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A B S T R A C T

Cucurbit fruit fly (Bactrocera cucurbitae Coquillett) is a pest of cucurbits, such as summer squash (Cucurbita
moschata Duchesne), cucumber (Cucumis sativus L.), pumpkin (Cucurbita pepo L.) and bittergourd (Momordica
charantia L.). Yield as well as quality of crop is significantly reduced by B. cucurbitae damage in cucurbit fields.
This study was conducted to evaluate the effect of net house and mulching on the incidence of B. cucurbitae on
cucumber production from June to August 2017 in Rampur, Chitwan, Nepal. The experiment was carried out in a
completely randomized block design (RCBD) with four replications and five treatments such as i) untreated (no
plastic mulch þ no net house þ no insecticide spray), ii) black plastic mulch þ no net þ deltamethrin 1% EC þ
triazophos 35% EC at a rate of 2 ml/L spray, iii) reflective plastic mulch only, iv) black plastic mulch only, and v)
net house þ black mulch þ no insecticide spray. The net house with black mulching treatment totally restricted
the adult cucurbit fruit fly to enter in the cucumber field. The lowest cucurbit fruit fly population was recorded in
deltamethrin 1% EC þ trizophos 35% EC at a rate of 2 ml/L treated plot along with black mulch, however there
was no significant effect either of black or reflective plastic mulch only. The highest fruit fly damage (15.50%),
ovary damage (8.44%), post-set damage (7.86%), harvest damage (14.35%) were recorded in untreated plot. The
highest marketable yield was recorded inside the net house with black plastic mulch (59.08 mt ha-1) followed by
reflective plastic mulch (42.95 mt ha-1) and the lowest in untreated plot (28.35 mt ha-1). Fruit fly damage was not
recorded in net house with black mulch (0.00%) followed by black mulch with deltamethrin þ triazophos plot
(3.46%). Economic analysis showed the benefit cost ratio of 1.43 in net house. The cost of net house construction
is expensive, however higher yield and quality production without use of insecticides can be achieved in net
house production system, which in the long run is beneficial to the farmers and the environment.
These findings show that the net house with black mulch treatment
significantly reduces the population of cucurbit fruit fly pests and in-
creases cucurbit production. The cost of net house construction is quite
expensive at initial state, but can be beneficial to the farmers in the long
run by reducing insect pest damage. The net house eliminated the need
for pesticides and thus serves as best measures for organic farmers, but
access by pollinators are required for cross pollinated crops.

1. Introduction

Cucumber is a summer season crop grown both in the hills and terai
region of Nepal [1], where its production is high in summer season and
low in winter season. The cultivation and production of cucumber in
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Chitwan district was 457 ha and 6626.5 metric tonnes, respectively with
the productivity of 14.5mt ha-1in 2015/16 [2]. Cucumber is high in
water and low in calories, fat, cholesterol and sodium, which have been
used for their anti-inflammatory benefits on skin, soothing properties for
digestion and other therapeutic uses [3].

Pest and diseases are the major limitations for the crop because of
labor and the high costs needed to manage them [4,5]. Among them, fruit
flies are major constraints. Bactrocera cucurbitae (Walker), commonly
known as melon fruit flies, are a major threat to cucurbits [6]. Among the
different species of cucurbits fruit fly B. cucurbitae has been found to
infest more than 80 different host plants, including tomato, peppers,
watermelon, cantaloupe, pumpkin, beans, eggplant, cucumber, squash
and passion fruit [7]. The extent of damage ranges from 30 to 100%
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depending upon the season and susceptibility of the crops species and
varieties [8–10]. Fruit-fly infestations reduce the yield and degrade the
quality of cucurbit fruits. The female fly is free living and visits fruits only
at the time of oviposition and inserts eggs inside young fruits, and upon
hatching larvae start feeding on the internal tissues of the fruits, resulting
in total loss of harvestable fruit [11]. Management practices, such as
hydrolyzed protein sprays, para-pheromone traps, spraying of ailanthus
and cashew leaf extracts, neem products, bagging of fruits, field sanita-
tion, food baits, and spray of chemical insecticides have been in use for
the management of cucurbit fruit fly [12–14]. However, many of these
practices often fail to effectively manage pests, are not economically
viable and are hazardous to non-target organisms and environment [12,
15,16]. Farmers have been practicing the use of pheromone traps,
application of chemical measures and field sanitation practices in the
open field conditions for fruit fly management [17]. Agro net covers,
which refers to woven or knitted plastic fibres connected together to form
aporous geometric structure (dome shape net house) that allow required
sunlight, moisture and air to go through [18]. The net house protects the
plants from extreme weather, insect pests, diseases [19] and also pro-
vides numerous advantages, such as early crop maturity, higher product
quality, seedling production, conservation of raw materials and water,
planting of selected varieties and considerable increase in production
[20]. Photo-selective shading nets improve the fruit quality [21,22] and
reduce the crop infestation by pests and diseases [23]. Polyethylene film
mulch is preferred as mulching material for production of horticultural
crops [24], creates a specific microenvironment for the plants. The re-
flected energy from the mulch affects not only plant growth, develop-
ment, fruit yields [25,26], and the behavior of insects that visit the plants
[27]. Plant mulches can be an effective way to provide shelter for
predatory insects [28], to control weeds [29,30] and also reduces and
prevents pupation in soil which serves as better barrier for the fruit fly
larvae preventing from reaching the soil for pupation [31]. Applications
of conventional insecticides are the preferred approach to destroy adults
before they reach sexual maturity and can lay eggs [32]. The use of
chemical insecticide has been reported to effectively reduce fruit fly in-
festations; however, their frequent and repeated use has led to the
development of resistance towards most of these insecticides [33].
Therefore, a field experiment was carried out to ascertain the safe and
effective management practices of fruit fly in cucurbits along with
financial analysis.

2. Materials and methods

2.1. Site description

The experiment was conducted at the Horticultural Farm of Agricul-
ture and Forestry University (AFU), Rampur, Chitwan, which lies in the
inner terai region of Bagmati Province, Nepal. Geographically, Rampur is
located at latitude 27�38014.100 N and longitude 84�21025.200 E with an
elevation of 256m above the sea level [34]. The experiment was con-
ducted in summer season, June–August 2017.

2.2. Experimental designs and treatments

The experiment was laid out in randomized complete block design
(RCBD) consisting of five treatments with four replications. Each plot size
was 4.0� 2.6m (10.4m2) with 16 plants at a distance of 100 cm row to
row and 65 cm plant to plant. There were 4 rows and 4 plants in each
row.

The treatments were: untreated (no mulch þ no net þ no insecticide
spray) (T1), black plastic mulch þ no net þ Triazophos 35% EC þ Del-
tamethrin 1% EC at a rate of 2 ml/L spray (T2), reflective plastic mulch
only (T3), black plastic mulch only (T4) and net þ black plastic mulch þ
no insecticide spray (T5).

Insecticide (Triazophos 35% EC þ Deltamethrin 1% EC (Tiger) as
foliar spray was applied in the chemical treatment plots. The first spray
2

was applied 42 days after sowing when insect population started to
appear and other two sprays repeated at 9 days interval.

2.3. Plant material, planting and harvesting

Different color plastic mulches (25 μm) and net house (6m� 16m)
with the net (mesh size of 40mm) were used. The cucumber seed ‘Nepa
tushi 1030 F1 hybrid variety registered by National Seed Board developed
by Nepal Agricultural Research Council (NARC) in 2010 [35] were
directly sown in field after placement of plastic mulch and pipe for drip
irrigation on June 8, 2017. A bee hive containing Apis mellifera L. was
kept inside the net house after flowering for pollination whereas, outside
the net house, various types of pollinators were present including honey
bees, wind. The plants were staked with bamboo, trellising supporting
twine and galvanizedwire (GI wire). Harvesting of cucumber fruit started
from July 19, 2017; six harvestings were done outside net house and nine
harvestings were done inside net house.

2.4. Data collection

Five plants from each experimental plot were randomly selected as
sample plants for data collection of fruit fly population count, female
flower count and yield. For fruit fly population count, the adult fruit flies
were counted from each sample plant of every plot, before and after the
spray of insecticide. Observations were recorded 3, 6 and 9 days after
spray application. 9th days insect count in cucumber plant worked as pre-
treatment observation for another spray. The numbers of adult fruit flies
were counted from sample plants either on leaves or fruits by standing
quietly for 2–3min close by per sample plants. Total number of female
flowers was counted from each sample plant at three days intervals. The
observations were recorded on pre-set damage or ovary damage, post-set
damage (PSD), and harvested damaged (HD) starting from flowering till
the last harvest. The loss of cucumber fruits due to other factors than fruit
fly was also recorded. The total post-set damage and total harvested fruits
per plant were added to get total number of set fruits per plant.

Pre-set damage: Damaged number of unopened female flowers
(Ovary) due to cucurbit fruit fly infestation per plant.

Ovary damage (%) ¼ (No. of ovary damage/Total No. of female
flowers per plant)� 100.

Post-set damage: Just after set young and immature fruits damaged
due to cucurbit fruit fly having less than 100 g in weight.

PSD (%)¼ (No. of PSD fruits due to fruit fly per plant/Sum of total set
fruits per plant)� 100.

Harvested damage (HD):Unmarketable fruit due to cucurbit fruit fly
during harvesting having equal or more than 100 g in weight.

HD (%) ¼ (No. of HD fruits due to fruit fly per plant/No. of total set
fruit per plant)� 100.

2.5. Economic analysis

Cost of cultivation of the crop under treatment was worked out on the
basis of prevailing market price for different inputs. General cost of culti-
vation for 1 ha was calculated including land preparation, seed, manure &
fertilizer, bamboo, GI wire, plastic thread, drip irrigation set, labor costs
etc. Cost of mulching materials, irrigation cost, weeding cost, cost of in-
secticides, cost of net house were categorize as variable cost as these differ
for different treatments. Economic yields (Total average marketable fruit
harvested) were converted into gross return based on prevailing market
price of the produce.Net returns from each treatment were calculated by
reducing the cost of cultivation from the gross return. B: C ratio was
calculated by dividing the net return with the cost of cultivation.

2.6. Statistical analysis

The collected data was tabulated on the MS-Excel 2010 and graphs
and tables were constructed using it. Analysis of variance (ANOVA) for
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all parameters was carried out as per the procedures given All statistical
analyses were performed in R software (R-Studio; 0.98.501 ext. version)
[36], statistical computer package for the single factor randomized block
design. Analysis of variance (ANOVA) was followed by mean separation
using Duncan's Multiple Range Test (DMRT) at 0.05 level of significance
[37]. Duncan's multiple range tests is best for all-possible pairwise
comparisons when sample sizes are equal and is especially protective
against false negative (Type II) error. Data transformation was done to
make data better organized and keep the level of significance & the
sensitivity of the F-test acceptable before ANOVA. The data are positive
and consists of small whole numbers (usually less than 10), therefore
statistical analysis of data was done by converting them into√(xþ0.5) as
suggested by Gomez and Gomez [37].

Modified Abbots formula [38] was used to calculate the percentage of
the population reduction over control (PROC) in heterogeneous or
non-uniform population of insects.

PROC (%)¼ 1-{Ta�Cb)/ (Tb�Ca)}� 100

Where.

PROC¼ population reduction over control
Ta¼ population of insects after treatment application
Tb¼ population of insect before treatment application
Ca¼ population of insect in control after treatment application
Cb¼ population of insect in control before treatment application

The data is reported as treatment means (�SEM) as mean (�SEM)
number of insects, flowers, harvested fruits etc.

3. Results and discussion

3.1. Effect of treatments on B. cucurbitae population

Net house with black mulch totally restricted the adult cucurbit fruit
fly to enter inside net house, where 100% pest control was observed
compared to untreated plot throughout the study period (Tables 1–3).
Similar result was also observed by Ref. [39] in Madhupur, Tangail of
Bangladesh from May to August 2005 that cucumber plants were free
from infestation of insects inside the net barriers.

Black mulch with chemical insecticides had a significant result in
control of cucurbit fruit fly. Deltamethrin 1% EC þ Trizophos 35% EC
was found effective in reduction of cucurbit fruit fly population up to
100% over the untreated plot (Tables 1–3). The results on the effec-
tiveness of deltamethrin is in conformity with the findings of Doharey
Table 1
Effect of different treatments against cucurbit fruit fly (B. cucurbitae) on cucumber pl

Treatments Initial population (
plant)

1. Untreated 0.45b (0.97)

2. Black plastic mulch þ Deltamethrin 1% EC þ Trizophos 35% EC at a
rate of 2 ml/lt

0.88a (1.17)

3. Reflective plastic mulch only 0.50b (1.00)

4. Black plastic mulch only 0.45b (0.98)

5. Net þ Black plastic mulch 0.00c (0.71)

F.Test
F value, df

S
14.20,12

S.E.m 0.004
LSD0.05 0.13
C.V (%) 8.94

DASp: Days after spraying of Treatment; PROC: Population Reduction Over control, CV
Significant Difference, values with the same letters in a column are not significantly di
√(xþ0.5) transformation.
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[40], who also reported 100% mortality of B. cucurbitae within 96 ha at
0.003% concentration of deltamethrin. The effectiveness of the delta-
methrin increased with the spray; the first spray gave 76.76–100%
control, whereas the second spray resulted in 26.67–100% and the third
spray 25–100% control (Tables 1–3). Likewise, Oak and Sinon [41] also
reported similar results on the effectiveness of three insecticides to
control B. cucurbitae on cucumber crop. The use of deltamethrin insec-
ticide reduced the number of ovipositor marks, number of pupae, and
numbers of emerged melon fruit flies by 85, 32, and 44.4%, respectively
compared to lamda-cyhalothrin and mercaptothion. The efficacy of del-
tamethrin along with jaggery bait was also evaluated by Thippaiah et al.
[42], as the most effective treatment in reducing fruit infestation and
number of maggots per fruit followed by deltamethrin alone.

Variation in mulching color did not signify their effectiveness on
population reduction of cucurbit fruit fly population over untreated plot.
This information is aligned with Amalia et al. [43], who reported the use
of straw and plastic mulches did not significantly affect the fruit fly
attack. Initially, population of fruit fly was lower in black plastic mulch
than that of untreated plot. In field, all larvae moved under the soil for
pupation [44] where larvae pupated at 0.5–15 cm below the soil surface
depending on the texture and moisture of the soil [45,46].
3.2. Effect of treatments on flowers and fruits set

The highest mean number of female flowers (48.22� 2.22 per plant)
and fruit set (29.79� 0.71 per plant) were recorded inside the net house
with black mulch while lowest mean number of female flowers
(34.32� 2.22 per plant) and fruit set (19.43� 0.71 per plant) were
recorded in untreated plot as shown in Fig. 1.

Note:Letters are used to denote the significantly different treatments
from each other; Error bars are standard error of mean; (For female
flower; df¼ 12; F-value¼ 29.85; Pr(>F)¼ 3.74e-06) (For Set fruits;
df¼ 12, F-value¼ 46.60; Pr(>F)¼ 3.25e-07).
3.3. Effect of treatments on B. cucurbitae damage to cucumber

Being a notorious pest of cucurbits all over the world, cucurbit fruit
fly, B. cucurbitae prefers immature fruits for laying eggs. The damage
made by cucurbit fruit flies were categorized as ovary damage, post-set
damage and harvest damage [5]. Ovary, post-set and harvest damage
varied from 2.47 to 8.44%, 3.82–7.86% and 4.29–14.35%, respectively
in all treatments except net house with black mulch where no damage
was recorded (0.00%) (Table 4). The highest ovary, post-set and harvest
damage were recorded from untreated plot and the lowest from the black
ant after first spray at Rampur, Chitwan, 2017.

No.per 3DASp PROC 6DASp PROC 9DASp PROC

0.40ab

(0.95)
0.75a

(1.09)
0.55ab

(1.02)
0.00b

(0.71)
100 0.05b

(0.74)
96.59 0.25cd

(0.87)
76.76

0.75a

(1.09)
-68.75 0.30ab

(0.88)
64 0.50bc

(0.99)
18.18

0.40ab

(0.95)
0 0.50ab

(0.99)
33.33 0.80a (1.13) -45.45

0.00b

(0.71)
100 0.00b

(0.71)
100 0.00d (0.71) 100

S
6.36,12

S
2.86,12

S
16.01,12

0.008 0.018 0.003
0.20 0.29 0.13
15.07 21.54 8.92

: Coefficient of variation; S: Significant; S.E.m: Standard Error of mean, LSD: Least
fferent at 5% by DMRT (Duncan's Multiple Range Test), figures in parenthesis are



Table 2
Effect of different treatments against cucurbit fruit fly (B. cucurbitae) on cucumber plant after second spray at Rampur, Chitwan, 2017.

Treatments Initial population (No./
plant)

3DASp PROC 6DASp PROC 9DASp PROC

1. Untreated 0.55ab (1.02) 0.70a

(1.09)
0.70ab

(1.09)
1.05a (1.23)

2. Black plastic mulch þ Deltamethrin 1% EC þ Trizophos 35% EC at a
rate of 2 ml/lt

0.25cd (0.87) 0.00c

(0.71)
100 0.05c (0.74) 84.29 0.35bc

(0.92)
26.67

3. Reflective plastic mulch only 0.50bc (0.99) 0.45b

(0.98)
29.29 0.60b (1.05) 5.71 0.75ab

(1.11)
21.43

4. Black plastic mulch only 0.80a (1.13) 0.70a

(1.09)
31.25 0.90a (1.18) 11.61 1.15a (1.28) 24.70

5. Net þ Black plastic mulch 0.00d (0.71) 0.00c

(0.71)
100 0.00c (0.71) 100 0.00c (0.71) 100

F. Test
F value,df

S
16.01,12

S
67.30,12

S
42.22,12

S
14.18,12

S. E.m 0.003 0.001 0.002 0.007
LSD0.05 0.13 0.07 0.10 0.19
C. V (.%) 8.92 5.18 6.90 11.89

DASp: Days after spraying of Treatment; PROC: Population Reduction Over control, CV: Coefficient of variation; S: Significant; S.E.m: Standard Error of mean, LSD: Least
Significant Difference, values with the same letters in a column are not significantly different at 5% by DMRT (Duncan's Multiple Range Test), figures in parenthesis are
√(xþ0.5) transformation.

Table 3
Effect of different treatments against cucurbit fruit fly (B. cucurbitae) on cucumber plant after third spray at Rampur, Chitwan, 2017.

Treatments Initial population (No./
plant)

3DASp PROC 6DASp PROC 9DASp PROC

1. Untreated 1.05a (1.23) 0.30ab

(0.88)
0.20ab

(0.84)
0.40a

(0.95)
2. Black plastic mulch þ Deltamethrin 1% EC þ Trizophos 35% EC at a
rate of 2 ml/lt

0.35bc (0.92) 0.0b (0.71) 100 0.00a (0.71) 100 0.10b

(0.78)
25

3. Reflective plastic mulch only 0.75ab (1.11) 0.60a

(1.038)
-180 0.20ab

(0.84)
-40 0.10b

(0.78)
65

4. Black plastic mulch only 1.15a (1.28) 0.70a (1.09) 113.04 0.50a (0.98) 128.26 0.05b

(0.74)
88.59

5. Net þ Black plastic mulch 0.00c (0.71) 0.0b (0.71) 100 0.0a (0.71) 100 0.00b

(0.71)
100

F. Test
F value,df

S
14.18,12

S
6.46,12

S
3.84,12

S
6.20,12

S. E.m 0.007 0.009 0.006 0.002
LSD0.05 0.19 0.21 0.18 0.11
C. V. (%) 11.89 15.67 14.15 9.36

DASp: Days after spraying of Treatment; PROC: Population Reduction Over control, CV: Coefficient of variation; S: Significant; S.E.m: Standard Error of mean, LSD: Least
Significant Difference, values with the same letters in a column are not significantly different at 5% by DMRT (Duncan's Multiple Range Test), figures in parenthesis are
√(xþ0.5) transformation.

Fig. 1. Mean number of flowers and fruit set of cucumber per plant at AFU,
Rampur, Chitwan during June–August 2017.
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plastic mulch with deltamethrin plot than net house with black mulch.
Sapkota et al. [5], also reported similar findings that cucurbit fruit fly
4

preferred young and immature fruits for laying eggs, resulted loss of 9.7%
female flowers and out of total fruit set, more than one-fourth (26%)
fruits dropped or damaged just after set while 14.04% fruits damaged
during harvesting stage, with only 38.8% fruits of marketable quality.
Fruit fly infestation was higher in immature fruits even before fruit set
[47,48] which is also reported by Ronald and Kessing [49] that the fe-
male fly preferred to oviposit in developing ovary and very young green,
soft-skinned fruits. Abhilash et al. [50], also revealed that the initial
incidence of the melon fruit fly population begins from the flowering
stage of ridge gourd and peak incidence coincides with the peak fruiting
period of the crop.
3.4. Effect of treatments on yield of cucumber

The higher mean yield was obtained from plants inside the net house
with black plastic mulch (59.18� 23.81mt ha-1) than that of untreated
plot outside the net house (33.68� 23.81mt ha-1) (Table 5). The dura-
tion of harvesting was longer (46 days) and insect pest activity was null
inside the net house, which was reason for the higher mean yield inside
the net house, similar to Palada and Ali [51]. The net barrier reduced
insect population by 100% and doubled the marketable yields compared
to the open field. Further, higher mean yields were recorded in the mulch
treatments compared to the untreated plot. Patil and Bhagat [52]



Table 4
Effect of different treatments against cucurbit fruit fly (B. cucurbitae) damaged fruits on cucumber plant at Rampur, Chitwan, 2017.

Treatments Ovary damaged
(No)

Ovary damaged
(%)

Post set damaged
(No)

Post set
damaged (%)

Harvest damaged
(No)

Harvest
damaged (%)

1. Untreated 2.91a (1.84) 8.44a (5.38) 1.56a (1.39) 7.86a (7.14) 2.78a (1.79) 14.35a (9.27)
2. Black plastic mulch þ Deltamethrin 1% EC þ
Trizophos 35% EC at a rate of 2 ml/lt

0.92c (1.19) 2.47d (3.21) 0.97a (1.21) 3.82ab (5.89) 0.87c (1.16) 4.29c (5.65

3. Reflective plastic mulch only 1.93b (1.56) 4.79c (3.86) 1.04a (1.23) 4.41b (5.28) 1.49bc (1.41) 6.36c (6.00)
4. Black plastic mulch only 2.22b (1.65) 6.49b (4.79) 1.18a (1.29) 5.40ab (5.91) 2.48ab (1.72) 11.27b (7.81)
5. Net þ Black plastic mulch 0.00d (0.71) 0.0e (1.47) 0.0c (0.71) 0.0c (2.38) 0.0d (0.71) 0.0d (2.38)
F. Test S S S S S S
S. E.m 0.006 0.053 0.016 0.383 0.022 0.433
LSD0.05 0.18 0.50 0.28 1.34 0.32 1.43
C.V. (%) 8.31 8.70 15.32 16.39 15.49 14.96

CV: Coefficient of variation; S: Significant; S.E.m: Standard Error of mean, LSD: Least Significant Difference, values with the same letters in a column are not significantly
different at 5% by DMRT (Duncan's Multiple Range Test), figures in parenthesis are √(xþ0.5) transformation.

Table 5
Yield and yield attributing characters of cucumber as affected by net and mulching at AFU, Rampur, Chitwan, 2017.

Treatments Total yield of fruits
(mt ha-1)

Total marketable fruits
(mt ha-1)

Total unmarketable fruits
(mt ha-1)

Damaged by fruit fly
(mt ha-1)

Damaged by others
(mt ha-1)

1.Untreated 33.68b 28.35c 5.30a (2.39) 5.22a (2.39) 0.8a (0.76)
2. Black plastic mulch þ Deltamethrin 1% EC þ
Trizophos 35% EC at a rate of 2 ml/lt

41.05b 39.55bc 1.50c (1.41) 1.42c (1.37) 0.8a (0.76)

3. Reflective plastic mulch only 46.05b 42.95b 3.10b (1.88) 2.94b (1.85) 0.16a (0.75)
4. Black plastic mulch only 41.55b 36.65bc 4.90a (2.30) 4.69a (2.27) 0.21a (0.81)
5. Net þ Black plastic mulch 59.18a 59.08a 0.10d (0.77) 0.00c (0.71) 0.01a (0.77)
F. Test S S S S Ns
S. E.m 23.810 21.095 0.027 0.0311 0.006
LSD0.05 10.63 10.01 0.38 0.38 0.17
C. V.(%) 15.57 15.72 13.64 14.539 14.68

CV: Coefficient of variation; S: Significant; Ns: Non-significant; S.E.m: Standard Error of mean, LSD: Least Significant Difference, values with the same letters in a column
are not significantly different at 5% by DMRT (Duncan's Multiple Range Test).
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reported that the irrespective of nutrient sources applied, the perfor-
mance of cucumber grown inside the shade net was comparatively better
than grown in open field conditions. Comparing, the color of mulches,
reflective plastic mulch yielded slightly higher than that of the black
plastic mulch which is agreeable to Ouellette and Loy [53], who reported
that an increase in the amount of light reflected back up into the plant
canopy in rows with white inter-rows mulch compared to black mulched
beds without inter-row mulch might be the reason for higher yield in
reflective plastic mulch. Higher marketable mean yields were measured
inside the net house to that of untreated plot. According to Spehia [54],
the productivity of cucumber inside polyhouses was more than four times
as compared to open field cultivation. An economic loss through the
insect pest was lower in net house than open filed plot. Netting offered
100% reduction of fruit fly infestation in the field condition. Similarly,
deltamethrin with black mulch treated plot produced maximum
marketable yield with minimum fruit infestation (1.42� 0.03mt ha-1)
(Table 5), which resembles with the finding of Mehta et al. [55], that the
highest fruit yield of cucumber was obtained in deltamethrin þmolasses
treatment by reducing the infestation of fruit fly. Likewise, the delta-
methrin (0.0025%) was found significantly effective with 20.25% fruit
Table 6
Economic analysis of cucumber as affected by different treatment at Rampur, Chitwa

Treatments General cost of
cultivation ($ha-1)

Variable cost
($ha-1)

Total cos
cultivatio

1.Untreated 4301.82 1180.64 5482.46
Black plastic mulchþ 2 2. Deltamethrin
1% ECþ Trizophos 35% EC at a rate of
2 ml/lt

4301.82 720.68 5022.50

3.Reflective plastic mulch only 4301.82 658.62 4960.44
4.Black plastic mulch only 4301.82 608.52 4910.34
5. Net þ Black plastic mulch 4301.82 4066.80 8368.62

5

damage and it was at par with DDVP (0.05%), emamectin benzoate
(0.0016%), azadirachtin (0.0025%) and spinosad (0.016%) with 22.04,
23.80, 24.27, 24.96% fruit infestation, respectively and thus the highest
marketable yield was recorded in treatment of deltamethrin 0.0025%
(20.95 mt ha-1) [56].

3.5. Benefit: cost of cucumber production

The economic analysis of cucumber production under open field at
untreated plot revealed that the production is not economically viable as
the B: C was less than 1.0. The highest return was obtained from
reflective plastic mulch, which contributed highest B: C ratio of 1.56:1
(Table 6). The higher cost of cultivation was found inside the net house
with B: C ratio of 1.43:1. Mangal et al. [57], also investigated the eco-
nomics of cucumber under shade net with different fertigation levels at
Udaipur, India and revealed that B:C ratio (1.69) was found inside net
with 75% shading percentage with maximum cost of production. The
yield and income of farmers can be increased with help of polyhouse
technology in case of cucumber cultivation [58].
n, 2017.

t of
n ($ha-1)

Total fruit
yield (mt ha-
1)

Market
price ($kg-
1)

Gross income
($ha-1)

Net profit
($ha-1)

B:C

28.350 0.30 8367.77 2885.31 0.53:1
39.550 0.30 11673.55 6651.06 1.32:1

42.950 0.30 12677.1 7716.65 1.56:1
36.650 0.30 10817.59 5907.26 1.20:1
59.075 0.30 20342.63 11974.01 1.43:1
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4. Conclusions

The Cucurbit fruit fly, B. cucurbitae is the major pest that causes
decline in cucumber production. The utilization of net house and
mulching has played a major role to increases in cucumber production
without insect infestation. The adult fruit fly preferred green mature
fruits that are close to harvest for laying eggs where maggots decreased
the quality of fruits by mining the fruits and declined in production of
cucumber. The maximum infestation by B. cucurbitae was observed in
untreated plot outside the net house. The net house totally restricted the
cucurbit fruit fly and least infestation was seen in chemical insecticide
plot with black plastic mulch.

The initial investment was higher for net house in comparison to
reflective plastic mulch only, black mulch with chemical insecticide and
black mulch only. So for short term, the black mulch with chemical in-
secticides seems suitable for reducing insect infestation but possess
adverse effect to the consumer health and environment, however, the net
house serves best followed by reflective plastic mulch only for higher
yield and quality production for commercial farmer.
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