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Introduction

Maize (Zea mays), native to Mexico, belongs to family 
Graminae. Maize is a traditional crop of Nepal; cultivated for 
food, feed, and fodder on slopping Bari land mostly under rain-
fed conditions during summer as a single or relay crop with 
millet and also grown during winter and spring in Terai (low 
land region of southern Nepal ranging from 67 to 300m above 
sea level) provided that irrigation is available (Paudyal et al., 
2001). Having the highest yield potential, maize, among other 
cereals is known as ‚the queen of cereals‘ (Singh, 2002). By 
the same token, in the world, maize is the second largest crop 
after sugarcane in terms of quantity of production. Contributing 
6.67% in Agricultural GDP, being second important crop after 
rice, in Nepal, maize is principal food crop of hills, particular-
ly among the poor and disadvantaged group of farmers and 
a prime source of animal feed for growing livestock industries 
in Terai (MoAD, 2016). It occupies 78% area out of the total 
cultivated land in hills. Two thirds of the maize produced in the 
hills of Nepal is directly consumed by farmers (Sapkota et al., 
2017). Maize fodder has low amount of protein (3-3.5%), yet it 
is preferred by animals because of its palatable and succulent 
nature (Randhawa et al., 1994). With its multipurpose value, 
maize, gives us freedom for making Dhido, roti, chayakhla – 
typical food products of Nepal and its flour is utilized in different 
bakery and fermentation industries. 

Looking at the world scenario, the demand of maize is in-
creasing, particularly in developing countries and its require-
ment is predicted to increase from 282 million tons in 1995 to 
504 million tons by 2020 (Haque et al., 2012). In 2016, pro-
duction and yield of maize in Nepal was 235517 Mt and 2.50 t/
ha, respectively (MoAD, 2016). In Nepal, demand of maize has 

been growing constantly by 5% in the last decade (Sapkota and 
Pokhrel, 2010). During the year of 2014, in Nepal, total quan-
tity of maize requirement and production for food was about 
2.9 million metric ton and 2.35 million metric ton, respectively, 
resulting in deficit of 0.65 million Mt (Khattrai-Chhetri, 2015). 
There was 6.46 million metric ton demand of feed to run the 
existing poultry industries in Nepal while the poultry industries 
were increasing at an alarming rate (Khattrai-Chhetri, 2015). 
During the year of 2014/2015, maize had fulfilled 40-50% de-
mand for poultry feed in Nepal (Acharya and Kaphle, 2015). 
However, the increase in maize productivity during the past 
decade since 1970 to 2015/16 was only 0.43 Mt/ha (MoAD, 
2016). 

The present production of maize is quite low to fulfill the 
country‘s demand. The gap between maize production and 
demand was due to various socio-economic and technologi-
cal factors (Sapkota and Pokhrel, 2010). Lack of organic and 
chemical fertilizers (JICA, 2016), unavailability of quality seed 
and farmer‘s preferred varieties at the right time, in desired 
quantities and at reasonable price are the major constraint for 
maize farming in Nepal (Adhikari et al., 2003). Thus, the pro-
duction of maize can be improved by adopting recent technol-
ogies of maize production. The present study was, therefore, 
undertaken to assess current adoption of maize production 
technologies and to identify major factors associated with the 
adoption of improved maize varieties in Arghakhanchi district 
of Nepal.

Material and methods

Purposefully, a study was carried out in Arghakhanchi dis-
trict, province No. 5 of Federal Republic of Nepal, 27‘45“ N to 
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28‘26“ latitude and 80‘45“ to 83‘23“ E longitude, altitude of 305 
to 2515m above the sea level, because it is a major maize pro-
ducing district with identifiable maize producers using both im-
proved seed and local seed. This beautiful district encompass-
es in 68% of its total area Mountainous range and the rest are 
the Siwalik Hills. In addition, climate here ranges from tropical 
to temperate but dominantly tropical and subtropical. 

A total of 120 respondents, 37 using improved seed and 
87 respondents using local seed were selected randomly from 
the population of households cultivating maize for the last two 
years. By using pretested semi-structured format, face to face 
interview was scheduled to collect primary data about so-
cio-economic and demographic information, technologies of 
maize cultivation, cost of production and income in the month 
of January 2018. Focus group discussion, key informant (long-
term maize producers, technical assistants, local leaders) inter-
views were conducted to validate the information obtained from 
respondents. Among the two categories of famers: improved 
seed users and local seed users, analysis and comparisons 
were made using different descriptive statistics (such as mean, 
standard deviation), Inferential statistics (such as Chi-square 
test, t-test) and Analytical statistics (such as probit regression 
model), with the help of different statistical software such asff 
Microsoft Excel, SPSS and STATA. 

Probit model
Probit model was used to determine the factors affecting 

the level of technology adoption among maize producers in 
Arghakhanchi district. This model is a statistical probability 
model with two categories in the dependent variable (Liao, 
1994). Probit model is based on the cumulative normal prob-
ability distribution. The binary dependent variable, y< takes on 
the values of zero (0) and one (1) (Aldrich and Nelson, 1984). 
When using the binary probit regression model, farmers using 
improved variety as seed were taken as 1, while those using 
local seed - as zero. It is assumed that the ith farmer obtains 
maximum utility, he has improved seed preference rather than 

local seed. The probability Pi of choosing any alternative over 
not choosing it can be expressed by the following equation, 
where φ represents the cumulative distribution of the standard 
normal random variable (Uzunoz and Akcay, 2012):

                                                           xi’β 
Pi = prob [Yi= 1 lxl =  ʃ-∞ = (2π-1/2 exp(-t2/2)dt = φ(xi

‘
β).

                                          

Summary statistics: 
Number of observations =120 (n=120); 
Log likelihood: -62.53753;
LR chi2(8): 23.19;
prob>chi2: 0.0031;
pseudo R2 0.1564.

Benefit cost analysis
Benefit cost analysis was done for both categories of farm-

ing households using improved seed and local seed for maize 
production so as to find out which way is more profitable. Ben-
efit Cost Ratio, which defines the benefit per unit cost, in the 
following format, was used for benefit cost analysis.

B/C = Total income/Total variable cost.

Results and discussion

Socio-economic characters
Average land holding of improved maize users was 10.46ha 

and that of local seed users was 9.84ha but the difference was 
statistically non-significant (Table 1). Despite smaller land hold-
ing, local seed growers cultivated maize on larger area (on 
7.96ha) in comparison to that of improved seed users (on 7.95ha) 
but the difference was statistically non-significant. Productivity of 
improved maize in the research area was 2187.96 kg/ha and that 
of local maize was 1671.54 kg/ha. The difference was statistical-
ly significant at 1% level of probability. Furthermore, the overall 
productivity of maize in the research area was similar to the pro-
ductivity of Arghakhanchi district (MoAD, 2016).

Table 1. Land holding and productivity of maize

 Variables
 

Overall
Farmers category  

Mean difference

 t-value  P-value

   Improved seed user Local seed user

land under maize 7.954         7.95 (0.63) 7.96 (0.38) -0.11 -0.17ns 0.987

Total land holding 10.037         10.46 (1.21) 9.84 (0.71) 0.61 0.485ns 0.65

Productivity 1830.77        2187.96 (103.98) 1671.54 (63.52) 516.42 4.39*** 0
*Figures in parenthesis indicate standard error of mean; *** indicates significance at 1% level of probability

The returns from maize grains, stubble and cone were add-
ed to calculate total returns and total variable cost incurred for 
maize production was calculated considering different input 
factors such as seed, nutrients, human and animal labor (bull-
ocks) (Table 2). The profit from maize farming was calculated 
by deducting total cost from total returns. Although, statistical-
ly, the cost of production was found to be similar among local 

and improved seed users, the average cost of production of 
maize for improved seed users (Rs. 77257.056 = 681.75 US$ 
per hectare) was higher than that of the local seed users (Rs. 
68746.59 = 606.65 US$ per hectare). Significantly higher return 
for improved seed users with average return of Rs. 88638.46 
(782.19 US$) per hectare and for local seed users, average re-
turn of Rs. 68358.43 (603.23 US$) per hectare was observed, 
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probably because improved seed increased productivity of the 
maize farm was also noted (Tehamou Meughoyi, 2018). The 
benefit cost ratio (B/C) was computed as the ratio of gross re-
turn to the total variable cost incurred in maize production. B/C 
ratio of improved seed was 1.23 and that of local seed was 
1.03. Significantly higher B/C ratio indicates that farmers who 

use improved seed were making more profit than farmers using 
local seed. B/C ratio of the study area was 1.08 which was low-
er than maize farming in the western plain of Nepal (Ghimire et 
al., 2016). Low B/C ratio in the research area was due to var-
ious socio-economic and technological factors (Sapkota and 
Pokhrel, 2010).

Table 2. Economic status of maize cultivation 

Variables
 

Overall

Farmers’ category
Mean difference t-value P-value

Improved seed user Local seed user
Total returns, Rs (US$) 74611.45 88638.46 (4188.40) 68358.43 (2556.49) 20280.02 4.27*** 0.00
Total cost, Rs(US$) 7137.67 77257.05 (5159.38) 68746.59 (2603.49) 8510.48 1.63ns 0.10
B/C ratio 1.08 1.23 (0.05) 1.03 (0.02) 0.2 3.8*** 0.00

*1Rs =  0.0088US$

Technology adoption of maize farming
According to the study, it was found that very few respond-

ents (only three) change seed every year (Table 3). Around 35% 
of the respondents among improved seed users and 7% of the 
respondents among local seed users were found to be changing 
seed within 3 years.  Moreover, about, 43% of the improved seed 
users and 21% among local seed users take at least 5 years 
to change the seed, whereas 68% of the respondents among 
local seed users did not replace seed at all. Seed replacement 
rate (SRR) in the research area is estimated to be 29%, indi-
cating that most of the farmers were beyond the reach of certi-
fied seed. Seed replacement rate in the study area was higher 
than the national average of 2010 (11%). This increasing trend 

in seed replacement rate could be due to gradual increase in 
formal supply of quality seed in the country as mentioned in a 
previous study (Gauchan, 2017). The field study revealed that 
14% of the respondents among the improved category change 
variety every year but none of the respondents among the local 
seed users changes variety every year. Besides, it is estimated 
that nearly 54% farmers within the improved category change 
variety in alternate years but very few respondents (around 1%) 
among local seed users change variety alternatively. However, 
most of the local seed users (nearly 99 %) and few (around 32%) 
improved seed users assessed to be not changing variety at all, 
as shown in Table 3. 

Table 3. Technology adoption among categories of farmers

Variables Overall
Farmers’ category

Chi-square vale P-value
Improved seed user Local seed user

Seed replacement
    Each year 3 (2.5) 3 (8.1) 0 (0) 36.65*** 0.000
    Within 3 year 19 (15.8) 13 (35.1) 6 (7.2)
    Within 5 year 37 (30.8) 16 (43.2) 21 (25.3)
    No change 61 (50.8) 5 (13.5) 56 (67.5)
Variety change
    Each year 5 (4.16) 5 (13.5) 0 (0) 66.49*** 0.000
    Alternate years 21 (17.5) 20 (54.1) 1 (1.2)
    No change 94 (78.3) 12 (32.4) 82 (98.8)
Sowing date

 Appropriate 26 (21.70 22 (59.5) 4 (4.8) 47.28*** 0.000
    Before appropriate 90 (75) 13 (35.1) 77 (92.8)
    After appropriate 4 (3.33) 2 (5.4) 2 (2.4)
Level of seed  rate
    Recommended 29 (24.16) 11 (29.7) 18 (21.7) 2.003ns 0.360
    Above recommended 76 (63.33) 20 (54.1) 56 (67.5)
    Below recommended 15 (12.50) 6 (16.2) 9 (10.8)

*Figures in parenthesis indicate percent; *** indicates 1% level of probability
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From the observation made, it was unraveled that all the re-
spondents use a common planting method – sowing behind the 
plough method, despite the fact that row planting method is the 
recommended one as this technique maintains optimum plant 
density (Ebrahim, 2002). Most of the respondents (about 60%) 
among improved seed users found to be cultivating maize at 
appropriate time whereas the majority of the local seed users 
(about 93%) found to be cultivating maize before the appropri-
ate time. Appropriate time of sowing maize in mid-hills is April 
to May (JICA, 2016). Maize sowing before the appropriate time 
faces severe water and temperature stress during knee high 
stage and 2-3 weeks before silking stage. Water stress before 
2 weeks of silking reduces the yield of maize (Singh and Singh, 
1995). Very few, altogether four, respondents cultivated maize 
after appropriate period. Around 30% of the respondent among 
the improved category and 28% among the local seed cate-
gory used the recommended level of seed rate but the result 
was statistically non-significant. The recommended seed rate 
for maize is 20 kg/ha (Lamichhane et al., 2015). Around 54% of 
the respondents of the improved seed category and 68% of the 
local seed category applied seed more than the recommended 
dose, which ultimately increased the cost of production.

As shown in Table 4, around 73% of the respondents among 
the improved seed category and 26% of the respondents 
among the local seed category applied the recommended dose 

of FYM. The recommended dose of FYM for maize farming in 
Nepal is 1000 doko per hectare (5-6t/ha) (JICA, 2016). Most of 
the improved seed users applied FYM at the accurate time than 
those of the local seed users and the result was statistically 
highly significant at 1% level of probability. Around 49% of the 
respondents among the improved seed users and 5% of the re-
spondents among the local seed users applied FYM two weeks 
earlier than sowing which was found to be in consistency with 
the recommended time of FYM application (JICA, 2016). Very 
few respondents had applied FYM one week earlier than maize 
sowing. Around 49% of the respondents among the improved 
seed category and 94% of the respondents among the local 
seed category applied FYM once every year. Most of the re-
spondents among the improved seed category applied the rec-
ommended dose of nitrogen whereas most of the respondents 
among the local seed users applied lower dose of nitrogen. 
The recommended dose of nitrogen in the western region of 
Nepal is 100-150 kg per hectare (Ghimire et al., 2016). None 
of the respondents applied phosphorous and potassium, which 
could be a probable reason for low yield because of the nutri-
ent deficiency in soil (Ashraf et al., 2013). All the respondents 
performed manual method of weeding, threshing and harvest-
ing. They performed weeding two times during the crop period 
which was consistent with the recommended weeding practice 
(JICA, 2016).

Table 4. Technology adoption of categories of farmers

Variables Overall
Farmers’ category

Chi-square vale P-value
Improved seed user Local seed user

FYM dose
   Recommended 49 (40.83) 27 (73.0) 22 (26.5) 22.95*** 0.000
    Below recommended 46 (38.33) 7 (18.9) 39 (47.0)
    Above recommended 25 (20.83) 3 (8.1) 22 (26.5)
Time of FYM application
    Prior to 2 weeks 22 (18.33) 18 (48.6) 4 (4.8) 33.733*** 0.000
    Previous week 2 (1.67) 1 (2.7) 1 (1.2)
    Once a year 96 (80) 18 (48.6) 78 (94.0)
Nitrogen dose
    Recommended 23 (19.16) 13 (35.1) 10 (12.0) 26.711*** 0.000
    Below recommended 68 (56.67) 12 (32.4) 56 (67.5)
    Above recommended 16 (13.33) 11 (29.7) 5 (6.0)
    No application 13 (10.83) 1 (2.7) 12 (14.5)

*Figures in parenthesis indicate percent; *** indicates 1% level of probability

Determinants of adoption of improved maize seed in Ar-
ghakhanchi district 

Probit model was used to assess the factor influencing 
the adoption of maize technology (Table 5). Good explanatory 
power of the model was revealed through likelihood ratio Chi-
square (LR chi2) which was found statistically significant at 1% 
level of probability. The Pseudo R2 was 0.1564. Among the 
eight variables studied under the model, visit of the extension 

worker was found to be statistically significant. It has been 
found that farmer‘s access to extension service was more 
likely to adopt technologies of maize compared to those with-
out access and the difference was found statistically signifi-
cant at 1% level of probability. The result was in accordance 
with the findings of Dahal and Rijal (2019). The probability of 
adoption was found to be 21.11% higher for those with access 
to extension service as compared to those without access 
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because visit of the extension workers offers technical guid-
ance to farmers as compared to those lacking such facility. It 
was previously found that access to extension worker helps 
to adopt agricultural technology (Feder and Slade, 1986). The 
other variables such as economically active members, land 
holding, gender of household head, and age of household 
head and schooling of household head had positive relation 
with the adoption of technologies of maize production while 
none of them were found statically significant. Positive re-
lation of economically active members with adoption of im-
proved maize technology is supported by the fact that greater 
number of laborers is required for commercial maize farming; 

commercial farmers with higher number of active members in 
the family are more likely to adopt recent agricultural technol-
ogies. Similarly, farmers with higher schooling have access 
to agricultural information, are more likely to adopt improved 
maize technology. Positive relation with gender of household 
head and age with adoption of improved maize technology 
is partly attributed by the fact; aged male farmers have more 
experience in farming and have more chance of adoption of 
improved maize technology. Some variables such as occupa-
tion of household head and family type had negative relation 
with adoption of technology while none of them were found 
statistically significant.

Table 5. Determinants of improved maize seed adoption 

Variables Coefficients Standard error Z p>lZl dy/dx
Active member (number) 0.063924 0.0709839 0.90 0.368 0.0187011
Access to extension (@) 0.7246141*** 0.265551 2.73 0.006 0.2119874
Land holding (@) 0.0612057 .2666639   0.23 0.818 0.017905
Gender of HHH (@) 0.6574805 0.510087 1.29 0.197 0.1923473
 Age of HHH (years) 0.0104096 0.0130176 0.80 0.424 0.0030454
Schooling of HHH (years) 0.0763606 0.0469335 1.63 0.104 0.0223395
Occupation of HHH (@) -0.1579343 0.2829435 -0.56 0.577 -0.046204
Family type (@) -0.3368901 0.3628558 -0.93 0.353 -0.0985579
Constant -2.539332 1.205196 -2.11 0.035

*@ indicates dummy variable; *** indicates 1% level of probability 

Conclusion

Higher benefit cost ratio in maize production was found for 
improved seed users, which indicates that improved seed us-
ers earn more profit than local seed users. Technology adoption 
was found to be significantly higher for improved seed users 
than local seed users but the level of adoption of technology for 
improved seed was not under satisfactory range. Probability of 
adoption of improved seed was higher for those farmers who 
had access to extension. There is huge scope for increasing 
profit in maize farming by increasing use of improved varieties, 
application of phosphorous and potassium fertilizer, adopting 
row method of planting, managing irrigation facility and apply-
ing recommended dose of nitrogen, FYM, and seed rate. Maize 
production in Arghakhanchi district demands further research-
es on resource use efficiency of maize production, feasibility of 
mechanization and value addition. 
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