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Abstract

Many insect species visit the flowers of a plant and play an important role in their pollination. Of late, the interest of the
pollination biologists has been to determine their relative contribution towards the reproductive success of the plant. Such informa-
tion is lacking on the pollinators of Aonla (Emblica officinalis Gaertn.), a plant of very high nutritive and medicinal importance.
Therefore, let’s attempt to make this study to generate such information on this plant. The study was conducted on three varieties of
Aonla (viz. Chakaiya, NA-7 and NA-10) for two years. An entire range of flower visitors of this fruit plant was captured with hand net
from its field during its flowering period and were identified. On the basis of foraging mode, the flower visitors were characterized
as pollinators and non-pollinators. Their abundances, foraging rates, activity durations and number of pollen grains carried on the
surface were recorded, and these parameters were used to determine their relative contribution towards the reproductive success of
this plant. Among the 12 insect species visiting the flowers of Aonla at the study site, 5 belonged to Hymenoptera, 6 to Diptera and
one to Lepidoptera. Apis dorsata was the most abundant visitor having maximal foraging rate and carried maximal number of loose
pollen grains, followed by A. mellifera, A. florea and Sarcophaga sp; other visitors had lesser values of these parameters. On the
basis of these parameters, melittophilous mode of pollination was found to predominate in Aonla. However, the plant was found to
be benefitted from the multispecies pollinator guild, and the pollinator diversity seemed to matter for maximization of pollination in
Aonla. Therefore, there is a dire need to conserve the pollinator diversity.
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1. Introduction

A wide variety of insets visit the flowers of plants [1]. Some of these are strictly pollinators,
some are strictly nectar thieves, some others are both pollinators as well as nectar thieves [2, 3];
some are very fast foragers while others are extremely slow foragers; some are in highly abundant
while others are in scanty numbers [3—9]. On the basis of these parameters, if evaluated rationally,
all the flower visiting insects are not equally important to the plant [3]. This is because; these vis-
itors do not contribute equally towards the reproductive success of a plant [3]. Some of the visitors
are highly efficient in transferring pollen from anthers to the stigma of the flower while others
completely fail in doing so or these are less efficient. This pollen transfer efficiency is measured
in terms of pollination efficiency of the visitor and this is the measure of contribution of a visitor
towards the reproductive success of the plant. Which parameters of the flower visitors determine
their pollination efficiency and to which extent is not fully understood?

Many ecarlier studies could reveal the dependence of cultivated plants on insects for the
pollination of their flowers. These plants included; pigeon pea (Cajanus cajan) [4], sunflower
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(Helianthus annuus L) [5], cauliflower (Brassica oleracea var. botrytis) [6], coriander (Corrian-
drum sativum L.) [7], carrot (Daucus carota L.), fennel (Foeniculum vulgare L.) and onion (A4!/-
lium cepa L.) [8], sarpagandha (Rauvolfia serpentina) [9], the European plum (Prunus domesti-
ca L.) [10], and also some other oilseed, vegeTable and condiment plants [1, 2]. However, this report
is not exhaustive and many such reports are now available [11].

Earlier many methods were used to measure the pollination efficiency of flower visitors. For
example: examining the full range of floral visitors in a natural community [4-9, 12—-18] and obser-
vation of their foraging behavior [4-9, 19]; the degree of pollen removal [3, 20], analysis of identity,
placement and quantity of pollen grains on a visitor’s body [13, 20, 21], examining the number of
pollen grains transported [3, 13, 21, 22], the amount of pollen deposited on stigma [3, 18, 23]; or
devising index values by supplementing behavioral data with visitor abundance [4-9, 24]. Some
workers have combined behavioral observations of blooms visitors with pollen loads they deposit
on receptive stigmas [25-27]; whereas others have designated seed set efficiency as pollination
efficiency [12, 15, 16, 28-30]. Some workers have correlated seed set with the number of deposited
pollen grains [13, 21, 26, 31, 32], whereas others have correlated this with the number of pollinator
visits or their visitation rate [26, 33-35].

Aonla (Emblica officinalis Gaertn.) is an important fruit plant of sub-tropical climates. The
fruit has high nutritious and medicinal values. Normal fruit is rich in vitamin C, and also contains
nicotinic acid, carbohydrates, fiber, iron, protein, minerals, and phosphorus [36—38]. The fruit is
used for making pickles and preserves [39] and is an integral ingredient of Chayawanprash and
triphala, the very well known Ayurvedic food and medicine [40—42]. Due to its immense nutritive
and therapeutic value [42—-48], this plant has fascinated the farmers for its cultivation in many parts
of Asia [49].

The earlier studies revealed that Aonla produced unisexual and monoecious flowers; male
flowers appearing first in the form of cluster at the basal part of determinate shoot followed by the
female flowers in the axil of leaves at the distal end of same shoot [50, 51], and the sex ratio in the
inflorescences of Aonla was male biased [50, 52]. Due to this sexual heterogeneity, fruit set in this
plant is possible only through cross-pollination of its flowers for which a biotic pollen vector is
essential. That is why; this plant makes an ideal material for this study. Many insect species visit
the flowers of entomophilous plants however their individual importance towards the reproductive
success of a plant is not known. We have tried to solve this problem.

2. Materials and Methods

The present study was carried out at the Research Farm of Department of Horticulture and
in the Apidology Laboratory of the Department of Zoology and Aquaculture of CCS Haryana Ag-
ricultural University, Hisar. Three varieties of Aonla viz. Chakaiya, NA-7 and NA-10, selected for
this study, were grown in the adjacent plots [50].

2. 1. Diversity of insect visitors

To determine the spectrum of different insects visiting the blossom of three varieties of
Aonla during their flowering period, the insects were collected by hand net with 30 cm ring diam-
eter. Sweeps were made throughout the blooming period in both the years at two hourly intervals
from morning to the evening. Any new visitor observed on the flower at any other time of the day
was also captured. Insect collections were started one week after the commencement of flowering
and continued till the flowering was over [50]. The captured insects were then killed in potassium
cyanide bottle and preserved as dry specimens and were got identified from the Taxonomy section
of the Department of Entomology, CCS, Haryana Agricultural University, Hisar, and a record of
the flower visitors was prepared.

2. 2. Relative contribution of the pollinators towards the pollination of Aonla flowers

2. 2. 1. Abundance of insect visitors

Abundances of different insect visitors/pollinators of Aonla crop mentioned above were
studied during its blooming period in 2009 and 2010. Three floral branches of 1 m? size each were
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randomly selected at 6 feet height in each plant area. The total number of different insects visiting
these branches was recorded for five minutes at an interval of one and a half hour starting from the
commencement to the cessation of their activity during the flowering period of the crop following
method of Sihag [1]. The observations were recorded at weekly intervals.

2. 2. 2. Activity duration of the visitors

The activity duration of pollinators was determined by recording their times of commence-
ment and cessation of foraging activity on the crop. Mean activity duration was determined using
following formula [4]:

n
T:I/N{Z(ni xti):| ,
i=l1
where 7 — mean activity duration of pollinator;
n,— total number of insect species at i-th hour of the day;
T, — total foraging activity duration of the visitors of a species active at i-th hour of the day;
n — total number of visitors of a species through the course of the day.

2. 2. 3. Foraging behaviour of the insect visitors

2.2.3. 1. Foraging mode

On the basis of foraging modes (method of working by a forager on a flower while harvest-
ing pollen and/or nectar reward) foraging behaviours of the insects visiting the blossoms of Aonla
were recorded [2, 3]. Accordingly visitors were categorised as pollinators/non pollinators.

2. 2. 3. 2. Foraging rate

Foraging rates of the insect pollinators was recorded in terms of the number of flowers
visited per minute. A total of ten insect pollinators of each species were observed for recording
foraging rate. Accordingly, the average number of flowers visited/minute was calculated for
each species. The number of flowers visited per minute included the flying time from one flow-
er to another. For this, observations were recorded at one and a half hour interval on a day and
were repeated at weekly intervals during the flowering period of the plant and at sunny days
between 1000—1200 h.

2. 2. 4. Loose pollen grains sticking to the body of the pollinator

Loose pollen grains sticking to the body of different insect pollinator species were recorded
using method Sihag [3]. The foraging insect pollinators on different varieties of Aonla were cap-
tured with the help of a forceps to avoid shaking of their body and their hind legs were amputated,
and were kept in 70 per cent alcohol in glass vials. They were shaken vigorously to wash out the
pollen grains from their bodies. Total volume of the rinsate was made to 5 ml before pollen count.
An aliquot, 0.01 ml (replicated 5 times) was taken and with the help of a haemocytometer and bin-
ocular microscope (15x10 magnification) the number of pollen grains was counted. Then total num-
ber of pollen grains in the whole rinsate was calculated [3]. The observations were replicated five
times. Ten individuals of each species were captured for counting of loose pollen grains between
800 and 1000 h of the day, when the insect visitors showed peak foraging activity.

2. 2. 5. Effect of multiple visits of pollinators on the fruit set of Aonla

Under this treatment, the newly opened female flowers of a variety were randomly selected
and were allowed to receive the visits of a pollinator species. The one day old female flowers of
Aonla were selected [50] and the foragers of a species were allowed to visit the separate flowers
for 1 visit, 2 visits and 3 visits. Such flowers were individually enveloped till fruit set. For each
treatment, 50 flowers were taken in each variety and each treatment was replicated thrice to record
the yield data for each treatment.
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2. 6. Pollinating efficiency (Number of pollen transferring visits per minute)

For different pollination parameter viz. population abundance of the flower visitors, their
foraging rates and mean activity duration of the flower visitors and loose pollen grains on the
body of pollinators, their performance scores (PS) were derived for each species using following
formula [4]:

PS=(N/N)*S,
where PSl.j — performance score of the i-th species for j-th parameter;

N, - importance value of the i-th species for j-th parameter;

N, - total importance values of all species for j-th parameter;

i — 1 to x, taking positive, whole number and finite value;

Jj— 1 to r, taking positive, whole number and finite value;

S — total number of species.

From various performance scores for different attributes of a species, pollinating index (P/)
of each species was derived by multiplying all the PSs of that species. The PSs so derived were
then compared and, on the basis of their values, different species were ranked for their contribution
towards the reproductive success (pollinating efficiency) of this plant.

2. 7. Statistical Analysis

All the experiments were laid down in “completely randomised design” following Snede-
cor and Cochran [53] with two way ANOVA and the means were compared at 5 per cent level of
significance.

3. Results

3. 1. Diversity of insects visiting Aonla

In 2009 and 2010, a total of twelve species of insects were observed on the three varieties of
Aonla during its blooming period in March- April. Out of these insect visitors, five insect species
belonged to the order Hymenoptera, six species belonged to the order Diptera and one to Lepidop-
tera. The hymenopterous species included Apis dorsata, A. mellifera and A. florea which were from
the family Apidae. Pollistes hebraeus belonged to the family Vespidae and Halictus were from the
family Halictidae (Fig. 1, Table 1).

Table 1

Different insects visiting the flowers of Aonla at Hisar during 2009 and 2010

Sr. No. Insect Species Order Family

1 Apis dorsata F. Hymenoptera Apidae
2 Apis mellifera L. Hymenoptera Apidae
3 Apis florea F. Hymenoptera Apidae
4 Polistes hebraeus F. Hymenoptera Vespidae
5 Halictus sp. Hymenoptera Halictidae
6 Eristalis sp. Diptera Syrphidae
7 Episyrphus sp. Diptera Syrphidae
8 Syrphus sp. Diptera Syrphidae
9 Syritta sp. Diptera Syrphidae
10 Sarcophaga sp. Diptera Sarcophagidae
11 Chrysoma bezziana V. Diptera Calliphoridae
12 Psichotoe duvauceli (Boisduval) Lepidoptera Arctiidae

Among dipterans, Sarcophaga sp. belonged to family Sarcophagidae, Chrysoma bezziana
to the family Calliphoridae and Eristalinus, Episyrphus, Syrphus and Syritta belonged to the family
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Syrphidae. The lepidopteran species Psichotoe duvauceli belonged to the family Arctiidae. The
insect visitors were common in 2009 and 2010 to all the three varieties of Aonla.

+ $ M~ A
. B B

Fig. 1. Different insects visiting the flowers of Aonla in 2009 and 2010 (Nomenclature has been
given in Table 1)

3. 2. Relative contribution of the pollinators towards the pollination of Aonla flowers

3. 2. 1. Abundance of insect visitors of Aonla

The pattern of average abundance of different insect species visiting Aonla blossoms on
the three varieties viz. Chakaiya, NA-7 and NA-10 is presented in Tables 2, 3 for 2009 and 2010,
respectively.

The major insects visiting the Aonla blossoms in all the three varieties in 2009 as well as
2010 included the hymenopterans namely three species of honey bees, Apis dorsata, A. mellifera
and A. florea and a dipteran Sarcophaga. The rest of the insect visitors which included a wasp
(Polistes herbraeus), a bee (Halictus sp.), 4 tlies (Eristalis sp., Episyrphus sp., Syrphus sp., Syrit-
ta sp.) and a butterfly (Psichotoe duvauceli) were clubbed under “other insect pollinators”.

Among the different insect visitors of Aonla blossoms in all the three varieties, only hy-
menopterans and dipterans were found to be the dominant visitors. The rest were non dominant
visitors.

3. 2. 1. 1. Patterns of abundance of insects during 2009

During 2009, the mean abundance of Apis dorsata was 8.18 bees/m? on NA-7 followed
by Chakaiya (7.04 bees/m?) and NA-10 (6.36 bees/m?) (Table 2). The difference was found to be
significant for A. dorsata among three varieties (p<0.05, ANOVA, Table 2). Second dominant
species 4. mellifera showed maximum abundance on NA-7 (5.33 bees/m?) followed by Chakaiya
(4.41 bees/m?) and NA-10 (3.98 bees/m?). Differences in mean abundance of all varieties were
significant (p<0.05, ANOVA, Table 2).

Similar trend was observed in A. florea which showed maximal abundance on NA-7
(4.21 bees/m?) followed by on Chakaiya (3.57 bees/m?) and NA-10 (3.17 bees/m?). Sarcophaga spe-
cies exhibited maximal abundance on NA-7 (2.37 insects/m?) followed by on Chakaiya (2.03 in-
sects/m?) and NA-10 (1.82 insects/m?). Other insect pollinators though present in small number
showed maximal abundance on NA-7 (1.30 insects/m?) followed by on Chakaiya (1.01 insects/m?)
and NA-10 (0.84 insects/ m?). Irrespective of the insect pollinator species, the abundance among

44

Agricultural and biological sciences



Original Research Article: (2023), «EUREKA: Life Sciences»

full paper

Number 1
three varieties differed significantly (p<0.05, ANOVA, Table 2) and NA-7 showed maximal abun-
dance (4.28 insects/m?) followed by on Chakaiya (3.61 insects/m?) and NA-10 (3.23 insects/m?).
Table 2
Relative abundance of different insect pollinators on three varieties of Aonla in 2009
Variety No. of insect visitors (per 5 min/m?)*
Apis dorsata  A. mellifera A. florea Sarcophaga sp. Other insect pollinators ***Mean+S.E.
Chakaiya 7.04*+0.72 4.41+0.57 3.57+0.49 2.03+0.33 1.01£0.22 3.61°+0.32
NA-7 8.18+0.88 5.33+£0.72 4.21+0.52 2.37+0.39 1.30£0.25 4.28*+0.39
NA-10 6.36+0.61 3.98+0.53 3.17+£0.42 1.82+0.28 0.84+0.15 3.23+0.28
**Mean+£S.E. 7.26°+0.44 4.49v+0.37 3.65°+0.28 2.07¢+£0.20 1.05°+£0.12 -

Note:* — mean+tS.E. of 135 observations; ** — mean+S.E. of 405 observations; *** — mean+S.E. of 675 observations; C.D. values
(p=0.05) for variety=0.34, for species=0.44. Means with the dissimilar letters differ significantly.

3. 2. 1. 2. Patterns of abundance during 2010

The mean abundance of Apis dorsata was 9.11 bees/m?> on NA-7 followed by Chakaiya
(7.62 bees/m?) and NA-10 (6.93 bees/m?) (Table 3). The differences were significant among all the
three varieties for abundance of 4. dorsata (p<0.05, ANOVA, Table 3).

Table 3
Relative abundance of different insect pollinators on three varieties of Aonla in 2010

No. of insect visitors (per 5 min/m?)*

Variety Apis dorsata  A. mellifera A. florea Sarcophaga sp. Other insect pollinators ***Mean+S.E.
Chakaiya 7.62+0.72 4.79+0.60 3.95+0.49 2.36+0.36 1.13+0.23 3.97°+0.33
NA-7 9.11+0.92 5.77+0.76 4.60+0.50 2.69+0.38 1.44+0.26 4.72*+0.40
NA-10 6.93+0.68 4.53+0.56 3.54+0.44 2.02+0.32 1.04+0.17 3.61°+0.30
**Mean+S.E. 7.89°+0.46 5.03°+0.38 4.03°£0.27 2.369+0.21 1.20°+0.13 -

Note:* — mean£S.E. of 135 observations; ** — mean£S.E. of 405 observations; *** — mean+£S.E. of 675 observations; C.D. values

(p=0.05) for variety=0.34, for species=0.44. Means with the dissimilar letters differ significantly.

The abundance of A. mellifera was 5.77 bees/m?> on NA-7 followed by on Chakaiya
(4.79 bees/m?) and NA-10 (4.53 bees/m?). The differences were significant between the three vari-
eties (p<0.05, ANOVA, Table 3). The third abundant insect pollinator species was A. florea and its
abundance followed the similar trend with maximal number on NA-7 (4.60 bees/m?) followed by
on Chakaiya (3.95 bees/m?) and NA-10 (3.54 bees/m?). All the three varieties differed significantly.

The abundance of Sarcophaga was maximum on NA-7 (2.69 insects/m?) followed by on
Chakaiya (2.36 insects/m?) and NA-10 (2.02 insects/m?). The differences were significant among
all varieties (p<0.05, ANOVA, Table 3).

The abundance of other insect pollinators on NA-7 was 1.44 insects/m? followed by on
Chakaiya (1.13 insects/m?) and NA-10 (1.04 insects/m?). Irrespective of insect pollinator species all
three varieties differed significantly for abundance of different insect pollinators (p<0.05, ANO-
VA, Table 3). NA-7 showed maximal abundance (4.72 insects/m?) followed by Chakaiya (3.97 in-
sects/m?) and NA-10 (3.61 insects/m?).

The abundance data clearly revealed that honey bees constituted more than 85 percent of the
flower visitors of Aonla whereas other visitors comprised only about 16 percent of the total. Thus
pollination in Aonla seemed to be predominantly brought by the honey bees.

3. 2. 1. 3. Relative preference for male and female flowers

The visitors of Aonla blossoms foraged both on male and female flowers indiscriminately
and made preferably more number of visits on male flowers. On male flowers, the bees made 76 %
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of their total visits, Sarcophaga made 57 % and rest of the insect pollinators made 62 % of their
total visits in all the three varieties of Aonla (Fig. 2).
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Bees Sarcophaga Other insect
pollinators
Insect pollinators on male and female flowers

Fig. 2. Relative preferences of different visitors of male and female flowers of Aonla

3. 3. Foraging behaviour of insect visitors of Aonla flowers

3. 3. 1. Foraging modes of insect visitors of Aonla flowers

The insect visitors of Aonla flowers visited the crop mainly for pollen collection as it was a
good source of pollen but poor source of nectar. The copious anthers bearing pollen on the Aonla
flowers were easily accessible to the insects visiting the Aonla blossoms thus serving as the pollina-
tors of the Aonla flowers. The major pollinators were Apis dorsata, A. mellifera, A. florea, Sarcopha-
ga sp. and other insect pollinators from diptera and hymenoptera. All of these pollinators approached
the flowers from their front (Fig. 3—8). The honey bee species 4. dorsata, A. mellifera and A. florea
foraged for nectar and pollen on the Aonla crop and deliberately collected the pollen by scrubbing
their legs on the dehisced anthers due to which their bodies got heavily dusted with pollen. There
was sternotribic mode of pollen transfer. While working on the flowers, the pubescent hairs present
on the ventral side of the bodies and legs of bees got dusted with pollen. The bees thus disseminated
pollen from the anthers of male flowers to the stigmas of female flowers and acted as the important
pollinators of the Aonla blossoms. The dipterous flies were attracted to the flower mainly for nectar,
which was scanty in Aonla flower and served as involuntarily pollinators by the inadvertently transfer
of pollen grains from the anthers to the stigmas while attempting to collect nectar (Fig. 3—8).

Fig. 3. Apis dorsata visiting the flowers of Aonla
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Fig. 6. Pollisteshebraeus visiting the flowers of Aonla
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Fig. 7. Sarcophaga sp. visiting the flowers of Aonla
Fig. 8. Syrphus sp. visiting the flowers of Aonla
3. 3. 2. Foraging rates of insect visitors to Aonla flowers
Foraging rates of insect foragers differed significantly among the visitor species in all
the three varieties of Aonla viz. Chakaiya, NA-7 and NA-10 in 2009 as well as 2010 (p<0.05,
ANOVA, Tables 4, 5).
Table 4
Foraging rates of insect pollinators of three varieties of Aonla in 2009
No. of flowers visited per minute*
Variety
Apis dorsata  A. mellifera A. florea Sarcophaga sp.  Other insect pollinators  ***Mean=S.E.
Chakaiya 11.27+0.57 6.97+0.55 5.64+0.45 2.76+0.54 1.22+0.19 5.57"+0.46
NA-7 12.08+0.59 7.84 £0.57 6.66+0.48 3.38+0.56 1.42+0.22 6.27°+0.48
NA-10 10.78+0.56 6.64+0.53 5.21+£0.44 2.63+0.51 1.07+0.18 5.27°+0.44
**Mean=S.E. 11.38+0.57 7.15°4£0.55 5.8440.46 2.929+0.53 1.23°+0.19 -

Note:* — mean+S.E. of 10 observations; ** — mean+S.E. of 50 observations; *** — mean+S.E. of 90 observations, C.D. values
(p=0.05) for species=0.256, for variety=0.198. Means with the dissimilar letters differ significantly.
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In 2009, foraging rate on the variety Chakaiya was 11.27 flowers/minute of Apis dorsa-
ta, 6.97 flowers/minute of A. mellifera, 5.64 flowers/minute of A. florea, 2.76 flowers/minute of
Sarcophaga and 1.22 flowers/minute of other insect pollinators; the respective values of these
pollinators on NA-7 were 12.08, 7.84, 6.66, 3.38 and 1.42 flowers/minute; and on NA-10 were
10.78, 6.64, 5.21, 2.63 and 1.07 flowers/minute (Table 4). Out of all species, foraging rates of Apis
dorsata were maximum on all the three varieties; the differences were significant (p<0.05, ANO-
VA, Table 4).

Table 5
Foraging rates of insect pollinators of three varieties of Aonla in 2010

No. of flowers visited per minute*

Varlety Apis dorsata  A. mellifera A. florea  Sarcophaga sp. Other insect pollinators  ***Mean+S.E.
Chakaiya 11.60+0.53 7.29+0.57 5.93+0.46 3.09+0.55 1.39+£0.20 5.86"+0.46
NA-7 12.334+0.56 8.18+0.55 6.91+0.53 3.58+0.56 1.54+0.23 6.519+0.48
NA-10 11.07+0.56 6.90+0.57 5.47+0.43 2.82+0.52 1.2240.18 5.50¢+0.45
**Mean=S.E. 11,67+0.46 7.46°+0.38 6.10°+0.27 3.167+0.21 1.38°+0.13 -

Note:* — meantS.E. of 10 observations; ** — mean£S.E. of 50 observations;, *** — mean=S.E. of 90 observations; C.D. values

(p=0.05) for species=0.30, for variety=0.23. Means with the dissimilar letters differ significantly.

In 2010, foraging rate on the variety Chakaiya was 11.60 flowers/minute of Apis dorsa-
ta, 7.29 flowers/minute of A. mellifera, 5.93 flowers/minute of 4. florea, 3.09 flowers/minute of
Sarcophaga and 1.39 flowers/minute of other insect pollinators; the foraging rates of respective
pollinators on NA-7 were 12.33, 8.18, 6.91, 3.58 and 1.54 flowers/minute; and on NA-10 were 11.07,
6.90, 5.47, 2.82 and 1.22 flowers/minute.

As is clearly evident, on all the three varieties, foraging rates of 4. dorsata were maximal
followed by 4. mellifera, A. florea, Sarcophaga and other insect pollinators and the differences
were significant (p<0.05, ANOVA, Table 5). On this basis too, honey bees seemed to be the better
pollinator of Aonla flowers than other insects.

3. 4. Activity duration of the insect pollinators of Aonla flowers

Out of the insect pollinators visiting the Aonla blossoms, the honey bee Apis dorsata,
was found active at 0630 h and remained active for the whole period of observation, i.e. up
to 1830 h. A. mellifera and A. florea commenced their activity at 0800 h and remained active
till 1700 h. Sarcophaga, on the other hand started a bit late at 0930 h and the dipterans com-
menced their activity at 1100 h. These insect species remained active till 1530 h. The mean
foraging activity duration differed among different species, being highest of A. dorsata on
all the three varieties in both the years followed by 4. florea, A. mellifera and Sarcophaga.
The other insect pollinators which included some dipterans and hymenopterans were the least
active of all. Among all the insect pollinators, 4. dorsata remained active for longest duration
on NA-7 (5.39 and h) in 2009 and 2010 respectively, followed by Chakaiya (5.22 and 5.36 h)
and NA-10 (5.20 and h) in 2009 and 2010, respectively (Tables 6, 7). The mean activity dura-
tion for A. mellifera, A. florea, Sarcophaga and other insect pollinators was 4.05, 4.07, 2.93
and 2.33 h on Chakaiya; 4.13, 4.10, 2.86 and 2.31 h on NA-7 and 4.01, 3.93, 2.82 and 2.19 h
on NA-10 in 2009 (Table 6). The mean activity duration in 2010 was similar to 2009 with A.
dorsata at the top. For A. mellifera, A. florea, Sarcophaga and other insect pollinators, the
mean activity duration was 4.03, 4.13, 2.84 and 2.35 h on Chakaiya; 4.13, 4.10, 2.88, 2.40 and
3.80 h on NA-7 and 4.09, 4.00, 2.89 and 2.26 h on NA-10 (Table 7). Irrespective of the insect
pollinator species, all the insect pollinators remained active for longest duration on NA-7 (3.76
and 3.80 h) followed by Chakaiya (3.72 and 3.74 h) and NA-10 (3.63 and 3.71 h) in 2009 and
2010, respectively (Tables 6, 7).
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Mean activity duration (h) on the varieties of Aonla

Insect Pollinators

Chakaiya NA-7 NA-10
Apis dorsata 5.22 5.39 5.20
A. mellifera 4.05 4.13 4.01
A. florea 4.07 4.10 3.93
Sarcophaga sp. 2.93 2.86 2.82
Other insect pollinators 2.33 2.31 2.19
Mean 372 3.76 3.63
Table 7
Mean activity duration of the insect visitors of Aonla in 2010
. Activity duration (h) on the varieties of Aonla
Insect Pollinators
Chakaiya NA-7 NA-10
Apis dorsata 5.36 5.47 5.32
A. mellifera 4.03 4.13 4.09
A. florea 4.13 4.10 4.00
Sarcophaga sp. 2.84 2.88 2.89
Other insect pollinators 2.35 2.40 2.26
Mean 3.74 3.80 3.71

3. 5. Number of loose pollen grains on the body of pollinators
In 2009, irrespective of variety, average number of loose pollen grains was maximum (6538.80)
on body of Apis dorsata followed by A. mellifera (4608.03), A. florea (4320.20), Sarcophaga (3247.63)
and other insect pollinators (737.13). The differences were found to be significant among the number
of loose pollen grains on the body of various pollinators (p=0.05, ANOVA, Table 8).

Table 8

Number of loose pollen grains carried by the insect pollinators of three varieties of Aonla during 2009

Number of loose pollen grains*

Insect pollinators

Chakaiya NA-7 NA-10 Mean+S.E.
Apis dorsata 6616.70+173.82 6878.00+182.57 6121.70+166.46 6538.80°+113.37
A. mellifera 4569.70+199.15 4800.80+213.97 4453.60+196.63 4608.03"+116.51
A. florea 4205.10+188.40 4595.00+197.56 4160.50+169.88 4320.20+109.66
Sarcophaga sp. 3267.00+162.41 3382.60+159.62 3093.30+152.37 3247.637+90.91
Other insect pollinators 710.10+101.09 928.90+116.71 572.40£100.79 737.13¢£65.32
Mean#S.E. 3873.72b4+284.11 4117.06°+288.85 3680.307+£270.70 -

Note: *— each observation is a mean of 10 replications. C.D. (p=0.05) for species=272.82, for varieties=211.32. Means with dissim-

ilar letters differ significantly.

Similarly in 2010, average number of loose pollen grains was maximum (6590.76) on body
of A. dorsata followed by A. mellifera (4683.03), A. florea (4285.16), Sarcophaga (3342.87) and
the least number was found on the body of other insect pollinators (760.26). The differences were
significant among the number of loose pollen grains on the body of all insect species (p<0.05,

ANOVA, Table 9).

Among the three varieties, the number of loose pollen grains carried by different species in
both the years were found to be maximal on NA-7 followed by on Chakaiya and minimal on NA-10.
The number of loose pollen grains was significantly higher (p<0.05, ANOVA, Tables 8, 9) on NA-7

than Chakaiya and NA-10 in both the years.
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Number of loose pollen grains carried by the insect pollinators of three varieties of Aonla during 2010

Insect pollinators

Number of loose pollen grains*

Chakaiya NA-7 NA-10 Mean+S.E.
Apis dorsata 6631.30+169.04 6908.20+178.52 6232.80+145.60 6590.76°+105.49
A. mellifera 4611.60+210.51 4842.10+£257.64 4595.40+200.68 4683.03°+126.79

A. florea
Sarcophaga sp.
Other insect pollinators
Mean=S.E.

4256.30+209.85
3352.20+145.31
733.00+102.70

3923.08°+284.68

4418.60+197.12

3493.60+131.20
962.40+125.16

4124.98°+287.72

4180.60+185.13

3182.80+152.94
585.40+101.83

3755.40°+275.31

4285.16°£111.66
3342.87%+83.37
760.26°+ 67.97

Note: * —each observation is a mean of 10 replications; C.D. (p=0.05) for species=279.20, for varieties=216.27. Means with dissim-
ilar letters differ significantly.

3. 6. Effect of multiple visits of bees on fruit set in Aonla

Data presented in Table 10 on the effect of multiple visits of different pollinators on fruit
set in all the three varieties of Aonla reveal that per cent fruit set among visits was non-significant
(p=0.05, ANOVA, Table 10). Irrespective of pollinator species, the fruit set with 1 visit, 2 visits and
3 visits was 90.00, 91.20 and 92.00 per cent for Chakaiya, 90.13, 91.60 and 92.00 per cent for NA-7
and 89.20, 90.13 and 91.47 per cent for NA-10, respectively.

In all the varieties, fruit set was maximum for 3 visits followed by 2 and 1 visit, however, the
differences were non-significant (p<0.05, ANOVA, Table 10). Irrespective of variety, fruit set was
best with Apis dorsata as a pollinator, followed by A4. mellifera, A. florea, Sarcophaga and other
insect pollinators. Fruit set with 4. dorsata, A. mellifera, A. florea, Sarcophaga and other insect
pollinators were 97.33, 94.67, 95.78, 93.11 and 74.44 per cent in Chakaiya; 97.56, 95.78, 94.44, 92.67
and 75.78 per cent in NA-7 and 96.67, 94.67, 93.56, 92.00 and 74.44 per cent in NA-10, respectively.
Between 4. mellifera and A. florea, the difference was non-significant, but among other species, it
was significant (p<0.05, ANOVA, Table 10).

Table 10
Effect of multiple visits of different pollinators on fruit set of three varieties of Aonla

Fruit set (%) in flowers of Aonla due to multiple visits

S. No. Pollinators 1 ) 3 Mean+S.E.
Chakaiya

1 Apis dorsata 96.67+0.66 97.3341.33 98.00+0 97.33°+£6.78
2 A. mellifera 93.3341.33 94.67+0.66 96.00+1.33 94.67°+7.00
3 A. florea 94.67+1.33 96.00+1.16 96.67+1.76 95.78"+6.65
4 Sarcophaga sp. 92.00+0.66 93.33£1.33 94.00£1.16 93.11¢+6.87
5 Other insect pollinators 73.33£1.16 74.67+0.66 75.33+£0.66 74.447£6.01

Mean=S.E. 90.007+2.71 91.209+2.23 92.00°+2.78 -

NA-7

1 Apis dorsata 96.00+1.16 98.00+£0 98.67+0.66 97.56°+6.93
2 A. mellifera 94.67+0.66 96.67+0.66 96.00+1.16 95.78"+7.71
3 A. florea 93.33+1.76 94.67+1.76 95.33+1.33 94.445+7.84
4 Sarcophaga sp. 92.00+0 92.67+0.66 93.33+£2.00 92.67°+£7.65
5 Other insect pollinators 74.67+2.00 76.00+1.16 76.67+0.66 75.78+6.33

Mean=S.E. 90.13%4+2.40 91.60¢+2.56 92.004+2.37 —

NA-10

1 Apis dorsata 95.33+0.66 96.00+1.33 98.67+1.76 96.67°+7.63
2 A. mellifera 94.00+0 95.33£1.33 94.67+£2.00 94.67°+6.29
3 A. florea 92.67+1.33 93.33£1.76 94.67+1.76 93.56"+7.07
4 Sarcophaga sp. 90.67+0.66 92.00+0.66 93.33+£0.66 92.00°£7.11
5 Other insect pollinators 73.33£1.76 74.00+1.16 76.00+1.76 74.449+6.85

Mean=S.E. 89.207+1.77 90.134+2.38 91.47¢+2.21 -

Note: each set had 50 flowers with 50 numbers of expected fruit set in each replicate; replicated three times. C.D. (p=0.05) for vis-
its=N.S., species=1.365, varieties=N.S. Mean with dissimilar letters differ significantly.
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3. 7. Pollinating efficiency (number of pollen transferring visits per minute)
From the different pollination attributes viz. relative abundance of the insect visitors (number of
insect visitors/m?*/5min), mean foraging activity duration (h), foraging rates (number of flowers visited/
min) and number of loose pollen grains on the body of the pollinators, the performance scores were ob-
tained for 2009 and 2010 for all the five insect visitors (Tables 11, 12) and the pollination indices were
calculated for the different species on all the varieties. The insects were tentatively ranked for their pol-
linating efficiency. On the basis of the pollination indices derived, Apis dorsata was found to be the most
efficient pollinator among all the insect pollinators in all the three varieties viz. Chakaiya, NA-7 and
NA-10, in 2009 and 2010 followed by 4. mellifera, A. florea, Sarcophaga and other insect pollinators.
Table 11
Pollinating efficiency ranking of pollinators of three varieties of Aonla based on indices derived from the
performance scores of various pollination attributes during 2009
Pollination parameters
S. No. Pollinator Al A G Foraging Pol!en Pollination index Pe.rcen't
Rate grains and rank pollination
Chakaiya
1 Apis dorsata 1.95 1.40 2.02 171 9.43 (D) 73.9
2 A. mellifera 1.22 1.08 1.25 1.18 1.94 (1I) 15.2
3 A. florea 0.99 1.09 1.01 1.09 1.19 (III) 9.51
4 Sarcophaga sp. 0.56 0.79 0.50 0.84 0.19 (IV) 1.49
5 Other insect pollinators 0.28 0.63 0.22 0.18 0.01 (V) 0.08
NA-7
1 Apis dorsata 1.91 1.43 1.92 1.67 8.76 () 71.68
2 A. mellifera 1.25 1.10 1.25 1.16 1.99 (11) 16.28
3 A. florea 0.98 1.09 1.06 1.12 1.27 (1II) 10.39
4 Sarcophaga sp. 0.55 0.76 0.54 0.82 0.19 (IV) 1.55
5 Other insect pollinators 0.30 0.61 0.23 0.23 0.01 (V) 0.08
NA-10
1 Apis dorsata 1.97 1.43 2.05 1.66 9.59 () 73.65
2 A. mellifera 1.23 1.10 1.26 1.21 2.06 (I1) 15.82
3 A. florea 0.98 1.08 0.99 1.13 1.18 (1I0) 9.06
4 Sarcophaga sp. 0.56 0.78 0.50 0.84 0.18 (IV) 1.38
5 Other insect pollinators 0.26 0.60 0.20 0.16 0.01(V) 0.08
Table 12
Pollinating efficiency ranking of pollinators of three varieties of Aonla based on indices derived from the
performance scores of various pollination attributes during 2010
Pollination parameters
S. No. Pollinator Activity dura- Foraging Pollen  Pollination index  Percent
Abundance . . N
tion Rate grains and rank pollination
1 2 3 4 5 6 7 8
Chakaiya
1 Apis dorsata 1.92 1.43 1.98 1.69 9.19(1) 73.46
2 A. mellifera 1.21 1.08 1.24 1.18 1.91(II) 15.271
3 A. florea 0.99 1.10 1.02 1.08 1.20(I1I) 9.6
4 Sarcophaga sp. 0.59 0.76 0.53 0.86 0.20(1V) 1.6
5 Other insect pollinators 0.28 0.63 0.24 0.19 0.01(V) 0.08
NA-7
1 Apis dorsata 1.93 1.44 1.89 1.67 8.77() 72.3
2 A. mellifera 1.22 1.09 1.26 1.17 1.96(11) 16.16
3 A. florea 0.97 1.08 1.06 1.07 1.19(111) 9.81
4 Sarcophaga sp. 0.57 0.76 0.55 0.85 0.20(IV) 1.65
5 Other insect pollinators 0.30 0.63 0.24 0.23 0.01(V) 0.08
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Continuation of Table 12

1 2 3 4 5 6 7 8
NA-10

1 Apis dorsata 1.92 1.43 2.01 1.66 9.16(1) 72.47

2 A. mellifera 1.25 1.10 1.26 1.22 2.11(1I) 16.69

3 A. florea 0.98 1.08 1.00 .11 L.17(111) 9.26

4 Sarcophaga sp. 0.56 0.78 0.51 0.84 0.19(1V) 1.5

5 Other insect pollinators 0.29 0.61 0.22 0.16 0.01(V) 0.08

From the account on pollination efficiency it is evident that in Chakaiya, in 2009, about
98.44 percent pollination in Aonla was brought by the honey bees and only about 1.56 percent by
other pollinators. Same trend was followed by other varieties and in 2010 too. That means, Aonla
is predominantly dependent on honey bees for the pollination of its flowers in the semi-arid envi-
ronment of Northwest India. 4.dorsata alone brought about 72—73 percent pollination, A.mellifera
about 14—15 percent, 4. florea about 9—-10 percent, Sarcophaga about 1.5 percent and other insects
about 0.1 percent.

4. Discussion

In 2009 and 2010, a total of twelve species of insects were observed on the three varieties
of Aonla during its blooming period in March- April. The insect visitors were common in 2009
and 2010 to all the three varieties of Aonla (Table 1, Fig. 1). Among the different insect visitors
recorded, only the hymenopterous species namely 4. dorsata, A. mellifera and A. florea and a dip-
terous species Sarcophaga were the dominant visitors (Tables 2, 3). The rest of the insect visitors
which included wasp (Polistes herbraeus), bee (Halictus sp.), flies (Eristalis sp., Episyrphus sp.,
Syrphus sp., Syritta sp.) and a butterfly (Psichotoe duvauceli) were the non-dominant visitors and
were clubbed under “other insect pollinators.” Similar pattern of insect diversity was observed in
the earlier studies carried out in the semi-arid environment of Northwest India [4—10].

Maximal abundance of flower visitors was recorded on NA-7, followed by on Chakaiya and
NA-10 in both 2009 and 2010. During 2009 and 2010, irrespective of the variety, the abundance
of A. dorsata was maximal followed by A. mellifera, A. florea, Sarcophaga sp. and other insect
pollinators. The honey bees were the predominant visitors of the flowers of Aonla in the semi-arid
environment of Northwest India. These results resemble the results of other studies carried out
in this region [4—10]. The pollinators made preferably more visits on male flowers than female
flowers (Fig. 2). This may be due to the availability of plenty of pollen in the flowers of this plant.
Based on the foraging modes, A. dorsata, A. mellifera, A. florea, Sarcophaga sp. were the major
pollinators and other insect pollinators which included a few dipterans and hymenopterans were
the minor pollinators. All these visitors followed sternotribic mode of pollen transfer. On each vari-
ety, in 2009 and 2010, foraging rate of 4. dorsata was maximal, followed by A. mellifera, A. florea,
Sarcophaga sp. and other insect pollinators (Tables 4, 5).

In the present study, broadly similar pattern of pollinating efficiency of the pollinators was
derived by two methods i.e.:

1) on the basis of different pollination parameters (viz. population abundance of flower vis-
itors, activity duration, foraging rates and the number of loose pollen grains on the body of all
pollinators);

2) on the basis of percent fruit set due to multiple visits. Pollinating indices clearly indi-
cated that among the insect pollinators, 4. dorsata came out to be the most efficient pollinator
of Aonla in both the years followed by A. mellifera, A. florea, Sarcophaga sp. and other insect
pollinators (Tables 11, 12).

On the basis of multiple visits of pollinators, irrespective of the variety, fruit set (per cent)
was best with 4. dorsata as pollinator of Aonla followed by 4. mellifera, A. florea, Sarcophaga sp.
and other insect pollinators (Table 10). The most striking feature of this study is the predominant
dependence of Aonla on the honey bees for the pollination of its flowers as more than 98 percent
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pollination in this fruit plant is brought by the honey bees (three species). However, single species
pollination does not seem to be perfect (i.e. 100 percent). A. dorsata alone brought about 72—73 per-
cent pollination, A. mellifera about 14—15 percent, 4. florea about 9—10 percent, Sarcophaga about
1.5 percent and other insects about 0.1 percent. Therefore, for the realization of maximum pollina-
tion (i.e. 100 percent), the Aonla plant has to depends on a multispecies guild of pollinators. This
would indicate that pollinator diversity does matter in the pollination of Aonla.

Present study has some limitations. Performance scores derived from the various param-
eters provide an approximate pattern of measure of pollination efficiency of the pollinators. For
determining the actual relative contributions of the pollinators towards the reproductive success
of the plant, the behavioral data would need to be supported by the yield data of the visited plant.
Therefore, future research should concentrate on the contribution of the pollinator towards the yield
performance of the visited plant.

5. Conclusions

Aonla bears unisexual flowers hence pollination of its flowers can be accomplished by a
pollen vector. Honey bees were found to be the most abundant and most efficient pollinators of this
fruit plant. On the basis of various pollinator parameters and the reproductive success of the plant,
melittophilous mode of pollination was found to predominate in Aonla (Emblica officinalis) plant
in the semi-arid environment of Northwest India. However, the plant did benefit from the multi-
species pollinator guild, and the pollinator diversity seemed to seemed to matter in the pollination
of Aonla, the plant chosen for this study. Therefore, along with honey bees, conservation of other
pollinators is also important. Studies on more plants would be helpful in strengthening the claims
of this study.
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