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ABSTRACT: The present study was carried out at Vegetable Seed Production Farm and Seed Science Farm of 
CSKHPKV, Palampur District Kangra, Himachal Pradesh, India, during the year 2023-2024. Diversity and abundance 
of insects was studied at different time intervals. The major orders of insects that included floral visitors were 
Hymenoptera, Diptera, Lepidoptera, Coleoptera and Hemiptera. Among all the visitors, Apis cerana (35.25) was in the 
highest numbers among all species of insect visitors/m2/5 minutes sweepings, followed by Eristalis tenax (13.75) and 
eight insect species were found least (0.25). Among different hours of the day, highest number of visitors (4.83) were 
found at 1000h whereas lowest (2.83) were found at 1600h under unsprayed conditions. In unsprayed conditions, the 
species richness (29), Shannon-Wiener Index (H’) (2.41) and Simpson Dominance Index (6.89) were recorded higher 
as compared to insecticidal sprayed conditions (18, 2.11and 6.25) respectively. By continuous spray of pesticides, a 
decline in availability of floral visitors was observed resulting in adverse effect on ecosystem functioning and 
biodiversity conservation.  
 

I. INTRODUCTION 

                            
Pollinators are in threat because of rising temperatures, increased carbon-dioxide, climatic changes, diseases, habitat 
loss, disturbed ecosystem functioning and other pesticide usage [4]. In many cross-pollinated crops, insect pollination 
plays a major role in the hybrid seed production e.g. onion (Allium cepa L) [16]. For the global food production, animal 
pollinators contribute nearly 15-30% [21]. Onion flowers are known for its protandrous nature as the pollen is going to 
shed within 2-3 days before the stigma becomes receptive in nature [13]and the availability of sticky pollen, also effects 
the self-pollination within a flower and thus pollination occurring through insects produces high quality seeds [9].  
                          
The pollinator species diversity and its composition may change with latitude, geographical area and time [18]. In 
several areas of India, syrphids such as Episyrphus balteatus, Metasyrphus conferator, M. corollae etc. are important 
contributors in the pollination process along with the most effective honeybee species viz., Apis dorsata and A. florea 
[3]. Keeping in view the importance of pollinators on onion crop, the present studies were undertaken with the 
objective of studying their diversity and abundance. 
 

II. MATERIAL AND METHODS 

 

The present study entitled “Diversity of pollinators in onion, Allium cepa L.”  was carried out at Vegetable Research 
farm and Seed Science farm of Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya, under 
Department of Entomology, Palampur, District Kangra, Himachal Pradesh, India during rabi-summer of 2023-2024. 
 

1. The diversity of insects visiting onion flowers during the flowering period were assessed by keeping the 
experimental plot free from the sprays in Vegetable farm whereas crop in Seed Science farm was sprayed with 
pesticides like cypermethrin, acetamiprid and fungicides like azoxystrobin during pre-flowering period (7 days before 
flowering and 7 days after flowering) in this trial. The pollinators visiting the crop were collected using insect 
collection nets. Sweeping was carried out throughout the flowering period at two days interval from 10AM to 4PM of 
the day at two hourly intervals for 5 minutes.  
 

Abundance of different insect visitors/pollinators on onion crop was studied during the flowering period. The method 
used to work out the relative abundance of number of different pollinators was as per [5]. 
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Relative abundance (%) = Population of a specific species visiting flowers Total population of all species visiting flowers  × 100      
 

2. The survey data were subjected to various diversity indices to estimate the pollinator species abundance and 
diversity. In the present study, species richness, Simpson’s diversity index (D) and Shannon-Wiener diversity index 
(H’) were calculated. The details of the analysis are given in the following sections. 
 

Species richness (S) represents the total number of pollinator species present in an area. It was calculated by adding up 
the number of different species present in a particular area. 
 

Simpson’s diversity index (D) calculates the probability of obtaining the same species from randomly taken two 
samples from a set of individuals belonging to the same community [27]. Simpson’s diversity index (1949) is 
calculated by using the following formula. The dominance index is 1/D. 
 

D = 
∑𝐧𝐢(𝐧𝐢−𝟏)𝐍(𝐍−𝟏)                Where,  

 

D = Simpson’s Diversity index           N= Total number of individuals in a particular species 

∑= Summation                                   N= Total number of individuals in the sample including all the species 

 

The Shannon - Wiener index (H’) was calculated to know the species diversity in a community. It considers the number 
of species and evenness of their occurrence in a community [25]. The higher the index value represents more species 
diversity and the lower the value represents less diversity. This index is calculated with the following formula. 
 

             H = ∑ (niN . ln (niN))               Where,  
 

H= Shannon-Wiener Index                 ln= Natural logarithm          ∑= Summation 

N= Number of all individuals             ni= Number of individuals in species 

 

III. RESULTS AND DISCUSSION 

 

1. Relative abundance of insect visitors during flowering (without insecticidal spray)                                               
Abundance of different insect visitors on onion crop was studied during the flowering period during different hours of 
the day on onion blooms and the data are presented in table 1. A cursory look at the table indicates that there was a 
significant interaction between insect pollinators and different time intervals (day hours). Mean relative abundance 
based on insects caught through sweepings at different time intervals was the highest at 1000h (4.83), which is at par 
with 1200h (4.31). The corresponding figures for 1400h and 1600 h were 3.45 and 2.83 respectively with significant 
difference in population. Irrespective of the time intervals, the mean relative abundance of Apis cerana (35.25) with 
31.54% as depicted in Fig 1 was significantly higher than other insect visitors followed by Eristalis tenax (13.75) with 
12. 33% followed by Calliphora spp. (11.75) with 10.51%  followed by Episyrphus balteatus (10.75) with 9.62 % 
followed by S. scripta (7.00) with 6.27%, Apis dorsata (6.50) with 5.82% followed by Eristalinus taeniops (3.75) with 
3.35% followed by Eupeodes corollae (3.50) with 3.14% followed by Syritta spp. (3.25) with 2.91% where both were 
at par with no significant difference followed by Musca spp. (2.75) with 2.46%, Episyrphus spp. (2.25) with 2.01%, 
Pieris brassicae (1.25) with 1.12%, Halictus spp. (1.00) with 0.89% and Polistes spp. (0.75) with 0.67%. Among the 
insect orders, Diptera (55.96%) were the highest in relative abundance with more species followed by Hymenoptera 
(40.26%), Lepidoptera (2.44%), Coleoptera (0.89) and Hemiptera (0.45%) recorded the least.  
 

Table 1: Relative abundance of insect visitors during flowering (without insecticidal spray) 
 

                                                               No. of insect visitors/m2/5 min sweepings 

                Day hours 

Insect 
 visitors 

1000 1200 1400 1600 Mean 
Order 

% 

Apis cerana 52.00 (7.28) 38.00 (6.24) 29.00 (5.45) 22.00 

 (4.78) 
35.25 (5.94) Hymenoptera 

(40.26) 
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Apis dorsata 8.00 (2.99) 8.00 (2.97) 5.00 (2.39) 5.00 (2.34) 6.50 (2.67)  

Apis mellifera 1.00 (1.38) 1.00 (1.41) 0.00 (1.00) 0.00 (1.00) 0.50 (1.11)  

Bombus haemorrhoidalis 0.00 (1.00) 1.00 (1.41) 1.00 (1.41) 0.00 (1.00) 0.50 (1.21)  

Halictus spp. 2.00 (1.66) 1.00 (1.41) 1.00 (1.41) 0.00 (1.00) 1.00 (1.37)  

Xylocopa spp. 0.00 (1.00) 0.00 (1.00) 1.00 (1.38) 0.00 (1.00) 0.25 (1.10)  

Delta spp. 0.00 (1.00) 1.00 (1.38) 0.00 (1.00) 0.00 (1.00) 0.25 (1.10)  

Polistes spp. 0.00 (1.00) 1.00 (1.41) 1.00 (1.17) 1.00 (1.00) 0.75 (1.30)  

Eristalis arbustorum 2.00 (1.72) 3.00 (2.00) 2.00 (1.73) 1.00 (1.38) 2.00 (1.71) Diptera (55.96) 
Episyrphus balteatus 16.00 (4.12) 11.00 (3.46) 9.00 (3.14) 7.00 (2.81) 10.75 (3.38)  

Episyrphus spp. 2.00 (1.72) 3.00 (2.00) 2.00 (1.73) 2.00 (1.66) 2.25 (1.77)  

Eristalinus taeniops 4.00 (2.16) 2.00 (1.72) 5.00 (2.34) 4.00 (2.23) 3.75 (2.11)  

Eristalis tenax 20.00 (4.58) 13.00 (3.74) 12.00 (3.58) 10.00 (3.31) 13.75 (3.80)  

Eristalis spp. 2.00 (1.73) 1.00 (1.38) 1.00 (1.41) 1.00 (1.38) 1.25 (1.48)  

Eupeodes corollae 4.00 (2.17) 5.00 (2.43) 3.00 (1.99) 2.00 (1.72) 3.50 (2.08)  

Sphaerophoria scripta 8.00 (2.95) 10.00 (3.31) 6.00 (2.51) 4.00 (2.21) 7.00 (2.74)  

Syritta spp. 3.00 (1.96) 5.00 (2.43) 4.00 (2.21) 1.00 (1.38) 3.25 (1.99)  

Calliphora spp. 11.00 (3.45) 12.00 (3.59) 10.00 (3.26) 14.00 (3.85) 11.75 (3.54)  

Musca spp. 3.00 (1.93) 3.00 (1.93) 2.00 (1.72) 3.00 (1.88) 2.75 (1.87)  

Tachina spp. 0.00 (1.00) 1.00 (1.41) 1.00 (1.41) 0.00 (1.00) 0.50 (1.21)  

Danaus chrysippus 0.00 (1.00) 0.00 (1.00) 1.00 (1.38) 0.00 (1.00) 0.25 (1.10) Lepidoptera 
(2.44) 

Aglais urticae 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 1.00 (1.38) 0.25 (1.10)  

Parnara bada 0.00 (1.00) 0.00 (1.00) 1.00 (1.41) 0.00 (1.00) 0.25 (1.10)  

Pieris brassicae 1.00 (1.41) 1.00 (1.33) 1.00 (1.41) 2.00 (1.66) 1.25 (1.45)  

Spindasis spp. 0.00 (1.00) 0.00 (1.00) 1.00 (1.38) 0.00 (1.00) 0.25 (1.10)  

Vanessa cardui 0.00 (1.00) 1.00 (1.38) 0.00 (1.00) 0.00 (1.00) 0.25 (1.10)  

Ypthima spp. 0.00 (1.00) 1.00 (1.38) 0.00 (1.00) 0.00 (1.00) 0.25 (1.10)  

Coccinella septempunctata 1.00 (1.41) 1.00 (1.41) 1.00 (1.41) 1.00 (1.41) 1.00 (1.41) Coleoptera 
(0.89) 

Nezara hilaris 0.00 (1.00) 1.00 (1.38) 0.00 (1.00) 1.00 (1.41) 0.50 (1.20) Hemiptera 
(0.45) 

Mean 4.83 (1.95) 4.31 (1.99) 3.45 (1.84) 2.83 (1.70)   

           
The present findings are in agreement with the study conducted by [22] who found Diptera (87%) and Hymenoptera 
(13%) and the community of pollinators comprising of four bee species (Apis dorsata, Apis florea, Xylocopa spp. and 
Nomia spp.) with twelve true flies including Episyrphus balteatus, Eupeodes spp., Sphaerophoria scripta, Eristalinus 
arvorum, Calliphoridae spp. and Musca domestica etc. Also, [19] revealed that Indian bee (A.indica) was the most 
efficient and abundant pollinator of onion flowers in the Himalayas of Uttarakhad, India and  our results were also 
corroborated by [7] where the honey bees were reported more abundant than other floral visitors on onion flowers. 
Results of the present findings also find support from [24] who documented that syrphid flies were observed at all 
timings followed by A. mellifera followed by hornets.  It was also the insect pollinator complex and their role in 
pollination efficiency in Pakistan was studied [23]. The results revealed that the pollinator community comprised 
mainly of two hymenopteran bees and eight dipteran flies. Among bees, A. dorsata was found to be an abundant 
pollinator which is in contrast to our results that A. cerana was abundant. Similarly, [6] found that among the 
pollinators, Hymenoptera (60%) was highest followed by Lepidoptera, Diptera and Coleoptera. Of all identified floral 
visitors, A.  florea was the dominant constituting 62% of total pollinators followed by A.  dorsata (28%) and Trigona 
sp. (4.5%). Similarly, A.  florea was considered as most significant pollinator on crop [2]. Four groups of pollinators 
were identified, Hymenoptera was most significant order constituting 90.15%, followed by Diptera with 6.63%, 
Lepidoptera with 1.70% and others 1.52%. [11]. In this study other honey bee species were not very high except A. 
cerana, when compared to syrphid flies. This could be feasible as that onions are not favorites of honey bees because 
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onion nectar is high in potassium and as temperature increases nectar viscosity increases, so bees prefer to forage on 
alternate nectar sources if available [28]. Presence of wall hive of A. cerana near experimental field was the reason for 
high population this bee species in the present studies.  
 

 
 

Figure.1. Relative abundance of individual insect visitor (without insecticidal spray) 
 

 
 

Figure. 2. Relative abundance of individual insect visitor (with insecticidal spray) 
 

2. Relative abundance of insect visitors during flowering (with insecticidal spray) 

                              The insecticides like acetamiprid, cypermethrin and fungicides like azoxystrobin were sprayed 
during pre-flowering period (7 days before flowering and 7 days after flowering) in this trial and diversity of different 
insect visitors was studied. Data on the relative abundance of insect visitors during different hours of the day on onion 
blooms are presented in table 2. It is evident from table that there was a significant interaction between insect 
pollinators and different day hours. Mean relative abundance based on insects caught through sweepings at different 
time intervals was the highest at 1000h (3.78) followed by 1400h (3.61) which were at par to each other with no 
significant difference, 1200h (3.11) and least (3.00) found during 1600h which were at par to each other with no 
significant difference in population. Irrespective of the time intervals, the mean relative abundance of A. cerana (19.00) 
with 31.28% as depicted in Fig 2 was significantly higher than other insect visitors followed by Eristalis tenax (9.50) 
with 15.64% followed by Calliphora spp. (7.50) with 12.35% followed by Episyrphus balteatus (6.75) with 11.11% 
followed by Sphaerophoria scripta and A. dorsata (4.25) with 6.99% which were at par with each other with no 
significant difference followed by Eristalinus taeniops (4.00) with 6.58% followed by Syritta spp. (2.00) with 3.29% 
followed by Coccinella septempunctata (0.75) with 1.25% and Pieris brassicae (0.50) with 0.83% which were at par 
with each other with no significant difference.  All wasp species were recorded to have same percentage of abundance 
as shown in Fig 2. Among the orders relative abundance was highest recorded in Diptera (55.96%) followed by 
Hymenoptera (41.55) followed by Coleoptera (1.25%) and least was recorded by Lepidoptera (1.24%). The results of 
the findings are in conformity to those of [17] who found that Diptera (30%) was the most abundant followed by 
Hymenoptera (21%), Coleoptera, Lepidoptera (14%) and Neuroptera, Thysanoptera and Hemiptera constituted (7%).   
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Table 2. Relative abundance of insect visitors during flowering (with insecticidal spray) 
 

 
 

Earlier, [3], recorded two honey bees (Apis dorsata and A. c. indica) and three syrphid species (Episyrphus balteatus, 
Metasyrphus conferator and M. corollae) to be important onion pollinators in the hilly terrains of the Indian Himalayas 
and showed that A. dorsata was the most visiting and A. florea was recorded was the least visiting pollinator in onion. 
The present results are in contrast to those of [10] who reported that among the different pollinators, hymenopterans 
were highest followed by dipterans, lepidopterans and others. Honey bees of four species were the largest group of 
visitors. Also, [1] reported A. dorsata (34.97%) to be most dominant followed by A. florea (31.04%), Tetragonula sp. 
(18.42%), A. cerana indica (12.26%), Sphaerophoria sp. (01.13%), Delta sp. (0.30%), Scolia sp. (0.15%), Spindasis sp. 
(0.15%), Pieris brassicae (0.07%), Danaus chrysippus (0.07%) and least dominant was Xylocopa sp. (0.04%). The 
spray of insecticides and fungicides (acetamiprid, cypermethrin and azoxystrobin) during pre-flowering, flowering 
periods at 15 days interval in this area, had a profound effect on the population of visitors. The insect population and 
diversity were less in insecticidal sprayed conditions as compared to unsprayed conditions. Pest management can 
indirectly affect yields in pollinator-dependent crops by impacting the pollination process. This has been well 
expatiated by [14] and [8] who reported that insecticide use may reduce pollinator attraction, post-pollination processes 
such as pollen viability or pollen tube growth and retention to a crop or interfere with pollen–stigma interactions of the 
flower [29]; [8]. The present findings are in conformity to those of [26] who recorded highest population of pollinators 
in untreated crops as compared to crop sprayed with chemicals like carbofuran and cypermethrin. 
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Table 3: Comparison of diversity indices in insecticidal unsprayed and sprayed conditions 

 

                                                  Diversity indices of onion pollinators 

Sr. 
No. 

Insecticidal 
conditions 

Species 
Richness (S) 

Shannon-

Wiener Index 
(H’) 

Simpson Index (D) Simpson Dominance 
Index 

(1/D) 

1 Unsprayed 
conditions 

29 2.41 0.14 6.89 

2 Sprayed 
conditions 

18 2.11 0.16 6.25 

 

3. Comparison of diversity indices in unsprayed and insecticidal sprayed conditions 

In unsprayed conditions, the species richness (29), Shannon-Wiener Index (H’) (2.41) and Simpson Dominance Index 
(6.89) were recorded higher as compared to insecticidal sprayed conditions (18, 2.11and 6.25) respectively.  The 
simplest form of expressing the species richness is by counting the number of species in a community [15]. Among 
different mathematical expressions of diversity index, Shannon Wiener index and Simpson diversity index are the most 
commonly used diversity indices to clearly understand and compare the pollinator composition in a community at 
different locations. The results on the diversity indices showed that Simpson index as 0.74, Shannon-Weiner diversity 
index(H) was 1.52 [1]. Similarly, it was also observed that Shannon-Weiner index was 1.81 and majority of insects 
belong to same orders [12]. The highest species richness, Simpson diversity index and Shannon-Wiener diversity index 
in unsprayed conditions was due to the more prevalence of pollinators as the conditions for their foraging were 
salubrious.  
 

IV. CONCLUSION 

 

Among all the visitors, A. cerana (35.25) was in the highest numbers among all species of insect visitors/m2/5 minutes 
sweepings, followed by Eristalis tenax (13.75) and eight insect species were found least (0.25). Among different hours 
of the day, highest number of visitors (4.83) were found at 1000h whereas lowest (2.83) were found at 1600h under 
unsprayed conditions. Similar trend was followed under insecticidal sprayed conditions. Under unsprayed conditions, 
more species richness (29) was recorded as compared to sprayed conditions (18). Also, other diversity indices were 
found to be higher in the unsprayed conditions as compared to insecticidal sprayed conditions. Hence, use of less 
insecticides in onion crop attracts more pollinators and produces high yield. 
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