higher followed by medium and small size farm (4, 2 and 2 respectively). Gender 
analysis of the workers indicated that number of male labor (1.81) per farm was higher as 
compared to that of female worker (0.97). The figure # depicts that poultry farming could 
play great role in employment generation.  
Source of funding  
Financial support could be taken as one of the important factors to initiate, establish and 
run any business venture. Source of funding is the backing for the poultry enterprises. On 
an average 71.57 percent of the farmers were able to initiate and run the business with 
their own budgetary limits. It was noted that all most all small sized farmers have not any 
external source of fund. However, 46.66 percent of the large sized farms have had bank 
as major source of funding. 
 

  
Figure 3. Source of funding by farm size Figure 4. Types of farm by districts 
 
From the figure #, poultry farming in small scale could be run without external source of 
investment and thus is a better opportunity to small and medium farmers to be an 
entrepreneur. However, there is need of external source of fund to run the business in 
large scale.  
 
Farm type  
Based on the type of birds reared in the farm, farm has been classified into three types 
namely; Broilers, Layers and Mixed farm. Broiler farms are those in which only broilers 
birds have been reared. Farms in which only layers have been reared, mainly for egg 
production are considered under layer farms and the third group of farm that has reared 
diverse types of birds including broilers and layers also are referred as mixed farm in this 
study. It was found that the most of the farm (86.36 %) across the study sites were broiler 
farm. In comparison to layers and mixed farm, percentage of broiler farm was found 
higher in all districts of study areas. This may be due to higher demand of chicken in 
Kathmandu valley as well as the shorter production cycle of the broilers to sell.   
 
Data presented in figure # also indicates that majority of the farmers were specialized in 
poultry rearing (86.36 % broiler farm and 11.36 % layer farm). It was noted that there 
was no any mixed farm in Kathmandu and Lalitpur districts. The higher proportion of 
broiler and layer farm as compared to mixed farm across the study sites indicates that 
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there was higher demand of chicken and eggs and farmers were specialized in poultry 
production. The data of the study reflects that farmers considered poultry farming as a 
business enterprise which might give economic benefit; this is why they were more 
specialized in birds rearing. 
 
ICTs in poultry farming  
 
ICT indicators used by poultry farmers   
Television (TV); a mass media and Mobile phone; an ICT tool were found as the most 
commonly used ICTs by almost all farmers (Table 1). This indicates that mobile has great 
importance not only for general communication but also for agricultural information and 
communication also. Portability, economic, easy to handle and accessibility along with 
multiple functions of the cell phone makes it the most useful information technology for 
the poultry farmers across the study sites. As Richard (1991) stated TV brings intimacy, 
create a one-to-one line of communication, simplify complex concept through visual 
means.  
 

Table 1. ICT indicators used by farmers 

Districts 
Response of farmers (*Multiple response) 

Mass Media 
TV Radio Internet Newspaper Publication 

 F % F % F % F % F % 
Bhaktapur 10 100 3 30 4 40 2 20 0 0 
Kathmandu 22 100 5 22.72 10 45.45 8 36.36 6 27.27 
Lalitpur 12 100 8 66.66 2 16.66 8 66.66 3 25 
Total 44 100 16 36.36 16 36.36 18 40.90 9 20.45 
ICT Tools and equipment 

Districts 
Response of farmers by ICT tools (*Multiple response) 

Mobile set Landline Camera Computer 
F % F % F % F % 

Bhaktapur 10 100 0 0 5 50 6 60 
Kathmandu 22 100 2 9.09 3 13.63 9 40.90 
Lalitpur 12 100 5 41.66 8 66.66 5 41.66 
Total 44 100 7 15.90 16 36.36 20 45.45 

  F= Frequency and %= Percentage 
 
It was found that majority of the farmers have computer (45.45 %) and about 36.36 
percent farmers have been using internet. However, the percentage of farmers having 
landline telephony (15.5 %) and radio (36.36 %) was lower as compared to mobile and 
TV.  This indicates that farmers were more attracted to modern ICTs for information. 
Regarding the printed media, altogether 40.90 percent farmers have been reading 
newspaper daily and 20.45 percent of farmers have access to publications for poultry 
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related information. Camera was also found as an ICT tools used by 36.36 percent 
farmers. Though farmers were found aware about use and importance of multimedia, 
software, fax and printer, none of the respondents reported that they have been used these 
tools in their farm at all. This fact is more or less similar to the findings of Temba et al. 
(2016) in Morogoro Municipality, Tanzania. They identified that majority of farmers 
used televisions, mobile phones and radio to get extension information while few farmers 
occasionally use internet, magazines, books, fliers and audio-visual materials like DVDs. 
Likewise, Olaniyi (2013) had concluded that Radio, TV and personal mobile phone 
ranked 1st, 2nd and 3rd respectively as the mostly used and accessible ICT facilities in 
receiving poultry related information in Nigeria. Similarly, Manu (2002) also highlighted 
that the radio and TV is the major ICTs used in agricultural extension delivery in Nigeria 
and Maiduguri Metropolitan Council.  
 
Application of ICTs  
It is commonly said that communication is the live wire of life so ICT could be used in 
every aspects of human life. ICT is the means of superior, clear and effective 
communication and is knowingly or unknowingly becomes one of the important inputs in 
any business enterprises. ICT has diverse use in poultry farming ranging from personal 
communication to strategic decision making. Thus the study assessed both the current 
and prospective areas of ICT application in poultry production and management.  
 
Current application 
The study showed that Management Information System (MIS), Management Decision 
Support System (MDS), Enterprise Resource Planning (ERP), Marketing Information 
(MI), Disease Control and Supply Chain and Value Chain Management (SC and VC 
Management) were major areas where ICTs have been used by poultry farmers.  
It was identified that the most of the poultry producers (97.72 %) were used ICT for 
obtaining information regarding disease control and management. Likewise, 93.18 
percent of the farmers were used ICT as an important means of market information and 
84.09 percent of them were used ICT in Management Information System. This indicates 
that there is soaring scope of ICT application in poultry production and management both 
for technical and managerial aspects of poultry farming. Farmers were found to be used 
ICT in Management decision support (72.72 %) and enterprise resource planning 
(47.72%). However, respondents with the use of ICT in supply chain and value chain 
management (31.81 %) was found lower as compared to that of other aspects of poultry 
farming. This variation may be due to lack of lack of knowledge on value chain and 
supply chain management to the farmers.    
 
ICT have been found to be used as MIS and means of information for Disease control in 
all sampled small farms whereas ICT was the means of Market information and disease 
control to all sampled large farms. But all medium sized farms were used ICT as a source 
of market information. A comparable result was reported by Temba et al (2016) in 
Tanzania. Temba et. al, (2016) reported that 82.5% of the farmers needed ICT for more 
education on chicken husbandry. Likewise, they also noted that there was also need of 
information among the respondents on more market information (46.3%) and how to 
acquire loans for their enterprises (33.8%) in Tanzania (Temba, et al., 2016).   
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Table 2. Current application of ICT by farm size 

Areas of ICT use 
Response of farmers (*Multiple response) 

Total 
Small Medium Large 

F % F % F % F % 
Management Information 
System (MIS) 13 100 12 75 12 80 37 84.09 

Management Decision 
Support  (MDS) 6 46.15 14 87.5 12 80 32 72.72 

Enterprise Resource 
Planning (ERP) 6 46.15 7 43.75 8 53.33 21 47.72 

Market Information 10 76.92 16 100 15 100 41 93.18 
Disease Control 13 100 15 93.75 15 100 43 97.72 
Supply Chain and Value 
Chain Management (SC 
and VC management) 

5 38.46 4 25 5 33.33 14 31.81 

  F= Frequency and %= Percentage  
 
Eventually, it can be concluded that ICT could be used in various areas of poultry 
farming to enhance both technical capabilities (productivity) and managerial capabilities 
(decision making). ICT provides great opportunity for effective extension system, farm 
management and marketing management in poultry farming.    
 
Prospective application of ICT  
The study showed that ICT has not current use only but it would have application in 
various areas of poultry farming continuously in the future as well. It was an interesting 
fact that almost all sampled farmers articulated their opinion that ICTs could have 
prospective application in the entire aspects of poultry business. 100 percent of the 
surveyed farmers reported that ICT would have prospective application in management 
information system, management decision support, enterprise resource planning, market 
information and disease control. This indicates that there is enormous scope of ICT 
application in poultry enterprises across the study sites. However, very lower percentage 
(31.81%) of the sampled farmers reported that ICT could have prospective use in supply 
chain and value chain management. This may be due to variation in the concept and 
knowledge about value chain and supply chain management across the study sites. 
Regarding the use of ICT in various aspects of poultry farming Temba et al. ( 2016) 
observed that 70 percent of the farmers used ICT for information on poultry diseases and 
control while 57.5 percent of the farmers required more education on poultry nutrition 
and housing in Tanzania.  
 
Convincingly, it can be said that ICT has great prospects in poultry farming for range of 
activities especially in market information, management information system, 
management decision support, enterprise planning, diseases control and supply chain and 
value chain management. These areas could be taken as the areas of ICT intervention in 
poultry farming.  
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Table 3. Prospective application of ICT by farm size 

Areas for ICT use 
Response  of farmers (*Multiple response) 

Small Medium Large Total 
F % F % F % F % 

Management 
Information System 
(MIS) 

13 100 16 100 15 100 44 100 

Management Decision 
Support  (MDS) 13 100 16 100 15 100 44 100 

Enterprise Resource 
Planning (ERP) 13 100 16 100 15 100 44 100 

Market Information 
(MI) 13 100 16 100 15 100 44 100 

Disease Control 13 100 16 100 15 100 44 100 
Supply Chain and 
Value Chain 
Management (SC and 
VC management) 

4 30.76 6 100 4 26.66 14 31.81 

     F= Frequency and %= Percentage 
 
Information requirement and tools used  
Revolution in ICT in agriculture is an intervention with the potential to ensure that 
knowledge and information on important agricultural technologies, methods and practices 
are put into right use by farmers (Ezeh, 2013). Pigato, 2004 stated that ICTs consist of 
various collections of resources and technical tools that are used for connecting, 
spreading, storing and managing information. Keeping this in mind, both information 
collection tools used by farmers and information required by farmers during conception 
of poultry farming to inception, and production to consumption was analyzed 
descriptively. Different information on chicks, feeds, medicines, diseases, market, service 
providers, equipments and government policy that the farmers required to make the 
farming more efficient and effective was analyzed. Respondents were asked to share their 
opinion on the most important information they required as well as the means (tools) of 
obtaining the information that they have generally used.  
 
The analysis of information requirement in poultry farming showed that type of breed, 
age, health condition, qualitative characteristics, live weight, survival rate, growth rate, 
source (suppliers), price, market situation, availability and means of transportation of 
chicks were found as the major information required by the farmers. Likewise, quality 
indicators, price, source, feeding rate, method to verify quality, condition (presence of 
fungus, moisture, texture etc.),  ingredients, date of manufactured and date of expiry of 
feed were the major information needed by the farmers regarding feed.  
 
Information on medicine and diseases is the vital for proficient poultry farming. The 
major information needed to farmers regarding medicine were vaccine and vaccination 
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managerial aspects calls for adoption of various ICTs. Poultry farming is the tradition of 
both urban and peri-urban areas of Kathmandu valley. Higher demand of both meat and 
eggs in the country opens the avenue for the growth and development of the poultry 
enterprises.  Kathmandu Valley itself has great potentiality for poultry farming in 
commercial scales. However, farmers could not have full access to extension services. In 
such situation poultry producers could be benefited from the application of ICTs in 
poultry farming. Despite the fact that poultry production was gaining popularity and 
becoming specialized one; still it could not able to explore full potentiality of ICTs. 
Likewise only limited farmers were trained on poultry farming and limited farmers have 
computer skills call for trainings and extension.  Poultry farming even in small scale 
could be the source of employment. Poultry farming in small scale could be run with 
farmers’ own funding capacity and thus it could be the better opportunity for poor and 
small farmers to be an entrepreneur. Though TV and mobile phones were the most 
common ICTs used by poultry producers farmers were attracted to modern ICTs. ICTs 
have great potentiality for obtaining information regarding disease control, MI, MIS, 
MDS, ERP, SC and VC of poultry business.  However, its application was still limited 
for information on disease control, MI and MIS across the study sites. Range of variety of 
information was needed to poultry farmers so as the collection tools. Hence, government 
and concerned agencies should harmonize their policies and programs for the promotions 
and adoption of ICT based information and decision making system at farmers’ level.   
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ABSTRACT 

The value chain approach is an actor oriented and consumer centric approach to make 
business more competitive. Kathmandu Valley was purposively selected to assess the 
value chain of gerbera cut-flower. Household survey and focus group discussion was 
conducted during January to March, 2014 A.D. 30 respondents including producers, 
wholesalers and retailers from Bhaktapur, Kathmandu and Lalitpur districts were 
randomly selected and interviewed. The average area under gerbera cultivation was 
found to be 0.2 Ha. Normal cost of cultivation and production was 154332 NRs. per 
ropani and NRs 4.43 per stick respectively. Average gross return from gerbera cut flower 
was NRs 321660.70 per ropani / year. Better crop management, grading, storage, 
packaging, decoration and floral arrangement were recorded as major value addition 
activities. Share of work in value addition was found higher by female workers as 
compared to that of male. Total cost of gerbera in value chain to a producer, wholesalers 
and retailers was NRs. 6.23, 10.37 and 13.81 per stick respectively. On an average profit 
margin to producer was NRs 2.46 / stick followed by retailer (NRs 2.37) and wholesaler 
(NRs 1.08). It has shown that the share in total benefit to producers and retailers was 
almost same (41.54, 40.13 % respectively). The most of value added activities were at 
producer‟s level and retailer‟s level. Governmental organizations, N/INGOs, FAN, AEC, 
ADBL and Banks, farmers‟ groups and projects were identified as supporting and 
enabling organizations in the value chain of gerbera. Input Suppliers, Producers, 
Wholesalers, Exporters, Importers, Retailers and Consumers were major actors. FAN 
forecasting, immediate partners and extension workers were identified as major source of 
information on consumer‟s value. Though government played vital role in extension and 
regulatory function in addition to that it was still noted inadequate. Thus, government 
should harmonize their policy for the promotion of value chain in gerbera business.  

Key Words: Gerbera, Value chain, Value share, Cost, Profit margin  

INTRODUCTION 
 
Floriculture is one of the most profitable businesses in Nepal which holds a great export 
potential. Being rich in bio-diversity and agro-climatic diversity throughout the country, 
Nepal has tremendous potentiality for ornamental horticulture. Entrepreneur‘s enthusiasm 
and investment in this sector grew spontaneously with the encouragement received from 
the domestic as well as foreign markets (FAN, 2014). This opportunity flourishes for the 
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development and adoption of value chain approach in floriculture sector. The floriculture 
industry comprises the cultivation and trade in cut flowers, cut foliage, potted plants and 
bedding plants. Potted plants and cut flowers have an almost 80% share of the world 
trade in ornamental plant products (Shakya, 2007). Cut flower business is the emerging 
business and played significant role in horticultural development (Dhakal, 2014).  Mainly 
people involved in this sector are low income group like labor small growers and small 
entrepreneurs. Floriculture is a dynamic, global, fast-growing industry characterized by 
important changes in the distribution network, while keeping corporate social 
responsibility (CSR) requirements (Rikken, 2010). 
 
Floriculture business in Nepal remained very traditional before 1990s. Many types of 
flowers used to be imported from India and other countries during some special occasions 
by hotels and nurseries. There were no flower showrooms in Kathmandu Valley before 
1990s (Tamang, 2006). There are 550 active flowers and plants growers in 34 districts 
who have 80 ha of land (32 ha covered) and have invested about Rs.375 million (Poudel, 
2007). Their turnover in 2006 is estimated at NRs. 230 million. These farms and their 
networks altogether give employment to about 2500 people; more than 60% of them are 
women.  
 
Gerbera is one of the most important cut flower in Nepal . It has considerable demand in 
both domestic and export markets.The daily demand of gerbera in kathmandu valley is 
1500-3000 sticks and selling price per stick is NRs 15.00.The area of gerbera cultivation 
in Nepal was 0.2 ha (5 ropanies) in 2004/2005 (MOAD, 2009) and it is now estimated 
about 0.72 ha. Since the past 2-3 years,the domestic supply could not fulfill the total 
demand of gerbera and about 65% of the total demand was supplied by importing from 
India (FAN, 2011). From this fact it can be said that there is great prospect and need for 
the value chain approach in this business for the competitivenes.   
 
The most commonly commercialized flowers in Nepal are gladiolus, carnations, local 
roses, Dutch roses, Gerberas, Tuberoses, Cymbidium orchids, Bird of Paradize, 
Anthurium, Marigold, Cycas, Tupidianthus, Phoenix, Dracaena, Ficus, Gloriosia spp., 
Zephyranthus, Hoemanthus Multiflora, Kukurma, etc. Production activities of the gerbera 
cut flower are mostly concentrated in Kathmandu valley, Chitwan, Jhapa and Morang in 
view of nearness to cities (Kathmandu), some Indian markets, and international airport in 
Kathmandu (Shakya, 2007). At present, there is a great rise in the consumption of cut 
flowers (Shrestha et al., 2009). According to Oli (2004), floriculture business in context 
of Nepal is relatively new one which has shown its remarkable development in last 
twelve years of organized efforts (FAN, 2013). 
 
Cut flower business being started from Kathmandu has come a long way. Apart from 
Kathmandu valley, the production area of cut flower is extended over the areas out of 
valley like Naubise of Dhading, Gunjanagar and Tandi of Chitwan, Hetauda of 
Makanpur, Pokhara of Kaski, Butwal of Rupandehi, Janakpur and Kailali (FAN, 2009). 
However, the main market for all these flower is still Kathmandu with Pokhara coming 
distant second. There are few emerging markets in different places outside the valley, but 
these markets are yet to flourish (FAN, 2013). 
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Being a member of WTO, Nepal has great opportunity to export the valuable, high 
demanded agricultural commodities; like cut flower into the world market. The recent 
trend of globalization and consumerism does not only patch up market gaps and bring 
producers and consumers closer together; it also brings regional and international 
competition into local markets. In this context value chain has vital role to increase 
mutual benefits between and among different agents involved in agricultural business 
especially in flower business. Scientific research on value addition and value chain of the 
high demanded commodities like cut flowers to increase employment as well as mutual 
benefit plays vital role to make such business more competitive both in national and 
international market. Thus, the study attempted to understand the value chain structure of 
gerbera cut-flower and suggested ways and means to improve chain efficiency.  
 
The changing global flowers production structure along with the rapid technological 
progress have increased the role of the distribution structure, the organization strategy 
and the processes to maximize synergy effects, in view of the exceptionally short life of 
the cut-flowers (Hughes, 2000, Kambil and Van Heck, 1998). Agribusiness Promotion 
Policy (ABPP) – 2006 of Government of Nepal intended to reduce poverty through 
agriculture commercialization along with export promotion through agricultural 
development. Professionalism and consumerism culture in line with globalization is 
immediate need for commercialization Nepalese agriculture. Creation and addition of 
consumer‘s value and value sharing is the foremost important to be competitive.  
 
Value chain approach could improve the competitiveness in the floriculture business.   
Kaplinsky and Morris (2001) defined value chain as ―The value chain describes the full 
range of activities which are required to bring a product or service from conception, 
through the different phases of production, delivery to final consumers and final disposal 
after use.‖ Further, a value chain exists when all of the actors in the chain operate in a 
way that maximize the generation of value along the chain. The term ‗Value Chain‘ was 
at first used by Michael Porter in his book "Competitive Advantage: Creating and 
Sustaining superior Performance" in 1985. The value chain approach is an actor oriented 
approach and is highly effective in tracing product flows, showing the value-adding 
stages, identifying key actors in the chain and assessing the relationship among them 
(Schmitz, 2005).The value chain approach is an actor oriented and consumer focused 
approach to make business more competitive. Value chain analysis helps to create 
awareness among operators about the potential for value addition, cost drivers and the 
scope for price negotiations (GTZ, 2007). Thus, this study was designed to understand 
the value chain structure of gerbera cut-flower and suggested ways and means to improve 
chain efficiency.  

METHODOLOGY 
Kathmandu valley is the most potential and main growing areas both for cut-flower 
production and transaction (FAN, 2013) due to this reason Kathmandu valley 
(Kathmandu, Lalitpur and Bhaktapur districts) was purposively selected for the study. 
Gerbera Producers, Wholesalers and Retailers of Kathmandu valley (Bhaktapur, 
Kathmandu and Lalitpur Districts) were the target population for this study. A total of 30 
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respondents including Producers, Wholesalers and Retailers were selected purposively by 
applying simple random sampling technique for the interview. Sampling distribution is 
presented in the table 1. A household survey with pre-tested separate set of questionnaire 
was carried out among selected respondents to collect primary data during January to 
March, 2014. A Focus Group Discussion (FGD) was also carried out by assembling 7 key 
informants recognized by Floriculture Association Nepal (FAN), including 3 of 
producers, 2 wholesalers and 2 retailers to understand the generic value chain across the 
study areas. 
 

Table 1. Sample Size distribution by district in the study area 

Districts Producer Wholesaler and 
Retailer 

Bhaktapur 5 5 

Kathmandu 5 5 

Lalitpur 5 5 

Total (N) 15 15 

Data entry and analysis was done by using computer software package ‗Microsoft Excel 
2007‘. Both quantitative and qualitative technique was used for data analysis. Economic 
model such as profit margin, value share of cost and value share of total profit was 
calculated. Both fixed cost and variable cost were considered as total cost. Different 
economic concepts used to analyze value chain of gerbera in this study were defined as 
follows: 
 
Total cost 
Total cost refers to the sum of total of total variable cost and fixed cost incurred to 
produce final product (Bist, 2010). All costs incurred to fixed factors such as land tax, 
electricity charge, salary of permanent labor, fitting materials, farm construction and 
depreciations were considered as fixed cost. Likewise, monetary value incurred to all 
variable factors such as wages of hired labor, seedlings, fertilizers, organic manures and 
pesticides etc. were considered as variable costs.  
 
Total Cost = Total variable cost + total fixed cost  
Total variable cost = ∑ (Variable inputs × Price) 
Total fixed cost = ∑ (Fixed inputs × Price) 
 
Price  
The value of any commodities or services in monetary term is called price (Joshi, 2001). 
Prices reflect value or can be adjusted to do so (Gittinger, 1982). Three points of prices 
such as farm gate price, wholesale price and retail price were calculated in this study. The 
monetary value that received by gerbera producer when he/she sold his/her product is 
referred as farm gate price, that the wholesaler received is referred as whole sale price 
and that the retailers received referred as retail price.  
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Gross Return  
Gross return is the total value of the final product which was calculated based on the 
direct use value of the final product at the local level (Bist, 2013). It was calculated by 
using following formula: 
 
Gross return= Price × Total quantity marketed 
 
Value share 
Value shared by different value chain actors in Nepalese Rupees (NRs) per stick was 
calculated. Share on the value was categorized into three categories namely; profit 
percentage of total cost, profit percentage of sales price and share in total benefit. These 
economic parameters were calculated by using following formulae (PACT, 2014): 
 
Profit percentage of total cost = total cost incurred by respective actors / net profit 
gained by respective actors  
Profit percentage of sales price = net profit received by respective actors / price received 
by respective actors  
Share in total benefit = net profit gained by respective actors / total profit received by 
value added activities  

 
RESULTS AND DISCUSSION 

 
Family member involved in flower business and Average Area under gerbera 
cultivation  
It was found that on an average 4 (3.93) members of a household were involved in the 
flower business. This indicates that floriculture has great scope for self employment 
across the study sites.  
 
The study revealed that on an average there was 4 ropani (0.2 Ha) land area under 
gerbera cultivation across the study sites. The land area under gerbera was found higher 
in Lalitpur district followed by Bhaktapur and Kathamandu (Figure 2).   
 
Ownership of brand  
Majority of the producers (71.66 percent) were found with brand name for their gerbera 
business. Producers with brand name was found lower in Bhaktapur and Lalitpur districts 
were found lower (75 and 60 % respectively) as compared to that of Kathmandu district 
(80 %). However, almost all wholesalers and retailers across the study areas have their 
own brand name (Table 2).  

Value Chain Analysis  
 
Cost of cultivation and production  
Cost of cultivation includes the cost of inputs (seedlings, fertilizers, manures, irrigation, 
pesticides and insecticides); machineries and labors used from land preparation to 
harvesting of the gerbera. The cost of cultivation was found NRs. 1,54,332 per ropani and 
the cost of production was found NRs 4.43 per stick.  On an average total fixed cost per 
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ropani of gerbera cultivation was found NRs 55,410.35 and the total variable cost per 
ropani was found NRs 98,921.4.  
 

  
Figure 1. Family members involved in Flower 
Business (in Number) 

Figure 2. Average Land Area 
under gerbera cultivation 
(ropani/household) 

Table 2. Brand ownership status of Producers, Wholesalers and Retailers by Districts 
Districts Ownership of brand name (response in %) 

 Producers Wholesalers and Retailers 
Kathmandu 80.00 100 
Bhaktapur 75.00 100 
Lalitpur 60.00 100 

Total Average  71.66 100 

Table 3. Cost of Cultivation and production 
Fixed Cost per Ropani / per Year 

Cost Items Unit Quantity Rate (NRs) Amount (NRs) 

Land Tax NRs/ropan
i 1.00 0.85 0.85 

Electricity Unit 239.08 6.59 1576.66 
Fitting 

materials - - - 3153.33 

Labor wage for 
construction MD 3.00 769.9188 2309.75 

Permanent 
labor* 

NRs/mont
h 0.90 4433.333 39900.00 

Depreciation** - - - 8469.74 
Sub-Total (A)    55410.35 
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Variable cost per Ropani per Year 
Labor*** Unit per month    

Male  0.61 5296.30 6473.24 

Female  0.70 3329.86 4717.30 

Cost of hired labor    11190.55 

Inputs 

Seedlings Number 1318.33 64.3333 84812.80 

Fertilizers Kg    
DAP  8.43 50.00 421.66 

MOP  3.16 50.00 158.33 

Zink  0.99 125.00 123.95 

Boron  0.77 125.00 96.875 

Biozyme  1.45  116.00 
Total Cost of 

fertilizers    916.83 

Organic Manure     
FYM Doko 25 43.2143 1080.36 

Total Cost of organic 
matter    1080.36 

Pesticides     
Bavistin Kg 0.14286 700 100 

Chlorophyrofus Liter 0.13889 1200 166.667 

Euracrop Liter 0.22639 1200 271.667 

Verculor Kg 0.255 1500 382.5 
Total Cost of 

Pesticides    920.83 

Sub-Total (B)    98921.4 

Total Cost (A+B)    154332 

Cost of production NRs/Stick   4.43 

Cost of cultivation NRs/Ropani   154332 
* Permanent labor were quantified by multiplying their quantity used by number of  

month of one production cycle of gerbera (i.e. 10 month) 
** Depreciation of all equipments 

*** Labor (both male and females) were hired for 2 months and thus quantified by 
multiplying by 2 
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The study showed that there was a difference in wages and salaries of male (NRs 5296.3 
per month) and female (NRs. 3329.86 per month) labors involved in gerbera business 
across the study sites. This indicates that there was discrimination in wages by labor and 
female labors.  

 
Return from gerbera production  
On an average daily yield of gerbera cut flower was found 53.57 sticks/day/ropani. 
Likewise, on an average the return from gerbera cut flower was found NRs 321660.70 
per year from one ropani.  

Table 4. Return (NRs/Ropani) of gerbera business 
District Yield 

(Stick/ropani/Year) 
Yield/Day Price/stick Return 

(NRs/ropni/year) 

Bhaktapur 34821.43 58.03 9.22 321053.60 
Kathmandu 32142.86 49.45 10.00 321428.60 

Lalitpur 37500.00 53.57 8.60 322500.00 
Total average 34821.43 53.57 9.27 321660.70 

Value Added Activities   

 
Value Added Activities and share in value addition activities by gender at 
producer’s level 
The study showed that field sanitation, drainage, insect pests and diseases management, 
netting, use of hormones, maturity judgment, measurement of stick length, and use of 
sugar solutions were major activities carried out by producers to create and add value on 
gerbera cut flowers across the study sites. This indicates that good agricultural practices 
has great role to add value in gerbera cut flower.  

Share of male and female labors in gerbera business at farm level was identified. At farm 
level activities related to value addition were classified into eight groups such as field 
work, sanitation, drainage, harvesting, grading, packaging, storage and decoration. The 
participation of male workers in all activities was found lower than that of female 
workers (Figure 4).  

 
Value added Activities by Actors and Criteria for grading 
It was found that major and visible value addition in gerbera business was made by 
retailers. Almost all retailers surveyed for this study have been performed all activities 
(Grading, packaging, storage, floral arrangement and bouquet preparation) to add value in 
the gerbera cut flower. However, involvement of retailers (80 percent) in decorating 
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venues and vehicles was found lower than that of other activities.  They were converted 
simple cut flower sticks into beautiful bouquet, arrange them into impressive way and 
decorate venue/vehicle as required. They were used several materials including foliage, 
ribbon, plastic, wire/string and cloths. 
 

  
Figure 3. Major value added activities 
by producers  

Figure 4. Percentage share in value added 
activities by gender  

It was identified that there was mainly four criteria; such as length of stick, flower 
maturity, flower size and flower color for grading of gerbera cut flowers. The study 
revealed that almost all respondents (100 %) were taken length of stick as a common 
criterion for grading across the study areas.  

 

 
 

Figure 5. Value added activities by different actors in 
percentage  

Figure 6. Criteria for grading 
(response in percentage)  
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Packaging Materials Used and Role of packaging in value addition 
The study revealed that Polythene Bag, Rubber Band and Paper (Simple) were the 
common packaging materials among all producers. Across the study sites, it was found 
that almost all producers (100 %) were using polythene bags, rubber band and paper for 
packaging material of gerbera. Similarly, all sampled wholesalers and retailers used 
polythene bag, rubber band, and simple paper, wrapping paper and ribbon for packaging 
of gerbera cut flower for different purpose to add value. It was found that majority of the 
producers (73.33 %) were used plastic cap to cover the flower where as the percentage of 
wholesalers and retailers (13.33 %) that used plastic cap as packaging materials was 
lower than that of producers. No any producers used the wrapping paper, ribbon and 
wire/strings for packaging. 
 

  

Figure 7: Materials used in packaging by 
actors in percentage  

Figure 8: Role of packaging in value 
addition (Multiple response in 
percentage) 

The study showed that almost all sampled respondents, both producers and wholesalers 
and retailers were perceived that packaging has great role to add value in gerbera cut 
flowers by minimizing transport loss, maintaining quality of the flowers, make easy to 
handle, save time and create attraction to the consumers.  

 
Value Addition 
Value addition refers the effort of all groups of firms that involve in the creation of value 
from input to final product in coordination of each other (PACT, 2014). As in other 
agricultural commodities value creation and addition starts from producers and continues 
until it reaches to consumer.  

Cost of production, up to harvesting, of gerbera was NRs 4.43 per stick. Loss at farm 
(during harvesting) was equivalent to NRs. 0.15 per stick. Likewise, Losses in during 
storage and transportation from producer to retailer was found NRs. 0.35 and 0.66 
respectively. Transportation cost per stick was found NRs. 0.70 from farm to retailer. 
Cost of grading, packaging and storage from producer to retailer was found NRs. 1.7, 

 
 

Figure 7: Materials used in packaging by actors in 
percentage  

Figure 8: Role of packaging in value addition 
(Multiple response in percentage) 
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NRs. 0.4 and NRs 1.3 per stick respectively. Hence, total cost per stick of gerbera to a 
producer was NRs 6.23. Average price that farmers received from wholesaler was NRs 
9.27 per stick, indicating a margin of NRs 2.46 per stick to producers (Table #). 

Wholesalers provide limited but very important service in cut flower business that is 
linking the producers to the market. Cost wise it was mainly provision of showcase cum 
store from delivery by farmers to collection by retailers or consumers, which costs NRs 
10.37 per stick and their net benefit was NRs 1.08 per stick.  
Wage labor was also an important component of cost as flowers need careful handling at 
all stages of value chain. The detail of value addition in gerbera cut flower is presented in 
the table 5.  

Table 5: Value addition in Gerbera cut flower (NRs/Stick) 

Particulars Producer Wholesaler Retailer Total 

Cost of production 4.43 - - 4.43 

Loss at Farm 0.15 - - 0.15 

Storage Losses 0.10 - 0.25 0.35 

Loss transportation 0.50 - 0.16 0.66 

Transportation cost 0.35 - 0.35 0.70 

Grading 0.50 0.50 0.70 1.70 
Packaging 0.20 0.10 0.10 0.40 

Storage cost  0.50 0.80 1.30 
Buying Price  9.27 11.45 - 

Total cost 6.23 10.37 13.81 - 

Sales Price 9.27 11.45 16.19 - 
Profit 2.46 1.08 2.37 5.92 

Profit % of cost 39.48 10.46 17.20 - 
Profit % of sales Price 26.53 9.46 14.67 - 
Share in total benefit 41.54 18.32 40.13 100 

 
Value Share and Supporting organizations  
To identify share of value among different actors four economic indicators such as share 
profit margin, profit percentage of cost, profit percentage of sales price and share (%) in 
total benefit were calculated. The study showed that profit margin to producer was higher 
than that of other actors in the value chain of gerbera.  Share in total benefit was found 
higher to producers followed by retailers and wholesalers (41.54%, 40.13% and 18.32%, 
respectively).  
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The study revealed that on an average profit margin to producer was NRs 2.46 per stick 
followed by retailer (NRs 2.37 per stick) and wholesaler (NRs 1.08 per stick). This 
variation in profit margin is due to the variation in activities for value creation and value 
addition in the value chain. The producer was found to be value creator and subsequently 
added values on the cut flowers. Likewise, wholesalers and retailers were added value on 
the primary product of gerbera stick. Likewise, it found that major and visible value 
addition in gerbera business was made by retailers.  

 

  
Figure 9. Value share by actors  Figure 10. Supporting 

organizations (Multiple 
responses in %) 

Thus, it can be concluded that the producer has large share in value paid by consumer as 
compared to wholesalers and retailers.   

Floriculture Association Nepal was found as the major supporting organization from 
producers to retailers (100%). However, the government support was found still limited 
in regulatory functions. It was found that only about 13.33 percent of respondents 
received support from governmental organizations.  

 
Value chain map  
 
There were several organizations and individuals involved in the gerbera cut flower 
business in Kathmandu valley. Through the analysis of value chain actors, activities and 
enablers a generic value chain of gerbera was drawn and presented in the figure 12.  
 
 
 

  
Figure 9. Value share by actors  Figure 10. Supporting organizations (Multiple 

responses in %) 
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CONCLUSION 

CONCLUSION 

It can be concluded that value chain approach could not improve competitiveness only 
but also created employment and income opportunity to resource poor and women 
farmers. There is substantial demand for floriculture products in the country, especially in 
Kathmandu Valley. Thus, it has become an important issue to the country to develop and 
adopt value chain approach in such enterprise for the mutual benefits of all entrepreneurs 
and consumers for the commercialization of flower industry. The higher percentage of 
share to producers and retailers (41.54 % to producers and 40.13 %to the retailers) may 
be due to higher risk associated with production, transportation and final sales, as the 
product cannot be stored for long time. This calls for development of appropriate 
production as well as post harvest technologies and infrastructure to produce, transport 
and keep gerbera flower fresh for longer period. Though there was discrimination in rate 
of salary/wage between male and female labors, contribution of female labor in value 
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adding activities was found higher. Thus, social and gender issues of cut flower business 
should be addressed. Good agricultural practices (GAP) from field preparation and 
harvesting has significant role to add value on gerbera cut flower. Better crop 
management, grading, storage, packaging, decoration and floral arrangement were 
recorded as major value addition activities. This calls for technologies transfer, extension 
and trainings for the promotion of such activities. Though government played vital role in 
extension, input, transport and marketing management and regulations for cut flower 
business, governmental support to different stakeholders of gerbera value chain was still 
noted inadequate on subsidies, trainings, extension and marketing infrastructure 
development and thus government should address these constraints through proper 
implication of Agribusiness Promotion Policy.  
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ABSTRACT 
Research was conducted in 2009 as an effort to assess to what extent agriculture within 
the framework of a bio-intensive farming system (BIFS) contributes to food security and 
sustainability of rural livelihoods. The field survey for this research was carried out in 
the Udayapur district, Nepal where BIFS has been implemented for last ten years. A 
multistage random sampling method was adopted for selecting the sample members. 
Altogether 100 farmers, 50 each from the BIFS and conventional farming system (CFS) 
categories, were taken as respondents during the study. The livelihood security of 
respondents was assessed using five forms of capital, viz. natural, financial, physical, 
human and social, as an analytical framework. The household food insecurity access 
scale (HFIAS) was used in measuring household food insecurity in the study areas. There 
were marked differences between the adopters and non-adopters of BIFS on the 
possession and access of different capital assets and with regards to livelihoods. Thus, 
evidence on positive impact on livelihood has been found among BIFS adopting farmers 
compared to CFS adopting farmers. The result showed that the BIFS had made a positive 
impact on the farmers‟ food security situations. The number of food secured households 
adopting BIFS was found to be 44 percent and the figure was only 18 percent for farmers 
adopting CFS. Hence, BIFS had played a significant role in reducing food insecurity and 
improving livelihood among the targeted groups in the Udayapur district. The findings 
suggest that adoption of the BIFS can make a significant contribution to addressing the 
problem of food insecurity and improving livelihoods, maintaining soil fertility, and 
improving the health of the people. 
 
Keywords: Bio-intensive farming system, conventional farming system, livelihood 
security, food security, five capital assets, household food insecurity access scale. 
 

INTRODUCTION 

Intensification of agricultural production with the objective of meeting food demand can 
involve the increased use of pesticides, fertilizers and other agro-chemicals. This has 
resulted in several problems such as pest resistance to pesticides and resurgence due to 
elimination of natural enemies; toxic residues in food, water, air and soil; degrading soil 
environment and ecosystem; animal and human health hazards and economic losses 
(Pokhrel and Pant, 2009). The conventional farming system (CFS) focused merely on 
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productivity rise to meet growing needs of people by exploiting resources as much as 
possible (Pretty, 1995) and paid little attention to available local resources both natural 
and human endowments (Scialabba, 2000). Although technology-based farming has 
increased agricultural productivity, it has shown to have unintended consequences to the 
sustainability of the production system. At the same time, such practices disrupted both 
environmental resources and the indigenous knowledge system rendering the agriculture 
system unsustainable (El-Hage Scialabba and Williamson, 2004). Realizing this, there 
have been growing concerns about the importance of sustainable agriculture in a number 
of countries irrespective of their stage of development, and the goal of agricultural 
development in many countries has shifted from merely increasing production and 
productivity to achieving a sustainable and environmentally friendly production system 
(Pokhrel and Pant, 2009).  
 
Food insecurity and hunger is pervasive in a large part of the world especially in 
developing countries as one of the daunting challenges for planners and policy makers 
(FAO, 2010). Urbanization, globalization, private sector research and development, on 
the one hand, and the persistence of poverty and environmental degradation on the other 
have contributed to the growing complexity of the problem (Pingali, 2003). In recent 
years, Nepal has experienced a sharp and sustained decline in food security (Hobbs, 
2009). The problem is generally exacerbated due to degrading ecosystems and disparity 
in development as a result of relentless and haphazard application of modern agriculture 
practices particularly the application of inorganic fertilizers and pesticides. This has 
triggered alternative thinking and strategies towards sustainable agriculture development 
and preserving a natural ecosystem. From the last decade, new concepts of sustainable 
agriculture and rural development (SARD) have emerged. The goal of SARD is to work 
with nature, which involves utilizing ecological interactions and synergism between 
biological components in order to enhance soil fertility, productivity and crop protection 
(Altieri et al., 1987). Among many forms of alternative agriculture, bio-intensive farming 
system (BIFS) has emerged as the vision for SARD. Bio-intensive farming system is a 
concept that emerged as a reaction against conventional farming and socioeconomic 
injustice in the agricultural sector, against hunger and poverty (Rajbhandari, 2001). 
 
Application of the principles and practices of BIFS as a kind of sustainable organic 
agriculture has been considered as one of the viable options to tackle the challenges of 
food insecurity. The concept of a bio-intensive farming system is based on agro-
ecological principles, indigenous technology and knowledge, experience and need of the 
people and on the analysis of the negative impacts of conventional farming elsewhere on 
this planet (Rajbhandari and Gautam, 1998). The central issue is to what extent farmers 
can improve food production utilizing locally available technologies and inputs without 
causing environmental damage in order to attain sufficient livelihoods. By respecting the 
natural capacity of plants, animals and the landscape, it aims to optimize quality in all 
aspects of natural systems and human life resulting in enhanced food security and 
sustainable livelihoods (Rajbhandari, 2002).  
 
Adoption of the BIFS can make a significant contribution towards solving the challenges 
of food insecurity, livelihood and in increasing the income of the farmers, maintaining 
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soil fertility and improving people‘s health (Rajbhandari, 2011). A research study was 
conducted primarily to assess the impact of a biologically intensive farming system on 
food security and various aspects of livelihood based on a household survey in Udayapur 
district in 2009. It was carried out with the objective of identifying existing problems as 
perceived by farmers and assessing the effectiveness of BIFS in addressing the existing 
problem of poverty and food insecurity. Further it was undertaken to examine the 
contribution made by BIFS in promoting the sustainable mixed farming system with 
emphasis on vegetable production and thereby enhancing the food security of local 
people in Udayapur district and as well work out the suggestions regarding sustainability 
of the programme.  
 
Framework for assessing livelihood and food security 
 
Livelihood security 
The sustainable livelihoods framework developed by Carswell (1997) and Scoones 
(1998) has become an established paradigm within the  development communities in 
developing countries (Carney, 1998, Neefjes, 2000). This approach brings together the 
notions of well-being, security and capability through in-depth analysis of existing 
poverty, vulnerability and resilience as well as natural resource sustainability.  Chambers 
and Conway consider five assets: human resources, technical assets, natural resources, 
social assets and financial assets as vital indicators in measuring livelihood security 
(Chambers and Conway, 1992) . Due to variation in biophysical and socio-economic 
conditions, indicators used in one country are not necessarily applicable to other 
countries. Therefore, indicators should be location specific and constructed within the 
context of the contemporary socioeconomic situation (Dumanski and Pieri, 1997, Rasul 
and Thapa, 2003). (Carney, 1998) and (Scoones, 1998) identified five resources: natural, 
economic or financial, human, social and physical assets as below: 
 
Livelihood security of respondents were assessed using the five capital assets or 
resources that people use and which provide them the capability to be and to act. These 
―capital assets‖ were assessed in a holistic manner: in terms of their use, combination or 
transformation by farmers to sustain their livelihood for comparison of BIFS and CFS 
communities of the Udayapur district. These five capital assets can have complementary 
as well as substitution relationships among themselves while generating a livelihood. 
 
Food security 
A Globally accepted definition of food security is the one adopted by the World Food 
Summit (WFS) held in Rome in November 1996, i.e. ‗Food security exists when all 
people at all times, have physical and economic access to sufficient, safe and nutritious 
food to meet their dietary needs and food preferences for an active and healthy life.‘ 
(World Bank, 1986). Major components of the most common definitions are summed up 
by Maxwell and Frankenberger as "secure access at all times to sufficient food for a 
healthy life" (Maxwell and Frankenberger, 1992).  
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Access to food means that ‘individuals have adequate incomes or other resources to 
purchase or obtain levels of appropriate foods needed to maintain consumption of an 
adequate diet/nutrition level and are able to obtain these foods in socially acceptable 
ways (USAID, 1992). The measurement of food insecurity at the household level aims to 
measure this access component and is based on the idea that the experience of food 
insecurity causes predictable reactions and responses that can be captured and quantified 
through a survey and summarized on a scale (Knueppel et al., 2010). The household food 
security statistics presented in this study were based on a measure of food insecurity 
calculated from responses to a series of questions about conditions and behaviors known 
to characterize households having difficulty meeting basic food needs. 

Household food insecurity access Scale (HFIAS) 
A nine-item food insecurity scale, the HFIAS, developed by USAID’s food and nutrition 
technical assistance (FANTA) project based on validation studies in eight countries 
including the United States, was used to measure household food insecurity  (Coates et 
al., 2006, Frongillo and Nanama, 2006, Swindale and Bilinsky, 2006, Coates et al., 
2007).  A set of nine questions was used as a research tool and the data were analyzed as 
suggested by the FANTA guide. The intent of this guide is to provide a means for food 
security programmes to easily measure the impact of their programmes on the access 
component of household food insecurity. (Coates et al., 2007).  
 

RESEARCH METHODOLOGY 

Selection of study area, sample and sampling procedure 
The Udayapur district, its village development committees (VDCs) and wards were 
selected purposively on the basis of BIFS implementation ensuring there is no biasness 
and is representative for the whole region. Udayapur was also selected for the study 
because it is one of the 42 food deficit districts of Nepal experiencing severe food 

1. Natural capital: The natural resource stocks from which resource flows 
useful for livelihoods are derived (land, water, wildlife, biodiversity, 
environmental resources); 

2. Financial capital: Money (whether savings, supplies of credit or regular 
remittances or pensions), which provide them with different options; 

3. Physical capital: The infrastructure (transport, shelter, water, energy and 
communications) and the production equipment which enable people to 
pursue their livelihoods; 

4. Human capital: The skills, knowledge and health needed to pursue 
different livelihood strategies, which also includes intelligence, labour 
power and physical capability; 

5. Social capital: The social resources (network, membership of groups, 
relationships of trust, access to wider institutions of society) upon which 
people draw. 
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insecurity condition (Fang et al., 2007). Udayapur district comprises of 44 VDCs and 1 
municipality. Each of the VDCs comprises 9 wards whereas the municipality comprises 
of 17 wards (DDP, 2008). The study was done in 9 VDCs and 1 municipality with 98 
wards representing both the hills and terai areas of the district (Figure 1). A multistage 
random sampling method was adopted to select the farmers adopting BIFS and CFS for 
the study. It can be explained in the table 1 below: 
 

Table 1: Sampling procedure 
Stages Sampling 

method 
Percentage value 
of representative 
sample 

Category of 
selection 

Sample size 
selected  

Stage I  Purposive  20  VDCs3 9 VDCs and 1 
municipality 

Stage II Purposive  25  Wards 25 wards 

Stage III Random 20  Respondent,s 
(farmers) 

100 (50 each 
from both 
BIFS and 
CFS4 )  

 
Data collection and analysis 
The data were collected from both primary and secondary sources for the study. The 
primary data were collected using semi-structured schedules. Similarly, primary 
qualitative information was gathered by organizing focus group discussions in each site 
and in-depth interviews with the respondents. The secondary data were collected from a 
review of village and district records and other published literature. The survey was done 
in June-July, 2009. Both the primary and secondary information collected from the field 
survey and other means was coded, tabulated and analyzed by using Statistical Package 
for Social Sciences (SPSS) and Microsoft Excel. Percentages have been used to simplify 
data for comparison. Comparison between adopters and non-adopters was done on their 
respective averages. 
 

RESULTS AND DISCUSSION 

Impact on livelihood security  
Livelihoods of famers in rural areas count for their success on the value of services 
flowing from the total stock of natural, social, human, physical and financial capital 
(Coleman, 1990, Putnam et al., 1994, Costanza et al., 1998, Carney, 1998, Scoones, 
1998, Pretty and Ward, 2001). There were marked differences between the adopters and 
non-adopters of BIFS on the possession and access of different capital assets and the 
                                                 
3 Rauta, Jalpa, Bhalayadada, Saune, Khabu, Hadiya, Jogidaha, Beltar, Triveni VDCs and 
Triyuga municipality 
4 A total of 50 respondents from BIFS adopting farmers from the targeted 25 wards and another 50 
respondents from CFS adopting farmers from the remaining 73 wards where BIFS has not been 
implemented yet were taken as samples for the study. 
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subsequent activities they adopted to earn the livelihoods thus making an impact on their 
livelihood security. The difference could be attributed to the outcomes of the BIFS 
programme based on the following five assets. 
 
Natural capital  
The status of the natural capital relevant to the land holding status, irrigation facilities, 
livestock, agro forestry and fodder production illustrated that BIFS adopting farmers (40 
percent of total BIFS adopters) had more farming land (1.1 to >2 hectares) compared to 
CFS adopting farmers. Investing in land was made possible after adoption of BIFS also 
particularly as the farmers had increased their income obtained from selling of 
vegetables, grains, legumes and by selling of small livestock and poultry. The study also 
highlighted that the number of small animals (livestock and poultry) was increased after 
the implementation of the BIFS as these small animals like goats, swine and poultry were 
easily manageable in terms of shelter and feed. These animals also supplemented 
nutrition uptake and helped in rapid income generation in a short period of time. 
 

Financial capital 
There was difference between BIFS and CFS adopters on the pattern of income, 
expenditure and savings related to financial capital. Both on-farm and off-farm income 
generating activities are important means of livelihood diversification and financial 
capital accumulation. All the farmers (100 percent) adopting BIFS were involved in one 
or another income generating activities specifically commercial vegetable production 
through which their household income was increased however only 46 percent of farmers 
adopting CFS were involved in such activities. Also, BIFS farmers did not have to invest 
in production inputs such as seeds and fertilizers as they had self-produced seeds, organic 
manure, botanical pesticides, etc. The purchase of food and production inputs is reduced 
and income is saved in case of BIFS adopting farmers. Thus, BIFS adopting farmers are 
less food-insecure and they have the potential to increase their financial assets as a direct 
effect of increased agricultural production (sale of vegetables). The households adopting 
CFS spend their maximum income on food (62 percent) as these groups were having less 
land and the production from those land is not sufficient for just whole year so; the 
income were totally utilized for food. 

 

Physical capital 
Physical capital is the integral part of livelihoods. The physical capital helps people to be 
more productive and efficient. After implementation of BIFS, the adopters were able to 
acquire the irrigtion infrastructure in their fields by constructing tubewells, borings and 
wooden culverts from the income earned from vegetable farming. It was evident from 
focus group discussions (FGD) that after the introduction of the BIFS programme, users 
got a number of opportunities to improve their livelihoods through improved household 
facilities and assets (including TV, mobile, fridge, tape recorder, farm equipment, 
bullock-driven carts, bicycle, motorcycle and tractor) in comparison to farmers under 
CFS. Possession of most of household facilities and assets is an indicative of household 
food security and livelihood (Mohammadi et al., 2012). The improvement of other forms 
of capital assets (such as financial capital) of the farmers adopting BIFS can be expected 
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to have influence on the accumulation of the household assets as well. Also, the reduction 
in expenses on procuring agricultural inputs due to reduction in use of chemical 
fertilizers, chemical insecticides and pesticides and hybrid varieties of seeds have 
enhanced the acquisition of household assets. The farmers have maximized the use of 
farmyard manure (FYM), botanical pesticides and locally available and self-produced 
seeds. 
 
Human capital 
The skills, knowledge and health needed to pursue different livelihood strategies 
represent the important constituents of human capital. Accessibility to health and 
education services is vital for household livelihood security (Bhandari and Grant, 2007). 
The impacts of BIFS on human capital were the investment made by the respondents 
under BIFS on schooling and adult education. Their knowledge and skills about 
vegetable farming, animal farming, integrated pest management (IPM), integrated 
nutrient management (INM), etc. and the issues associated with the sustainability and 
livelihood were gained through participation in the awareness raising trainings, 
workshops, skill development training and exposures. This have certainly improved their 
capacity and provided a platform for sharing knowledge and experience among the 
people. After implementation of BIFS programme, people are increasingly becoming 
conscious about their health. In case of farmers under BIFS, people visiting health centres 
have increased from 24 to 58 percent, and it has also increased from 18 to 30 percent in 
case of farmers adopting CFS though it is lower in comparison. 
 
Social capital 
Social capital is taken to mean the social resources upon which people draw in pursuit of 
their livelihood objectives. Likewise, enhancing people‘s organizations identities as 
social capital through empowerment of local farmers‘/women‘s groups and advocating 
for the rights of farming communities and women on natural productive resources like 
land, plant genetic resources and seeds, water, forest is an important feature of the BIFS 
(Rajbhandari, 2011). Hundreds of community groups including women‘s groups, 
children‘s groups, farmers‘ groups and youth groups in targeted VDCs have been formed. 
The BIFS programme has influenced farmers to organize into a group and perform some 
development activities, which have resulted in formation of model demonstration farms 
(MDFs) cum farmers‘ field school (FFS), community-based organizations and 
community forest users‘ groups. It has provided a space for participatory action research, 
farmer-to-farmer extension and promotion and development of new technologies The 
BIFS implementing farmers of the Udayapur district have formed a district level network 
of farmers called the Sustainable Agriculture Network (SAN). The farmers reported that 
involvement in groups has brought many positive changes in their lives; they feel strong 
in the groups thus enhancing people‘s organizations identities as social capital.  
 
Impact on household food security  
Food availability and purchasing capacity are the important determinants for the food 
security of the households. The household food security statistics presented in this study 
are based on a measure of food security calculated from responses to a series of questions 
about conditions and behaviour known to characterize households having difficulty 



Nepalese Journal of Agricultural Sciences

256

 

meeting basic food needs. A household food insecurity access scale (HFIAS) has been 
used in this study to measure the segregated population size into two broader categories 
viz. food secure and food insecure.  
 
Household food insecurity access scale (HFIAS) score 
The maximum score for a household is 27 and the minimum score is 0. The higher the 
score, the more food insecurity (access) the household experienced. The lower the score, 
the less food insecurity (access) a household experienced. The farmers adopting BIFS 
had lower HFIAS scores with 43 respondents in the range of 1 to 9, which means less 
food insecure followed by 7 respondents in the range of 10-18; none of the respondents 
had higher HFIAS score, i.e. 19-27. However, in case of farmers adopting CFS, there 
were 11 respondents whose HFIAS score were in the range of 19-27, which means highly 
food insecure (Figure 2). Therefore, BIFS adopting farmers with a low HFIAS score were 
more food secure than farmers adopting CFS. This showed that the farmers have become 
more food secure after adoption of BIFS.  
 

 
Figure 2. Graph showing HFIAS Score Distribution among BIFS and CFS 

 
Household food insecurity status 
The food security status of each interviewed household was determined by the number of 
food insecure conditions and behaviour the household reports. The household was 
categorized into four levels of household food insecurity: food secure and mild, 
moderately and severely food insecure. 
 

Food secure households 
Households are classified as food secured if they report no food insecure conditions or if 
they report only one or two food insecure conditions. Thus, those households who never 
or rarely worry about food are known as food secure households. The number of food-
secured households adopting BIFS was found to be 44 percent, and the figure was only 
18 percent food-secured households for farmers adopting CFS (Figure 3). 
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Mildly food insecure households 
A mildly food insecure (access) household worries about not having enough food 
sometimes or often and/or is unable to eat preferred foods and/or eats a more monotonous 
diet than desired and/or some foods considered undesirable, but only rarely. But the 
household does not cut back on quantity nor experience any of three most food insecure 
severe conditions (running out of food, going to bed hungry, or going a whole day and 
night without eating). From the study it was found that 32 percent of the households 
practicing BIFS were found to be mildly food insecure while this was found to be only 18 
percent in CFS adopting farmers (Figure 3). 
 
Moderately food insecure households 
A moderately food insecure household sacrifices quality more frequently by eating a 
monotonous diet or undesirable foods sometimes or often and/or has started to cut back 
on quantity by reducing the size of meals or number of meals rarely or sometimes. 
However, it does not experience any of the three most severe conditions. It was observed 
that 10 percent of the households adopting BIFS were moderately food insecure 
households and that the figure for adopting CFS was 24 percent (Figure 3). 
 
Severely food insecure households 
A severely food insecure household has graduated to cutting back on meal size or number 
of meals often and/or experiences any of the three most severe conditions (running out of 
food, going to bed hungry or going a whole day and night without eating), even as 
infrequently as rarely. Any household that experiences one of these three conditions even 
once in the last four weeks (30 days) is considered severely food insecure. During the 
period of study, it was found that the households experiencing severely food insecure 
conditions was only 14 percent for farmers adopting BIFS. However, there was a high 
percentage of households facing a severely food insecure situation for farmers adopting 
CFS, i.e. 40 percent (Figure 3). 
 

 
Figure 3: Graph Showing the Household Food Insecurity Access Prevalence 
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CONCLUSION 
The success of modern agriculture has often masked significant externalities that affect 
ecosystems, services and human health as well as agriculture itself (Pretty and Hine, 
2001). Nepalese agriculture is predominantly characterized by a traditional knowledge-
based subsistence farming system with low productivity (Pokhrel and Pant, 2009). 
Country poverty is the root cause for food insecurity, socioeconomic insecurity, 
undernutrition, illiteracy, ineffective healthcare and lack of livelihood options. (FAO, 
2010). Udayapur is one of the districts experiencing a high food insecurity condition in 
Nepal.  Due to the small cultivated land area per household they cannot produce 
sufficient crops and as a consequence they suffer from hunger, food insecurity and 
poverty (Fang et al., 2007). In Nepal different approaches which is in favour of nature has 
been brought into practice by the government and different organizations. Such 
approaches help to maintain natural soil and retain the soil fertility and increase 
productivity by minimizing the use of different chemical inputs and also help to conserve 
the biodiversity. The bio-intensive farming system (BIFS) can be such an approach which 
is beneficial to biodiversity and soil conservation following the agro-ecological principles 
directing the livelihood to people to a safe and sustainable level (Rajbhandari and 
Gautam, 1998).  
 
There were marked differences between the adopters and non-adopters of BIFS on the 
possession and access of different capital assets and the subsequent activities they 
adopted to earn the livelihoods. The difference could be attributed to the outcomes of the 
BIFS programme. The use of local resources, knowledge and skills has lowered the 
production cost under BIFS according to farmers. The adoption of vegetable farming has 
raised the income status of the farmers and has a positive impact in ensuring the food and 
nutritional security of the farmers and their sustainable livelihood. Adoption of animal 
husbandry along with the scientific cropping system has resulted in an additional return 
from the farming system and has contributed a great deal to improving the income of the 
households. Thus, positive changes in the ownership of users to gain access and 
accumulate different assets and in the food security status of the farmers adopting BIFS 
have influenced other farmers practicing CFS to adopt BIFS. This can be taken as a 
positive impact that has convinced people after adoption of the BIFS. Thus it is likely that 
BIFS as a form of sustainable agriculture has the potential to contribute substantially to 
the lives and livelihoods of the farmers. 
 
The most serious challenge for policy makers in Nepal is how to reduce dependency on 
inorganic fertilizers and pesticides and maintain soil fertility to increase crop yield, 
income and food security without degrading environmental quality. Since today‘s food 
security is more important than tomorrow‘s for these farmers, they cannot reduce the 
amount of inorganic fertilizers unless effective biological means of soil fertilization are 
available. Thus, there is a need of changing the policy objectives from gaining self-
sufficiency in food production to agricultural development in accordance with locational 
comparative advantages with a focus on how to support rural livelihoods through 
adaptable and flexible income-generating strategies and enhancement of knowledge, 
skills and social capital. Thus, the government should formulate policies and design 
projects to include agro-ecological principles and livelihood programmes on a large scale 
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in VDCs where farmers have adopted conventional farming. Proper policy and 
institutional support along with coordinated efforts with NGOs will help to promote 
diversified farming, resulting in increased high-value products and farmers‘ income. 
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ABSTRACT 
Chemical fertilizers are the crucial inputs for Nepalese agriculture production system to 
increase food production for meeting the growing food demand. However this sector is 
facing an enormous pressure of growing population and limited area available for 
agricultural land. Therefore, intensification of the crop production on less available 
arable land could only be the option for food production to ensure food and nutritional 
security of the growing population. In this regard, it is widely realized that unavailability 
of good quality fertilizers at the cropping time is one of the major constraints that is 
limiting the productivity growth of the food crops. This study was carried out to appraise 
the effects of distribution system on availability and use of chemical fertilizer and devise 
strategies for ensuring sustainable use of chemical fertilizers. This study analyzed data 
obtained from the personal interview, questionnaire survey and literature review. The 
study covered 30 DADOs, 60 Cooperatives, 30 agro-vets, 60 farmers representing all the 
ecological regions of the country, viz. High Mountain, mid-hills and terai region selected 
purposively using judgement sampling. The results of the research revealed that chemical 
fertilizer supply situation of the country were unstable. The volume of the chemical 
fertilizer supply primarily depends on the budget allocated for the subsidy and fertilizer 
consumption was also motivated by the subsidy scheme rather than the effective demand 
induced by the production efficiency. The current distribution system is not conducive to 
achieve high growth in agriculture. This situation might be due to inconsistent subsidy 
policy over the time as well as wider distributive system across the country without 
considering production efficiency at farm level. Almost more than 45% of the chemical 
fertilizer is consumed in the Central Development Region only. From the perspectives of 
ecological belt, 66% of the fertilizer is consumed in Terai, 32% in mid hills and only 2% 
is consumed in High Mountain. This fact helps to conclude that revisit of the fertilizer 
distribution system is necessary considering production efficiency and growth potential.  
 
Key Words: Chemical fertilizer, Distribution system, Agriculture, Production, Farm 
 

INTRODUCTION 
 
Agriculture sector has been playing a vital role in the Nepalese economy through its 
significant contribution in generating employment opportunities to about two third of 
country‘s population and ensuring food security to the nation. This sector is nowadays 
facing an enormous pressure of growing population and limited area available for 
agricultural land. Food security in Nepal depends on productivity of land managed by 
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small holders who face challenges in productivity. Therefore, intensification of the crop 
production on less available arable land could only be the option for food production to 
meet the increased level of the food demand. It is widely accepted that one of the reasons 
of slow growth of commercial agriculture in Nepal is due to low use of fertilizers. In 
many developing countries like Nepal fertilizer application is inadequate and unbalanced 
from the perspective of plant nutrient requirement, which limits the crop response in 
terms of biological yield potential and negatively impacts crop quality (Roberts, 2009). 
Inadequate supply of fertilizers is an important factor behind the wide gap between 
targeted and actual growth in yield of major crops in Nepal.  
 
Chemical fertilizer has become the major source of plant nutrients in the Nepalese 
farming system. The demand and consumption of chemical fertilizer in Nepal has been 
progressively increasing over the years due to widespread promotion of green revolution 
technologies by the extension services, expansion of irrigation facilities, and provision of 
subsidy in fertilizer and development of transport facilities. Government of Nepal has 
been making several attempts to promote the use of chemical fertilizer to improve 
agriculture production and productivity. These attempts are specifically targeted to 
balance the demand and supply of chemical fertilizers by strengthening the distribution 
system and administering their price. Overall chemical fertilizer use has grown steadily in 
Nepal in the past two decades, much of that growth has occurred in the Terai agro 
ecological belt while use has stagnated in the Hills and the Mountains regions. 
Differences in chemical fertilizer use intensity between the Terai and the latter regions 
are typically pronounced among medium-to-large-size farmers (Takeshima, et.al, 2016). 
Consumption of fertilizers has shown steady growth while distribution and availability 
situation has remained poor. The wide discrepancy in the fertilizer use in different 
regions and districts can be attributed to the flaws in the distribution system of the 
chemical fertilizers. 
 
Timely and effective distribution of chemical fertilizers to the farmers has always been a 
chronic problem in Nepal. Farmers living in remote hill and mountainous regions are not 
getting fertilizers timely, adequately and easily because transporting fertilizers to these 
remote districts is difficult. The private sector and cooperatives are mainly concentrated 
in easily accessible areas. The distribution system in the terai areas is unpredictable due 
to illegal and informal imports of fertilizers from neighboring cities of India. There is 
ever widening gap between the demand and supply of chemical fertilizers that has been 
adversely affecting agriculture production. The Agriculture Inputs Company Limited 
(AICL) and Salt trading Corporation Limited (STCL), two public sector enterprises 
involved in procurement and distribution of subsidized fertilizers in the country, have not 
been able to meet the total demand of chemical fertilizers of the country and they have 
their networks primarily in accessible areas of the terai and mid-hill districts. The market 
structure of subsidized fertilizers is controlled and subsidized fertilizers are sold only 
through the offices of AICL, STCL and cooperatives. Following deregulation, import and 
sales of chemical fertilizers in Nepal has been opened to the private sector. However, the 
private sector have not been vibrant in this sector due to illegal inflow of inferior quality 
subsidized fertilizers in the border districts with India, sales price of fertilizers regulated 
by the government through subsidies which makes their retail price uncompetitive in the 
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market. With this scenario the challenge confronting Nepalese agriculture is how we 
achieve the use of chemical fertilizers as envisaged in the periodic plans for accelerating 
the growth rate of agriculture? This research was undertaken for the development of 
appropriate distribution strategy for ensuring the sustainable use of chemical fertilizer in 
the country by analyzing the existing constraints of the public sector fertilizer distribution 
system.  

 
METHODOLOGY 

 
Research design and sampling procedure  
Survey research design was used to conduct this research. The nature of the study 
demands the coverage of the study to entire country. However for the convenience of the 
researcher the study districts were selected to cover all the ecological regions of the 
country viz. high mountain, mid-hills and terai region. The study districts, District 
Agriculture Development Offices (DADOs), cooperatives, respondent farmers, experts, 
key informants were selected purposively using judgment sampling taking into 
consideration the convenience of the researcher to collect the data easily. Their 
involvement in the fertilizer sector, knowledge, expertise and relevance on the objectives 
of the study was the basis for the selection. The two public enterprises viz. AICL and 
STCL involved in the chemical fertilizer business have been selected purposively as they 
are the main actors in the trade and marketing of chemical fertilizers. The approach of 
this study is based on the analysis of respondent‘s opinion, experiences and information 
along with the analysis of the secondary data. The detail of the samples of the study is 
presented in the table 1 below. 

Table 9. Research sample 
Ecological 

Region DADOs Cooperatives Agro-
vets Farmers Others 

High 
Mountain 

Bajura, Rasuwa, 
Sindhupalchowk, 
Solukhumbu (4) 

8 4 8 
AICL, 
STCL, 
MoAD,   

Agriculture 
Extension 
Directorate 

Mid-hill Kathmandu, Baglung, 
Baitadi, Bhaktapur, 
Bhojpur, Dailekh, 
Dhankuta, Gulmi, 
Kavre, Lalitpur, 
Makawanpur, Myagdi, 
Nuwakot, Palpa, 
Parbat, Pyuthan, Rolpa, 
Salyan, Tanahu, 
Udayapur (20) 

40 20 40 

Terai Bardiya, Jhapa, Kailali, 
Kanchanpur, 
Nawalparasi, 
Rupendehi (6) 

12 6 12 

Total 30 60 30 60 4 
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Sources of data, data collection methods and data analysis  
 
This study used both quantitative and qualitative data to support the findings. It has 
acquired data from both primary and secondary sources. It specifically used the data set 
from the secondary sources related to the chemical fertilizer transactions covering a long 
period of time and embodied with the key informants interview and questionnaire survey 
data containing the current information and experiences of the various actors involved in 
the sector e.g. MoAD, DoA, AICL and STCL, questionnaire sent to DADO‘s, farmer 
cooperatives, farmers and agro-vet owners. The quantitative analysis in this study relies 
on the data of Ministry of Agricultural Development (MoAD). Primary data was 
collected from experts and key informants interviews from MoAD, Department of 
Agriculture (DoA), AICL and STCL, questionnaire sent to DADO‘s, farmer 
cooperatives, farmers and agro-vet owners. While presenting the data in tables, average 
mean and percentage calculation has been performed. The data in figures are presented in 
trend lines. Trend analysis has been done to present multi-period data in a concise form. 
 

RESULTS AND DISCUSSION 
 
Chemical fertilizer consumption in Nepal 
 
The trend of chemical fertilizer consumption in Nepal is presented in the figure 1 below. 
Consumption of chemical fertilizer since its early years of introduction to 1994-95 
increased because the government increasingly allocated subsidy to encourage farmers to 
use chemical fertilizers and the country was also receiving chemical fertilizers under 
grant aid from countries like Germany, Canada, Japan and Finland. The decreasing trend 
in import and consumption of chemical fertilizer then after till 2008-09 can be mainly 
attributed to low allocation of subsidy budget compared to the demand of chemical 
fertilizers alongside increasing international price and also there was either low volume 
of chemical fertilizer coming as grant aid and/or some countries completely stopped to 
provide such aid. The government started involving private sector in the fertilizer trade 
by deregulating the fertilizer trade in November 1997. There was complete removal of 
subsidy in DAP and MoP, and phase-wise removal of subsidy in Urea. The subsidy was 
completely removed after November 1999. However both the parties could not import 
and sell adequate fertilizers due to fluctuating world prices and uncontrolled inflow of 
subsidized fertilizers from the India. Realizing the problems occurring in the agriculture 
sector due to such consequences, government reintroduced subsidy in the chemical 
fertilizer since 2009, this is the reason why there is abrupt positive change in fertilizer 
consumption after 2008/2009 (Khanal, 2007; Shrestha, 2010). This fact depicts that 
fertilizer consumption entirely depends on subsidy allocations. 
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Figure 3. Chemical fertilizer consumption trend in Nepal 

Source: MoAD (2013) and MoAD (2014) 
 
Major actors in the fertilizer distribution system and their functions 
The major actors in fertilizer distribution system and their key functions are presented in 
the table 2 below. 
 

Table 10. Major actors in fertilizer distribution and their functions 
S.N. Major actors Key functions 

1. Ministry of Agricultural 
Development 

(Agricultural Inputs 
Management Section) 

Providing budget to AICL and STCL for 
procurement and distribution of subsidized 
chemical fertilizer, preparing the annual estimated 
demand and supply situation of chemical 
fertilizer, preparing the specification of chemical 
fertilizers, providing approval for the import, 
control the import and sales of chemical fertilizer 
within the country, registering chemical fertilizer, 
formulation and implementation of fertilizer 
related policies, programs, legislations including 
standards, quality control and inspection,  
monitoring and analysis of domestic and 
international fertilizer market, carrying out 
fertilizer related studies and surveys. 

2. Department of Agriculture Promoting the use of balanced dose of fertilizers 
through promotion of integrated plant nutrient 
management program in the regular agri-
extension activities. 

M
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3. Agriculture Extension 
Directorate 

Support DoA in transporting chemical fertilizers 
to remote and high hilly district providing 
transport subsidy. 

4. Soil Management Directorate Support DoA by regularly monitoring the quality 
of chemical fertilizer, training and capacity 
development of fertilizer inspector, promotion of 
IPNS and SSMP practices. 

5. Regional Agriculture 
Directorate 

Monitoring  the fertilizer market (chemical 
fertilizer price, quality and availability) at the 
regional level and facilitate DADOs in 
transporting chemical fertilizers to remote and 
high hilly district providing transport subsidy. 

6. District Agriculture 
Development Office 

Registering the fertilizer dealer in the district, 
acting as the secretariat for District Fertilizer 
Supply and Distribution Management Committee, 
preparing demand of chemical fertilizer of the 
district, recommending AICL, STCL to distribute 
fertilizer to cooperatives, regularly monitoring the 
retail price of chemical fertilizer, inspecting the 
chemical fertilizer godown/storage of the 
cooperatives and monitoring the quality and 
quantity of chemical fertilizer. 

7. Agriculture Inputs Company 
Limited and Salt Trading 
Company Limited 

Management of import, transport and distribution 
of  subsidized fertilizer based on the 
recommendation of District Fertilizer Supply and 
Distribution Management Committee, recording 
and reporting to district fertilizer supply and 
distribution management committee, preparing 
record of the quantity, type, price of imported 
chemical fertilizer and sales record and reporting 
to MoAD, maintaining buffer stock of fertilizers 
received under grant/aid from the donor countries 
to control supply interruption. 

8. District Fertilizer Supply and 
Distribution Management 
Committee 

Regularly monitoring the distribution of fertilizers 
in the district, estimating the demand of fertilizers 
in the district, fixing quotas of fertilizers for the 
cooperatives, developing provisions for the 
distribution of subsidized fertilizers within the 
district, approving the retail price of the fertilizers 
to be distributed through the authorized dealer. 

9. Cooperatives Registration in the DADO as fertilizer dealer and 
purchasing fertilizer from the authorized supplier 
and sell it to the farmers. 

10. Farmer Group Purchasing fertilizer from the authorized supplier 
and sell it to the farmers where no cooperatives 
are operating in the VDC. 
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11. District Cooperative Union Providing recommendations for chemical 
fertilizers to cooperatives. 

12. Chief District Officer Chairing the District Fertilizer Supply and 
Distribution Management Committee meetings, 
monitoring and supervision of the fertilizer 
import, distribution and sales inside the district. 

13. Agro-vet Selling chemical fertilizers to farmers. 

14. Farmer Purchasing chemical fertilizers from the available 
sources and apply balanced dose of fertilizers to 
maintain long term soil fertility and agricultural 
productivity. 

Source: Field Survey (2015) 
 
Distribution channel of chemical fertilizers 
Before liberalization and deregulation, Nepal's fertilizer distribution system was 
dominated by AICL, the only state owned company. After the reform, fertilizer now 
enters the country through both public and private channels. Registered retailers, 
cooperatives, AICL and STCL depots, DADOs and appointed contractors are involved in 
the distribution of fertilizer across the country. Fertilizer is being imported from the 
international market mostly from China through global tender and on government to 
government basis from India.  
 
The subsidized fertilizers are distributed by the public sector and are mainly served by 
AICL and STCL. Both have their own marketing network operating countrywide which 
is presented in the table 3 below. For the remainder of the districts where there are no 
depots of AICL and STCL, distribution is done through agricultural cooperatives. At 
present more than 5000 cooperatives are retailing fertilizers. 
 

Table 11. Distribution centers of AICL and STCL 
Ecological 

Region AICL STCL 

Mountain 

 Jumla, Dolpa, Kalikot, Humla, Bajhang, 
Darchula, Bajura, Martadi, Taplejung, 
Sindhupalchowk, Solukhumbu, Dolakha, 
Mustang, Manang, Mugu, Jumla, Rasuwa, 
Sankhuwasabha (18)  

Hill 

Kathmandu, Dhulikhel, Dhankuta, 
Trishuli, Pokhara, Illam, Gaighat, 
Sindhuli, Dhalkebar, Hetauda, 
Gajuri, Palpa, Syanga, Damauli, 
Parbat, Surkhet, Dipayal (17) 

Kathmandu, Pokhara, Koteshwor, Hetauda, 
Surkhet, Banepa, Dipayal, Achham, 
Dadeldhura, Baglung, Jajarkot,  Rolpa, 
Rukum, Gorkha, Dhading (15) 

Terai Biratnagar, Birgunj, Bhairahawa, 
Nepalgunj, Dhangadi, Birtamod, 

Biratnagar, Birgunj, Bhairahawa, 
Nepalgunj, Dhangadi, Janakpur, Birtamod, 
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Lahan, Janakpur, Bharatpur, 
Ghorahi, Mahendranagar, Itahari, 
Rajbiraj, Chandranigahapur, 
Kalaiya, Malangawa, Nawalparasi, 
Taulihawa, Bahadurgunj, Kawasoti, 
Lamahi, Tulsipur, Gulariya (23) 

Rajbiraj, Lahan, Narayanghat, Dang, 
Krishnanagar, Mahendranagar Tikapur, 
Kanchanpur, Bara, Rautahat (17) 

 
Private suppliers sell chemical fertilizers to farmers through the network of dealers and 
agro-vets, mostly concentrated in accessible areas of terai region where there is a larger 
market for fertilizer. Because the government has traditionally dominated fertilizer 
distribution activities in the country, the private sector lacks experience operating in the 
market, so private sector-led distribution networks are still limited.  
 
The common distribution channel of subsidized chemical fertilizer in Nepal is presented 
below: 

1. Overseas → AICL/STCL Warehouse → AICL/STCL Branch Office → 
Cooperative →Farmer 

 
2. Overseas → AICL/STCL Warehouse → AICL/STCL Branch Office → Farmer 

Group →Farmer 
 

3. Overseas → AICL Warehouse → AICL Branch Office → District Cooperative 
Union → Farmer 

 
Pattern of chemical fertilizer distribution 
The ecological and regional distribution of chemical fertilizer is presented in the tables 4 
and 5 below.  Available data suggests that on an average, terai area consumes 66 percent 
of total chemical fertilizer in the country followed by hill area 32 percent and mountain 
area 2 percent. This variation in the fertilizer use in different agro ecological zones may 
be attributed to differential economic returns from the fertilizer use. Similarly in terms of 
development regions, the central development region consumes 45 percent of the total 
chemical fertilizers used in the country followed by eastern and western region 17 
percent each, mid-western region 16 percent and far-western region 6 percent. 

Table 12. Ecological belt-wise consumption of chemical fertilizer in different years 
Ecologica

l belt 1993 1996 1999 2002 2005 2008 Average 

Mountain 5452 (3)  4542 (4) 2735 (4) 107 (1) 0 (0) 0 (0)* (2) 

Mid-hill 58672 
(35) 

49076 
(40) 24934 (35) 19376 

(27) 
3272 
(25) 

2102 
(29) (32) 

Terai 104971 
(62) 

68605 
(56) 43791 (61) 51263 

(72) 
10023 
(75) 

5031 
(71) (66) 

Total 169095**  122223**  71460**  70746**  13295**  7133*

*  (100) 

*Figure in the parenthesis shows percent consumption of fertilizer compared to the total 
consumption in the same column  ** Private sector import of fertilizer not included 
Source: MoAD (2013) and MoAD (2014)  



Nepalese Journal of Agricultural Sciences

269

 

Table 13. Development region-wise consumption of chemical fertilizers in different years 
Developm

ent  
Region 

1993 1996 1999 2002 2005 2008 Average 

EDR 30441 
(18) 

26374 
(22) 

13727 
(19) 

12086 
(17) 

2277 
(17) 

571 
(8) (17) 

CDR 92844 
(55) 

56947 
(47) 

32947 
(46) 

32165 
(45) 

5885 
(45) 

2321 
(32) (45) 

WDR 29864 
(18) 

21819 
(18) 

8237 
(12) 

11876 
(17) 

1887 
(14) 

1639 
(23) (17) 

MWDR 10002 
(6) 

10310  
(8) 

11434 
(16) 9926 (14) 2157 

(16) 
2334 
(33) (16) 

FWDR 5944 (3) 6773 (5) 5115 (7) 4693 (7) 1090 
(8) 

268 
(4) (6) 

Total 169095**  122223**  71460**  70746**  13295**  7133**  (100) 
*Figure in the parenthesis shows percent consumption of fertilizer compared to the total 
consumption in the same column  ** Private sector import of fertilizer not included 
Source: MoAD (2013) and MoAD (2014)  
 
Logistics used for chemical fertilizer distribution 
An efficient transport system is critically important for efficient fertilizer distribution. If 
transport services are infrequent, of poor quality or expensive, then farmers will be at a 
disadvantage. A comparative study of appropriateness of various transport means used 
for chemical fertilizer transportation in the country was carried out which is presented in 
table 6. 
 
Problems in the current distribution system 
 
Some of the major problems faced by the stakeholders in the chemical fertilizer 
distribution system are: 
a. The political strikes, syndicate system in transportation is causing difficulty in timely 

delivery and adequate availability of fertilizers. 
b. The cooperatives depend on public transport system for fertilizer transportation. Due 

to poor road infrastructure and lack of permanent transport facilities in the hilly 
districts during rainy season farmers are either unable to get fertilizers when needed 
or have to pay higher price for the transport costs. 

 

Table 14. Logistic Means Used For Chemical Fertilizer Transportation 
S.N. Means Remarks 

i. Truck Suitable to transport higher quantity of fertilizers, uniformity in 
the transportation charges, cheaper compared to other means, 
suitable in terai and mid-hill districts but unsuitable in remote 
areas. 

ii. Tractor Highly suitable for fertilizer transport, requires extra measures 
for safety against rain and sun during transportation, cheaper 
compared to other means of transport, most suitable in mid-hill 
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districts. 

iii. Bus Transports less quantity, charges extra amount to transport 
chemical fertilizer so high transportation costs, high labor 
charges for loading and unloading, higher chances of fertilizer 
sacks being torn due to mishandling. 

iv. Mule/ Human 
potter 

Mainly used for transporting during rainy season and in remote 
areas, suitable to transport small quantity of fertilizers and 
relatively short distances, high cost of transportation. 

v. Jeep Charges extra amount to transport chemical fertilizer so high 
transportation costs, requires extra measures for safety against 
rain and sun during transportation, can reach to nearly every 
VDCs, high labor charges for loading and unloading, higher 
chances of fertilizer sacks being torn due to mishandling. 

vi. Thela/ Cycle/ 
Rikshaw/ Gada/ 
Motor bike 

Easily available, suitable to transport small quantity of 
fertilizers and farmer with nearby field from the dealer are 
benefitted. 

 Source: Field Survey (2015) 
 
c. There is high shortage of labor in the villages. Dealers of chemical fertilizers are 

far away from the production pockets. Due to lack of road infrastructures to the 
production pockets, farmers have to either carry chemical fertilizers on their 
own or have to hire labors to transport to the farm from the nearest road head. 
The available labor charge high wage for loading, unloading and transporting of 
chemical fertilizers. The wage/labor problem is also adding problem for the 
timely, low cost delivery of fertilizer.  

d. Only the cooperatives that have obtained dealership liscence from the DADO 
can sell subsidized chemical fertilizers. The cooperatives whose date of 
registration is more than a year can only apply for the license. All cooperatives 
that have received license do not involve in chemical fertilizer transactions 
regularly and there is no uniform distribution of such cooperatives in the district. 
Thus it has been difficult to distribute chemical fertilizers uniformly throughout 
the district and famers are compelled to travel long distance to purchase the 
chemical fertilizers. 

e. Tenant farmers, sharecroppers are unable to get fertilizers easily due to the 
mandatory provision to show the land registration paper each time to purchase 
fertilizer. 

f. Farmers not associated in farmer groups and cooperatives find it hard to get 
subsidized fertilizer. 

g. Farmers are not able to purchase fertilizers directly from the AICL, STCL depot 
and they have to pass through longer distribution channel which means 
increased time and cost to the farmers. 

h. Due to workload of the fertilizer inspector in the DADO’s and large number of 
cooperatives operating in the district,  it has been difficult for regular monitoring 
of chemical fertilizer distribution throughout the district.  
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i. The cooperatives are basically concentrated in the urban areas and there is lesser 
accessibility of farmers of rural and remote areas to the fertilizers. 

 
Possible interventions in the distribution systems 
Possible areas of interventions in the current distribution system of chemical fertilizers 
are comprehended as: 
  
a. Provisions for timely transport of adequate quantity of chemical fertilizers 

should be developed based on the crop situation. 
b. Buffer stock of chemical fertilizers should be ensured in the district before the 

planting season and before the rainy season by developing/upgrading 
infrastructure of AICL, STCL. Incentives (subsidy) should be provided to 
cooperatives for construction of fertilizer storage. 

c. Priority to transport chemical fertilizers should be given during political strikes 
through escorting by security agencies. The syndicate system in transport should 
be abolished to ensure regular supply of fertilizers with lower cost of 
transportation.  

d. Village Development Committee (VDC), District Development Committee 
should allocate regular budget for connecting agriculture production pockets to 
the road heads and regular maintenance of the rural roads. Local self-help 
groups should be promoted in the VDCs for road maintenance. 

e. Cooperatives should be encouraged to involve in the fertilizer distribution 
through special incentive schemes e.g. increasing commission in fertilizer sales.  

f. Nationwide management information system of registered cooperatives and 
fertilizer dealers should be developed along with their transaction records.  

g. The administrative hurdles in the selling/buying of chemical fertilizers should be 
simplified to ensure smooth and easy supply of fertilizers.  

h. Regular monitoring of cooperatives should be done by district, regional and 
national level authorities and should not be limited to only when there is written 
complain.  

i. Separate section in the DADO should be established to look after issues of 
agriculture input supply. 

j. The fertilizer distribution depots of AICL and/or STCL should be established/ 
expanded to all districts. 

 
CONCLUSION 

 
Chemical fertilizer is an important input for increasing agricultural production and 
productivity in Nepal. The major issue at present regarding the chemical fertilizer in 
Nepal is how to make good quality fertilizers available to farmers at fair prices in time. 
The current distribution pattern of chemical fertilizer is not uniform and is found more 
skewed towards central development region and the terai area. This has negatively 
affected the growth rate in agriculture. The shortage of the fertilizer in the main cropping 
season is the general phenomenon in the country. The distribution system should be 
strengthened by encouraging private sector in the fertilizer business to ensure smooth and 
uninterrupted supply. However, there is still debate for liberalization in chemical 
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fertilizer because private sector participation is not so encouraging in the recent past for 
this business. Thus, revisit of the fertilizer policy with the participation of the private 
sector would be the solution to reduce the burden of the government in the fertilizer 
business. 
 
The distribution network should be expanded to minimize the gap between the demand 
and supply of chemical fertilizers and dependency on chemical fertilizers alone should be 
minimized through promoting efficient, balanced and environmentally friendly use of 
chemical fertilizers through integrated plant nutrient management and sustainable soil 
management program to improve soil fertility. The current fertilizer distribution system 
needs to be strengthened to ensure smooth and uninterrupted supply. The long and open 
border with India must also be regulated to check the illegal import of chemical 
fertilizers. Thus reviewing the current distribution strategies is desirable to ensure the 
availability of good quality fertilizers to the farmers by making the fertilizer supply 
system more transparent, competitive and effective. 
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ABSTRACT 
The dairy sub-sector is one of the major components of the livestock sector and provides 
a significant contribution to the national economy. However, the dairy sub-sector is 
facing several challenges such as the low productivity, reproductive problems and 
infectious and metabolic diseases. Among the diseases, clinical and subclinical mastitis 
are one of the main problems faced by the dairy farmers. The objectives of the study were  
to estimate the prevalence of subclinical mastitis in Madhyapur Thimi municipality and 
Balkot of Bhaktapur district, using four commonly used tests for mastitis, namely 
California mastitis test (CMT), Modified whiteside test (MWT), Mastrip test and culture, 
and to identify the organisms causing  mastitis in Bhaktapur district. A total of 120 milk 
samples from four quarters from 30 dairy cattle were tested by CMT, MWT, Mastrip test 
and culture. The culture result showed that 48.3% quarters and 63.3% of the tested cattle 
were positive for subclinical mastitis. This study found that culture was the most sensitive 
test to detect subclinical mastitis in cattle, followed by MWT, CMT and Mastrip test. 
Cultural examination showed that Staphylococcus sp. (31.8%) was found to be the most 
dominant isolate followed by E. coli (25.7%), mixed infection (18.9%), Streptococcus sp. 
(13.6%) and Klebsiella sp. (6.0%) respectively. The results of this study has indicated for 
recommendation to farmers for hygienic milk production and improved farm 
management practices to reduce the prevalence of mastitis in dairy cattle.  
 
Key words: Bacteria, Cattle, California mastitis test, Mastrip test, Mastitis 
 

INTRODUCTION 
 
Mastitis, an inflammation of the mammary gland, is characterised by the physical, 
chemical, and bacteriological changes in milk and mammary gland (Radostits et al., 
2006). Mastitis can be either clinical or subclinical, depending upon the visibility of 
clinical symptoms. Clinical mastitis is easy to recognize due to the apparent symptoms of 
markedly reduced milk production, the presence of flakes in the milk, change in milk 
colour, pain, swelling and hardening of the udder (Matheson et al., 1988, Taponen et al., 
2006). However, subclinical mastitis (SCM) is difficult to recognize because of the lack 
of apparent clinical symptoms (Viguier et al., 2009), due to which they are prevalent in 
higher proportion in the dairy herds compared to clinical mastitis (Khan and Khan, 2006). 
Though apparent clinical signs are not exhibited by the animals having subclinical 
mastitis, there is a change in the milk quality such as an increased somatic cell count in 
the milk (Sharif and Muhammad, 2008; Dohoo and Leslie, 199; Sharma et al., 2011), 
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bacteriological qualities (Busato et al., 2000, Bonfoh et al., 2003), and reduction in the 
milk yield (Halasa et al., 2009). Subclinical mastitis is an important dairy herd problem 
because of the economic losses associated with this disease (Mungube et al., 2005, 
Halasa et al., 2007). It is important to establish routine tests for subclinical mastitis to 
reduce the economic losses due to this disease. Several tests such as the California 
mastitis test (CMT), the modified Whiteside test (MWT), Bromothymol blue (BTB) test, 
and Mastrip tests are available to diagnose subclinical mastitis at the field level 
(Contreras et al., 1996; Dangore et al., 2000; Marschke and Kitchen, 1985; Gangwar et 
al., 2009).  
 
The prevalence of subclinical mastitis in cattle varies depending upon the types of farm, 
herd health management practices, and environmental conditions of the farm. For 
example, a total prevalence of 44% SCM was found in Pakistan (Ali et al., 2011), 62% in 
Tanzania (Shem et al., 2001), 63% in India (Awandkar et al., 2009), and 54% in Ethiopia 
(Getahun et al., 2008). The variation in the prevalence of SCM also differs between dry 
and wet seasons. In Bangladesh, a prevalence of 19.9% was found in the dry season, and 
44.8% prevalence in the wet season (Rahman et al., 2009).  
 
Several studies have been conducted to estimate the prevalence of mastitis in dairy herds 
from different parts of Nepal. In western Chitwan, 29 buffalo and 23 cows were found be 
positive for clinical and mastitis out of 106 animals tested (Sah and Dhakal 1998), 
highlighting the magnitude of mastitis prevalence. In addition, this study showed that 
culture was the most sensitive test followed by 95%), Mastrip (89%), the California 
mastitis test (80%) and the modified Whiteside test (66%) (Sah and Dhakal, 1998). 
Veterinary teaching hospital records of 355 mastitis cases from 2002 to 2005 in Chitwan 
district showed Staphylococcus albus and S. epidermidis were the major causative 
organisms for mastitis (Dhakal et al., 2007). In hilly district Lamjung, 46.1% of 29 
animals and 30.1% of 76 quarters tested were positive for subclinical mastitis in CMT 
tests, where Streptococcal, Coliform, and Staphylococcus sp. were the most commonly 
isolated organisms in culture (Khanal and Pandit, 2013). These studies indicate the 
widespread prevalence of subclinical mastitis in different parts of Nepal. However, only 
limited studies have been conducted in Bhaktapur district, one of the districts in 
Kathmandu valley, to understand the prevalence of subclinical mastitis in the dairy herd. 
The objective of this study was to (i) estimate the prevalence of subclinical mastitis in 
Madhyapur Thimi municipality and Balkot village development committee of Bhaktapur 
district, using four commonly used tests for mastitis, namely Mastrip, CMT, MWT and 
culture, and (ii) to identify the organisms causing mastitis in Bhaktapur district.  
 

MATERIALS AND METHODS 
 
Site description 
Bhaktapur district is one of the three districts in Kathmandu valley and the smallest 
among the 75 districts in Nepal with 119 square kilometres area. The elevation ranges 
from 1372 to 2166 meters above the sea level. The average annual temperature ranges 
from 5° Celsius to 35° Celsius. There are 16 Village Development Committees (VDC) 
and two municipalities in Bhaktapur district. Our study area was in the Balkot VDC and 
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Madhyapur Thimi municipality. The selected study areas are the pockets for exotic and 
cross-bred cattle.  
 
Sample collection 
This study was conducted in the summer months of 2008. Dairy herds were randomly 
sampled from Madhyapur Thimi municipality and Balkot VDCs. All the 
individual animals that were on the milking condition in the herd with 4 
functional quarters were selected for sampling. In total, 120 milk samples from four 
quarters were collected from30 cattle (15 cattle each from Madhyapur Thimi 
municipality and Balkot VDC). Ten milliliters milk were collected from each quarter in a 
test tube, and marked as left front (LF), left hind (LH), right front (RF) and right hind 
(RH) of the udder, respectively. Before collecting milk, handlers hands were cleaned with 
soap water, and the teats of the animal were cleaned with 70% ethyl alcohol. The first 
few strips of the milk were discarded. A laboratory examination of the collected samples 
was carried out at Himalayan College of Agricultural Science and Technology (HICAST) 
Teaching Hospital, Bhaktapur, Nepal. 
 
Processing and testing of samples 
The samples collected in the sterile test tubes were brought to the laboratory in a cool 
box. The samples were tested immediately after arrival to the laboratory. The tests used 
to detect the subclinical mastitis were California mastitis test (CMT), Modified Whiteside 
Test (MWT), Mastrip test and culture. All individual quarters were tested with each of 
the above tests. When all quarters of a given cow tested negative, then the cow was 
recorded as negative.  When one or more quarters of the cow scored trace, weakly 
positive or distinct positive and changes in color in mastrip paper, then the cattle 
considered positive for subclinical mastitis. 
 
Laboratory examination 
 
California mastitis test 
CMT reagent was prepared by adding 3 g of Sodium Lauryl Sulphate in 100 ml distilled 
water and the suspension was heated at 50°C in a water bath to make a clear solution. 
Bromocresol Purple was added in 1:10000 concentrations and the final pH of the solution 
was adjusted to 8.0. 
 
A total of 3 ml of the milk sample and 3 ml of the CMT reagent were kept in each cup of 
CMT paddle and content were mixed in a circular motion for few minutes. The record of 
change in milk viscosity or gel formation was noted. Milk sample with no evidence of 
precipitation in the liquid was considered negative. Interpretation was done as below: 
score 0: negative: mixture remained liquid with no precipitate; score +: trace: slight slime 
with no tendency of gel formation; score ++: weak positive: distinct slime with no 
tendency towards gel formation; score +++: distinct positive: mixture thickened 
immediately with gel formation. 
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Modified Whiteside test 
Modified Whiteside reagent was prepared by mixing 4 g of sodium hydroxide pellets in 
100 ml distilled water. Three drops of milk were placed on a slide and mixed with 1 drop 
of 4% Sodium Hydroxide and stirred using a glass rod for 10 seconds, and the change 
was noted. The results were interpreted as 0: normal or homogeneous mixture ; +: fine 
pulverized flour like mixture ; ++: fine bran-like precipitate ; +++ : coarse bran like 
precipitate. 
 
Mastrip test 
Mastrip is a cellular based bromothymol blue (BTB) strip impregnated with an 
established ions sensitive indication for the detection of mastitis developed by the 
National Dairy Development Board of India and marketed by Dabur Ayurvet Limited. A 
strip of mastrip was dipped in the test tube containing milk from all quarter of a cow and 
colour changes were noted within 30 sec. The interpretation of the test was as follows: 
yellow indicated a normal result; greenish yellow showed the presence of  mastitis; green 
indicated advanced  mastitis; and blue revealed clinical mastitis. 
 
Cultural examination 
Milk samples (10 μl) were streaked on a bovine blood agar plate, MacConkey‘s agar and 
Nutrient agar. The inoculated plates were subsequently incubated aerobically at 37°C and 
examined for bacterial growth after 24 to 48 hours of incubation. Cultures were 
considered to be negative when there was no bacterial growth. The identification of 
bacteria was done by colony morphology. 
 

RESULTS AND DISCUSSION 
 
The result of California mastitis test (CMT) on a quarter basis indicated that 24 (20%) 
quarters were positive and 96 (80%) were negative for subclinical mastitis. On the 
individual quarter basis, RH quarter had highest positive (33%) on CMT followed by RF 
(29%), LH (21%) and LF (17%) respectively. On cattle basis, a total of 9 cattle (30%) of 
the animals tested were found positive for mastitis by CMT. The results of modified 
Whiteside Test (MWT) on quarter basis showed that 29 (24.2%) quarters were positive 
and 91 (75.8%) quarters were for subclinical mastitis. On the individual quarter basis, RH 
and RF quarter had a highest positive result (27%) followed by LH (26%) and LF (20%) 
respectively. On cattle basis, 36.6% of the cattle tested positive result. The result of the 
Mastrip test on quarter basis indicates 15 (12.5%) quarters were positive and 105 (87.5%) 
quarters were negative for mastitis. On an individual quarter basis, RH quarter had a 
highest positive result (34%) followed by LF (24%), RF (23%) and LH (19%) 
respectively. On cattle basis, 20% of the cattle were positive for mastitis. The bacterial 
culture showed that 48.3% of the quarters and 63.3% of cattle were positive for 
subclinical mastitis. Cultural examination showed that Staphylococcus sp. (31.8%) was 
found to be the most dominant isolate followed by E. coli (25.7%), mixed infection 
(18.9%), Streptococcus sp. (13.6%) and Klebsiella sp. (6.0%) respectively.  
 
In general, Balkot area had slightly higher prevalence of subclinical mastitis compared to 
Madhyapur Thimi municipality (Table 1). However, the Mastrip test showed a higher 
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number of positive cases in Madhyapur Thimi municipality. The bacteria responsible for 
causing subclinical mastitis in both Madhyapur Thimi municipality and Balkot were 
similar (Table 2). The most common bacteria isolated were Staphylococcus sp, E. Coli, 
Streptococcus sp. and Klebsiella sp.  
 

This study showed that cultural examination was the most sensitive test to identify 
subclinical mastitis in dairy cattle. Cultural examination indicated 63.3% of the cattle 
were positive for subclinical mastitis. MWT yielded 36.6% positive, while CMT showed 
30% positive and Mastrip test found only 20% positive, indicating the low sensitivity of 
field mastitis tests compared to cultural examination. However, as it will take at least 24 
hours for the cultural examination to yield results, field tests such as the MWT and CMT 
could be used for early presumptive diagnosis and treatment initiation for subclinical 
mastitis, and later confirmed by cultural examination. 

 
Table 15. Prevalence of mastitis in Madhyapur Thimi municipality and Balkot using 

different tests 

Result Quarters basis Cattle basis 
 Madhyapur 

Thimi 
Balkot Total 

(%) 
Madhyapur 

Thimi 
Balkot Total (%) 

California mastitis test 
Negative 53 43 96 (80) 12 9 21 (70) 
Positive 7 17 24 (20) 3 6 9 (30) 
       
Modified Whiteside test 
Negative 47 44 91 

(75.8) 
10 9 19 (63.4) 

Positive 13 16 29 
(24.2) 

5 6 11 (36.6) 

       
Mastrip test 
Negative 50 55 105 

(87.5) 
11 13 24 (80) 

Positive 10 5 15 
(12.5) 

4 2 6 (20) 

       
Cultural examination 
Negative 33 29 62 

(51.7) 
6 5 11 (36.7) 

Positive 27 31 58 
(48.3) 

9 10 19 (63.3) 
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Table 16. Bacterial isolates detected by cultural examination of milk 

Serial 
No. Bacteria 

                         No. of isolates 
Madhyapur Thimi Balkot Total (%) 

1 Staphylococcus sp. 10 11 21 (31.8) 
2 E. coli 7 10 17 (25.7) 
3 Mixed infection 9 6 15 (18.9) 
4 Streptococcus sp. 4 5 9 (13.6) 
5 Klebsiella sp. 2 2 4 (6.0) 

 
A study conducted by Thapa (2006) in Gitanagar VDC of Chitwan district also showed 
that cultural examination (64%) was the most sensitive tests for subclinical mastitis 
followed by MWT (32%) and CMT (28%) in dairy cattle.  
 
The observed prevalence of subclinical mastitis in Bhaktapur in this study is more or less 
comparable to the findings of other studies conducted in Bhaktapur and other parts of 
Nepal. For example, Bidari and Shrestha (2012) found that 52% of the 200 cattle tested 
were positive for subclinical mastitis, which was slightly lower than observed in this 
study. In the same district, Khakurel (1996) found that the prevalence of subclinical 
mastitis of 17.2% by CMT and 81.2% by leukocyte counts, indicating the variation based 
on samples chosen and the test methods used. In western Nepal, the prevalence of 
mastitis in cattle was 30.6% (Jha et al., 1993). The higher incidence of subclinical 
mastitis in Nepal might be related to lack of hygienic husbandry practices in the dairy 
industry. Specifically, lack of drainage facilities in the shed, poor management and lack 
of knowledge on mastitis prevention might be responsible for this (Khanal and Pandit, 
2013). A study conducted in Chitwan had indicated that there was a lower prevalence of 
mastitis in a household that received training on hygienic dairy production compared to 
those who did not receive such training (Ng et al., 2010).  
 
In this study, the most commonly isolated bacteria was Staphylococcus sp. followed by 
E. Coli, mixed infection, Streptococcus sp. and Klebsiella sp. respectively. The pattern of 
bacterial isolates from earlier studies in Bhaktapur also showed a similar pattern 
(Khakurel, 1996; Shrestha and Bidari, 2012). Similarly, in Chitwan, Staphylococcus and 
coliform bacteria were mainly responsible for subclinical mastitis, and unfortunately, 
these bacteria were found to be developing resistance to some of the commonly used 
antibiotics such as the tetracycline, chloramphenicol, and gentamicin (Dhakal et al., 
2007). Though antibiotic sensitivity was not conducted in this study, it is important to 
consider whether the antibiotics used in the treatment of mastitis are developing 
resistance in Bhaktapur in the future studies. 
 

CONCLUSION 
 
Mastitis is one of the most economically important yet neglected problems of Nepalese 
dairy industry. Several isolated studies in the past had shown that both clinical and 



Nepalese Journal of Agricultural Sciences

279

 

CONCLUSION 
 
Mastitis is one of the most economically important yet neglected problems of Nepalese 
dairy industry. Several isolated studies in the past had shown that both clinical and 
subclinical mastitis were widely prevalent in both cattle and buffaloes in different parts of 
Nepal. With an increase in the husbandry of exotic and cross-bred dairy cattle, the 
incidence of mastitis has also gone up. This study conducted in Bhaktapur district has 
shown that nearly one-third of the cattle and half of the milk samples tested ware positive 
for subclinical mastitis indicating the seriousness of this problem. As mastitis can be 
prevented through better management of the farm and increasing the hygienic 
environment, the results of this study have indicated for recommendation to farmers for 
hygienic. This can be done through the use of mass communication media such as the 
television and radio, and through training of the farmers via Veterinary extension system 
and farmer‘s group.   
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ABSTRACT 

This study was initiated to analyze the marketing and potentiality of the Chiury honey in 
Jajarkot district of Nepal in the different villages of the Khalanga VDCs like Pipe, Maide, 
Daurikanda, Jyamire and Aual. The focus of the study was, to analyze the marketing 
system, effective marketing channels, marketing problems and potentialities of Chiury 
Honey. The data were generated by individual interview and group discussions using 
pre-tested semi structured questionnaires and checklists. This was supplemented by 
secondary data collected from different sources. The sample size included 100 Chiury 
honey producers along with 2 collectors, 8 traders, 2 wholesalers and 1 processor were 
selected purposively. According to the study, the average production of Chiury honey in 
Jajarkot district per year was found to be 42.5 Mt. It was found that the business of honey 
is quite profitable in the district. The cost of production per kg of Chiury honey was Rs 
51.6, whereas income per kg honey was 354 and net profit per kg was Rs 302.40. The 
benefit-cost ratio was found out to be 6.8. However, the total share of the household 
income from honey was estimated to be 14.36 percent. The potential market of the Chiury 
honey of the district are Khalanga, Kalimati and Radijeula; and outside the district 
mainly are Dolpa, Chaurajahari, Sallibazaar, Chhinchu, Nepalgunj and Kathmandu. The 
problem of the marketing of the Chiury honey are identified as lack of packaging 
materials, low production, lack of storage facility, buyers monopoly, lack of knowledge 
about marketing, lack of price information, lack of quality control measures in 
production level, lack of support from the government, lack of training, high cost of 
transportation and so on. The most prioritized problems in export of Chiury Honey was 
lack of organic certification followed by lack of lab testing, no minimum standard of 
Nepalese Chiury Honey, lack of  grading and packaging material. Therefore, benefit can 
be optimized through commercialization and potential for growth in sales will be 
exponential in near future. 
  
Key Words: Honey, Potentiality, Income, Marketing, Commercialization 
 

INTRODUCTION 
 
Honey is highly nutritious and a popular healthcare food. It is said to facilitate better 
physical performance, is used to cure coughs, cold, wounds, cuts, diarrhoea, and other 
diseases, and is an important ingredient in many medicines. In recent years, scientific 
evidence has confirmed the antibiotic and healing properties of honey (Molan, 1992). 
Honey is an aromatic viscid sweet material derived from the nectars of plants through the 
collection of honey-bees and modified and stored by them as a denser liquid (literature). 
Chiury Honey is collected from the nectar of Chiury flowers. These flowers are found in 
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mid hill to hilly region of Nepal, where Chepang communities live. They are fully 
dependent on bee farming and they even have a tradition to give these Chiury plants as 
dowry to their daughters. It is very good immune system booster. Its antioxidant and anti-
bacterial properties can help improve digestive system and help us to stay healthy and 
fight to disease. This is very rich in minerals as well as compounds of antioxidants. This 
is a complete family pack which can be taken by all age groups .i.e. from children to 
grandfather. 
 
Despite the priority given to agricultural sector and huge money invested out in the sector 
for the last many years, the country‘s rural poverty and backwardness are still same over 
the years. Conventional and subsistence type of rural infrastructure, inadequate 
technological extension and marketing support and services, poor supply of production 
inputs in terms of quantity, quality and timely  unorganized institutions of producers and 
other related stakeholders with weak linkage among them, land scarcity  vis-a-vis to 
population growth- all have played vital role to accentuate rural poverty continuously 
resulting in the problem of food in-security, under employment, poverty and malnutrition 
(CADP, 20012). 
 

MATERIALS AND METHODS 
 
Jajarkot district was purposively selected for the study because of the high Chiury honey 
production and potential district of Nepal. Within this district, the villages of Khalanga 
V.D.C, namely Pipe, Maide, Daurikanda, Jyamire and Aual were selected purposively to 
analyze the marketing and potentiality of Chiury honey. Main trading center of the 
district are Khalanga, Kalimati, Radijeula, Chaurajahari, Sallibazaar, Chhinchu, 
Nepalgunj, Kathmandu. As such, 100 Chiury Honey producers, 2 collectors, 8 traders, 2 
wholesalers and 1 processor were selected for the study. 

The primary data were collected from the selected farmers through semi-structured 
questionnaire through interview, observation and focus group discussion. Other 
secondary sources included different related government and non-government 
organizations working in Chiury honey promotion and development. Focus group 
discussion (FGD) was conducted to collect both quantitative and qualitative information 
and also to check and verify the reliability and validity of the collected information. The 
cost of production including fixed cost and variable cost was taken as: Total Cost =Total 
Fixed Cost + Total Variable Cost. The net profit is the difference between total revenue 
and the total cost incurred thus can be written as: Net Profit = TR-TC .Where, TC = Total 
Cost, TR = Total Revenue. Thus, the benefit cost ratio can be written as: 

tTotal
returnTotalratioCB
cos

/  . 

It refers to the difference between price paid by consumer and price received by 
producer. Marketing margins have been worked out using the formula. i.e., marketing 
margin = Pc-Pf. Where, Pf = Price received by the producer.  Pc = Price paid by the 
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consumers. Producer‘s share in consumer‘s rupee can be calculated as Farm gate price / 
Retailing price × 100. The index was prepared mainly for qualitative data based on 
response frequencies. Weighted indexes were calculated for the analysis of farmers' and 
traders perception on the commodity selection and extent of production and marketing 
problems of Chiury honey growers. Farmers' and traders‘ perception on different 
production, processing, packaging, marketing and export problems were also assessed. 
The problems on exports were ranked by using Indexing/Scaling method using five-point 
level of influence comprising most serious, serious, moderate, low and very low or no 
problem at all using scores of 1.00,0.80, 0.60, 0.40 and 0.20, respectively. 

RESULTS AND DISCUSSION 

This section presents the results of descriptive and econometric analysis. The population 
structure was studied in three age groups the major portion of the population was 
economically active population accounting 43 percent of the total family members. The 
economically active population was highest in Maide (58.08 %) and lowest in 
Daurikanda (42.73 %). The population under 15 years of age was highest in Daurikanda 
(36.75 %) and lowest in Aual (25.97 %). The total Chiury plants were highest in Maide 
(970) and lowest in Pipe (210). The overall Chiury plants in the surveyed area were 2839. 
The number of plants indicated that there is potential for the Chiury honey production 
and easy for commercialization, (Focus Group Discussion and Field Survey, 2013). The 
production of the Chiury honey in Jajarkot district is varied in different years. The 
highest production was seen in the fiscal year 067/68 was 49.25 Mt. The lowest 
production in the fiscal year 068/69 was 39.50 Mt. The marketing of the processed honey 
was more than the raw honey. (DADO, Jajarkot). The cost of production of the 1 kg 
Chiury honey was not more than the returns. It can be drawn from the group discussion 
among the high Chiury honey producer in the site of the survey. The average cost of 
production in the pipe was highest Rs 57 and lowest in the Maide Rs 47. Overall average 
cost of the production was Rs 51.6 per kg. The average maximum returns were highest in 
the Pipe 323 and lowest in the Jyamire Rs 311. The overall Net returns from Chiury 
honey was 298.40 per kg. (Focus Group Discussion and Field Survey, 2013) 
 
Benefit and cost analysis 
The average total cost was Rs 51.6 per kg and net profit from Chiury Honey was 302.40 
per kg. Table 1, shows the overall benefit cost ratio was found to be 6.8. The highest 
benefit cost ratio indicated that Chiury Honey production was prominently profitable 
enterprise Khalanga VDC of Jajarkot District. However, greater than 1 benefit cost ratio 
indicated that Chiury Honey production is one of the best options for the unemployed 
youths. The contribution of honey to total household income was highest in Maide VDC 
(22 percent) and lowest in pipe (8.8 percent). The average contribution of honey was 
14.36 percent. It can be concluded that 14.36 percent contribution to the household 
income from single commodity, thus was good sign for its commercialization (Field 
Survey, 2013). The production of the Chiury honey in the Jajarkot district is varied in 
different fiscal years. About 28.93 percent of the total honey production is consumed in 
the district and 71.07 percent of the honey was exported outside the district. The potential 
market of the Chiury honey of the district are Khalanga, Kalimati, Radijeula and outside 
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of the district are Dolpa, Chaurajahari, Sallibazaar, Chhinchu, Nepalgunj, Kathmandu 
(DADO, Jajarkot). 
 

Table 1. Cost and benefit analysis of the Chiury honey production per kg. 

 

 

Particular Quantity/Unit Price (Rs) Total 
amount 

Income    
Chiury Honey production 1 kg 354 354 
Total income   354 
Variable Cost    
Raw materials   expenditure    
Bees 100 No 0.1 10 
Sugar 40 g 0.1 4 
Instruments (consumables 
only) 

Price 5 5 

Total Raw Materials 
Expenditure (A) 

  19 

Labor Expenditure    
Bee collection Price Rs 8 
Honey extraction Price Rs 6 
Processing Price Rs 4 
Packaging Price Rs 5 
Cleaning Price Rs 2 
Storage Price Rs 3 
Total labor Expenditure (B)  Rs 28 

 
Total variable cost (A+B)= C 

  47 

Fixed cost    
Depreciation and interest on Hive Price Rs 3.6 
Depreciation and interest on fixed 
instruments 

Price Rs 1 

Total fixed cost (D) Price Rs 4.6 
Total cost (C+D+E) Price Rs 51.6 
Total profit (Total income per kg –
Total Cost per kg) 

Price Rs 354 

Net Profit From Honey (Total 
Profit-Total Cost) 

Price Rs 302.40 

Cost Per unit Price Rs 51.60 
Benefit/Cost ratio    6.8 
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Marketing of Chiury Honey involves all the activities in moving different forms of 
Chiury Honey from the producers to the ultimate consumers. During the honey flow 
period (October-November) there is not long marketing channel as compared in the 
scarcity due to its high value. The major portion of the honey marketed in Jajarkot comes 
from the indigenous log hives. The major stakeholders of Chiury Honey marketing in 
Jajarkot are producers, collector, processors, Vendor, Wholesaler, retailers and 
consumers. From Above producer sell the Chiury honey to the consumer or contractor or 
the wholesaler. The contractor sells to the Wholesaler. The wholesaler sells to the vendor 
or retailors or transport by the bus or back load. Ultimately the Chiury honey is directly 
marketed from producer - wholesaler - retailer - consumers.   
 
Following marketing channels for marketing the Chiury honey were to be seen. 
Channel I Producer - Consumer 
Channel II Producer – Retailer-Consumer 
Channel III Producer – Vendor-Wholesaler-Retailer-Consumer 
Channel IV Producer - Contractor- Wholesaler-Retailer-Consumer.  
 
The Producer's price of Chiury honey at different market channels Channel I, Channel II, 
Channel III, Channel IV was Rs 400, Rs 370-380-400, Rs 360- 370-380-390-400, Rs 
320-350-370-390-400 respectively. Chiury honey was sold at a price Rs. 400, Rs.370, 
Rs.360, Rs.320 in channel-I, channel-II, channel-III and channel-IV respectively. 
Producers‘ share in consumers‘ rupee was 90.625%. 
 
The Chiury Honey is one of the best honey for the export potential due to its medicinal 
value regarding to natural taste and odor. The major export markets of honey are 
Bangladesh, Japan, China PR and Quatar etc. The percentage shared by different 
countries was calculated from secondary data. The major share of Chiury Honey was 
exported to Bangladesh (93.70 percent) followed by Japan (5.63 percent), China PR (0.14 
percent) and Quatar (0.53 percent) (ITC, 2013).  Different types of the problems seen in 
the level of the producer, processor and traders level. About more than half of the 
production is exported in foreign countries (Joshi, 2008).  But the official statistics 
suggest that most of the honey produced in Nepal is sold in the domestic market and only 
a very small quantity exported (TEPC, 2012). Besides lack of quality standards, grading, 
packaging, leveling, organic certifications etc. are the major constrains for the export of 
the Chiury honey in foreign countries.  
 

CONCLUSION  
 
The site of the study was selected as per the Chiury honey potential areas of the district 
and Villages were selected purposively. Including 657 households the majority of the 
members were more male (55.25%) and less (44.75%) female. Overall literacy rate of 
surveyed household was found 72.15 percent that means majority of population were 
literate and 27.85 percent people of surveyed household were illiterate. Overall average 
cost of the production was Rs (51.6) per kg. The average maximum sale price was 
highest in the pipe (400) and lowest in the Aual (320). The overall returns from Chiury 
honey was (368.00) per kg. The overall benefit cost ratio was 6.8.The share of the honey 
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in household income was 14.36 percent. Bangladesh was the major importer of Nepalese 
Chiury Honey (93.70 percent) (TEPC, 2012).  
 
There is more problem in production and export of Chiury Honey. Export problem were 
lack of organic certification, lack of lab testing facility and no minimum standard of 
Nepalese Chiury Honey.  Honey has been identified in the district as a major cash 
generating commodity. Chiury Honey in the district was important market oriented 
commodity and has high potential. Higher benefit cost ratio greater than one shows that 
this business is more profitable. Based on the information from internet and international 
markets and agencies Nepalese Chiury honey gaining a popularity in European countries 
even USA. The huge market and popularity should be gained by strengthening the 
microenterprise in terms of the marketing functions and should follow the export rules 
and regulations.  However, there were several problems and constrains in the production, 
processing, marketing and exporting of the Chiury honey. Overcoming those constrains 
and problems this business should be commercialized in near future. 
 
The farmers should be in a group and institutionalized. It leads to concentrate towards 
market led production. There is need to develop the new initiatives by private 
entrepreneurs, communities and co-operatives to promote their production. The literacy 
programs should be launched for the agriculture development. Regarding training to 
farmer for quality production, processing and packaging should be provided in pocket 
area. Ensure for organic certification of Nepalese Chiury Honey within and outside the 
country. Initiate dialogue at local, district and national level to enable women, poor and 
disadvantaged groups to take active role in decision making process and equal 
participation of both male and female without discrimination and attract the youths to the 
honey production. Bee keeping is well suited to women and there is no evidence of social 
restriction, women should encouraged training and become active beekeepers.  
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ABSTRACT 
Plant health clinic is an innovation in agriculture extension to provide primary health 
care advisory services. Globally, Nepal is ninth country to introduce and adopt this 
approach since 2008. This concept is already mainstreamed in government program. In 
2015, a study was carried out to assess the determinants of farmers‟ participation in 
plant health clinic. The study covered 140 farmers from 4 villages of Chitwan and 
Dhading districts of Nepal. Pre-tested interview schedule was used to collect the primary 
information from the randomly selected farmers who were registered in clinic register. 
These data were analyzed with the aid of descriptive statistics as well as logit regression 
model. The result revealed the average age of farmer and operational land holding is 
higher among clinic participating farmers than non-participants. The clinic attending 
farmers were located nearer to the clinic sites and have less frequent contact with 
extension peoples. Out of nine exogenous variables, membership to farmers organization 
was highly significant (p<0.05) positive whereas distance was highly significant negative 
determinant for farmers decision. Similarly, gender, land holding size and use of credit in 
agriculture were significant (p<0.10) positive factors to influence farmers decision on 
participation in plant health clinics.  
 
Key Words: Plant Health Clinic, Agricultural Extension, Farmers‘ Participation, Logistic  
        Regression,   

INTRODUCTION 
 

Improved agricultural production coupled is the key element to reduce the poverty and 
malnutrition in rural areas (Anandajayasekeram et al., 2007) where agriculture extension 
has long been proven tool for enabling farmers to obtain information and technologies 
and ultimately improve their livelihoods (Purcell and Anderson, 1997). Agricultural 
extension encompasses the entire set of organizations and professionals that support and 
facilitate farmers‘ engagement in agricultural production to solve problems and to obtain 
information, skills, and technologies where agricultural professionals help the farmers in 
identifying, adapting and sharing technology, making them available to farmers (Landon, 
1996) (Chipeta, 2006; Purcell and Anderson, 1997).  

Globally, diseases, insects other pests cause substantial losses both in term of quality and 
quality. Disease and pest only cause 26-40% losses of potential yield up to harvest of 
major crops. The pest and diseases damage the quality of the produce including 
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contamination with different mycotoxins, pesticides, and pathogens and making it unfit 
for human food as well as animal feed (European Commission, 2005; Kroschel et al., 
2009). Therefore, access to agricultural extension services including sound plant health 
extension services is very important factor for increased productivity and thus accelerated 
agricultural growth and ultimately the food security.  
 
Institutionalized agricultural extension from public sector only started in 1950s (K.C. et 
al., 2003).  With number of changes in public agricultural extension system, the District 
Agriculture Development Office (DADO) and the Agricultural Service Center (ASC) are 
well structured in each districts and are mainly responsible to provide agricultural 
extension services. Globally, about 81% of extension work is carried out by Government 
(Umali and Schwartz, 1994). The limited number of agricultural extension staffs either 
from government or non-government sectors is one of the critical factors to provide 
efficient and effective agricultural extension services. Available data (DoAE, 2011) 
shows the ratio of public extension staff to farm household is 1:164 (Adhikari et al., 
2013) which clearly indicates the poor access to agriculture extension services for 
majority of smallholder farmers in Nepal. With limited access to agriculture extension 
services, Nepalese farmers have very poor knowledge and skill on plant health issues 
resulting inappropriate use of pesticides (Atreya, 2005) which have hazardous impact on 
human being, livestock and environment (Shrestha and Neupane, 2002). Therefore, it is 
important to provide appropriate plant health service making available at the time of 
farmers‘ need and accessible point. To overcome some of the existing gaps of plant 
health extension the concept of ‗plant health clinic‘ has been evolved as a novel approach 
in providing regular, low-cost plant health services to farmers since 2003 (Bentley et al., 
2011a, 2009, 2007; Boa, 2009). Similar to the concept of clinic for human and animals, 
plant clinic provides primary health care for plants (Danielsen and Kelly, 2010) which are 
run by local extension workers at farmers‘ convenient place (Bentley et al., 2007; 
Danielsen and Kelly, 2010). In Nepal, this concept was introduced and is in practice since 
2008  (Boa and Harling, 2008). 

METHODOLOGY 
Study site, sampling and data collection 
This study was conducted in two districts namely Chitwan and Dhading during 
September-December 2015. In each district, two villages in each district (Bhandara and 
Basantapur of Chitwan and Chhatredeurali and Dharke of Dhading districts) were 
purposively selected where plant clinics were organized at different time periods. A list 
of clinic attendant was prepared from the clinic register available with the clinic 
organizers. From that sampling frame, total of 35 clinic attendants farmers from each 
districts were randomly selected for the interview. Similarly, equal number of farmers 
who didn‘t attended any clinic were also selected randomly from the same villages as 
control. A set of questionnaire was prepared, pre-tested and administered in face to face 
interview to collect the primary information on farmer‘s socio-economic variables. Thus 
collected data were coded, tabulated and analyzed by using SPSS 20.0.  
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Specification of the model  
The decision of any individuals is affected by number of other factors which are termed 
as interdependent variables. Most of the studies on decision making have adopted linear 
probability, probit and logit models (Amemiya, 1981; Karli et al., 2006; Maddala, 1983). 
However, logit or probit models are most commonly used to examine the determinants of 
farmer‘s decision when the dependent variable is a binary variable (Amemiya, 1981; 
Greene, 2008; Gujarati, 1995; Horowitz and Savin, 2001; Karablieh et al., 2010; Perry et 
al., 1986; Shideed and Mourid, 2005) and the choice between them is largely depend on 
the convenience of the researcher and Logit model is most commonly used (Gerfin, 1996; 
Karablieh et al., 2010; Karli et al., 2006; Kebede et al., 1990; Kega et al., 2015; 
Nyangena, 2007; Sarap and Vashist, 1994, 1994).  The decision to participate or not to 
participate in plant clinic can be explained as a discrete variable. Hence, the participation 
in plant clinic is a binary dependent variable, either participated or not participated in 
plant clinics, logit model has been used to predict the influence of different exogenous 
independent variables. Followed by (Gujarati, 1995; Maddala, 1983), following limited 
dependent variable regression model fits for this research.  
 

 …………………………… (1) 
Where (yi

*) is not observed. It is commonly called a "latent" variable, x's are the socio-
economic factors, ui is the error term. However, the latent variable can only be observed 
as a dichotomous variable as (yi) is defined by: 
 

 
Where (yi) is a variable measuring the participation or not participation in plant clinics. If 
the cumulative distribution of ui is logistic, we have what is known as logit model as 
follows: 
 

 ………………………….. (2)  

Where Pi is the probability of participation. The left-hand side of this equation is called 
the log-odds ratio, thus the log-odds ratio is a linear function of the explanatory variables. 

 

Description of explanatory variables  
Farmer‘s decision is influenced by number of exogenous variables (table 1). Age of 
farmer is another important determinant and expressed as continuous variable in this 
model. Since plant clinic is an innovation in agriculture extension and there is more likely 
to participate by young farmers in such innovation process. On the other hand, young 
farmers may have higher education and more access to different sources of information to 
tackle with their problems so may not give priority to clinics. On the other hand, older 
farmers may not have access to other source and there is high probability to participate in 
clinics.  
 

The level of farmers‘ education as continuous variable (number of years) is expected to 
have positive influence on farmers‘ decision to adopt the new technology or participate in 
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innovation process.  Most studies have revealed the positive effect (Nandi et al., 2013) 
however few studies have also found negative relationship or no relationship of education 
towards decision making on participation. A farmer household with more family 
member have more chance to participate in plant clinics because higher the number of 
family members, more the probability to receive the information and can participate in 
clinics with delegating his or her responsibility to other family member.  

Distance is a continuous variable which is expected to have negative influence. Farmers 
near to clinic site are expected to participate more as compared to distant farmers.  

Gender of farmer may have positive or negative effect on participation. Predominantly, 
male are said to have more freedom and influence in household decision making 
including adoption of new practices as  well as participation in different kinds of events. 
However, studies also revealed women have more network in program groups or social 
groups that may have positive effect on their participation decision.  

Table 1. Key exogenous variables and their possible effect on decision 

Variable  Measurement  Possible 
Effect 

EDUCATION  Level of education of the farmer measured in years of schooling   + 
AGE  Age of responding farmer measured in years +/- 
GENDER  Gender of farmers as dummy variable noted as 1 = male and 0 

= female farmer 
+/- 

LAND Size of operational land holding by the farmer measured in 
Ropani 

+ 

MEMBERSHIP Membership or affiliation of respondent to agriculture group or 
cooperative, dummy variable noted as 1 = membership taken 
and 0= otherwise.  

+ 

DISTANCE  Time distance between farm gate and clinic location measured 
in minutes  

- 

CREDIT Access and use of credit in agriculture counted as dummy 
variable  1 for credit taken and 0 for no credit  

+ 

EXTCONTACT Access  to extension staffs measured in number of times per 
year  

+/- 

AGTRAINING Dummy variable for participation in agriculture noted as 1 = 
training participated, 0 = otherwise.  

+/- 

 
Membership to farmers‘ organization like group or cooperative is a dummy variable 
with 1 if the farmers have received membership and 0 otherwise. It is expected that 
household having membership with agriculture group or cooperative is expected to 
increase the participation on clinics. Similarly, farmers‘ access and contact to extension 
personnel may have positive effect on farmer‘s participation. With increased contact with 
extension staff increased the probability to receive information about the clinics and 
increased probability to participate. On the other hand, with increased number of contact 
with extension staffs, the farmers may have received required services on time so may 
not wait for the clinics. Farmers who have received credit and invested in agriculture are 
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more worried on their crop and possible losses, so keep on participation on agriculture 
projects and extension services.  So, farmers who have received agriculture credit has 
greater probably to participate in clinics. 
 

RESULTS AND DISCUSSION 
 
Plant Health Clinics in Nepal  
A plant health clinic is a community-based advisory service run by extension peoples 
also called the ‗Plant Doctor‘ (Bentley et al., 2007; Danielsen and Kelly, 2010) who run 
clinics along with their regular extension work (Bentley et al., 2007; Danielsen and Kelly, 
2010). This concept was developed to overcome the gaps of plant health extension 
services in developing countries through providing regular, low-cost plant health services 
to farmers (Bentley et al., 2011b, 2009, 2007). A plant health clinic provides primary 
healthcare for plants (Danielsen and Kelly, 2010). This was first piloted in Bolivia 
(Bentley and Boa, 2004) and gradually replicated in more than 16 countries, (Plantwise, 
2011). Plant clinic was first piloted in Bolivia (Bentley and Boa, 2004). During 
December 2008, CABI run the specially developed training course ‗How to become a 
plant doctor?‘ for the Nepalese extension peoples and run the pilot clinics during the 
training (Boa and Harling, 2008). That event was organized by World Vision 
International Nepal. By this, Nepal became the 9th country to run clinics globally (Boa 
and Harling, 2008). Followed by the training course, another NGO called SECARD 
Nepal has independently started plant clinic operation in Kathmandu, Dhading and 
Chitwan districts from beginning of 2009 (Adhikari, 2009). In a short time period, this 
concept was spread significantly and adopted widely in other districts by different NGOs 
as well as by Government. During 2008 to 2011, total number of extension staffs 
receiving the plant doctors‘ training course reached to 171 (Adhikari et al., 2013). In 
2012 and 2013, additional 86 extension staffs from were trained. These trainees were 
from different organizations including Department of Agriculture (DOA), Nepal 
Agriculture Research Council (NARC), Universities, NGO/INGOs, agro-input dealers, 
farmer‘s cooperatives and leader farmers. Now, this concept has already been 
mainstreamed into government‘s extension system. The trained plant doctors from DoA, 
NARC, NGO, agro-input dealers and producer‘s organizations are running clinics in 
multiple locations. 
 
Socio-economic characteristics of the respondents  
Different socio-economic variables associated with the study population directly and 
indirectly influence the decision making.  The study revealed that average family size 
was 5.8hh, which was equal to both category of farmers. The average age of farmer 
interviewed was 46.6 years. The average age of clinic attending farmers was higher (48.4 
years) than that of non-attending (44.4 years). The average distance of clinic site to 
farmer field was higher for non-attending farmers (31.5 min) than attending farmers (24.1 
min) with pooled 27.8 min. The average operation holding size was found to be higher 
(8.1 ropani) than that of non-participating farmers (5.9 ropani).  This study revealed that 
the average number of contact between farmers and extension staffs was only 1.6 and it 
was found to be higher (1.9 times/yr) among non-participating farmers than clinic 
participating (1.3 times/yr).    
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Table 2. Socio-economic variables of the respondents 

Variables Unit 
Description  

Value of variables 
Participants 
(N=70) 

Non-Participants 
(N=70) 

Pooled 
(N=140) 

Household Size Number  5.8 5.8 5.8 

Age of Farmer Years 48.8 44.4 46.6 
Distance to clinic 
point Minutes 24.1 31.5 27.8 

Operational Land 
holding Ropani  8.4 5.9 7.2 

Contact to Extension 
staffs  Times/year 1.3 1.9 1.6 

Gender of respondent 
(GENDER) 

Male 51 (72.9%) 42 (60.0%) 93 (66.4%) 

Female 19 (27.1%) 28 (40.0%) 47(33.6%) 
Agriculture as major 
occupation  
(AGOCCUP) 

Yes 51 (72.9%) 31 (44.3%) 82(58.7%) 

No 19 (27.1%) 39(55.7%) 58(41.3%) 
Membership to 
agriculture group or 
cooperative  
(MEMBERSHIP) 

Yes 51 (72.9%) 39 (55.7%) 90(64.29%) 

No 19 (27.1%) 31(44.3%) 50(35.71%) 

Access to credit 
services (CREDIT) 

Yes 43(61.4%) 29(41.4%) 72(51.43%) 

No 27(38.6%) 41(58.6%) 68(48.57%) 
Participation on 
agriculture training  
(AGTRAINING) 

Yes 43(61.4%) 32(45.7%) 75(53.57%) 

No 27(38.6%) 38(54.3%) 65(46.43%) 

        
Out of total respondents, majority (66.43%) were male farmers. While comparing the 
clinic attending and non-attending farmers, it is even more (72.9%) among clinic 
participants. Agriculture was found to be major occupation for majority (72.9%) of the 
clinic participating farmers while it was major occupation only for 44.3% of the non-
attending farmers. 72.9% of the participating and 55.7% of the non-participating farmers 
were member of farmers‘ group or cooperative. The proportion of farmers receiving 
credit for agriculture was higher (61.4%) among clinic attending framers.  Similarly, 
61.4% of the clinic participants and 45.7% of non-attending farmers have received 
training related to agriculture.  
 
Source of Information about plant clinic  
Surveys indicated that a key source of information about the plant clinic was the 
group/cooperative for majority (57%) of the farmers followed by the neighboring farmer 
(18%). The plant health clinics were organized in semi-commercial areas where most of 
the farmers are affiliated with group or cooperative. The clinic organizers have 
disseminated the clinic information at group/cooperative meetings or through their 
leaders and rest of the farmers were getting information from the group or cooperative 
members. In addition, 15% farmers have received information about clinics from local 
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radio while 5% of them have seen the flyers and hoarding boards placed at clinic site. It 
was only 5% farmers who have receive clinic information directly from extension 
worker.  Previous studies have  revealed that neighboring farmers is major source of 
information regarding agricultural practices (Feder et al., 2004; Wesley and Faminow, 
2014),  however they prefer expert consultation for specialized technical information but 
for more complicated technical matters (Feder et al., 2004).  
 

Table 3. Source of information 

 
Determinants of participation  
The result of logit regression model is presented in table 4 which shows the coefficients 
(B), standard error (SE), degree of freedom and associated p-values. The chi-square value 
is significant and Nagerkerke R2 (0.3.5) indicate the overall fit of the model. The positive 
value of coefficients (B) indicate the positive influence of the variable to the decision 
making while negative value of the coefficient (B) indicate the negative influence of the 
respective variable in decision making.  
 
The coefficient of gender of farmer was found to be positively significant (p<0.10) factor 
for farmer‘s decision to participate in plant health clinics which implies the probability of 
male farmers to participate in the clinics. Similarly, the distance between farm and the 
clinic site was found to be negatively significant factor (p<0.10). The coefficient was -
0.027 indicate that with each minute increase in distance reduce the probability of 
participation by 0.027.  The operational land holding was another important factor 
affecting farmer‘s decision significantly at 10% level of significance. The coefficient of 
land holding was found to be 0.075 which implies with increase in one unit (ropani) of 
land holding increases the probability of farmers‘ participation in clinics by 0.075. 
Several studies (Berhanu, 2008; Martey et al., 2014) found positive influence of land 
holding on farmers decision on farmers participation on improved agricultural practices.  
 
The coefficients of age of farmer and level of education were associated with positive 
coefficient indicate the tendency of farmers with more age and higher level of education 
tend to participate in clinics but their influence were insignificant. The age and education 
of farmers are attributed to increase the maturity, experience and realization of higher 
responsibility (Berhanu et al., 2014) that push farmers to acquire more knowledge and 
information to make their farm enterprise better. Study by Nandi et al. (2013), Adhikary 
(1994) support this finding but Etwire et al. (2013) state young farmer are more 
innovative, risk loving and participate in different extension programs for betterment. 
Similarly, farmer‘s participation in agriculture trainings and contact to extension staffs 
were also found to be positive but insignificant determinants to participate in plant health 
clinics. Since the plant clinics were to provide primary health care advisory services and 

Source Percentage of farmers  
Group/Coop  57 % 
Farmer 18 % 
Radio 15 % 
Flyer/Hoarding board 5 % 
Contact to extension worker/Organizer  5 %  
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farmers who have participated in different trainings or have contact with extension people 
may have already consulted for their problems and not participated in plant clinics.  
  
Table 4. Logit regression model for determinants of farmer‘s participation in plant clinics 

Variables B S.E. df Significance (p-value). 
AGE .034 .022 1 .129ns 
GENDER .791 .429 1 .066* 
EDUCATION .065 .069 1 .351ns 
DISTANCE -.027 .012 1 .018* 
LAND .075 .041 1 .064* 
MEMBERSHIP .832 .416 1 .046** 
EXTCONTACT .283 .173 1 .102 ns 
CREDIT .760 .423 1 .072* 
AGTRAINING .152 .471 1 .748 ns 

Constant -3.822 1.536 1 .003 

-2 Log likelihood =157.685, Chi-square=36.396, probability (chi-square) = 0.00, 
Cox & Snell R2 = .229, Nagelkerke R2 = .305 
Level of significance: *** (P< 0.001); ** (P< 0.05), * (P< 0.10), ns not significant 

Membership to farmers‘ organization was found to be positively significant determinants 
for farmers‘ decision to participate in clinics. Farmer‘s organization like groups or 
cooperative are most common and useful platform for exchange of knowledge and 
information (Martey et al., 2014) that creates farmers awareness and interest to 
participate plant clinics. Similarly, use of credit on agriculture was found to be significant 
positive factor for farmer‘s participation on plan clinic. Those farmers who have received 
loan for agriculture purpose are more sensitive to their farm business, care for their crops 
therefore visit to different point of information including plant clinics. A study by Etwire 
et al. (2013) have found education, access to credit and extension service significant 
positive factor on farmers participation.  

CONCLUSION 
Based on the above empirical results, farmers‘ decision to participate in plant health 
clinics was determined by number of different factors. The rapid expansion of clinics has 
been possible due to contributions from different individuals and organizations to provide 
advisory services to the farmers. The findings of this study demonstrate that positive 
influence of age of farmer, gender of farmer, membership to farmers organization and use 
of credit in agriculture while negative influence by distance in farmers  decision to 
participate in plant health clinics. Therefore, it is urged that future clinic events should 
carefully consider these determinates to promote the smallholder farmers reached by 
project.  
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ABSTRACT 

The main objective of this study was to analyze the value chain of IPM tomato in three 
different agro-ecological zones of Nepal. Household survey was conducted during 
October to November, 2015 A.D. Randomly selected 100 respondents including input 
suppliers, producers, wholesalers, retailers and consumers from Kathmandu, Kavre, 
Dhading, Kaski, Chitwan and Jhapa Districts were interviewed. The most of the farmers 
have undertaken Judicious nutrient management (96.66 %), Use of Trichoderma (93.33 
%), application of appropriate doses of fertilizes (90 %), bioloical method of disease and 
insect pest management (90 %). Problem of blight and wilting was reported by  most of 
the farmers (40 % and 26.66 % respectively).On an average, the cost of cultivation and 
cost of production was found NRs. 199150.16 and NRs 4.80 per K,g respectively. On an 
average yield of tomato was found 41475.25 Kg/ha/season. B/C ratio of IPM tomato 
production was 1.60. On an average total cost to producer, cooperatives, wholesalers 
and retailers was found NRs 9.83, 17.25, 23.62 and 34.87, respectively. Share in total 
benefit was found higher in producers and retailers level (28.74 % and 28.88 % 
respectively). Profit margin to retailer and producers were almost the same (NRs. 6 per 
Kg and NRs. 5.97/Kg) and were higher than that of other actors in the value chain of 
IPM tomato.  Marketing margin was found NRs 25.07. Profit percentage of cost was 
found higher in producers level (60.73%) followed by cooperatives and wholesalers 
(22.02 and 21.17 % respectively). Profit % of sales Price was also found higher at 
producers‟ level (37.78%). Input Suppliers, Producers, Cooperatives, Middle Man, 
Traders, Wholesalers, Importers, Retailers and Consumers were found as major actors of 
IPM tomato value chain. Governmental organizations, Federation of Nepal Chamber of 
Commerce (FNCCI), various I/NGOs, Cooperatives, CBOs and Farmers Groups (FGs) 
were involved in enabling activities. Agricultural Development Bank Limited (ADBL), 
Cooperatives and Commercial Banks were found as major financial institutions. Though 
farmers were attracted towards IPM approach and adoption of value chain approach in 
IPM tomato could improve the profitability, coordination among various actors still 
remain inadequate. Thus, government should harmonize their policy for the promotion of 
value chain in IPM tomato business.  

Key Words: Value chain, IPM, Tomato, Cost, Pprofit  

INTRODUCTION 

According to Agriculture Information and Communication Center (AICC) 2015, 
agriculture sector contributes 32.61 percent of shares to Gross Domestic Product (GDP) 
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during 2013/14. Likewise, it is the means of livelihood of majority of the people as 65.6 
percent of the total population of the country is involved in agriculture sector (MoAD, 
2011). In terms of numbers, out of the 5.4 million households, 3.8 million are farming 
households (NARC, 2011/12).  Since the last Agricultural Census 10 years ago, half a 
million agricultural households have been added.  

Vegetable farming is gaining popular among Nepalese farmers in recent years. Food 
habit of majority of Nepalese people is Daal, Bhat and Tarkari (Vegetable). Vegetable 
crops has an important role in national economy as vegetable crops contribute 3.45 
percent to National GDP and 9.71 percent to agricultural GDP of the country in 2011/12 
(MoAD, 2013). Potato, tomato, cauliflower, leafy vegetables, capsicum, onion, carrot, 
radish and cucurbits are major vegetable crops cultivated in the Nepal (Chaudhary, 2014).  

The vegetable sector contributes more than Rs. 36 billion of value in the country, with 
cauliflower, tomato and cabbage as the lead contributors with values of Rs. 4.9 billion, 
Rs. 4.4 billion and 2.8 billion respectively (CBS, 2010). With the increasing consumption 
of the vegetables as well as the awareness about health and pesticide residue free 
vegetables in the country, IPM tomato farming has emerged as an important alternative 
approach to satisfy consumers need. Thus, the method is an effective means of poverty 
reduction and environmental protection through eco-friendly farming.  

Among the various potential vegetables, tomato is the major one from Terai to hills of 
Nepal. It is most important vegetable crop having high market potentialities. Tomato 
(Lycopersicon esculentum Mill.) is one of the major commercial vegetable crops in Nepal 
(Ghimire et. al. 2001). Though tomato is best suited to the Terai, in low and mid hills, it 
is becoming increasingly attractive for cash generation in the high hills also (Pandey & 
Chaudhary 2004). In the year of 2013/14 total area and production of this tomato in 
Nepal was 18190 ha and 272152 mt respectively with an average productivity of 15.0 
mt/ha (MOAD, 2014).  

The indiscriminate use of pesticide both in agriculture and health sector has alerted many 
who have directly or indirectly come across from its adverse effect. During the green 
revolution period, pesticides were considered as one of the yield increasing inputs and so 
being used widely even without its real need to manage the pests. Consequently it caused 
frequent pest outbreak, pest resurgence and pesticide resistance issues and to handle this, 
"Integrated Pest Management" (IPM) has propped up as an important approach of pest 
control strategy, which encourages applying measures that causes least disruption of 
agro- ecosystem. 

IPM adopters‘ i.e. farmers' understanding of crop and its interaction with environment 
and other biotic factors is further strengthened through field experimentation that will 
gradually make farmers comfortable to adopt technical recommendations only after field 
verification on their own participation and critical analysis of the results. This makes a 
paradigm shift from a top down to more participatory approach of agricultural education 
and extension system once farmers believe that they can do scientific studies in their own 
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field and by their own initiatives. There is vital relationship between tomato business and 
these sequence and series of activities including actors and process known as value chain.  

A value chain is a relationship-based governance structure, focused on value creating 
activities (Boehlje 1999) which brings a product or service from its origin to its end use 
(Kaplinsky and Morris 2001) in such a way that the process efficiently and effectively 
delivers value as defined by the consumers (Collins 2009). The management of chains 
conceptualizing in this way is called VCM. Though VCM is an established concept in the 
field of business and management, its application in the agrifood industry has been 
limited in developed economies (Fearne, 2009) and even more limited in developing 
countries. Nevertheless, the relevance of VCM to improving the performance of the 
agrifood sector and its positive implications for consumers, producers and other chain 
members have been well documented (e.g. Bonneyet et. al., 2007; Bryceson and Cover 
2004; Collins2009; Fearne, 2009;Humphrey, 2006; Taylor, 2005; Weaver and Wesseler, 
2004). Since VCM triggers a shift in the management strategy of agribusiness from a 
traditional silo approach to a more collaborative approach, in the Nepalese context where 
it is relatively new it can be seen as a management innovation, which Hamel (2007) 
advocates as the 21stcentury solution to achieving competitiveness. 

MATERIALS AND METHOD 

The study was conducted from October to November, 2015 in three different ecological 
regions of Nepal i.e. Jhapa, Chitwan, Kavre, Kathmandu, Kaski and Dhading districts. 
Study was conducted in the sites where FFS extension in IPM for tomato production and 
IPM tomato marketing activities/programs was implemented by District Agriculture 
Development Offices and Caritas Nepal and other organizations. The study consisted of 
following procedures such as; selection of study sites, survey of study sites, preparation 
of sampling frame, sample design, sources of information, data collection techniques, 
analysis of the data and their interpretation. 33 sample sizes were selected from 
plain/Terai similarly, 33 and 34 sample size were selected from valley and mid hills 
respectively.  

IPM tomato Producers, Wholesalers and Retailers, input suppliers and consumers of 
Kaski, Dhading, Kavre, Chitwan, Kathmandu and Jhapa were selected as respondents for 
this study purposively by applying simple random sampling technique for the interview 
to collect primary data. Both the primary and secondary sources of data were used. 

Gross return per hector per season of tomato production under IPM method was 
calculated. The gross return is the monetary value of total product. Gross return of tomato 
under IPM method in this study was calculated as; 

Gross return = Farm gate price per unit of the tomato * Total quantity produced  

Economic models such as profit margin, value share of cost and value share of total profit 
were calculated. Both fixed cost and variable cost were considered as total cost.  
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The data collected from the field survey was coded first and entered into the computer. 
Both quantitative and qualitative techniques were used for data analysis. Descriptive 
statistics like mean, percentage and frequency was used to describe socioeconomic, value 
chain actors and activities and marketing of tomato produced under IPM technique. Data 
entry and analysis was done by using computer software package ‗Microsoft Excel 
2007‘. Analyzed data was then presented in tables, graphs and pie chart as per the 
requirements. 

RESULTS AND DISCUSSION 

IPM Practices adopted by farmers  
It was found that Maintenance of optimum plant density, Use of both chemical and 
organic fertilizers, Use of both chemical and bio-pesticides, Stacking and Use of plastic 
house etc. were carried out by all sampled farmers across the study sites. Likewise, it was 
seen that the most of the farmers have been undertaken  Judicious nutrient management 
(96.66 %), Use of Trichoderma (93.33 %), Application of appropriate doses of fertilizes 
(90 %), Biological method of disease and insect pest management (90 %). This indicates 
that Maintenance of optimum plant density, Use of both chemical and organic fertilizers, 
Use of both chemical and bio-pesticides, Stacking and Use of plastic house, Judicious 
nutrient management, Use of Trichoderma, Application of appropriate doses of fertilizes 
and Biological method of disease and insect pest management were the common 
activities carried out by IPM tomato producers across the study sites.  

Selection of healthy seedlings and quality seeds (83.33 %), Timely nursery preparation, 
seedling raising, field preparation and transplantation (83.33) and Roughing of damaged, 
old part and diseased plant (73.33 %) were also the major activities carried out by farmers 
in IPM tomato farming. However, Netting (16.66 %) and Mechanical method of insect 
control was adopted by lower percentage (13.33 %) of the farmers as compared to other 
practices across the study areas.  

Major diseases and their management measures undertaken by farmers 
The study showed that Late blight, wilting, nematode and virus were the major diseases 
observed by farmers in tomato under IPM farming across the study sites. It was found 
that the most of the farmers (40 %) were observed that there was problem of blight 
followed the problem of wilting (26.66 %). Nematode was also observed by altogether 20 
percent farmers and altogether 13.33 percent farmers perceived that there was problem of 
virus in tomato under IPM practices. 

Above table indicates that farmers were perceived that fungicides have good effect to 
control fungal diseases as compared to other measures of disease control. It was seen that 
fungicides have 90 percent success rate. However, the success rate of cow milk was 
found 70 percent and that of cow urine plus irrigation was also found the same (70 
percent). Thus, it can be concluded that both biological and chemical measures in balance 
manner were important to control diseases in IPM farming across the study areas.  
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Table 1. Major diseases management measures adopted by farmers (in percentage) and 
success rate (%) 

Major disease management 
measures 

Farmers (Multiple 
Response) % 

Average success 
rate (%) 

Fungicides (Matco) 100 90 

Cow milk 13.33 70 

Trichoderma 76.66 50 

Cow urine + irrigation 100 70 

Roughing out 76.66 55 

Sanitary measures 100 60 

Economics of IPM tomato farming  

Cost of cultivation and production  
Both the variable and fixed cost incurred to cultivate (NRs/ha) and produce (NRs/Kg) of 
tomato under IPM was considered as the cost of cultivation and cost of production. Cost 
of cultivation includes the cost of inputs (seeds/seedlings, fertilizers, manures, irrigation, 
pesticides and insecticides); machineries and labors used from land preparation to 
harvesting of the tomato. Interest on fixed capital at 10 percent was used to find out the 
fixed cost per year because various inputs have been used to produce tomato for more 
than one year.  On an average, the cost of cultivation was found NRs. 199150.16 per ha 
and average cost of production was found NRs 4.80 per Kg.  The study showed that there 
was a difference in wages and salaries of male and female labors involved in IPM tomato 
farming across the study sites. It was found that the rate of wage to male labor was higher 
(NRs 675.25 per hour) as compared to that to female labor (NRs. 350.75 per hour). This 
indicates that there was discrimination in wages by gender.  
 
Return from IPM tomato production 
The study revealed that IPM tomato farming has vital role in income generation to the 
farmers across the study sites. It was seen that on an average yield of tomato per ha under 
IPM practices was found 41475.25 Kg/ha/season. Average farm gate price of the tomato 
produced with IPM practices was found NRs 15.8 per Kg. On an average return from 
IPM tomato farming to the farmer was found NRs 655309 per ha per season of tomato 
production across the study sites.  

The study showed that on an average yield per ha was higher in Terai region (44667.25 
Kg/ha/season) followed by valley and Mid-hills (40555 and 39203.5 Kg/ha/season). 
However, the farm gate price was found slightly higher in mid-hills and valley (NRs. 
16.9/Kg and Nrs. 15.75/Kg respectively) as compared to that of Terai. Likewise, on an 
average the return from the IPM tomato farming was found higher in Mid-hills followed 
by Terai and valley (NRs. 662539.2/ha/season, NRs. 658841.9/ha/season and NRs. 
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638741.3/ha/season respectively). Variation in yields and farm gate price according to the 
geographical regions might be the reason for the variation in return by regions.  

Table 2. Return (NRs/ha/season) from IPM tomato farming 
Region  Yield 

(Kg/ha/season) 
Farm Gate 
Price/Kg 

Return 
(NRs/ha/season) 

Valley  40555 15.75 638741.3 
Mid-Hills 39203.5 16.9 662539.2 
Terai  44667.25 14.75 658841.9 
Total average 41475.25 15.8 655309 

 
Total Cost and Benefit Cost Ratio 
The study revealed that on an average total return from IPM tomato farming was NRs. 
655309 per hector and on an average cost of IPM tomato farming was found NRs. 
407701.70 per hector per season across the study areas. It was seen that the average cost 
of IPM tomato farming was higher in Mid-hills (NRs. 450448.2/ha/season) as compared 
to Terai (NRs. 388158.40 / ha/ season) and Valley (NRs. 377567.1/ha/season) (Figure 2).   

 
Figure 1. Total cost and return of IPM tomato farming by regions (NRs/ha/season) 

The above figure indicated that on an average total cost of IPM tomato production was 
higher in Mid-hills followed by Terai and the total cost of IPM tomato production was 
found lower in Valley. The study revealed that on an average B/C ratio of IPM tomato 
production was 1.60 across the study sites. It was found there was slightly higher B: C 
ratio in Valley and Terai (1.69) regions as compared to that of Mid-hills (1.47).  This 
variation may be due to the variation in price of both inputs and tomato across the study 
sites. The figure 2 shows that IPM tomato farming was economically profitable business 
across the study areas.  
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Figure 2. Benefit Cost Ratio of IPM tomato production by regions 

Value Chain Analysis  

Value Addition 
The price a consumer pays for a product or service is the total amount of money available 
to be distributed among the members of that specific chain. This price represents the 
consumers‘ value created by the chain members. Thus, value addition refers the effort of 
all groups of firms that involve in the creation of value from input to final product in 
coordination of each other (PACT, 2014). As in other agricultural commodities value 
creation and addition starts from producers and continues until it reaches to consumer in 
IPM tomato.  

Cost of production, up to harvesting, of tomato was NRs 4.80 per Kg. Loss at farm 
(during harvesting) was equivalent to NRs. 0.52 per Kg. Likewise, Losses during storage 
and transportation from producer to retailer was found NRs. 2.63 per Kg and NRs. 3.04 
per Kg, respectively.  

Transportation cost per Kg was found NRs. 2.35 from farm to retailer. Cost of cleaning, 
grading, packaging and storage from producer to retailer was found NRs. 0.53, 1.7, NRs. 
2.01, NRs 2.12 and cost of labeling was found NRs 2.1 per Kg, respectively.  

On an average, total cost per Kg of tomato produced under IPM technique to a producer 
was NRs 9.83. Average price that farmers received from middle man/cooperatives/traders 
was NRs 15.80 per Kg, indicating a margin of NRs 5.97 per Kg to producers. 

Cooperatives/middle man or local traders provide limited but very important service in 
IPM tomato business that is linking the producers to the market. Cost wise it was mainly 
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provision of platform cum store from delivery by farmers to collection by wholesalers or 
retailers which costs NRs 17.25 per Kg and their net benefit was NRs 3.8 per Kg.  

Wage labor was also an important component of cost as tomatoes need careful handling 
at all stages of value chain. The detail of value addition in IPM tomato is presented in the 
table 17.  

on an average total value of tomato was NRs. 40.87 per Kg to the consumer. On an 
average the marketing margin was found NRs. 25.07 per Kg.  

Value Share  
 The study revealed that on an average there was higher profit margin to retailer (NRs 6 
per Kg) and producer (NRs 5.97 per Kg) followed by wholesaler (NRs. 5/Kg). However, 
profit margin to the cooperatives/middleman was found lower (NRs. 3.80 per Kg) as 
compared to other actors. This variation in profit margin might be due to the variation in 
activities for value creation and value addition in the value chain. The producer was 
found to be value creator and subsequently added values on the tomato. Likewise, 
cooperatives/middleman, wholesalers and retailers were added value on the produces. 
Likewise, it found that major and visible value addition in IPM tomato business was 
made by producers and retailers.  

On an average profit percentage of cost to the producer was significantly higher (60.73 
%) followed by that to cooperatives/middle man (22.02 %) and it was found lower to 
retailers (17.20 %). This variation is probably due to variation in activities, buying price 
and cost of value adding activities. The retailers and producer had large share in the value 
paid by consumers as compared to wholesalers and retailers.   

Value chain structure  
There were several organizations and individuals involved in the IPM tomato business in 
across the study areas. Through the analysis of value chain actors, activities and enablers 
a generic value chain of IPM tomato was drawn which is presented as Figure 3.  

 
CONCLUSION 

As IPM is an environment friendly approach for tomato production so as the value chain 
approach to make and enterprise competitive and profitable.  The demonstration and 
verification of the improved packages of the practices of tomato cultivation was felt 
essential. Youths were found to be attracted towards IPM tomato farming and it has great 
prospects for self-employment to women across the study sites. Along with 
Governmental organizations, I/NGOs and cooperatives played major role in extension 
and training. Maintenance of optimum plant density, Use of both chemical and organic 
fertilizers, Use of both chemical and bio-pesticides, Stacking and Use of plastic house, 
Judicious nutrient management, Use of Trichoderma, Application of appropriate doses of 
fertilizes and Biological method of disease and insect pest management were the common 
activities in IPM tomato farming.  Agro-vets, DADO, NGOs/INGOs have vital role in 
various inputs supply to the farmers for IPM tomato farming. Occurrence of fruit borer 
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and white fly is the major insect problem across the study sites. Neem bio pesticides, cow 
urine, Mustard cake, Nuvan etc. were the major bio-pesticides used to control insect pest 
across the study sites. Late blight and wilting was the major problem in IPM tomato 
farming. Sanitary measures, Trichoderma, cow urine with irrigation and fungicides are 
common techniques to control diseases in IPM.  
 

Cost and return analysis indicated that IPM could be an important tool to reduce cost of 
production and to maximize profit if locally available resources could be utilized 
optimally. IPM tomato farming was economically viable across the study areas.  

IPM tomato farming itself is a value added approach both from human and environmental 
aspects. Adoption of value chain approach in IPM tomato business could be vital for the 
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profitable and professional tomato farming to commercialize Nepalese agriculture. Thus, 
government should harmonize their policies for the promotion and adoption of both IPM 
and Value chain approach in agriculture.  
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ABSTRACT 

 
Tea sub-sector is an export potential agribusiness in Nepal. Poor quality standard and 
eco-labeling are the major hindering to enter Nepalese orthodox tea in global market. 
Some tea producers are involving in third party organic certification through tea 
processing industries‟ financial and technical supports. The main objective of the study 
was to identify the factors influencing organic certification of orthodox tea in Nepal. The 
primary data were collected from 441 sampled households (213 certified and 228 non-
certified tea growers) along with focus group discussion, and key informant interview in 
Illam district during 2014. Probit model was used to measure the adoption factors. It was 
found that the factors such as economic active household members, income from tea 
sector, access to credit from village level cooperative, and training received have 
positively and significantly influenced the adoption of organic certification. However, tea 
yield and share of tea cultivated land in total cultivated land had negative and non-
significant influence to the adoption of orthodox tea organic certification. 
 
Keywords: Export potential, Probit model, Global market, Credit, Cooperative 
 

INTRODUCTION 
 
Agricultural diversification and commercialization have drawn attention of the planners 
and policy makers in terms of generating more income, employment opportunities and 
biodiversity conservation (Kafle, 2004). Agriculture sector contributes about 30.13% 
share in the national Gross Domestic Product (GDP). The tea sub-sector contributes 
about 0.0105% in the national GDP and 0.0347% in the Agricultural Gross Domestic 
Product (AGDP) (CBS, 2014). Considering the importance of agricultural sector, the 
Government of Nepal (GoN) has implemented 20 years Agriculture Perspective Plan 
(APP 1995-2015) to accelerate the growth of the agriculture sector. This plan intended to 
raise AGDP growth rate from 2.96 percent in 1995 to 4.88 percent by the end of 2015 
(APROSC and JMA, 1995). In this process, they have gradually increased the 
commercialization of agriculture, and increased its share in the national economy 
(APROSC & JMA, 1995). To take the pace of economic growth; subsistence farming 
must be transformed into commercial one. Agricultural Perspective Plan has also 
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accorded top priority to the commercialization of agriculture and development of high 
value crops (HVCs). Sugarcane, tea, tobacco, potatoes, oilseeds, ginger, cardamom and 
jute are the principal cash crops grown in Nepal (Sedain & Aryal 2002). All the 
government plans and policies recognize that tea is an important export commodity of 
Nepal and that it has high potential to contribute national income, employment and 
environment protection (Thapa, 2005).   
 
Tea commodity has high potentials to contribute in national income, employment and 
environment protection. Agriculture Development Strategy (2015-2035) has also focused 
on tea sub-sector among five identified sub-sectors for value chain analysis and 
agribusiness development in Nepal (ADS, 2014). Nepal produced 3.2 million kilograms 
of Orthodox tea of which 95% is exported. World tea consumption is gradually 
increasing, as the market for organic, fair trade, and value-added products, such as 
specialty, blended, and flavored teas, for which the flavor and aroma of Nepalese tea has 
comparative niche advantage. The Himalayan Tea Producers Cooperative Limited 
(HIMCOOP) has 19 processing factories and it is one of the major associations for tea 
sector, along with major enabling business actors such as National Tea and Coffee 
Development Board Nepal (NTCDB), Nepal Tea Association, Nepal Tea Planter 
Association, Himalayan Orthodox Tea Planters Association, and the Himalayan 
Orthodox Tea Producers Association, in the Nepalese tea sub-sector (Bhattarai, Nepali, 
Thaller, Thewarapperuma, & Webb, 2013). 
 
Three major factors identified for organic vegetable farming  adoption in Nepal were 
training, farm size and compatibility of organic farming to the situtation (Kafle, 2011). In 
Pakistan, organic farming was mainly determined by cost, productivity, profitability, 
compatability, and  farm efficency (Ullah, Shah, Ali, Naz, Malar, & Kalhoro, 2015). 
Major organic adoption studies are based on cross section data and application of Logit or 
Probit analysis (Burton et al., 1999; Khaledi et al., 2010, and Koesling et al., 2008). Farm 
size and market distance are the major factors that influence adoption of black pepper 
certification in India (Parvathi and Waibel, 2015). Organic certification of agriculture 
products play role in catalyzing export market with quality standard. Farmers receive 
some additional price premium in domestic and global market that can improve their 
livelihood whereas socio-demographic, economic, institutional and other framework 
variables influence, for example, certification of orthodox tea in Nepal. Certification has 
done by tea processing industries as third party certification. Factors influencing the 
adoption reasons of organic certification of tea have not yet been assessed in Nepal. This 
research examined the factors influencing adoption of organic certification of orthodox 
tea in Eastern Himalayan Corridor (EHC) of Nepal. 
 

METHODOLOGY 
The major tea growing districts in Nepal are Panchthar, Ilam, Terhathum, Dhankuta and 
Nuwakot. Among them, Ilam is the largest orthodox tea producing district and 
purposively selected for the study. This district has three pocket areas such as Fikkal, 
Jasbire and Mangalbare which cover nine Village Development Committees (VDCs) 
(Shantidanda, Mangalbare, Shakhejung, Maipokhari, Shreeantu, Sunderpani, Kolbung, 
Fikkal and Kanyam), and these VDCs were considered as study sites for the assessment 
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of factors influencing adoption of organic certification of orthodox tea. The total 
households sampled and interviewed were 441 (213 certified and 228 non-certified) using 
face-to-face interview. In addition, focus group discussions (FGDs) with certified and 
non-certified tea producers were done. Additional FGDs were also conducted with tea 
processors and traders at district level. Key Informant Interview (KII) with business 
enabling actors and inputs/service providers were done purposively. Data were entered in 
CSPro (version 5.1.0) and analysis was done using statistical package for social science 
(SPSS, version 16.0) and STATA (version 12.0). Descriptive statistics, t-test, mean 
difference and Probit model were used. 
 
The decision making to adopt organic certification of orthodox tea was estimated by 
Probit model to derive the determinants that account probability to organic certification 
(Yi=1). Maximum likelihood method provides the foundation to estimate with the 
cumulative distribution function in Probit. The method leads to the least squares function 
under the linear regression model. In general the results are reasonably robust to change 
in the set of independent variables included in the model. So, relation between discrete 
variable and a parameter is non-linear. In the basic model, let Yi be the binary response to 
organic orthodox tea producer and Y=0 if not. Suppose, x is a vector of independent 
variables (socio-demographic characteristic, economic and institutional) set ß a vector of 
slope parameters, measuring the change in the x on the probability of tea producer's 
decision to certification. 
 
It was assumed that farmers are risk neutral and their certification of orthodox tea was 
based on comparison of expected profit with and without organic certification. It was also 
assumed that organic certification of orthodox tea in Himalayan corridor of Nepal can be 
determined by bundles of socio-demographic, economic, institutional and key policy 
framework variables. Considering these facts, factor influencing adoption of organic 
certification of tea could be determined by following econometric expression: 
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Where,  
CERTIFICATION = Organic certification (if yes = 1, 0 = otherwise) 
 
GENDER = Gender of household head (if male=1, 0=otherwise). In Nepalese condition, 
farm decision is made by male household head due to socio-cultural structure of the 
society. It was assumed that male household head decide certification as compared to 
household head and has positive correlation with organic certification [positive 
correlation]. 
 
AGE = Age of the household head (in years). Younger farmers are more likely new ideas 
and new farm technology. So, age is likely to be negatively correlated to the certification 
[negative correlation].  
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ECONOMIC_HH = Economically active economic age (age group between 15 to 59). 
This variable will have positive impact on organic certification because economic active 
household members are more proactive [positive correlation]. 
 
EDUCATION = Education of household head (year of schooling). More educated 
household head with more number of schooling years will have positive impact on the 
adoption of new technology than lower educated household [positive correlation].  
 
CREDIT = Credit access to financial institution (particularly from village level 
cooperative=1, 0=otherwise). This variable will have positively correlation on 
certification [positively correlation]. 
 
LogINCOME = Annual household income from tea sub- sector (NRs. in natural log). 
Normally, high income receiver could adopt certification due to additional benefit than 
low income earning farmers. However, organic certification of tea has covered to the 
small scale farmers in the initiation of processing factories (Third party certification). 
Certified and non- certified orthodox teas have lower price difference due to low and 
negligible price premium of the certified tea in the study area. 
 
TEA_LAND CAT = Tea cultivated land category (if more than 0.5 ha = 1, 0=otherwise).  
 
LogYIELD = Yield of orthodox tea (kg per ropani in natural log).  
 
SHARE_TEALAND = Percentage share tea cultivated land in total land. 
 
TRAIN = Trainings received from different organizations to organic orthodox tea 
growers (if yes=1, 0=otherwise). Trainings will have positive impact on certified organic 
orthodox tea cultivation.  
 

RESULTS AND DISCUSSION 
Socio-demographic and economic characteristics of the respondents 
The certified and non-certified tea growers did not differ significantly (p>0.05) in the 
socio-demographic variables such as age, gender, household size, economically active 
household members and dependent ratio. Only year of schooling of surveyed household 
head was significant (p<0.05) among certified and non-certified tea growers (Table 1).  
 
Economic characteristics of tea growers 
The respondent households‘ economic characteristics are presented in Table (2). The 
economic variables such as share of tea land, tea yield, annual household level tea 
production and annual tea income from tea sub-sector, were significantly higher 
(p<0.001) in non-certified tea growers than certified tea growers. Whereas total cultivated 
land and average green tea leaves price were significantly higher (p<0.001) in certified 
tea growers than non- certified tea growers. Certified and non-certified tea growers did 
not differ significantly (p>0.01) in tea cultivated area (Table 2). 
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Table 1. Socio-demographic characteristic of tea growers 
Variables Total 

(n= 441) 
Certified 
(n = 213) 

Non- 
certified 
(n=228) 

Mean 
differences 

(t-test) 
Age of the respondents 47.1 47.44 46.62 0.812 

Gender (1= Male, 0=Female) 0.74 0.74 0.74 0.005 

Year of schooling (Education) 8.1 8.54 7.72 0.822* 

Household Size 5.11 5.13 5.09 0.039 

Family Type (1=joint, 0= Nuclear) 0.09 0.1 0.07 0.033 

Economically Active household members (%) 68.95 69.81 68.16 1.64 
Dependency Ratio 0.17 0.16 0.17 -0.107 

Note: * Significant at 10% level 
 

Table 2. Economic characteristics of tea growers 
Variables Total 

(n=441) 
Certified 
(n=213) 

Non-
certified 
(n=228) 

Mean 
Difference 

T- Value 

Total cultivated land 
(Ropani)5 

28.12 (25.47) 33.87 
(32.63) 

22.75 
(14.27) 

11.11 4.687*** 

Tea cultivated land 
(Ropani) 

11.94 (11.68) 11.72 
(11.24) 

12.14 
(12.10) 

-0.42 -0.378 

Share of tea land in 
total cultivated land 
(%) 

49.89 (43.80) 39.90 
(25.15) 

59.18 
(54.24) 

-19.27 -4.723*** 

Tea yield (kg/Ropani) 249.35 
(194.86) 

107.59 
(62.39) 

381.79 
(183.00) 

-274.2 -
20.760*** 

Annual HH level tea 
production (in kg) 

3391.02 
(8067.17) 

1182.66 
(1436.14) 

5454.10 
(10740.93) 

-4271.43 -5.755*** 

Average green tea 
leaves price (NRs./kg) 

47.89 (8.59) 53.26 
(4.65) 

42.86 (8.38) 10.39 15.944*** 

Annual income from 
tea sub sector (NRS.) 

129738 
(146817.90) 

64366.69 
(77577.6) 

190809.40 
(168537.7) 

-126442.7 -
10.003*** 

Note: *** Significant at 1% level. Figures in parentheses indicate Standard 
Deviation 

 

 
Econometric results: using Probit model 
Among the explanatory variables used in Probit model to determine adoption of organic 
certification of orthodox tea, economically active household members 
(ECONOMIC_HH), income from tea sector (logINCOME), access to credit from village 
level cooperative (CREDIT) and training received (TRAIN) -positively and significantly 
influenced the  adoption.  The tea yield (logYIELD) and share of tea land in total 
cultivated land (SHARE_TEALAND) influenced adoption of orthodox tea organic 

                                                 
5 20 Ropani = 1 hectare 
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certification negatively and non-significantly.Table 3 presents the descriptive statistic of 
variables used in the Probit model 
 

Table 3. Descriptions of the variables used in Probit model 
Variables Description of the variables Obs. Mean Std. Dev. 

CERTIFICATION Organic certification of the orthodox 
tea (1=Certified, 0=Non-certified) 

441 0.48 0.50 

GENDER Gender of the household head 
(1=Male, 0=Female) 

441 0.88 0.32 

AGE Age of the household head (in years) 441 47.17 13.46 
ECONOMIC_HH Economic active HH members (age 

group 15-59 years old) 
417 3.44 1.49 

EDUCATION Education of the HH head ( in year of 
schooling) 

441 6.39 4.79 

CREDIT Access to credit from village level 
cooperative (1=Yes, 0=No) 

441 0.48 0.50 

INCOME Annual income from tea sector (in 
NRs.) 

441 129728.
2 

146828.7 

logINCOME Annual income from tea sector (NRs. 
In natural log) 

441 11.18 1.15 

LAND_CAT Tea land category (1= more than 0.5 
hectare, 0= otherwise) 

441 0.39 0.48 

YIELD Tea yield (in kg/ropani) 441 249.29 194.93 
logYIELD Tea yield (kg/ropani in natural log) 441 5.19 0.83 
SHARE_TEALAN
D 

Tea land shared in total land (in %) 440 49.89 43.80 

TRAIN Training received related to tea sector 
(1=Yes, 0=No) 

441 0.63 0.48 

 
Table 4. Factors influencing organic orthodox tea production in Nepal using Probit model 

Variables Coef. Std. Error Z P>|z| dy/dx 
GENDER -0.215 0.392 -0.55 0.584 -0.072 
AGE 0.005 0.012 0.46 0.644 0.007 
ECONOMIC_HH 0.202** 0.101 1.99 0.046 0.064** 
EDUCATION 0.046 0.033 1.40 0.160 0.014 
logINCOME 0.397* 0.213 1.86 0.063 0.126* 
LSU 0.119 0.096 1.23 0.217 0.038 
LAND_CAT -0.249 0.415 -0.60 0.548 -0.078 
logYIELD -2.208*** 0.295 -7.47 0.000 -0.704*** 
SHARE_TEALAND -0.012* 0.007 -1.75 0.081 -0.003 
CREDIT 1.011*** 0.294 3.44 0.001 0.318*** 
TRAIN 3.144*** 0.474 6.63 0.000 0.692*** 
Constant 3.338** 1.582 2.11 0.035  
Statistic Summary: 
No. of obs. 417 
LR Chi2 (11) 466.82*** 
Pseudo R2 0.809 

Note: ***Significant at 1% level; **Significant at 5% level; *Significant at 10% level. 
dy/dx: marginal effects after Probit. 
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Economically active members in household had positive influence on certification at 5% 
level of significance. If one economic active HH member is increased, the probability of 
certification adoption will be increased by 6.4%. Annual income from tea sector 
(logINCOME) significantly influenced adoption of organic certification of orthodox tea 
at 10% level. If income is increased by 1%, the adoption of certification will be increased 
by 12.6%. The access to credit from village level cooperative (CREDIT) had positively 
and significantly influenced adoption at 1% level. If farmers receive credit from village 
level cooperatives, the probability of certification will be increased by 31.8% as 
compared to credit non-receiver. Training (TRAIN) had highly significantly influenced 
organic tea certification at 1% level. If farmers received tea production and market 
related training, the probability of organic tea certification will be increased by 69.2% as 
compared to training not receiving farmer (Table 4). 
 

CONCLUSION 
Nepali organic orthodox tea has been popular in international market. However, quality 
of Nepali orthodox tea has big concerned due to application of chemical fertilizers and 
pesticides and poor initiative for adoption of certification. The adoption practices of 
organic certification are less encouraging and slow in study area. The findings revealed 
that economic members in households, income from tea sub-sector, access to credit from 
village level cooperative and training received- positively and significantly influenced to 
the adoption of organic certification of orthodox tea. Major variables influencing 
adoption were training, credit and annual income from tea sub-sector. It was also found 
that if tea growers received training on certification, the adoption of certification would 
increase by 69%, while village level credit accessibility would contribute 39% increment 
in adoption of certification. In case of tea income, if income is increased by 1%, the 
probability of certification would be increased by 12%. The findings thus suggest that 
promotion of organic certification of Nepali orthodox tea is mainly determined by related 
trainings and easy access to credit at village level.  
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ABSTRACT 

Inorganic arsenic and selenium are present in soil, water, air, and food so that humans 
are exposed in this contaminant. The presence of arsenic in the soil varies normally 
between 0.2 to 40 mg/kg. The major source of arsenic is the contaminant of drinking 
water. The world Health Organization (WHO) recommends a maximum level of 10µg 
arsenic per liter of water. Selenium enters the soil through the weathering of selenium-
rich rocks. Selenium particles are distributed and deposited in to top soil through water, 
wind erosion and sedimentation process. The distribution of selenium in the soil of earth 
surface is very uneven. Its concentration in soil ranged between 0.1 and 2.0 mg/kg. The 
recommended dose is 55 mg of selenium per day. It also has toxic effect when its 
concentration is beyond its limit. Poorly aerated rice soil contains As (III). It is more 
mobile; and is absorbed by rice plants. The main source of inorganic arsenic for human 
is rice. In contrast, selenium is an essential micronutrient. The selenium supplementation 
can reduce the risk of some cancers. Hence location and speciation of arsenic and 
selenium is important, because the harmful and beneficial effect depend on 
concentration. This review summarizes the location and speciation of arsenic, and 
selenium using - ICP-MS coupled with HPLC, Microwave assisted enzymatic extraction, 
ion chromatography, and atomic absorption spectroscopy (AAS). 
 
Key words: Arsenic, Selenium, Rice grain, Arsenite 
 

INTRODUCTION 
 
Arsenic (As) and (Se) belong to the group V-A and VI-A of the periodic table and both 
shows the properties of metalloids. Both elements forms anions easily and dominates the 
nonmetal properties. The most common oxidation states of arsenic are -3, 0, +3 and+5. 
Selenium also has four oxidation states of -2, 0, +4 and +6. When As has an oxidation 
states of -3, it forms Arsines and metal arsines. These forms are very unstable under 
oxidizing conditions. Under aerobic conditions, its oxidation state tends to be +5. Arsenic 
acid (H3AsO4) is formed between the pH 2 and 3.when pH rises between 3 and 11, 
H3AsO4 dissociates to H2AsO4

- and HAsO42-
. H3AsO4 is the predominant species in the 

aerobic environment. The oxidation states of +5 acts similar to phosphorous. 
 
Depending up on the environment (pH and electron activity), predominant species of 
selenium are selenate (SeO4

2-) (VI), selenite (SeO3
-) (IV), elemental (Se°) and reduced 
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selenide (Se2-
) (II). Selenate is the anion of the selenic acid (H2SeO4). Selenate exists 

under high redox condition. It becomes predominant when the pH exceeds15.Selenate 
resembles sulphate (SO4

2-) in its behavior.  
 
Arsenic is one of the most abundant elements in the environment. Presence of arsenic in 
the soil varies normally between 0.2 to 40 mg/kg. The major source of arsenic is the 
contaminant of drinking water. The world Health Organization (WHO) recommends a 
maximum level of 10µg arsenic per liter of water. Arsenic is not mined but the byproduct 
of mining, metallurgy, agriculture, fossil fuel treatment plants, urban waste and cattle 
farming. 
 
The naturally occurring element selenium is found in rocks, soil and water. Selenium 
enters the soil through the weathering of selenium-rich rocks. Selenium move through the 
soil until adsorbed on clay particles, iron hydroxides or organic particles. Selenium 
particles are distributed and deposited in to top soil through water, wind erosion and 
sedimentation process. Fungi and bacteria takes part in oxidation. The distribution of 
selenium in the soil of earth surface is very uneven. Its concentration in soil range 
between 0.1 and 2.0 mg/kg (Moreno-Jiménez, Esteban, and Peñalosa, 2012; Babula et al., 
2009; Bauer, 1997; Yu et al., 2014).     
 
Arsenic and Selenium up take by the plant 
Arsenic presents in the soil as As (III), As (V), MMA and DMA. Among them inorganic 
form is predominant one. Arsenic is taken up by the plant through root absorption in the 
same process as the nutrient and the other elements. The diffusion of As takes place from 
soil to the root apoplast and penetration takes place from symplast to interior of the 
tissue. In the cell membrane ions transport proteins are specific. Transport and absorption 
of arsenic takes place through aquaporin‘s and phosphate transporters. Especially, water 
channels are called aquaprions. Some non-charged molecules such as arsenious acid can 
enter through them. The absorption of As (III) takes place through the aquaprions. 
Noncharged molecules such as ammonia, boric acid, arsenious, glycerol and silic acid are 
absorbed by a group of aquaprions (NIPs)). As (III) and Si both have the same methods 
to enter into and carry away in rice. The transport of As (V) takes place through the 
phosphate transporter hence the interaction takes place between P and As (V) in the root 
for their uptake. In the plant, inorganic form of arsenic are absorbed effectively than the 
organic form. Silicon transporters also plays significant role for the uptake and 
assimilation. Inside the cell arsenite is formed due to reduction of arsenate. Arsenite then 
consumes the reduced gluthione AsO4

−3 + 2 GSH → AsO3
−3 + GSSG. This reaction is 

catalyzed by the enzyme arsenate reductase. Arsenite complexes with -SH group of 
gluthione and accumulates in the vacuoles or it may be transported in the other parts of 
the plant tissues through the xylem. In plant there are two transport systems (Lsi1 and 
Lsi2) between plant endodermis and exodermis which mediate the entrance of arsenite to 
xylem and its efflux to the external medium. The Lsi transporters are involved in the 
silicon nutrition (Carey, A.-M. et al., 2012); Zhao et al., 2011); Zhang et al., 2006).   
 
Plant takes up selenium through several mechanism. Selenate is taken up by the sulphate 
transporters whereas selenite is taken up by phosphate transporters. Therefore there is 
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competition between sulphate and selenate and phosphate and selenite. The organic 
selenium permeates through the sulphur containing amino acid present in the cell 
membrane. Selenate and selenite are metabolized easily within plants tissue into organic 
selenium compounds through the sulphur assimilation pathway. The oxidized species 
reduced into selenide and assimilated into SeCys and SeMet. The selenoaminoacids then 
incorporate into proteins in place of Cys and Met which changes in the protein structure 
and reduces its function. Plants can convert SeMet into volatile dimethylselenide by 
methylation. Selenate is transported into leaves and reduced the chloroplast whereas 
selenide accumulates in the root due to reduction of selenite non-enzymatically as does 
Se absorbed in organic form (Hu et al., 2014).  
 
The food quality can affect the health of consumers. Rice, is mainly cultivated in Asia 
where four countries (China, India, Indonesia and Bangladesh) account for nearly 70% of 
global production (FAO, 2011).Rice is a potential pathway of arsenic exposure to 
humans. There is a significant association between elevated As content in rice and 
genotoxic effects in humans.  The location and speciation of arsenic within the rice grain 
is essential to understand the risk presented by arsenic in rice. Arsenic is carcinogen for 
which there is no safe dose which affects the human health. A Chronic exposure causes 
skin and bladder cancer. The composition of arsenic in rice ranges from 100 to 500 
micrograms per kilogram (µg/kg).  WHO limits the tolerable limit of arsenic is 
10(µg/kg), having daily water intake of 2kg /day. Arsenic mobilizes through the flooded 
paddy soil which is taken up by plants. Arsenic levels in the rice grains reflect patterns 
observed for the soil and water. Scientists proved that up take of selenium, zinc, and 
nickel declines with rising arsenic content in the rice (Dwivedi et al., 2010). 
 
Selenium and human health 
Selenium is important to human health. The deficiency of selenium occurs in those parts 
where concentrations of Se in the soil are low. The deficiency of selenium can cause 
heart disease, hypothyroidism and a weakened immune system. The recommended dose 
is 55mg of selenium per day. It also have toxic effect when its concentration beyond its 
limit. There are many reports that Se has many health benefits beyond meeting basic 
nutritional requirements. Some organic forms of selenium have anticarcinogenic 
activities against certain types of cancer. The supplement of Se was associated with 
significant reductions in lung, colorectal and prostate cancers. One of the most effective 
anticarcinogenic Se compounds is methylselenocysteine (MSeC). 
 
―Selenium efflux the arsenic from the human body,‖ says Scott Fendorf, a soil bio-
geochemist at Stanford University. The present research is the need of development of 
arsenic-resistant breed of ice which can accumulates beneficial micronutrients but not 
arsenic. As a constituent of selenoproteins, selenium has structural and enzymic roles, it 
is known as an antioxidant and catalyst for the production of active thyroid hormone. It 
needs for the proper function of the immune system, and it is a key nutrient in 
counteracting the development of virulence and inhibiting HIV progression to AIDS. It 
maintains the sperm motility and can reduce the risk of miscarriage. In the context of 
human health effects, low selenium content in some parts of the world is giving cause for 
concern. Selenium exposure to human health can cause in different ways. Its exposure 
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mainly takes place through food and water because selenium is present in grains, cereals 
and meat. In order to maintain the good health, humans need to absorb certain amount of 
selenium from food rich of selenium to prevent disease caused by selenium shortage. 
 
Rice is the major food of most of the world population. Therefore it is the main source of 
inorganic arsenic. In order to understand the risk caused by the arsenic, it is essential to 
know its concentration in the different parts of rice and the way to reduce its 
concentrations. All forms of inorganic selenium and arsenic are present in the paddy soil 
which results in the competitive intake, assimilation and transformation within plants. 
 
In paddy soil, Both As and Se present in inorganic form as (arsenite As (III) and arsenate 
As (V) and selenite Se (IV) and selenate Se (VI)). Very small amount of organic 
selenium and arsenic are also present in soil due to microbial transformation. The 
chemistry behind the As (V), Se (IV) and phosphate are very similar. Therefore these two 
inorganic forms are taken up through the phosphate transporters. Hence, there may be 
competitive inhibition with each other for their uptake in plant roots. 
 
 Sulphate transporters present in the roots of the plant also helps for transport of 
selenium. Selenium can reduce sulphahydryl group due to competitive up take with 
sulphate which affect the concentration of arsenic because As is present as coordinated 
complex in thiol-containing amino acid. The presence of As (V) enhances the production 
of free radical, phytochelatins, glutathion depletion and lipidperoxidation. On the other 
hand selenium is antioxidant and inhibits lipid peroxidation. Therefore selenium has a 
plant protective mechanism. As damages the plant by enhancing oxidation whereas Se 
improves it (Srivastava, Rathinasabapathi, and Srivastava, 2009; Kumar, N., et al., 2013).    
 
The inductively coupled plasma mass (ICP-MS) acquainted with High performance 
liquid chromatography (HPLC) is highly sensitivity which attract attention to the 
researchers for the location and speciation of As and Se in rice grains. Now a days 
Microwave assisted enzymatic extraction and analysis by ion chromatography-
inductively coupled plasma mass spectrometry, Liquid chromatography online with 
selected monitoring electrospray mass spectrometry, vapor generation inductively 
coupled plasma optical emission spectroscopy, atomic fluorescence spectroscopy, atomic 
absorption spectroscopy (AAS), inductively coupled plasma atomic emission 
spectrometry (ICP-AES), Capillary electrophoresis inductively coupled plasma mass 
spectrometry (CE-ICP-MS) etc. has also been used for the investigation. This article 
summarizes the discoveries using this techniques and benefits of using ICP-MS. 
 
Analysis of Arsenic and Selenium: 
Inductively coupled plasma mass (ICP-MS) 
Quantitative analysis of arsenic and selenium in rice grain has been improved with the 
advent of ICP-MS. Even in the presence of trace level (µg L-1), plasma state ionization 
results high sensitivity analysis. ICP-MS also has multi-element capacity which 
facilitates the identification relationships with other elements. Various studies proved the 
good separation capabilities of HPLC acquainted with highly sensitive ICP–MS detection 
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to identify and quantify arsenic species, detecting arsenite, arsenate and dimethylated 
arsenic (DMA), trace amounts of monomethylated arsenic (MMA). 
 
ICP-MS has the advantage of multi-electron detection capability, element specific, 
extremely low detection limit, good accuracy  and precession, wide linear range(ppb to 
ppm concentration), multi-isotopic detection limit, resolving the problem of spectral 
interference and easy coupling with various sample introduction methods such as 
chromatography( e.g. GC,LC,IC,CE) and laser ablation (LA). 
 
The disadvantage is Severe MS or non-MS interference caused by very complex matrix 
(high salt, high organic compounds, high concentration of coexisting elements) in real 
samples such as food, soil, organism, sea water, MS interference, nuclear isobar 
interference, Oxide interference, Double charge interference, Polyatomic ion interference, 
same m/z ratio of the analytical element. 
 
Microwave assisted enzymatic extraction of arsenic and selenium speciation using 
ion chromatography- inductively coupled plasma mass spectrometry 
The practical and reliable extraction methods for the determination of As and Se species 
is treatment of rice samples with protease XIV and α-amylase and water-methanol 
appropriate mixture.  
 
Trifluoroacetic acid (TFA) can also be used for the extraction of As species from rice and 
food products.  TFA can partially reduce As (V) to As (III), as a result it is difficult to 
distinguish between As (III) and As (V) species. In cereals and wheat flours, Acid 
hydrolysis and protease XIV and pronase E enzymatic extraction can be used for Se 
speciation. The main advantage of enzymatic extraction is the use of moderate condition 
of temperature and pH which reduces the elemental loss by volatilization and degradation 
of organometallic species. The large time required to complete the hydrolysis is the main 
drawback of this process. The micro-wave assisted closed vessel extraction is more 
efficient due to automation, reduction in extraction time, small solvent volume 
consumption, simplicity and high throughput. 
 
The separation can be carried out on an anion exchange column. The outlet of the 
chromatographic column was directly connected to the concentric nebulizer of the ICP-
MS with a small piece of perfluoroalkoxy (PFA) tubing. ICP-MS (HP-4500) from 
Agilent Technologies equipped with a concentric nebulizer can be used for determination 
of As and Se. The settings of ion lens system, gas flow rates, and other parameters should 
be tuned daily to obtain maximum sensitivity by using 10 µg/L tuning solution containing 
Li, Y, and Tl in 2% (v/v) HNO3 solution. The ion intensity at m/z 75 can used to monitor 
As and the signal at m/z 77 and 82 should selected to monitor Se. Data can be collected 
using Spectrum mode for direct analysis and Time Resolved Analysis (TRA) mode for 
speciation analysis (Jorge, L. et al., 2009). 
 
Atomic absorption spectroscopy: 
Atomic absorption spectroscopy (AA or AAS) is one of the commonest instrumental 
methods for analyzing metals and some metalloids. Metalloids like antimony, arsenic, 
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selenium, and tellurium can now routinely analyzed by hydride generation AAS. Atomic 
absorption spectrometry is used for the determination of metallic elements present in 
trace and major concentrations. Atomic absorption methods measure the amount of 
energy absorbed by the sample. The wavelengths of light transmitted by the sample are 
measured by the detector and compared them to the wavelengths, which originally passed 
through the sample. A signal processor then integrates the changes in wavelength, which 
appear in the readout as peaks of energy absorption at discrete wave length. Any atom 
has its own distinct pattern of wavelengths at which it will absorb energy, due to the 
unique configuration of electrons in its outer shell. This allows for the qualitative analysis 
of a pure sample.  
 

CONCLUSI0N 
 
The determination of Arsenic and selenium speciation in soils and plant is very complex. 
Both organic and inorganic species are present in soil and plant. Inorganic arsenic has no 
beneficial biological function for plants but inorganic selenium plays a vital role. 
Selenium is antioxidant and inhibits lipid peroxidation. Therefore selenium has a plant 
protective mechanism as damages the plant by enhancing oxidation whereas Se improves 
it. Arsenic is health hazardous to human health whereas selenium in narrow range of 
concentration has beneficial to human health. The acquainted ICP-MS has advanced the 
knowledge about the location and speciation of arsenic and selenium in rice grain. 
Besides ICP-MS Atomic absorption spectroscopy (AA or AAS) is also another 
commonest instrumental method for analyzing metals and some metalloids. Atomic 
absorption spectrometry is used for the determination of metallic elements present in 
trace and major concentrations. 
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ABSTRACT 
Agriculture is standing as the major component on Nepalese GDP from the time 
immortal. This is because the vital portion of the population i.e. 65% is actively engaged 
on agriculture. In addition, agriculture serves as the major employee for the Nepalese 
people. The agriculture production never seems to be satisfactory in Nepalese condition. 
Moreover, with the increment on feeding mouth agriculture workers put on the forest, 
grazing land to farmland to feed the increased food demand and at the same time more 
fuel wood as cooking energy is needed in rural community. Besides that, several faulty 
measures (high external input agriculture) was practiced in the name of green revolution 
which revealed as the only the single solution to feed the increased population in 
geometric progressive manner. Heavy use of inputs (pesticides, fertilizers, herbicides, 
hybrids) and deforestation drastically increased the production at first but later on 
increased soil erosion, decreased soil fertility and productivity, affect the livestock (the 
major agriculture component), and played supportive role on global warming through 
carbon emission in the environment. The unattractive agriculture income is compelling 
the major portion of the youth to migrate towards the abroad for the search of better paid 
job. In order to withhold the youth on Nepalese agriculture it is better to plan and design 
the sustainable approach agriculture. The wrong agriculture measures that have 
practiced earlier need to be addressed immediately and has to start the socioeconomic 
feasible, environmentally friendly and high productive agriculture in long run. Similarly, 
agro-forestry a system combining agriculture and forestry approach will help on 
mitigating the negative impacts that have been experienced on the past. Agro-forestry 
will contribute on sustainable agriculture in Nepal through carbon restoration, 
promoting livestock (also promote organic manure), increase soil nutrition and decrease 
soil degradation through landslide and erosion. Moreover, agro-forestry will also help 
on establishing the greenery Nepal in the long run.   
 
Key words: Sustainable agriculture, Agro-forestry, Soil degradation, Landslide, Income 
 

INTRODUCTION 
 
Nepal is a landlocked underdeveloped country whose national GDP is based on the 
agriculture and forestry i.e. 34.4 percent of the total GDP (Statistical Information on 
Nepalese Agriculture, 2012/13). Farmers have experienced centuries of years on 
agricultural cultivation and have gained diverse knowledge on agriculture business. In the 
past, whatever the agricultural practices have been adopted was able to feed the country 
as there was good balance between the agriculture demand and supply chain. Later on 
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after the publication of an essay on "Principle of population" by Malthus, 1798 which 
clearly stated that the world's agriculture production increasing at arithmetic rate will not 
be able to feed the world's population increasing at geometric rate in the future. This 
assumption sensitized the whole world with the upcoming hunger and food insecurity 
throughout the world. At the same time high yielding dwarf varieties in the name of green 
revolution were introduced focusing on high external input sustainable agriculture 
(HEISA) approach. Similarly, inorganic fertilizers, chemical pesticides, herbicides and 
hybrids were developed as well and heavy capital and labour was also mobilized in order 
to support the HEISA approach. Several agro-chemical and hybrid seed industries were 
established which substantially converted world's subsistence agriculture to commercial 
agriculture. Moreover heavy deforestation was carried out to bring forest land to 
agricultural land in order to increase the agricultural production. This approach continued 
for number of years and was considered as the single solution to address the Malthus 
assumption until the publication of an environment book named "Silent Spring" written 
by Rachel Carson on 1962. She described the negative impacts of chemical inputs on 
human, animal as well as on environment. Later on it was sparsely realized that faulty 
measures were practiced which though increased the production level but wholly 
impaired the sustainable agriculture approach which had been practiced from the time of 
crop domestication.  
 
At present, sustainable agriculture is the major concern subject since it satisfies human 
food and fiber needs, enhances environmental quality and the natural resource based 
upon which the agricultural economy depends, makes the most efficient use of non-
renewable resources and on-farm resources and integrate, where appropriate, natural 
biological cycles and controls, sustains the economic viability of farm operations and 
enhances the quality of life for farmers and society as a whole (Gold, 2009). Sustainable 
agriculture is also the serious concern at Nepalese condition as well since the chemicals 
are used indiscriminately for the last decades. Moreover, heavy deforestation has 
exacerbated the sustainable agriculture prospects. 
 
Agro-forestry a systematic practice of cultivating trees and agricultural crops in intimate 
combination with one another is an ancient practice that farmers have used throughout 
the world (Nair, 1993). Tracing the history of agro-forestry, King (1987) states that in 
Europe, until the Middle Ages, it was the general custom to clear-fell degraded forest, 
burn the slash, cultivate food crops for varying periods on the cleared area, and plant or 
sow trees before, along with, or after sowing agricultural crops. This system is also 
popular in hilly areas of Nepal called as shifting or slash and burn cultivation. Since it is 
integrated approach and always play pivotal role in achieving sustainability in the 
Nepalese agriculture system (Carson, 1992; Yadav, 1992). Moreover agricultural 
productivity will be increased as agro-forestry will enrich the soil fertility, reduce soil 
erosion (Kang and Akinnifesi, 2000). Similarly, agro-forestry will also increase food, 
fodder for human and livestock and fuel wood production (Young, 1997). The objective 
of this article is to explore the contribution of agro-forestry on sustainable agriculture in 
context of Nepal.  
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MATERIALS AND METHODS 
 
This paper was prepared on the basis of review from different materials, books, research 
papers, reports of different organizations like ANSAB Nepal, Volunteers Initiatives 
Nepal, Kaule ev Nepal, Nepal Agro-forestry Foundation and other similar organizations 
working on the same field. Several discussions were made with the professors of IAAS, 
agricultural officers from Ministry of Agriculture and Cooperatives and Nepal 
Agricultural Research Council and the others agriculture technicians devoted on 
sustainable agriculture and agro-forestry related activities throughout the country. 
 

DISCUSSION 
 
Nutrient recycling 
Land degradation which in turn decrease soil fertility is caused mainly due to direct or 
indirect induced human activities like deforestation, shifting cultivation, overgrazing, 
steep slope farming, over use of chemical fertilizers and forest resources (Acharya and 
Kafle, 2009). Agro-forestry helps on improving the soil fertility and productivity of the 
agricultural land. This is attained by giving emphasizing on growing the nitrogen-fixing 
trees along the bund, terrace and alley of the farm land (Dommergues, 1987). The amount 
of nitrogen contributed to the farm land corresponds to the nodulated roots as well as 
biomass yield of the trees, which in turn depends on the species and on management and 
site specific factors.  Moreover, incorporating trees on farm land helps on the addition of 
organic mulch, especially nutrient-rich mulch, has a favorable effect on the physical and 
chemical properties of soil, and hence on crop productivity. 
 
The tree biomass can be used to feed the livestock component of the Nepalese agriculture 
will help on promoting the organic agriculture with the increment on the production of 
the dung which in general converted to manure. The bedding materials used on livestock 
shed as well as the biomass are the rich source of organic manures after the full 
decomposition of the materials which we call as mulch. The easy access and fairly 
availability of the organic manures will help on the initiation of sustainable agriculture, a 
system of present needs.  
 
Contribution on livestock component 
Livestock component shares the highest percentage on Agricultural GDP. According to 
MoAC, 2013 it is reported that land in mountain, hilly and Terai region is distributed as 
35, 42 and 23% respectively. Similarly, population is distributed as 7, 43 and 50% in 
mountain, hills and Terai region. From the above figure it is clearly understood that, 
major land area and half of the country population is heaped in hilly and mountainous 
region. The earning of this area is from agriculture where they are practicing integrated 
farming system. Livestock shares the major income in mountainous and hilly regions of 
Nepal. The advancement of the livestock is based on the availability of the fodder and 
forage land. Similarly, hill and mountain farmers in Nepal have long been growing a 
variety of native trees in their farm lands to maintain land productivity and to provide for 
subsistence needs, such as timber, fodder for livestock and fuel wood for cooking 
(Neupane et al., 2002). Besides that by adopting agro-forestry approach in this region 
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will help on grooming the livestock enterprise through easy access of fodder and forage. 
Moreover, 1,766,000 ha of grass land and pasture will also help on livestock enterprise.  
In Terai, dairy industry is also gaining popularity in terms of high returning enterprise. 
Since, there is low biomass as compared to mountain and hilly areas of Nepal, agro-
forestry approach will certainly help on boosting the dairy enterprises in this area.  
 
Soil conservation 
The fragile soil characteristics of hilly areas of Nepal indicate a continuous decline in soil 
fertility due to soil erosion and the depletion of organic matter. Average soil loss of 8–12 
t ha_1 year_1 have been reported (Carson, 1992). The decline in vegetative cover through 
human encroachment (deforestation, over grazing, over use of chemicals, forest 
resources) is considered to be the main factor contributing to topsoil erosion. Soil erosion 
and excess removal of surface cover and crop residues from farm lands pose serious 
constraints to land management and sustaining agricultural production in the hills 
(Schreier et al., 1995). These problems are likely to be exacerbated unless timely and 
effective measures are undertaken (Jodha, 1995). 
 
The repeated pressure of grazing on grasslands beyond its carrying capacity, shifting 
cultivation in the mountains and overgrazing in the open public lands lead to removal of 
surface cover has speeded up the soil erosion, which lead to increase run-off and 
compaction of soil. Cultivation on steep slope without taking considerations of improved 
farming such as terracing, use of organic manures has contributed to increase in soil 
erosion resulting in high water turbidity which leads to harmful effects to the aquatic 
flora and fauna including fish species. In Nepal, land and forest resources have been 
intensively used to meet the basic requirements of food, fuel-wood, fodder, and small 
timber which increases the deforestation rate (Karkee, 2004). 
 
Combining trees with the farm land help on binding the soil tightly with their deep root 
system. Growing trees along the contour lines will help on controlling soil erosion. Agro-
forestry with its increased ground cover and soil binding approach corresponds on the 
soil conservation of the agricultural land i.e. top fertile soil. 
 
Carbon fixation 
According to Woodwell et al., 1978, it is estimated that plant communities of forest store 
about half of the carbon in the world's carbon fixing by the plants whereas, only 15% of it 
is stored by the agricultural crops (Smith, 1989). Forests have been drastically degraded 
thorough intense and widespread deforestation which ultimately releases the carbon in 
the environment (Neupane et al., 2002). This released carbon caused global warming and 
is assisting on worldwide climate change pattern. The major countries responsible for this 
emission is China (29%), United States (15%), European Union (11%), India (6%) and 
the remaining released from the developing countries (Olivier et al., 2013). According to 
IPCC, 2007 it is reported that forestry and agriculture shares 17 and 13% on the total 
global carbon dioxide emission. Carbon dioxide emission from forest system is due to the 
deforestation, land clearing for agriculture, and fires or decay of peat soils whereas 
agriculture emit carbon dioxide through the management of agricultural soils, livestock, 
rice production and biomass burning ( agricultural soils, livestock, rice production, and 



Nepalese Journal of Agricultural Sciences

329

 

biomass burning (NRC, 2010). In our context of Nepalese land use statistics, 39.5% of 
the land has been covered by the forest resources (MoAC, 2013). The forest area has now 
been increased as it covers just 29% during 1998 (GoN, 1998). The increased in plant 
biomass through reforestation on forest areas and incorporating the trees and shrubs along 
the bund of agricultural land will help on carbon restoration. This will be the sustainable 
practices to cope with the global warming aspects of climate change.   
 
Biodiversity conservation 
Agricultural intensification results in a loss of associated biodiversity. Agro-forestry is 
increasingly being identified as an integrated land use that can directly enhance plant 
diversity while reducing habitat loss and fragmentation (Noble and Dirzo 1997). Gillison 
et al. (2004) found that complex agro-forestry systems and shade-grown coffee both had 
much higher levels of biodiversity than simple sun-grown coffee. Similarly, high levels 
of tree diversity are also reported for complex cocoa systems found in West Africa and 
Central America (Schroth et al. 2004).  
 
The integration of trees into multiple-use landscape matrices can contribute to wild 
biodiversity through the maintenance of landscape connectivity, heterogeneity and 
complexity of vegetation structure, integrity of aquatic systems, and cleaner water. Trees 
can contribute nesting sites, protective cover against predators, access to breeding 
territory, access to food sources in all seasons, and encourage beneficial species such as 
pollinators (Swallow and Boffa, 2002). Similarly, agro-forestry helps to increase the 
activity of soil flora and fauna, having crucial role on decomposition of the organic 
matter in the soil (Nair, 1993).  
 
Agro-forestry approach benefit biodiversity, which in turn can benefit the farmers 
economically, provide habitat for biodiversity to live and breed, act as buffers to 
protected areas, in other words, protecting them from the direct effects of more intensive 
agriculture and human settlements and create a high quality matrix that increases the 
movement of animals from one protected area to another and increasing the overall 
connectivity of natural habitats (Perfecto et al., 2004; Klein et al., 2003; Ricketts et al., 
2004 and Somarriba et al., 2004) 
 
Extra income 
Most, if not all, agro-forestry systems aim to maintain or increase production of preferred 
commodities as well as productivity of the land. Agro-forestry can improve productivity 
in many different ways. These include: increased output of tree products, improved yields 
of associated crops, reduction of cropping system inputs, and increased labor efficiency 
(Nair, 1993). Similarly, Agro-forestry plays a better role in increasing agricultural 
productivity by nutrient recycling, reducing soil erosion, and improving soil fertility and 
enhancing farm income compared with conventional crop production (Kang and 
Akinnifesi, 2000).  
 
On the other hand, agro-forestry serves to increase the income of the smallholder farming 
conditions where the two major production functions, land and capital, are limiting, and 
the farmer's objective is not maximization of a single commodity. Agro-forestry of being 
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integrated nature will help increasing the agricultural production through soil fertility 
increment, increased and diversified food production by incorporating multipurpose tees 
on farm land in such cases (Nair, 1993). Furthermore, livestock enterprise will also be 
improved through the integrated approach of agro-forestry system. 
 

CONCLUSION 
 
Agro-forestry with its integrated and multidisciplinary approach will bring the Nepalese 
agriculture towards sustainable system that will helps on promoting livestock component, 
recycling of the nutrients, soil conservation, carbon restoration, biodiversity conservation 
and at the same time will increase the income of the small holder farmers. Thus, this 
technology has to explore both by the government as well as non government agencies 
through planning, implementing and adopting projects at farmer's level.  
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Effects of temperature on honeybee biology and behavior 
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ABSTARCT 
The temperature is one of the most important environmental factors for honey bees; the 
variation in temperature has many effects in honey bee life and development. The 
ambient temperature directly influences the physiology and behavior of honey bee such 
as ovary development, life span, foraging, and division of lobor, flight ability, brain 
development, oxygen consumption, and thermoregulation ability. In addition, the ambient 
temperature also affects availability of resources (nectar and pollen) and infestation of 
diseases and pests. In a honey bee colony, cooperation of many workers enhance 
temperature regulation at both individual and colony levels. They control the 
temperature of brood nest and maintain within the range of 32- 36°C with a mean 
temperature of 35°C. 

Key-words: Honey bee, Thermoregulation, Temperature, Brood area, Colony  

INTRODUCTION 
 
Although insects in general are ectothermic and their temperature depends on the 
environment, many of them are able to regulate their body temperature to a certain 
degree. A favorable body temperature can be achieved passively by moving to a location 
with an adequate microclimate (Cloudsley‐Thompson, 1962), but it can also be achieved 
by actively generating metabolic heat (Jones and Oldroyd, 2007). 
 
In social insects, the cooperation of many individuals allows temperature regulation not 
only on the individual level but as a feature of the whole colony, where especially the 
brood nest is under particular control (Jones and Oldroyd, 2007). Endowed with strong 
flight muscles, social wasps and bees have the ability to directly incubate their brood 
(Jones and Oldroyd, 2007). A highly precise regulation of the nest temperature is found 
in honeybees. The western honeybee (Apis mellifera) shows a mean brood temperature of 
around 35°C within 32°C to 36°C (Kronenberg and Heller, 1982; Ritter, 1982; Heinrich, 
1993). Honeybees sense temperature with thermo-receptors in their antennae (Yokohari, 
1983) and it is assumed that a worker engages in nest thermoregulation, if the 
temperature exposed to exceed an individual threshold (Jones and Oldroyd, 2007). 
Honeybees increase their body temperature by activation of the flight muscles without 
moving the wings (shivering) which can result in thorax temperatures exceeding 40°C 
(Stabentheiner et al., 2003). Most workers and even the drones contribute to the colonial 
thermogenesis (Kovac et al., 2009). Older workers with strong flight muscles have a 
higher heating capacity than younger workers (Vollmann et al., 2004), but younger 
workers are usually located close to the brood nest (Seeley, 1982) and hence are directly 
stimulated for brood heating. Heating workers press their warm thoraces firmly on 
capped brood cells to incubate the brood (Bujok et al., 2002). Sometimes empty cells, 
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scattered in the sealed brood area, are entered by a heating workers, which is assumed to 
efficiently warm the pupae in the neighboring cells (Fehler et al., 2007). Basile et al. 
(2008) showed that heating workers are supplied with energy via trophallaxis by their 
nest mates. High ambient temperatures often require cooling of the brood. For cooling 
bees ventilate by wing fanning, evaporate water by tongue lashing or spreading droplets 
of water on the brood nest (Southwick and Moritz, 1987).  
 
Honey bees also maintain temperatures between 18 and 32°C in the winter cluster with 
ambient temperatures far below 0°C (Southwick and Heldmaier, 1987). The individuals 
of the colony form a cluster with a warm core temperature and lower temperatures in the 
insulating mantle while the     stored honey is consumed to produce heat metabolically 
(Sasaki et al., 1990, Stabentheiner et al., 2003). Size, shape and tightness of a honey bee 
cluster depend on the ambient temperatures (Sumpter and Broomhead 2000). Although 
overwintering as a colony is costly, it allows starting brood rearing in early spring and is 
hence one reason for the ecological success of the honey bees (Winston, 1987). 
 
Though the favorable range of brood temperature for honey bee is very short (32- 36°C), 
they have ability to regulate temperature. This ability of honey bees is important gift of 
nature to them which make them able to distribute worldwide and maintain their 
population through different seasons. The deviation of temperature from favorable range 
affects honey bee life cycle directly (influence on development and life activities) as well 
as indirectly (influence on availability of resources and infestation of diseases and pests). 
The effects of variation of temperature in honey bee life cycle are discussed here under.  
 
Effects of temperatureon biology and behaviour of honeybee 
 
Direct effects 
 
Ovary development 
The temperature affects the ovary development of workers. This is because when workers 
were reared in incubator at 20, 27, and 34 °C for 10 days, the ovaries were developed 
only in the bees that were reared at 34 °C (Lin and Winston, 1998). The ovary 
development in workers can be enhanced by feeding a diet of 50% royal jelly in honey 
and incubating at 34 °C for 10 days (Lin and Winston, 1998). 
 
Life span and longevity 
Longevity of honey bee is influenced by brood temperature, because deviation of brood 
temperature from optimum temperature influences adult bee mortality due to pesticide 
poisoning (Medrzycki et al., 2010). Medrzycki et al., (2010) reared the bees in vitro at 
35°C (optimal) and 33°C (suboptimal) from 12 h after hatching for 15 days and tested the 
effect of Dimethoate as a pesticide on 4 day-old larvae or on 7 day-old adults. They 
found that the effect of lower temperature on larval mortality and adult emergence was 
not significant. However, there was strong effect on adult bee mortality and the 
susceptibility to dimethoate was significantly higher for the adult workers raised at 33°C 
in comparison to those raised at 35°C. So, pesticide resistivity of adult worker bees is 
influenced by brood temperature in which they were reared. 
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Foraging 
The ambient temperature affects foraging and profitability of foraging in honey bees 
(Cooper et al., 1985). Within the range of 30-35°C, foragers are in positive heat balance 
during flight and honey bees regulate head and thorax temperatures by regulating droplets 
of honey stomach contents which are then evaporated at higher temperature of 
environment. Therefore, in lower temperature they do not have to utilize contents of 
honey stomach so that they can carry higher proportion of contents of honey stomach to 
colony. Whereas in higher temperature more amount is utilized in regulating head and 
thorax temperature resulting lesser amount to the colony. As the content of liquid is less 
in pollen in comparison to nectar and water resulting less amount of liquid for regulating 
head and thorax temperature, the number of pollen foragers decreases and water and 
nectar foragers increases at higher environmental temperature. So, ambient temperature 
may influence the profitability of foraging (Cooper et al., 1985).  
 
The foraging activity and rate of foraging in different species of honey bee is affected by 
ambient temperature. Tan et al., (2012) reported that the initiation of foraging in a day 
and foraging peak for Apis cerana are earlier in a day than that for Apis mellifera in lower 
temperature.  The thoracic temperature was higher in the foragers and brood nest workers 
of Apis mellifera than that of Apis cerana foragers and brood nest workers (Tan et al., 
2012). 
 
The age polyethism in honey bee colonies where in-hive tasks such as nursing, heating 
and cell cleaning are performed by younger bees and outside tasks such as foraging are 
carried by older bees is influenced by ambient temperature. This is because the higher 
developmental temperature present in the center of the brood nest, reduce the age of first 
foraging in workers when they are adult (Becher et al., 2010). 
 
Behavior of bees 
Tautz et al. (2003) reported that the temperature during pupal development phase can 
alter the behavior of adult honey bees such as dancing behavior and proboscis-extension 
reflex by altering learning ability of honey bees and could regulate the task they can carry 
out effectively. They reared honey bee pupae in different temperatures at 32°C, 34.5°C, 
and 36°C, which are similar to natural temperature of colony inside hive of honey bees. 
After emergence those bees were kept inside normal and observational hive to observe 
their inside and outside hive behavior and task performed by them. They found no 
significant difference in within hive behavior, whereas the significant difference in 
dancing behavior was found when bees became foragers. This is because, bees reared at 
32°C performed only 20% of the dance circuits in comparison to dance circuits of bees 
those were reared at 36°C for the same distance 200m of food source and the variation in 
duration of waggle dance is higher in bees reared at  32°C in comparison to bees raised at 
36°C .  
 
The brood nest temperature of honey bees (Apis mellifera) is regulated within narrow 
range between 32 and 36 C. though the range of temperature variation is short, it can 
cause significant change in behavioral development in adult bees. Pupal development 
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temperature can affect the overall pattern of behavioral development of workers in a 
honey bee colony (Becher et al., 2009). Becher et al. (2009) studied behavior of adult 
bees by rearing honey bees in different temperatures (32, 34.5, 36°C) during pupal stage. 
They found, higher probability of dancing, foraging and undertaking in earlier stage of 
life in honey bees reared in higher temperature in comparison to bees reared in lower 
temperature.  
 
The behavioral pattern of the freshly emerged honey bees is to prefer the location around 
warm brood nest area and their preferred optimal temperature is 36°C. This is because 
young bees are not able to produce heat by endothermy, which ensures the survival of 
honey bee colonies in harsh conditions (Szopek et al., 2013). 
 
Brain development and learning ability 
The temperature range for brood development in honey bee colony is 34.5±1.5 C, which 
is maintained by workers. Abnormal incubation temperature affects the neural 
development and causes reduction in short-term learning abilities of adult bees (Jones et 
al., 2005). 
The temperature experienced during pupal development influences brain development 
such as development of mushroom bodies, development of distinct synaptic complexes 
(micro glomeruli MG) in honey bees. This is because, the number of MG in olfactory 
input region was highest in bees that were reared at normal temperature maintained in 
brood cells (34.5°C) and significantly decreased in bees reared at 1°C below and above 
this normal temperature (Groh et al., 2004).  
 
Locomotion/ flying ability 
Fuchikawa, & Shimizu (2007) reported the influence of temperature on the amplitude of 
the circadian transcriptional rhythms in foragers during the free-run period in light 
conditions in Japanese honey bee, Apis cerana japonica. They had kept honey bees under 
a light-dark cycle and found that the body temperature of honey bees was increased by7–
8 °C with locomotor activity.  The temperature elevation was continued during the 
photophase but followed the ambient environmental temperature at night.  
 
Metabolic rate 
Harrison and Fewell (2002) reported that the flight metabolic rate increases, decreases or 
remains constant according to the air temperature. They found that the lowest metabolic 
rates (Approximately 0.3 W g−1) in bees flying at high air temperatures (45° C) which is 
similar to the metabolic rates of bees producing minimum lift to support their body 
weight. The heavily loaded foragers flying in low density air had highest values 
(approximately 0.8 W g−1). Moreover, they concluded that the colony-level energy 
balance can be affected by the variation in flight metabolic rate, the colony has higher net 
gain rate, efficiency and honey storage rate at higher air temperature due to lower 
metabolic rate.  
 
Oxygen consumption 
Stabentheiner et al., (2003) reported the linear decrease of oxygen consumption in highly 
active bees (Apis mellifera carnica) ready for flight, which were in an endothermic state. 
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It was maximum of 131.4 μl O2 min−1 at 15 °C, 81.1 μl O2 min−1 at 25 °C, and minimum 
of 29.9 μl O2 min−1 at 40 °C. They also found similar pattern in bees with low activity; it 
was 89.3 μl O2 min−1, 47.9 μl O2 min−1, and 14.7 μl O2 min−1 at 15, 25 and 40 °C 
respectively.  Whereas the resting metabolism (energy turnover) was increased with the 
increase in the temperature in young bees (1–7 h old), which are not yet capable of 
endothermic heat production with their flight muscles. It was 0.21 μl O2 min−1, 0.38 μl O2 
min−1, 1.12 μl O2 min−1 and 3.03 μl O2 min−1 at 10, 15, 25 and 40 °C, respectively.  
 
Thermoregulatory ability of bees 
The body temperature of bees obtained from endothermic heat production can be altered 
by ambient temperature. This is because the temperature of thorax of bees (Apis mellifera 
carnica Pollman) was 33.7–35.7°C (similar to the temperature of brood area) range at 
10–27°C ambient temperature range. However, at warmer ambient temperature (27–
32°C), there was linear increase in the temperature of thorax with increase in ambient 
temperature (Kovac and Stabentheiner, 2011). 
 
The ambient temperature may regulate the process of endothermic heat production and 
influences the mean thorax temperature of foragers. This is because when the temperature 
of surrounding environment is in the range of 3-30° C, the temperature of thorax of 
foragers is at the constantly high level (37-38.5° C) nearly similar to the brood range. The 
thoracic temperature was increased to maximum (45.3°C) in the warmer (30-39° C) 
environmental conditions. Honey bees use solar heat gain to reduce energy expenditure 
and increase thorax temperature by 1–3 °C when the ambient temperature is up to 30 °C. 
Whereas at higher environmental temperature they perform cooling efforts to overcome 
the excess heat (Kovac et al., 2010).  
 
Indirect effects 
 
Availability of resources 
Climate including temperature affects the phenology, local abundance and large-scale 
distribution of plants and pollinators. There is linear response of plants for onset of 
flowering and first appearance dates of pollinators towards ambient temperature in 
numerous cases (Hegland et al., 2009). Both distribution and phenology of many plants 
including flowering plants are influenced by environmental temperature (Parmesan, 
2006). The arrival spring in temperate habitats is generally predicted by onset of 
flowering, many plants have responded to increasing temperature due to global warming 
by earlier during the last 20–50 years (Fitter and Fitter, 2002).  
 
Infestation of diseases and pests 
The reproduction biology of Varroa mite is influenced by temperature, the best 
temperature for reproduction of Varroa mite is 33 ºC and the reproduction rate is low at 
30, 31 and 35 ºC (NZ beekeepers forum, 2012). The infection and spread of Nosema 
ceranae, a microsporidian entomopathogen of honey bee has negative correlation with 
temperature, the spore count was highest at an average temperature of approximately 
15°C (Chen et al., 2012). The temperature of environment influences the germ-tube 
production of Ascosphaera apis, a fungus that causes chalk brood disease in honey bees. 
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This is because the germ-tube was formed within the range of 31-35 degrees C, with the 
optimum range of 31-35 degrees C (Liang et al., 2000). 
 

CONCLUSION 
On the basis of above facts of previous work done by different scholars, we can conclude 
that temperature is important environmental factor that influences the growth, 
development and life activities of honey bee. The temperature has direct impacts on 
development and physiology of honey bee by altering ovary development, resistivity to 
pesticide, foraging ability, behaviors, brain development, metabolic rate and thermo 
regulation ability. In addition, it has indirect impacts on honey bees by influencing on 
availability of resources such as nectar and pollen by altering the phenology and 
distribution of flowering plants. Moreover it also influences the rate of infestation and 
damage caused by honey bee diseases and pests.  

Owing to these adverse impacts of variant temperatures in honey bee life and very short 
range of brood temperature in honey bee colony, nature has gifted them an ability to 
regulate their body temperature as well as colony temperature. Due to this ability they are 
able to distribute throughout the world. They regulate temperature actively by producing 
metabolic heat with the help of movement of wing muscle without movement of wing 
when ambient temperature is low. Moreover, they cool brood area and colony by wing 
fanning, evaporating water from tongue and dropping water inside the colony when 
ambient temperature is high.  
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