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ABSTRACT

In this study, pollination in water melon with stingless hee Tetragonula Iridipennis Smith, open pollination
and control (pollinator’s exclusion) have been evaluated. Comparative pollination index worked out
using foraging parameters, and fruit production and quality parameters was used. Data revealed that 7.
iridipennis hee pollination resulted in heavier fruits (3.428 kg) with bigger size (26.39 cm) as compared
to control (0,583 kg), and open pollination treatments (2.996 kg). Fruit set (89.75%) and healthy fruits
(81.62%) were more in stingless bee pollination than other modes, Signiﬁcantly less fruit set (39.57%)

was observed without pollination,

Key words: 7z agonula iridipennis, water melon, pollination index, pollination, fruit set, TSS, healthy fruits,

fruit size, weight, seed number, seed weight

Pollination is one of the important processes
responsible for fruit and seed set in plants, Among
insects, bees are the main pollinators of crops, and honey
bees, stingless bees and bumble bees are important
pollinators, in those crops which solely depend on
flowers for their development. Honey bees and bumble
bees are well studied for their pollination potential but
stingless bees are still unexplored. Water melon is a
cucurbit cultivated in many parts of the tropics (Cobley,
1965; Masefield et al., 1969). In India, it is grown for
its fruits in all subtropical and tropical regions and it is
an important source of vitamins, minerals, carotencs,
proteins and natural lycopenes (Denton, 2004). The
cucurbit vegetables require pollinators for fruit set
due to separate male and female flowers on the vines
(Roubik, 1995).

Stingless bees are small bees belonging to the order
Hymenoptera. Eight species of stingless bees are known
from the northeastern states. Of these, five species
(Tetragonula iridipennis Smith, 7. laeviceps Smith,
Lepidotrigona ventralis Smith, L. arcifera, Lophotrigona
canifions Smith) occur in Nagaland (Chauhan et al.,
2019). These bees are used as pollinator in greenhouse
crops in both temperate and tropical regions: and
some of them are buzz pollinator such as Melipona
quadrifasciata (Sarto et al., 2005; Santos et al., 2009).
Heard (1999) reported that stingless bees are effective
pollinators of Cocos nucifera, Mangifera indica,
Sechium edule, Averrhog carambola and Macadamia

intergrifolia. These bees are better pollinating agents due
to their characteristics viz.. can pollinate small flowers,
thrive much better in tropical areas, harmless to humans,
coexistent with other bees, can adjust in confined
space of greenhouse, more environment friendly,
very less swarming ability, less chances of insect
pests and disease attack, and short foraging range etc.
Further utilization of stingless bees reduces the labour
requirement and tedious procedure of hand pollination.
Stingless bees are valuable for cross pollination of crops
in nethouse condition (Gadhiya, 2015). Keeping these
in view, their dominant prevalence in Nagaland and their
ability to perform well under greenhouse conditions,
present study evaluated the pollination potential of T
iridipennis Smith in water melon.

MATERIALS AND METHODS

The experiment was carried out at the Experimental
farm AICRP Honey Bees and Pollinators, Department
of Entomology, School of Agricultural Sciences and
Rural Development (25.75961°N,93.853698°E)
under protected conditions. All agronomical practices
were done as per good agricultural practices for crop
raising and kept same. Two colonies of stingless bee
T. iridipennis were shifted in the caged plots at 5%
flowering and data was recorded. Pollination efficiency
index was worked out using foraging parameters as
per Bohart and Nye (1960). Impact of stingless bee
pollination was evaluated with % fruit set. The female
flowers/ vine were pre-counted. Thirty plants from each
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treatment viz., stingless bee pollinated, control and open
pollinated were selected and tagged randomly. The fruit
seton these plants were then recorded and total yield was
calculated on fruit set basis, and % healthy fiuits was
also calculated. A sample of thirty fruits was taken for
calculating the fruit TSS, rind thickness, diameter and
fruit weight (10 fruits/ treatment). The fruit diameter,
rind thickness and weight were measured with the scale,
digital Vernier caliper and digital weighing balance,
respectively. Similarly, 30 mature fruits were taken (10
from each treatment), seeds were removed and kept
separately in water for 24 hr, After washing the seeds,
these were dried in temperature controlled chambers
for 24 hr, and then counted. Weight of 1000 seeds was
also observed. The % increase in the fruit set, healthy
fruits, diameter, weight, TSS, number of seeds. weight
of 1000 seeds were computed along with % decrease in
deformed fruits. The data were statistically analysed with
suitable transformation in RBD design as per Gomez and
Gomez (1984). Data on temperature and humidity was
recorded using the digital thermometer and hygrometer.

RESULTS AND DISCUSSION

Different insect visitors were observed in water
melon flowers- main ones being: Tetragonula
iridipennis Smith, T, laeviceps Smith, Lophotrigona
canifrons Smith, Lepidotrigona ventralis Smith, 4pis
mellifera L., A. cerana F., A. dorsata F., A. forea F.,
X tenuiscapa Westwood, Halictus semiaerinus and
Megachile lanata F., visiting the crop throughout
the day; however Musca sp., Monomorium sp. and
Episyrphus sp. were frequent visitors while Mylabris
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pustulata, grasshoppers, lemon butterflies and pumpkin
beetles were found as less frequent under open
conditions (Table 1). Chauhan et al. (2019) reported
considerable numbers of stingless bees followed by
honey bees on ash gourd. Similarly, in 1978, A. florea,
A. mellifera, A. dorsata, Halictus sp. and Bombus sp.
were observed by Grewal and Sidhu as main insect
visitors of cucurbits. Twenty-four insects were observed
to visit cucumber crop by Sajjanar et al. (2004), and
hymenopterans were the predominant.

Pollination Efficiency Tndex was calculated on the
basis of relative abundance, foraging rate, foraging
speed and loose pollen grains. Data collected on
pollinator relative abundance presented in Table 2
revealed that stingless bee activity was maximum
during 0800 hr (31.66 bees) followed by 1000 hr
(20.33 bees). T iridipennis (12.26 stingless bees/ 5
min/ m?) significantly outnumbered the honey bees
(6.69 honey bees/ 5 min/ m?) and other pollinators (4.42
other pollinators/ 5 min/ m?) in visits on water melon.
The activity of pollinators started at 0600 hr, became
maximum at 0800 hr with maximum activity at 1000 hr.
The activity then started decreasing up to 1600 hr and
was minimum at 1800 hr. Chauhan etal, (2019) reported
maximum activity of pollinators on ash gourd at 1000
hr, and after 1200 hr, started decreasing and ceased at
1800 hr. Such variation in activity of pollinators with
time depends on the availability of pollen and nectar
in flowers. According to Devanesan et al. (2002), the
foraging activity of T, iridipennis at Thiruvanthpuram
(Kerala) started at 0700 hr with a gradual rise in activity
reaching its first peak at 1200 hr. A decline in activity

Table 1. Insect visitors of water melon under open conditions

I\?(;. Scientific name Order Family F;Zng:;}::gf
I Tetragonula iridipennis Smith MFv*
2. Lophotrigona canifrons Smith ] : MFV
3. Leﬁn’dorrigona venvti"a!is Smith Hymenoptera Apidie MFV
4. Tetragonula laeviceps Smith FV

5. Apis mellifera L, MFV
6.  Apis cerana F, ] Apidae MFV
g A!p)is dorsata F. Hymenoptera MFV
8. Apis florea F. FV

9. Halictus semiaerinus Hymenoptera Halictidae FV

10.  Xviocopa tenuiscapa Westwood Hymenoptera Apidae FV

11. Episyrphus sp. Diptera Syrphidae FV

12, Musca sp. Diptera Muscidae LFV
13, Mylabris pustulata Coleoptera Meloidae LFV
14.  Monomorium indicum Hymenoptera Formicidae FV
15, Megachile lanata F. Hymenoptera Megachilidae FV

*MFV= Most frequent visitor; FV= Frequent visitor; LFV=less frequent visitor
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Table 2. Foraging activity and pollination Efficiency Index of pollinators on water melon
Stingless bees Honey bees Other pollinators
Tfme *Relative  Fora- Fora-  Loose Relative Fora- Fora-  Loose Relative Fora- Fora-  Loose
(h) abun- ging ging  Pollen  abun- ging ging  Pollen  abun- ging ging  Pollen
dance Rate speed  grains  dance Rate speed  grains  dance Rate speed  graing
8.67 3.25 1.99
0600 6.33 10 5. !
(2.94) 7 (g0 3B 567 (4ny 367 1469
31.66 ) 18.33 10.14
0800 5 6.33 5.00 72 : :
(5.62) 3 (4.28) 4.7 4.66 (3.18) 433 13.67
20.33 8.77 ; 6.94 ”
1000 33 : b 02 5.
(4.50) 7 6.33 (2.96) 5.0 5.67 (2.63) 2.67 11.66
14.11 9.11 5.54
1200 5 7.66 6 : !
a15) T AT ee oy 600 4n L gy A TG
7.36 +31 3.62 +49 3.67 + 67
1400 8.66 2.67 . 233 : ?
.71 (190y &1 3 (o1 867 660
3.67 277 L.67
1600 5.67 2.00 2 ; : ; ’ :
(1.91) (1.66) 2.67 2.11 (1.29) 1.67 3.99
1.00 1.00 1.00
1800 : . 2
(1.00) 4.49 1.67 (1.00) 4.13 1.67 (1.00) 2.00 4.66
12.26 6.69 4.42
Me: ; ; 4 g
ean (3.52) 6.64 4.21 (2.58) 4.85 3.75 2.10) 3.95 9.23
CD,,s 0350  0.25 0920 0.350 0256 0920 0350 0256  0.920
Pollination
Efficiency Tndex = - 3
*Relalive abundance= number of foragers/ 5 min/ m*; Foraging rate= Number of flowers visited / 5 min; Foraging speed= time spent /

flower (in seconds)

was observed at 1300 hr, and then increased until it
reached its second peak at 1500 hr. There was almost
1o activity at 1800 hr. Danaraddi (2007) observed the
peak activity of T iridipennis between 1000-1200 hr.
Kishan et al. (2017) found that stingless bees can be
2 good pollinator for crops growing under protected
conditions. Similarly, the activity of Tiridipennis was
observed by Roopa (2002)- during summer, major peak
of pollen and nectar foragers was between 1000 to 1200
hrand 1200 to 1300 hr, and second peak between 1400
to 1500 hr and 1500 to 1600 hr, respectively.

The foraging rate of pollinators on water melon
revealed that stingless bees significantly visited more
number of flowers (6.64 flowers/ Smin) as compared to
honey bees (4.85 flowers/ Smin) and other pollinators
(3.95 flowers/ 5min) (Table 2): foraging rate was found
maximum on ash gourd flowers as compared to other
pollinators including honey bees (Chauhan et al.,
2019). Similarly, Devanesan et al, (2002), observed
the activity of T. iridipennis. The rescarchers found
maximum numbers of flowers for pollen were visited
in the morning and early evening hours. Stingless bees
spent significantly less time (4.21 sec/ flower) than
other pollinators (9.23 sec/ flower). Chauhan et al.
2019) also reported less foraging speed of stingless
bees in ash gourd. Honey bees carry more number of
loose pollen grains (2130) on their body as compared to

stingless bees (1981) and other pollinators (675) (Table
2). Several researchers recorded high pollen carrying
capacity of honey bees due to more hairs on their body
(Free, 1970; 1993). Similarly, Chauhan et al. (2019)
observed that stingless bees carry less loose pollen
grains than honey bees and other pollinators.

Pollination efficiency observed in water melon
revealed that stingless bees have more efficiency (21.00)
as compared to honey bees (16.00) and other pollinators
(3.00). Similar observations were made by Chauhan et al.
(2019) and stingless bees were the efficient pollinators
on ash gourd under protected conditions. Titayavan and
Burgett (2010) also studied the pollination efficiency
of two different Trigona species at Thailand. After fruit
setting, the colony was removed from the greenhouse
and the effect of different modes of pollination on the
production and quality of watermelon were evaluated.
Significantly large fruits (26.39 cm dia) were obtained
from vines pollinated by stingless bees as compared to
the open pollinated ones (23.86 cm), and the least (11.22
cm) in pollinators excluded block (control). Similarly,
significantly increased weight (3.428 kg) of fruits was
observed in the stingless bee pollination which is at par
with the weight (2.996 kg) obtained in open pollination
conditions. In control pollination, the fruit weight (0.583
kg) was significantly low. TSS was found maximum
(10.32°Bx) in stingless bee pollination which is at par
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with open pollinated one (9.96°Bx); the least TSS (8.31
"Bx) was observed in plants without pollination (Table
3). Similar results were obtained by Azmi et al. (2017)
in Malaysia that the cucumbers pollinated by stingless
bee and hand-cross pollination produced heavier, longer
and larger fruits. A significant increase was seen in fruit
length, girth, and weight, number of fiuits/ plant and
yield/ plant in cucumber pollinated by stingless bees
(Tejetal., 2017). Likewise, several researchers reported
that honey bees pollinate tomatoes, pepper, egg plant,
melon, watermelon, cucumber, strawberry, cranberry
etc, but are less efficient than bumble bees (Free and
Butler, 1959; Holm, 1966).

Open pollinated flowers yielded fruits which
produced more seeds (522) as compared to the seeds
produced in stingless bee pollinated flowers (489). The
numbers of seeds/ fruit were 114 in the fruits produced
from flowers with no pollination facilities and are
significantly less as compared to other treatments. The
weight of 1000 seeds was significantly more (33.68 g)
in stingless bee pollinated crop as compared to open
pollinated one (30.59 g)and 19.66 g extracted from fruits
of control plots (Table 3). Similar results were obtained in
ash gourd by Chauhan et al, (2019) when they employed
stingless bees for pollination under protected conditions.

Maximum fruit set (89.75%) was observed
with stingless bee pollination, significantly higher
as compared to open pollinated crop (72.91%);
significantly minimum fruit set to the tune of 39.57%,
was observed with plants excluded from pollinators.
Howsoever, si gnificantly less deformed fruits (18.38%)
were obtained from stingless bee pollinated plants
followed by 31.04% in open pollinated plants.
Significantly more deformed fruits (38.90%) were
observed from pollination excluded plots. Similarly,
Hodges and Baxendale (1991) reported less deformed
fruits in bee pollinated plants of cucumber and observed
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a greater number of deformed fruits in control and open
conditions, Chauhan and Thakur (2014) observed less
crooked fruits in cucumber when pollinated by bumble
bees under protected conditions. Similarly, Chauhan et
al. (2019) recorded better quality ash gourd fruits when
pollinated by stingless bees ag compared to honey bees.
On the contrary, significantly maximum healthy fruits
(81.62%) were produced from stingless bee pollinated
plots followed by open pollinated crop (68.96%) and
pollinator excluded (61. 10%) condition. Tn stingless bee
pollinated plants, increase in the fruit set and healthy
fruits was 126.81 and 33.58% over the control; also, a
reduction in deformed fruits (111.64%) was observed
in stingless bee pollinated plants (Table 3). Westerfield
(2014) concluded that misshaped or undersized fiuit
could be the result of poor or incomplete pollination.

An increase in fruit diameter (135.20%) and weight
(413.89%) of water melon was obtained with stingless
bees over the plants with no pollination (control); similar
was the results with seed number and weight (1000
seeds), an increase of 328.94 and 71.31% in stingless
bee pollinated plants. While, an increase of 24.18%
was observed in TSS was also found in stingless bee
pollinated fruits. Melendez et al. (2002) reported that
stingless bees are efficient pollinators of pumpkin that
resulted in higher quality fruits, However, Occhiuzzi
(2000) observed that Trigona carbonaria Smith
effectively pollinated sweet pepper under greenhouse
conditions in Australia resulted in 11% increase in fruit
weight and number of seeds/ fruits by 34% compared
to crops that were not pollinated by bees. Viana et al.
(2014) also found that stingless bees when utilized
with honey bees in apple yields higher seed and fruit
production. Similarly, Cahuich et al. (2006) reported
stingless bees as better pollinators than honey bees under
protected conditions in Habanero pepper. It was reported
that Scaptotrigona aff. depilis and N. testaceicornis
Lepeletier effectively pollinated greenhouse cucumber in

Table 3. Impact of modes of pollination on fruit quality and production in water melon

Treatment Fruit Fruit TSS Rind Fruit  Healthy Deformed  Number Weight
diameter  weight. (°Bx)  thickness  set (%) fruit (%) fruits (%)  of seeds/ of 1000
(cm) (kg) (cm) fruit seeds (g)
*Tetragonula 26.39 3428  10.32 131+ 0.25 R9.75 81.62 18.38 489 33.68
iridipennis
pollination
Open pollination 23,86 2.996 9.96 1.21+£0.17 7291 68.96 31.04 522 30.59
Pollinator 11.22 0.583 8.31 1.35£0.14 3957 61.10 38.90 114 19.66
exclusion .
(control)
CD=0.05 2.11 0.95 0.95 3.97 4.66 4.10 39 1.92

*Stingless bee
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Brazil, resulting in a higher fruit production, higher fruit
weight and a higher % of perfect fruits (Santos, 2004).
Nunes-Silva et al. (2013) reported that M. fasciculata
was an efficient pollinator of eggplant, increased the fruit
set by 29.5% and fruit quality as compared to control
in Brazil. Similarly, Rajasri et al. (2012) studied the
effect of bee pollination on seed vield of sunflower and
observed improvements.
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