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Abstract: Effect of different modes of pollination, viz., without insect pollination, hand-pollination, open-pollination
and open-pollination + hand-pollination on yield parameters of 4 summer squash (Cucurbita pepo L.) hybrids viz.,
Parikrama, Chandra, Chamatkar and Gold Queen was studied at Research Farm of the Department of Entomology,
CCS Haryana Agricultural University, Hisar during 2014. Irrespective of different hybrids, the treatment openpollination + hand-pollination and open-pollination produced the maximum number of fruits per plant (73.50 and
71.25%, respectively) followed by hand-pollination (59.08%) and no fruits were observed (0% fruit set) under without
insect pollination treatment. Average fruit weight, fruit polar diameter and equatorial diameter were maximum
(135.30 g, 3.74 cm and 3.47 cm, respectively) under open-pollination + hand-pollination, while these were minimum
(94.81 cm, 2.14cm and 2.48 cm, respectively) under hand-pollination treatment. These results indicate that honey
bees as well as wild pollinators are utmost essential for pollination of summer squash flowers and thus increasing
fruit size and yield. Therefore pollinators conservation practices should be followed in summer squash growing areas for getting higher yield and returns.
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INTRODUCTION
Food security and rising food inflation have been the
plea of recent times (Tomar, 2013), with the production
of food items, especially vegetables gaining utmost
concern. Vegetable production not only depends on
good agronomic practices but also on the success of
pollination. Summer squash, commonly known as
vegetable marrow and field pumpkin, is a monoecious
plant, grown for both food and medicinal purposes.
Both male and female flowers produce nectar but the
male flower nectar has a higher sugar concentration.
Flowers of both the sexes are typically open only for a
single day, after which, the male and insufficiently pollinated female flowers will drop (Free, 1992; Nepi and
Pacini, 1993). The pollens of cucurbitaceous crops are
sticky, thus, cannot be blown by wind. Therefore, pollinating agents, usually bees, are necessary to transfer
pollen from male to female flowers. Large quantity of
pollens must be delivered to a female flower if it is to
set a marketable fruit. Adequate pollination results into
uniform and perfectly formed fruits with even maturity
(McGregor, 1976), while incomplete pollination results
in to improperly formed, small and misshapen fruits
(Hodges and Baxendale, 1991). Kumar (2004) reported
that the percent fruit set in cucumber was maximum
(84.29%) under bee-pollinated + hand-pollinated plots
and was minimum (79.99%) under hand-pollinated
plots. Sarwar et al. (2008) observed the highest per cent

fruit set in open-pollinated plants with bees (85.4%),
followed by plants caged with bees (81.28%), and noticed the lowest fruit set in plants caged without bees
(16.4%). Thakur and Meena (2008) reported significantly highest percentage of healthy fruits (92.22%) in
bee pollination as compared to hand (85.85%) and open
pollination (79.64%). Similarly weight of fruits (1184.5
g), number of seeds per fruit (472.8), fruit size (28.8
cm) and weight of 1000-seeds (29.14 g) was highest in
honey bee pollination as compared to other modes of
pollination. Cross-pollination also delivers larger individual fruits. While wild pollinators are typically sufficient for fruit set, addition of honeybees can maximize
the number of visits per flower, which results in increasing percent setting and size of the fruit. Hence, it
is essential to estimate the contribution of pollinators in
pollinating the summer squash flowers. Lot of work
had been done in India and abroad on its agronomic
practices, medicinal uses, distribution, pollen viability
and pistil receptivity (Nepi and Pacini, 1993) but little
research has been addressed in India on the role of insect pollinators on fruit production of summer squash.
With this aim, the present study was undertaken to
study the effect of different methods of pollination on
yield parameters in summer squash to ascertain the best
mode of pollination to harvest maximum fruits.

MATERIALS AND METHODS
The experiment comprising four varieties, viz., Parik-
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rama, Chandra, Chamatkar and Gold Queen in combination with four methods of pollination, viz., without
insect pollination, hand-pollination, open-pollination
and open-pollination + hand-pollination was conducted
at Research Farm of the Department of Entomology,
CCS Haryana Agricultural University, Hisar during
February-March of 2014. The crop was raised under
field conditions following the recommended Package
of practices.
In hand–pollination, twenty flowers were enclosed
with butter paper bags and next day pollinated by
hands after taking male flowers from the same plant
through touching the anthers by stigma and again covered with butter paper bags. In open–pollination, the
twenty female flowers in each variety were exposed to
naturally existing native pollinators. In open – pollination + hand – pollination treatment, twenty female
flowers were allowed to pollinate by naturally existing
native pollinators and were also pollinated by hand.
The butters paper bags were used to exclude insect
contributing towards pollination.
The rhythmic activity of different insect visitors was
recorded at the time of full bloom of summer squash
crop. Each fruit picking was done at 15 days interval,
and all the fruit parameters were recorded in different
treatments. The percent fruit set, fruit weight, fruit
length and fruit diameter were recorded at the time of
harvest. For each parameter, the mean of 10 observations constituted one replication and there were 4 replications (40 fruits per treatment) under each treatment.
Observations on yield parameters for each variety
combination were taken 15 days after the flower opening. The mean, range, and standard deviations of the
observations were found out. The percent fruit set data
underwent angular transformation. No transformations
were applied to data on fruit length, fruit diameter and
fruit weight. T he data was analyzed by factorial complete randomized design and students t test was used to
find out the critical difference value at 5% level of
significance to determine if there were any significant
differences on the yield parameters due to various
modes of pollination.

RESULTS AND DISCUSSION
Effect of different modes of pollination on fruit set:
The perusal of data presented in table 1 reveals that the
mean per cent fruit set in different modes of pollination differed significantly among themselves. Irrespective of different hybrids, the treatment open-pollination
+ hand-pollination and open-pollination produced the
maximum number of fruits per plant (73.50 and
71.25%, respectively) followed by hand-pollination
(59.08%). The least or zero per cent fruit set was observed in without insect pollination (WIP) treatment, in
which, the flowers were excluded from the insect pollination by covering the flower with butter paper bag of
size 6x4 cm. Irrespective of different modes of pollination, the mean per cent fruit set in different hybrids of

summer squash was 67.43 (Parikrama), 69.17
(Chandra), 66.33 (Chamatkar) and 68.83 (Gold
Queen). With respect to different modes of pollination,
the per cent fruit set under open-pollination + handpollination for Parikrama, Chandra, Chamatkar and
Gold Queen hybrid was 75.50, 73.00, 72.00 and 73.50,
respectively, which was again numerically higher than
the per cent fruit set under hand-pollination treatment.
The interaction between different modes of pollination
and different hybrids differed non-significantly.
The data show that the mean per cent fruit set per plant
was found to be 54.30 per cent (range 40-60) in Parikrama, 63.00 per cent (range 50-70) in Chandra, 57.00
per cent (range 55-65) in Chamatkar and 62.00 per
cent (range 50-75) in Gold Queen in hand-pollinated
plants. It was 72.50 per cent (range 60-90) in Parikrama, 71.50 per cent (range 65-80) in Chandra, 70.00
per cent (range 65-85) in Chamatkar and 71.00 per
cent (range 60-80) in Gold Queen hybrid in openpollination. The per cent fruit set was recorded zero in
all summer squash hybrids under without insect pollination treatment. In open-pollination + handpollination treatment, the per cent fruit set was 75.50
per cent (range 60-85) in Parikrama, 73.00 per cent
(range 60-80) in Chandra, 72.00 per cent (range 65-85)
in Chamatkar and 73.50 per cent (range65-85) in Gold
Queen. Kumar (2004) also reported that the percent
fruit set in cucumber, was maximum (84.29%) under
bee-pollination + hand-pollination, and was minimum
(79.99%) under hand-pollination conditions. In
Pakistan, Sarwar et al. (2008) also observed the highest per cent fruit set in cucumber in open pollinated
plants with bees (85.4%), followed by plants caged
with bees (81.28%) and the lowest per cent fruit set in
plants caged without bees (16.4%).
Effect of different modes of pollination on fruit
equatorial diameter: The data with respect to the
effect of modes of pollination on fruit equatorial diameter in different hybrids of summer squash have
been given in table 2. The average fruit equatorial diameter of different hybrids in open-pollination + handpollination (3.47 cm) was significantly higher than the
average fruit diameter in hand-pollination (2.48 cm)
and open-pollination (2.74 cm) treatments. Irrespective
of different modes of pollination, the mean fruit diameter of Gold Queen (3.03 cm) was recorded maximum and it was par with Chamatkar (2.91 cm) and
Chandra (2.90cm) and these three were significantly
higher than the mean fruit diameter of Chandra (2.90
cm) and Parikrama (2.70 cm) hybrid. The interaction
between different modes of pollination and different
hybrids was non-significant. No fruit formation was
observed in treatment without insect pollination.
The perusal of data in table 2 reveals that the mean
fruit diameter was recorded 2.47 cm (range 2.44-3.08
cm) in Parikrama, 2.54 cm (range 2.54-3.86 cm) in
Chandra, 2.43 cm (range 2.10-3.20 cm) in Chamatkar
and 2.51 cm (range 2.50-4.10 cm) in Gold Queen hy-
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Table 1. Effect of different modes of pollination on fruit set in different hybrids of C. pepo.
Modes of pollination
Hand-pollination
Open-pollination
Open-pollination
+Hand-pollination
Without insect pollination
Mean

Mean fruit weight (g) in different hybrids
Parikrama
Chandra
Mean
Range
Mean
Range
54.30
63.00
40-60
50-70
(48.74)
(50.82)
72.50
71.50
60-90
65-80
(59.26)
(58.45)
75.50
73.00
60-85
60-80
(59.81)
(59.42)

Chamatkar
Mean
57.00
(48.45)
70.00
(58.22)
72.00
(58.77)

*

*

*

*

o67.43
(49.81)

*

69.17
(51.45)
SE(m)
0.29
0.34
0.58

Modes of pollination
Hybrids
Modes of pollination × hybrids

Gold Queen
Mean
Range
62.00
50-75
(51.42)
71.00
60-80
(58.15)
73.50
65-85
(59.81)

Range
55-65
65-85
65-85
*

*

66.33
(50.02)
C.D. (p= 0.05)
0.82
0.94
N.S.

*

Mean
59.08
(49.86)
71.25
(58.52)
73.50
(59.45)
*

68.83
(48.92)

Each value represents mean of 20 observations.* No fruit formation (0% fruit set) was observed under without insect pollination treatment.
Table 2. Effect of different modes of pollination on fruit equatorial diameter in different hybrids of C. pepo.
Modes of pollination
Hand-pollination
Open-pollination
Open-pollination
+Hand-pollination
Without insect pollination
Mean

Mean fruit diameter (cm) in different hybrids
Parikrama
Chandra
Chamatkar
Mean
Range
Mean Range
Mean
Range
2.47
2.44-3.08
2.54
2.54-3.86
2.43
2.10-3.20
2.73
2.40-3.80
2.69
2.44-3.21
2.87
2.30-3.60

Gold Queen
Mean Range
2.51
2.50-3.10
2.69
2.65-3.48

2.90

2.10-3.50

3.65

3.24-4.23

3.42

3.25-4.80

3.90

3.98-4.70

3.47

*

*

*

*

*

*

*

*

*

SE(m)
0.05
0.12
0.16

2.91
C.D. (p= 0.05)
0.21
0.23
N.S.

2.70

2.90

Modes of pollination
Hybrids
Modes of pollination × hybrids

Mean
2.48
2.74

3.03

* No fruit formation (0% fruit set) was observed under without insect pollination treatment.
Table 3. Effect of different modes of pollination on fruit polar diameter in different hybrids of C. pepo.
Modes of pollination
Hand-pollination
Open-pollination
Open-pollination
+Hand-pollination
Without insect pollination
Mean

Mean fruit diameter (cm) in different hybrids
Parikrama
Chandra
Chamatkar
Mean Range
Mean Range
Mean
Range
2.122.14
2.13
2.11-2.98
2.17
2.11-2.98
2.45
2.262.26
2.24
2.23-2.69
2.16
2.12-2.26
2.35
2.613.40
4.12
3.62-4.62
3.65
3.25-4.20
3.92
*
2.60

Modes of pollination
Hybrids
Modes of pollination × hybrids

*

*

*

2.83
SE(m)
0.04
0.05
0.09

*

*

2.66
C.D. (p= 0.05)
0.14
0.83
N.S.

Gold Queen
Mean
Range

Mean

2.11

2.12-2.64

2.14

2.95

2.92-3.23

2.40

3.80

3.12-4.70

3.74

*

*

*

2.95

* No fruit formation (0% fruit set) was observed under without insect pollination treatment.

brid under hand-pollination treatment. It was 2.73 cm
(range 2.40-3.80 cm) in Parikrama, 2.69 cm (range
2.44-3.21cm) in Chandra, 2.87 cm (range 2.30-3.60

cm) in Chamatkar and 2.69 cm (range 2.65-3.48 cm) in
Gold Queen hybrid in open-pollinated plants. Similarly, the mean fruit diameter in open-pollination +
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Table 4. Effect of different modes of pollination on fruit weight in different hybrids of C. pepo.
Modes of pollination
Hand-pollination
Open-pollination
Open-pollination
+Hand-pollination
Without insect pollination
Mean

Parikrama
Mean Range
116.8
98-139
0
155.7
123-210
0
184.0
145-240
5

Mean fruit weight (g) in different hybrids
Chandra
Chamatkar
Gold Queen
Mean
Range Mean Range
Mean Range
108.9
72.64
55-95
80.85 70-100
89-128
4
122.6
95.55
56-145 99.05 90-120
98-135
0
105.8
131.5
119.73 70-176
85-135
100-155
6
6

*

*

152.1
8

Modes of pollination
Hybrids
Modes of pollination × hybrids

*

*

95.97

*

*

95.25
SE(m)
3.02
3.49
6.41

*

*

Mean
94.81
118.23
135.30
*

121.0
3

C.D. (p= 0.05)
8.52
9.72
N.S.

* No fruit formation (0% fruit set) was observed under without insect pollination treatment.

hand-pollination was 2.90 cm (range 2.10-3.50 cm) in
Parikrama, 3.65 cm (range 3.24-4.23) in Chandra, 3.42
cm (range 3.25-4.80 cm) in Chamatkar and 3.90 cm
(range 3.98-4.70) in Gold Queen, respectively.
Effect of different modes of pollination on fruit polar diameter: The data with respect to the effect of
modes of pollination on fruit polar diameter in different hybrids of summer squash have been given in table
3. The average fruit diameter of different hybrids in
open-pollination + hand-pollination (3.74 cm) was
significantly higher than the average fruit diameter in
hand-pollination (2.14 cm) and open-pollination (2.40
cm) treatments. Irrespective of different modes of pollination, the mean fruit diameter of Gold Queen (2.95
cm) was observed maximum and it was par with
Chandra (2.83 cm), and the former was significantly
higher than the mean fruit polar diameter of Chamatkar
(2.66 cm) and Parikrama (2.60 cm) hybrid. The interaction between different modes of pollination and different hybrids was non-significant. No fruit formation
was observed in the treatment without insect pollination.
The perusal of data in table 3 reveals that the mean
fruit polar diameter was recorded 2.14 cm (range 2.122.45 cm) in Parikrama, 2.13 cm (range 2.11-2.98 cm)
in Chandra, 2.17 cm (range 2.11-2.98 cm) in Chamatkar and 2.11 cm (range 2.12-2.64 cm) in Gold Queen
hybrid under hand-pollination treatment. It was 2.26
cm (range 2.26-2.35 cm) in Parikrama, 2.24 cm (range
2.23-2.69 cm) in Chandra, 2.16 cm (range 2.12-2.26
cm) in Chamatkar and 2.95 cm (range 2.92-3.23cm) in
Gold Queen hybrid in open-pollinated plants. Similarly, the mean fruit diameter in open-pollination +
hand-pollination was 3.40 cm (range 2.61-3.92 cm) in
Parikrama, 4.12 cm (range 3.62-4.62) in Chandra, 3.65
cm (range 3.25-4.20 cm) in Chamatkar and 3.80 cm
(range 3.12-4.70) in Gold Queen, respectively. Hanh
(2008) reported that the mean fruit diameter of different cucumber hybrids was maximum under openpollination + hand-pollination (3.78 cm) and open-

pollination (3.76 cm), which were significantly higher
than the hand-pollination (3.64 cm) and selfpollination (0.71 cm).
Effect of different modes of pollination on fruit
weight:The data regarding the effect of modes of pollination on fruit weight in different summer squash
hybrids have been given in Table 4. The average fruit
weight registered was maximum (135.30 g) with openpollination + hand-pollination treatment, which was
significantly higher than the mean fruit weight under
open-pollination (118.23 g) and hand-pollination
(94.81 g). The present studies corroborate with work
of Hanh (2008) who also observed the maximum mean
fruit weight under open-pollination + hand-pollination
(159.62 g), which was on par with mean fruit weight
under open-pollination (158.55 g) treatment, and the
lowest mean fruit weight was observed under selfpollination (21.10 g). Irrespective of different modes
of pollination, the mean fruit weight of Parikrama hybrid was observed maximum (152.18 g), which was
significantly higher than the mean fruit weight of Gold
Queen (121.03 g), Chandra (95.97 g) and Chamatkar
(95.25 g). The interaction between different modes of
pollination and different hybrids for mean fruit weight
showed non-significant difference.
The data depicted that the mean fruit weight was recorded 116.80 g (range 98-139 g) in Parikrama, 72.64
g (range 55-95 g) in Chandra, 80.85 g (range 70-100 g)
in Chamatkar and 108.94 g (range 89-128 g) in Gold
Queen hybrid in hand-pollinated plants. It was 155.70
g (range 123-210 g) in Parikrama, 95.55 g (range 56145 g) in Chandra, 99.05 g (range 90-120 g) in Chamatkar and 122.60 g (range 98-135 g) in Gold Queen
in open-pollinated plants. Similarly, the mean fruit
weight in open-pollination + hand-pollination treatment was 184.05 (range 145-240 g), 119.73 (range 70176 g), 105.86 (range 85-135 g) and 131.56 g (range
100-155 g) in Parikrama, Chandra, Chamatkar and
Gold Queen hybrid, respectively.
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Similar results were reported by Cervancia and Bergonia (1991) who found that per cent fruit set of beepollinated and open-pollinated (uncaged) plants in
Philippines was about twice that of non-pollinated
plants. They further confirmed the present findings by
recording shortest and lightest (0.36 kg) fruits from
non pollinated plots. Many research workers like Nogueira and Calmona (1993) and Walters and Taylor
(2006) reported more number of fruits/m2 and heavier
and higher quality fruits in plots netted with bees than
other plots. Kumar (2004) also reported that the average fruit diameter, fruit length and fruit weight was
maximum (3.51 cm, 13.31 cm and 135.25 g, respectively) under bee pollination and bee pollination +
hand-pollination, while these were minimum (3.49 cm,
12.19 cm and 132.83 g, respectively) in handpollination conditions under polyhouse conditions during Rabi season in Hisar. The above findings were also
supported by Hanh (2008) who found that mean fruit
weight under open-pollination + hand-pollination
(159.62 g), was at par with open-pollination (158.55 g)
treatment but both differ significantly from selfpollination (21.10 g). Similar results were reported by
Pavana (2010) that irrespective of different hybrids,
the treatment open-pollination + hand-pollination and
open-pollination produced the maximum number of
fruits per plant (74.00 and 72.50%, respectively) followed by hand-pollination (58.38%). The least or zero
per cent fruit set was observed in without insect pollination (WIP) treatment. Though Prakash et al. (2004),
Santos et al. (2008) and Thakur and Rana (2008) reported higher fruit size and weigh in bee pollinated
plot as compared to open pollinated and hand pollinated plots.
The larger fruit size and weigh in open pollinated
plants might be attributed to the sufficient number of
pollen grains received by the flowers which were best
provided by honey bees in caged conditions as compared to HP. Delaplane and Mayer (2000) also advocated that the number of pollen grains deposited on the
stigma by pollinators are directly related to seed formation, which often determines fruit size .

Conclusion
Effect of different modes of pollination on yield parameters of summer squash showed that maximum
fruit set (73.50%) was observed under open-pollination
+ hand-pollination treatment whereas no fruits set was
observed under without insect pollination treatment.
Average fruit weight, fruit polar diameter and equatorial diameter was also found maximum (135.30 g, 3.74
cm and 3.47 cm, respectively) under Open-pollination
+ hand-pollination as compared to hand-pollination
treatment (94.81 cm, 2.14 cm and 2.48 cm, respectively). It is therefore concluded that open pollination
by honey bees and wild pollinators should be ensured
particularly in low pollinator activity areas to enhance
the yield and quality of summer squash fruits. Thus in
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low natural pollinators activity area greater revenues
can be generated by using hive bees.
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