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Abstract | Agricultural production has been increased due to adoption of modern agriculture techniques and
practices. This study analyzed off-season vegetables production in District Peshawar with the objectives to
highlight the problems faced by farmers in cultivation of off-season vegetables, evaluate the yield and income
of oft-season vegetables and the role of extension workers in creating awareness among farming community
regarding off-season vegetables. Data were collected from 60 sample respondents from three circles (Mattani,
Peshawar and Tarnab) through pre-tested and well-structured interview schedule during February- March,
2020. The results showed that 48.3% farmers were motivated by extension staff towards tunnel technology,
only 6.7% farmers got training regarding tunnel farming, 70% respondents reported that extension worker
visited their field once a year. The study concluded that though extension worker visited farmers’ field but the
frequency was very low and very limited trainings were given to the farmers regarding tunnel farming in the
study area. Results of paired sample t- test showed that cost of tomato and bitter-gourd in tunnel is higher
as compared to cultivation of these vegetables in field, while the yield and net-income obtained in tunnel was
also high. The study also concludes that tomato cultivated in tunnel is more profitable as compared to bitter-
gourd. Major constraints faced by farmers in tunnel cultivation were high cost of installation and inputs,
unavailability of certified seed, fertilizers and pesticides, lack of technical knowledge, lack of cold storage,
high cost of transportation, pest and disease attack, defective marketing and lack of credit facility. The study
recommends that farmers should be encouraged and facilitated to adopt tunnel farming technology as it is
the best method to grow oft-season vegetables and for yields, both the field staft of extension department and
farmers must be provided training for development of tunnels and package of production timely. Government
should facilitate to establish agriculture insurance and provide subsidy to farmers (in energy, fertilizer, seed
etc).
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Introduction

Pakjstan is an agricultural country, where majority
of the people directly or indirectly depends on
agriculture, unfortunately agricultural productivity
remains behind the potential level in Pakistan (Aziz ez
al., 2013). Agricultural production must be increased
by adopting modern technologies in order to feed

rapid growing population (Al-Sharafat, 2012).

Research, extension, and farmers are believed as the
three main components of agricultural development.
Farming community and the researchers were linked
through extension personal (Ahmad, 2005). But
in Pakistan unfortunately, this co-ordination does
not exist up to the mark (Sanaullah ez a/, 2020).
Agricultural extension has dual responsibility, on one
hand it disseminate suitable agricultural techniques
and ideas among the target farming community
and make them able to fully utilize these techniques
which will help them in improving/increasing their
farm productivity, and on the other hand it bring back
farmers’ problem to the research station for solution
(Sadaf e# al., 2005). Moreover, agriculture extension
offers suitable farming methods and concepts for
farming community to introduce them into their
farming techniques (Pervaiz ez al., 2020). Therefore, the
extension staff not only helps farmers to enhance their
farm production and plan a harvest schedule, but also
encourage them to use enhanced cultivation tools and
implement contemporary farming practices according
to their socio-economic status (Al-Sharafat, 2012).

Vegetables are the main constituents of our diet
(Mishra and Kumar, 2012). The demand of dietary
vegetables rises with increase in population rate, but
unfortunately, due to traditional methods of farming;
the farmers are not able to produce up to the mark
(Kang ez al., 2013). In order to overcome hunger and
food insecurity it is the dire need of the day to adopt
modern agricultural techniques and the best idea is to

grow vegetables in off-season (Tahir and Altaf, 2013).

In Khyber Pakhtunkhwa there are many varieties of
vegetables (tomato, chilies, bitter gourd, bottle gourd,
cucumber sweet pepper and pepper) that are cultivated
in few parts each year (Ishaq ez a/., 2003). In general,
it is not possible to grow winter vegetables in summer
season. Summer vegetables are suitable for planting
in a plastic tunnel or in a greenhouse in cold climates.
The difference between the cultivation of plastic

tunnels and the green house is clear. Greenhouse is
equipped with electricity and automatic ventilation
and heating system. The humidity, light, rain, wind
and the proportion of different essential gases can
be controlled successfully within the greenhouse,
whereas high tunnels has passive ventilation for air
exchange. It must be taken into account that the
plastic should be covered so that there is no cold air
in the tunnel; the temperature obtained during the
day can work at night (Janke ez a/.,2017). In addition,
inside the tunnel, synthetic conditions are created,
which help the vegetable to grow (Igbal ez a/., 2014).
In Pakistan expensive vegetables were available from
Sindh Province before tunnel farming (Muhammad
et al., 2014). While, in the Khyber Pakhtunkhwa
tunnel farming is started for the vegetables sold for
this luxurious dough and cultivation is increasing
(Imran e al.,2015). Moreover, 93% of landowners are
small farmers in Khyber Pakhtunkhwa, so if we make
them an exhausted seasonal farming exchange, then
our province will grow in the vegetable cultivation

(Ishaq ez al., 2003).

Off-season cultivation of vegetables is very helpful
to uplifting farmers’ financial conditions. The return
of the off-season vegetables is higher than the
traditionally grown normal season vegetables. On
one hand maximum yield will be obtain from tunnel
technology under control temperature, and humidity
help in maintaining land fertility, better water
conservation and protection from rodents and animals
(Foord, 2004). On the other hand, vegetables grown
in tunnels are highly susceptible to pests and disease
attack, and proper care should be taken to overcome
this problem (Kabir ez al., 1996; Prajapati, 2007).
Therefore, an attempt had made to analyze off-season
vegetables production in District Peshawar with the
objectives to highlight the problems faced by farmers
in cultivation of off-season vegetables, evaluate the
yield and income of oft-season vegetables and the role
of extension workers in creating awareness among
farming community regarding off-season vegetables.

Materials and Methods

'The universe of the study was District Peshawar. The
total reported area of the district is 126,661 hectares
and total cultivated area is 78,854 hectares. District
Peshawar is divided into five Circles i.e., Academy
Circle, Mattani Circle, Naguman Circle, Tarnab

Circle and Peshawar Circle. Three out of five circles
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i.e. Peshawar, Tarnab and Mattani were selected
purposely based on tunnel technology adoption for
off-season vegetables cultivation. A list of all the
farmers in the selected circles was prepared with the
help of Agriculture Officer and all those respondents
who were cultivating off-season vegetables or
adopted tunnel technology as well as growing the
same vegetables in season were interviewed. Total
60 respondents were interviewed for this study, 15
respondents were interviewed from Mattani Circle, 20
respondents from Peshawar Circle and 25 respondents
were interviewed from Tarnab Circle. It is important
to note that the respondents who cultivated the same
vegetable both in tunnel and season were selected.
All these 60 respondents were cultivating tomato and
bitter gourd. Primary data were collected from sample
respondent through face to face interview. The data
were presented in percentages. Paired sample t-test
was applied to find out the mean difference of cost,
yield and income of vegetables in field and tunnel.

Paired sample T-test

To envisage the difference between the mean income
before and after training, a pair t-test was applied
to check the significant difference at 5% level of
probability. The pair t-test for convenience is given as:

Where; d= difference between two sample
observations (before and after the membership); n=
number of pairs; Sd= standard deviation.

Sd= ]’M andd = &, the mean of d-values.
n- n

Results and Discussion

Area under off-season vegetables

Vegetables are a regular dietary necessity reliable and
good source of vitamins, carbohydrates and minerals
(Imran ez al., 2015). Off-season vegetables farming is
the only option that farmers can increase their income
and produce/able to supply quality vegetables in the
market in scarce condition in a situation where lack
of vegetables processing industry and storage facilities
are common in a country (Igbal ez a/., 2014).

Data regarding area under off-season vegetables were

presented in Table 1. Majority of the respondents

(80%) cultivated vegetables up to 0.5 acre under
tunnel, while 20% respondents cultivated vegetables
at 0.6-1 acre area in tunnels. These results are in
contrast with Muhammad ez a/. (2014) who reported
that 58.3% respondents increased their area under
tunnel vegetables up to 1 acre.

Table 1: Distribution of respondents on the basis of area
under off-season vegetables.

Circle Area under off-season vegetables
Up to 0.5 acre 0.6-1 acre Total
frequency (%) frequency (%)
Mattani 14 (23.3) 1(1.7) 15
Peshawar 13 (21.7) 7 (11.7) 20
Tarnab 21 (35) 4(6.7) 25
Total 48 (80) 12 (20) 60

Source: Field survey, 2020.

Type of tunnel

Tunnel farming has been going popular day by day
by producing more and quality production to farmers
(NBP, 2013). Off-season vegetables can produce high
yield and more production as compared to on-season
(Muhammad ez al., 2014). Off-season vegetables in
tunnels are mostly expensive and profitable to farmers
(Schrenemachers ez al., 2016). Mostly there are three
types of tunnel farming i.e. (1) High tunnel (2) Walk-

in tunnel (3) Low tunnel.

Table 2 showed that 80% respondents cultivated
vegetables in high tunnel, while 20% respondents
used to cultivate vegetables in walk-in tunnel, while
none of the respondents cultivated vegetables in
low tunnel. Farmers only cultivate seedlings and
germinate nursery in low tunnel. Our results are in
line with Janke ez a/. (2017) who concluded that high
tunnels have been used in United States for more
than 50 years, and growers were encouraged to adopt
high tunnels through government private cost-share
programme.

Table 2: Distribution of respondents on the basis of type

of tunnel.
Circle Tunnel type
High tunnel Walk-in tunnel Low tunnel  Total
frequency (%) frequency (%) frequency (%)
Mattani 9 (15) 6 (10) 0 (0) 15
Peshawar 18 (30) 2(3.3) 0 (0) 20
Tarnab 21 (35) 4(6.7) 0 (0) 25
Total 48 (80) 12 (20) 0 (0) 60

Source: Field survey, 2020.
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Vegetables cultivated in tunnels

Vegetables are rich sources of minerals and vitamins.
Vegetables can play an essential role in human
nutrition. Vegetables maintain our healthy activities
and gives help in prevention of dangerous diseases
(Kang ez al, 2013). In the study area different
vegetables were grown in tunnels such as tomato,
bitter gourd, squash, and ladyfinger etc. But most of
the farmers cultivated tomato and bitter gourd both
in season and off-season, so data were collected from
those farmers who cultivated these vegetables.

Table 3 shows that majority of the respondents
i.e. 61.7% were cultivating both vegetables, such as
tomato (Lycopersicon esculentum) and bitter gourd
(Momordica charantia), 23.3% of the respondents
reported that they cultivated only tomato, while 15%
respondents were taking interest to cultivate bitter
gourd in tunnel.

Table 3: Distribution of respondents on the basis of

vegetables cultivated in tunnel.

Circle Vegetables cultivated in tunnel
Tomato Bitter gourd Bothland2 Total
frequency (%) frequency (%) frequency (%)
Mattani 1 (1.7) 4(6.7) 10 (16.7) 15
Peshawar 5 (8.3) 2(3.3) 13 (21.7) 20
Tarnab 8 (13.3) 3 (5) 14 (23.3) 25
Total 14 (23.3) 9 (15) 37 (61.7) 60

Source: Field survey, 2020.

Source of motivation of tunnel farming

Farmer needs technical assistance and different
suggestions regarding farming practices, such as
seeds, fertilizers, pesticides and money required for
various inputs (Sanaullah ez a/.,2020) to improve their
socio-economic level (Chaudhary, 2006). Gecho and
Punjabi (2011) mentioned that most of the farmers
did not follow the extension recommendations
especially seed rate, type of fertilizers and rate of
application.

Data regarding source of motivation towards tunnel
farming were presented in Table 4 show that 48.3%
of the respondents were motivated to adopt tunnel
farming by agriculture extension staff, 36.7% were
motivated by fellow farmers, while only 15% of the
respondents in the study area adopted tunnel farming
themselves, due to more productive and profitable.

Table 4: Distribution of respondents on the basis of source
of motivation in the study area.

Circles Source of motivation towards tunnel farming
Own fre-  Fellow farmers Agric. ext. staff Total
quency (%) frequency (%) frequency (%)

Mattani 0 (0) 2 (3.3%) 13 (21.7) 15

Peshawar 5 (8.3) 14 (23.3) 1(1.7) 20

Tarnab 4 (6.7) 6 (10) 15 ( 25) 25

Total 9 (15) 22 (36.7) 29 (48.3) 60

Source: Field survey, 2020.

Provision of training regarding tunnel farming
Training is mostly useful in every field of life. A lot
of knowledge and experiences can get from training
in every field of life (Sanaullah and Pervaiz, 2019).
A trained person can be easily motivated towards
adoption. Major components of agriculture extension
department are provision of new and updated
knowledge, timely information and trainings (Jat ez
al.,2012; Farooq et al., 2017).

Data regarding trainings of farmers regarding tunnel
farming were given in Table 5. Out of the total 60
respondents majority i.e. 93.3% reported that they
never get any training regarding tunnel farming, while
only 6.7% of the respondents claimed that they got
training from agriculture extension staft regarding
tunnel farming. These results are in contrast with
Pervaiz e al. (2018) who reported that 100% of the
respondents got training regarding improved tomato
technologies in District Mardan. This may be the fact
that they interviewed all those respondents who got
training from extension department during March-
April 2016. While Sanaullah and Pervaiz (2019)
concluded that yield of maize, tomato, wheat, okra
and onion was increased after extension trainings
through the adoption of improved farming practices.

Table 5: Distribution of respondents on the basis of
trainings provided regarding tunnel farming.
Circle

Training regarding tunnel farming
Yes frequency (%) No frequency (%) Total

Mattani 2 (3.3) 13 (21.7) 15
Peshawar 1(1.7) 19 (31.7) 20
Tarnab 1(1.7) 24 (40) 25
Total 4(6.7) 56 (93.3) 60

Source: Field survey, 2020.

Extension workers visits to farmers’ field
For extension workers field visits are very important
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in order to transfer practical and timely information
about different farming problems for farmers
(Sanaullah ez al., 2020). Farmers discussed various
field problems with extension workers through a
proper channel. Extension workers are change agent
and it is the responsibility of extension workers
to visits field in order to introduce and share new
invention with farmers and solve the problems of
farming community (Pervaiz e a/.,2018). It is obvious
that frequent extension-farmers contact significantly
affect farmers’ exposure about modern agricultural

information (Abrhaley, 2007).

Table 6 indicate results about frequency of
extension workers’ visits to farmers’ field, 70% of the
respondents stated that extension workers visits our
fields once in a year, while 30% of them argued that
extension workers visits our farm on monthly basis.
The farmers were not satisfied from such type of
visits that’s were carried out once in a year, because
farmers want timely and updated information about
different levels of farming practices. Our results are
in contrast with Pervaiz ez al. (2018) who reported
that 53% of respondents claimed monthly visits of
extension staff.

Table 6: Distribution of respondents on the basis of
[frequency of extension workers visits to farmers’ field.
Circle

Frequency of extension workers visits to field

Monthly frequency (%) Yearly frequency (%) Total

Mattani 4 (6.7) 11 (18.3) 15
Peshawar 5 (8.3) 15 ( 25) 20
Tarnab 9 (15) 16 (26.7) 25
Total 18 (30) 42 (70) 60

Source: Field survey, 2020.

It is clear from the results that in the study area
extension-farmers contact existed because all the
respondents had some contact with the extension
staff, but the frequency of farmer-extension contact is
very low, which needs to be increased.

Cost of production of tomato and bitter gourd in tunnel
and field

Total cost is the actual expenses, which are used to
obtain certain level of good results during cultivation
of tomato in field (Jat ez a/., 2012). The expenditures
were varying from farmer to farmers regarding their
field. Cost depends on various situation of farm size,
different inputs supply such as fertilizers, pesticides,

seeds and cost of labors etc. at tunnel farm level.

To find out mean significant difference of cost of
tomato in field and cost of tomato in tunnel, paired
sample t-test was applied and the findings were
presented in Table 7. This cost includes cost of
installation of tunnel, land preparation, labour, seeds,
fertilizers, pesticides etc. The results showed that there
was a highly significant (p<0.01) difference between
cost of tomato in field and cost of tomato in tunnel.
On average, mean difference was recorded (38,183.3),
which means that cost of tomato in tunnel is more
than the cost of tomato in field. Our results are in line
with Janke e# a/. (2017) who concluded that the cost
of growing tomato in tunnel is eight times higher as
compared to open field.

The results in Table 7 also showed that there was a
highly significant (p<0.01) difference between cost
of bitter gourd in field and cost of bitter gourd in
tunnel. On average, mean difference was recorded
(39,150.0), which means that cost of bitter gourd in
tunnel is more than the cost of bitter gourd in field.
Our results were in line with that of Khan and Khan
(2020) who analyzed tunnel farming in enhancing
productivity of off-season vegetables and concluded
that yield obtained from tunnel was significantly
higher than seasonal vegetables, but the cost of inputs
and structure installation was also higher in tunnel
farming as compared to seasonal vegetables.

Yield of tomato and bitter gourd in tunnel and field

To find out mean significant difference of yield of
tomato in field and tunnel, paired sample t-test was
applied and the findings were presented in Table 8.
'The results showed that there was a highly significant
difference between yield of tomato in field and yield
of tomato in tunnel. On average, mean difference
was recorded (7356.667), which means that yield of
tomato in tunnel is more than the yield of tomato
in field. Our results were in line with that of Khan
and Khan (2020) who analyzed tunnel farming in
enhancing productivity of off-season vegetables
and concluded that yield obtained from tunnel was
significantly higher than seasonal vegetables. Table
also indicated that highly significant difference
between yield of bitter gourd in field and yield in
tunnel was found. On average, mean difference was
recorded (3820.833), which means that yield of bitter
gourd in tunnel is more than the yield of bitter gourd

in field.
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Table 7: Paired sample t-test comparison of cost of tomato and bitter gourd in freld and tunnel.

Variable Cost Rs/kanal in Tunnel Cost Rs/kanal in Field Mean difference  tvalue pvalue
Mean SD Mean SD

Tomato 61033.3 2024.98 22850.0 1603.22 38183.3 143.40 0.000™

Bitter-gourd 61916.67 2027.04 22766.67 1499.90 39150.0 144.00 0.000™

Source: Calculated by Author, 2020; ***99% confidence interval.

Table 8: Paired sample t-test comparison of yield (Kg/acre) of tomato in field and tunnel.

Variable Yield Kg/acre in tunnel Yield Kg/acre in field Mean difference  tvalue  pvalue
Mean SD Mean SD

Tomato 15863.3 1280.48 8506.6 758.64 7356.66 40.583 0.000™**

Bitter-gourd 5018.33 976.285 1197.50 46.418 3820.833 31.331 0.000™**

Source: Calculated by Author, 2020; **99% confidence interval.

Table 9: Paired sample t-test comparison of net-income of tomato in field and tunnel.

Variable Net-income (Rs) in tunnel Net-income(Rs) in field Mean t-value p-value

Mean SD Mean SD difference
Tomato 581333.3 113741.7 213833.3 23186.17 367500.0 28.301  0.000™*
Bitter-gourd 327583.3 26078.29 60466.67 2789.002 267116.6 80.853  0.000***

Source: Calculated by Author, 2020; ***99% confidence interval.

Net-income obtained from tomato and bitter gourd in
Jeeld/season and tunnel

'The whole process had been carried out for economic
gain. Net-income means purely saved profits. Proper
methods and procedure can be adopted for producing
high yield and income in tunnel technology. Majority
of the farmers adopted this technology gradually for

better income.

To find out mean significant difference of net-income
of tomato in field and net-income of tomato in tunnel,
paired sample t-test was applied and the findings
were presented in Table 9. The results showed that
there was a highly significant difference between net-
income of tomato in field and net-income of tomato
in tunnel. On average, mean difference was recorded
367,500.0 Rs/acre, which means that net-income
of tomato in tunnel is more than the net-income of
tomato in field. The results also showed that there was
a highly significant difference between net-income of
bitter gourd in field and net-income of bitter gourd
in tunnel. On average, mean difference was recorded
267,116.6 Rs/acre, which means that net-income of
bitter gourd in tunnel is more than the net-income of

bitter gourd in field.

We conclude that the net income of tomato and bitter
gourd in tunnel is higher as compared to the net
income of these vegetables in field. We also conclude

that tomato growing in tunnel is more profitable than
that of bitter gourd.

Problems faced by respondents in tunnel farming
Farmers are well experienced and practically observed
all the field operations (Jat ez al., 2012: Sanaullah ez
al., 2020). Farmers have a lot of knowledge about
farming practices. They know different techniques
to increase their production and aware to overcome
different complex problems (Siddiqui and Mirani,
2012).

Data regarding the problems faced by farmers in
cultivation of off-season vegetables in the study
area were presented in Table 10, indicated that
majority (95.1%) of the respondents reported high
cost of installation and inputs as a major problem
in cultivation of off-season vegetables and suggested
that government should provide and construct a
tunnel and their materials i.e. Iron rods, wires, woods
and PVC pipes etc. Disease problem was reported by
95.1% of the respondents. While 91.7% emphasized
that lack of technical knowledge, certified seeds,
tertilizers and pesticides as a main problem, 76.6%
of the respondents reported defective marketing as
a problem. Lack of credit facility was reported by
41.7%, while 40% respondents reported lack of cold
storage as one of the problem regarding oft-season
vegetables cultivation in the study area.
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Table 10: Distribution of respondents on the basis of problems regarding tunnel farming.

Circles problems faced by respondents
Lack of tech- Disease  Defective Lack of certified High cost of Lack of Lack of cold Total
nicalknowl- problemf marketingof seeds fertilizersand installationand credit (%) storage f (%)
edge £ (%) (%) produce £ (%) pesticides f (%) inputs f (%)
Mattani 14 (23.3) 13 (21.7) 15(25) 14 (23.3) 13 (21.7) 6 (10) 6 (10) 88
Peshawar 18 (30) 19 (31.7) 13(2.17) 18 (30) 19 (31.7) 9 (15) 9 (15) 116
Tarnab 23 (38.3) 25 (41.7) 18(30) 23 (38.3) 25 (41.7) 10 (16.7)  9(15) 146
Total 55(91.7) 57 (95.1) 46(76.6) 55(91.7) 57 (95.1) 25 (41.7)  24(40) 350

Source: Field survey, 2020; Note: The total may not tally due to multiple answers by the respondents.

Conclusions and Recommendations

The study concluded that though extension worker
visited farmers’ field but the frequency was very low
and very limited trainings were given to the farmers
regarding tunnel farming in the study area, this shows
negligence of extension department. Furthermore, it
was concluded that cost of tomato and bitter gourd
in tunnel is higher as compared to cultivation of
these vegetables in field, while the yield and net-
income obtained in tunnel was high. The study
concluded that tomato cultivated in tunnel is more
profitable as compared to bitter gourd. The study also
concluded that major constraints faced by farmers in
tunnel cultivation were high cost of installation and
inputs, unavailability of certified seed, fertilizers and
pesticides, lack of technical knowledge, lack of cold
storage, high cost of transportation, disease attack,
defective marketing and lack of credit facility.

The study recommends that government may help
oft-season vegetables growers to construct the tunnel
on share-based programme. Farmers should be
encouraged and facilitated to adopt tunnel farming
technology as it is the best method to grow oft season
vegetables and better yield. Training must be provided
to both the field staff of Agriculture Extension
and farmers for the development of tunnels and its
package of production.

Novelty Statement

Oft-season cultivation of vegetables is very helpful
to uplift farmers’ financial conditions. The return
of the off-season vegetables is higher than the
traditionally grown normal season vegetables. On
one hand, maximum yield will be obtain from tunnel
technology under control temperature and humidity.
On the other hand, vegetables grown in tunnels are
highly susceptible to pests and disease attack.
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