agronomy

Article

Diversity, Abundance and Impact of Insect Visitors in
Litchi chinensis Production

Pooja Kumari !

check for
updates

Citation: Kumari, P,; Rana, S.;
Bhargava, B.; Reddy, S.G.E. Diversity,
Abundance and Impact of Insect
Visitors in Litchi chinensis Production.
Agronomy 2023, 13, 298.
https://doi.org/10.3390/
agronomy13020298

Academic Editor:

Francis Drummond

Received: 1 December 2022
Revised: 3 January 2023
Accepted: 7 January 2023
Published: 18 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Shagun Rana !, Bhavya Bhargava 23(" and S. G. Eswara Reddy 1-3-*

Entomology Laboratory, Agrotechnology Division, CSIR-Institute of Himalayan Bioresource Technology,
Palampur 176061, India

Floriculture Laboratory, Agrotechnology Division, CSIR-Institute of Himalayan Bioresource Technology,
Palampur 176061, India

3 Academy of Scientific and Innovative Research (AcSIR), Ghaziabad 201002, India

*  Correspondence: ereddy@ihbt.res.in or ereddy2001@yahoo.com or sgereddy73@gmail.com

Abstract: Litchi chinensis is the “queen of fruits”, and pollination is an essential requirement for
fruit set and production. The present study was conducted in litchi orchards to study the diver-
sity /abundance of insect visitors, the impact of pollination on quantitative parameters, and different
modes of pollination. The results showed that 75 insect species during flowering were reported
including Hymenoptera, Lepidoptera, Diptera, and Coleoptera. In natural pollination, the abundance
of insect visitors of Hymenoptera was more during morning and evening (50.25% and 44.89%, re-
spectively) compared to Lepidoptera (21.83 and 26.67%) and Diptera (24.37 and 23.33%). Similarly,
natural pollination with one Apis mellifera colony also showed higher abundance of insect visitors
of Hymenoptera during morning and evening (50.15 and 57.31%, respectively) as compared to
Lepidoptera and Diptera. The Dipteran insect visitors under natural pollination showed significant
positive correlation with temperature, wind speed and UV. The fruit/seed size, peel weight, juice pH,
pulp weight, moisture, and total soluble solids were higher in natural pollination with A. mellifera.
The percentage of fruit set and fruit weight (g) was significantly higher in natural pollination with
A. mellifera (23.24 £ 1.40% and 1.60 & 0.11 g, respectively). There was no fruit set observed in bagged
panicles with nylon mesh.

Keywords: Apis mellifera; pollination; diversity; correlation; fruit set; yield parameters

1. Introduction

Litchi, Litchi chinensis Sonn., (Sapindaceae) is known as the “queen of fruits”. Itis a
tropical fruit native to Southeast Asia [1,2]. It has a sweet flavour and a white translucent
aril, eaten in raw/processed form and added to ice-cream [3,4]. China is the biggest
producer of litchi in the world followed by India, Vietnam, and Thailand [5]. In India,
litchi is cultivated in Bihar, West Bengal, Assam, Jharkhand, Uttrakhand, and Odisha in an
area of 92,100 hectares with an output of 583,400 t annually. In Himachal Pradesh, litchi is
grown over an area of 5673 hectares with an annual production of 5469 t covering Kangra,
Sirmour, Bilaspur, and Una [2,6]. The litchi is highly self-sterile and cross-pollinated, so its
flowers require sufficient pollinators for pollination and fruit set.

Litchi panicles are rich in nectar that attracts insects. Various insect orders, such
as Hymenoptera, Diptera, Lepidoptera, and Coleoptera, visit litchi flowers, but honey
bees, flies, and wasps play a significant role in pollination [7]. The low fruit set observed
in self-sterile cultivars is due to the litchi’s lack of sufficient pollinators leading to low
production [8] and failure to bear fruits [9]. Apis and Melipona species are prominent visitors
(98-99%) of litchi flowers. However, A. mellifera is the primary pollinator. The productivity
of fruits was significantly increased by pollinators [10-12]. Cross-pollination enhances
fruit set, yield, and quality in litchi compared to no pollination [13-17]. Most bee keepers
move honey bee colonies to litchi plantations for nectar for honey bees from March to April
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and harvest mono floral honey with good color and flavour. The pollination research is
more important to validate the effect of pollinators on percentage pollination, fruit set,
productivity, and yield of litchi. In India, Apis mellifera and Apis cerana are predominant
pollinators, but A. cerana dominates in South India, whereas A. mellifera in Northern India
contributes more than 80% of pollination in litchi and other fruit crops. As per the literature,
few scientific reports are available in India for pollination studies on litchi and their impact
on yield. Therefore, the current investigation planned (a) to study diversity, abundance
and impact of insect visitors in litchi; (b) to study the comparison of natural pollination,
fruit set, and yield of litchi with that of A. mellifera under caged trees and excluding insect
pollinators; and (c) to study the effect of weather parameters on the abundance of insect
visitors in litchi.

2. Materials and Methods
2.1. Study Area

The studies on the diversity and abundance of insect visitors and their impact on
pollination, fruit set, yield, and quality characters of L. chinensis cv Shahi were carried
out in litchi fields (0.5 ha) from April-May 2022 in three different locations. The GPS
coordinates are: experimental field 1 (Bhadwar) is latitude 32°17'25.52784” N and longitude
75°57'43.6806” E (altitude 2054 ft.), field 2 (Kalara) is latitude 32°17'27.81924” N and
longitude 75°58/1.93908” E (altitude 1991 ft.), and field 3 (Samma) is latitude 32°17/19.7808"
N, and longitude 75°58'52.27212” E (altitude 2077 ft.), respectively, of Kangra district,
Himachal Pradesh. The selected litchi trees/fields are similar in age (8-10 years), flowering
without any other inter/mixed crops. The farmers have not used pesticides to control
pests and diseases during the initiation of flowering and until the completion of the fruit
set. The apiary (one bee colony with eight frames) was kept in the litchi field (natural
pollination with A. mellifera). However, the treatment (T3) natural pollination alone was
three kilometers away from the natural pollination with A. mellifera (T4) to avoid the
visiting of A. mellifera in the natural pollination (T3) without influencing the data on
quantitative parameters.

2.1.1. Diversity of Insect Visitors in L. chinensis Ecosystem

The present study was carried out as per the previous reports [18]. The experiment was
carried out in a randomized block design (RBD) with four treatments and five replications.
The treatments included: (T;) Caged tree with nylon mesh; (T,) Excluding insect pollination
(bagging with nylon mesh); (T3) Natural pollination alone; (T4) Natural pollination with one
A. mellifera colony. There were five trees/replications. The 20 trees were randomly assigned
in different treatments. Five panicles of uniform size (15 cm)/tree/direction were tagged
with ribbon in four directions (North, South, East, and West). Observations on insect visitors
in litchi flowers were recorded by visual counting for 5-10 min/direction/tree during the
morning (9-11 a.m.) and evening (3 to 6 p.m.) continuously for 10 days. Sampling of
the visiting insects was done with two trapping methods, viz., sweeping net and yellow
pane traps (traps with salt and detergent powder dissolved in water). Sweeping was done
manually during morning and evening time, whereas pane traps were installed near the
trees for collection. Collected specimens were shade dried, pinned, and sorted based on the
order. Furthermore, the specimens were identified based on general characters and images
available in the databases of ICAR-NBAIR [19]. Some of the species belonging to family
Coccinellidae were identified from the database of ‘Biosystematics of the Coccinellidae of
India and neighboring countries’ [20].

The diversity of different orders was measured by using Shannon-Wiener Diversity Index:

H = —X Pi (InPi),

where H represents the genus/species diversity index in a given locality, and Pi is the
proportion of the total sample belonging to the ith species [21].
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2.1.2. Abundance of Insect Visitors in Natural Pollination (Field 1) and Natural Pollination
with one Apis mellifera Colony (Field 2)

The abundance of insect visitors in L. chinensis was recorded in two treatments, i.e.,
natural pollination (under open field conditions without using a bee colony) and natural
pollination with one A. mellifera colony. There were five trees or replicates in each treatment
as mentioned in Section 2.1.1 [18]. The treatment with natural pollination was three
kilometres away from the natural pollination with one A. mellifera colony. The observed
insect visitors on flowers were sampled, identified and grouped into different orders, viz.,
Hymenoptera, Diptera, Lepidoptera, and Coleoptera. The percentage abundance was
calculated by using the following formula:

Abundance (%) = [Number of insect visitors/Total number of all insect visitors] x 100

The weather data were recorded with an environment meter at different intervals
during the morning/evening. The correlation analysis was performed between insect
abundance and various weather parameters. The data on insect visitors were analyzed by
using SPSS software version 26. The data on percentage abundance of insect visitors in
field 1 (natural pollination) and field 2 (natural pollination with A. mellifera colony) were
compared by #-test.

2.2. Effect of Insect Visitors on the Quantitative Parameters of L. chinensis

The effect of insect visitors on the quantitative parameters of L. chinensis fruit produc-
tion was studied as per earlier reports [18]. The experiment was carried out in a randomized
block design (RBD) with four treatments and five replications. The treatments include
caged tree with nylon mesh (10 feet height) with one A. mellifera colony (T1), excluding
insect pollination (bagging with the nylon mesh size of 40 cm x 40 cm) (T3); natural pol-
lination alone (under open field conditions without using bee colony (T3); and natural
pollination with one A. mellifera colony (T4). The 20 trees were randomly assigned in
different treatments. Five panicles of uniform size (15 cm)/tree/direction were tagged
with ribbon in four directions (North, South, East, and West). The quantitative parameters,
namely, the size of the fruit (length, breadth, and weight) and size of the seed (length,
breadth, and weight) were recorded on 200 randomly selected fruits/tree/treatment. The
size of the fruit/seed was measured using a Vernier caliper, and weight was taken using
a digital weighing balance. The parameters, namely, total soluble sugars (TSS), pH, dry
weight, and moisture were calculated by using the formula [22]:

Moisture content (% wet basis) = Quantity of initial weight — dry weight over initial weight

TSS was measured with a digital refractometer, a pH using a pH meter, dry weight
of fresh pulp with weighing balance, and moisture content by hot air oven method at
50-degree temperature for 24 h.

The data on different quantitative parameters were analyzed using OPSTAT software,
version 26 and means were compared for interpretation.

3. Results
3.1. Diversity of Insect Visitors in L. chinensis

Many insects visited the litchi inflorescence during the flowering stage in natural
pollination and natural pollination with one A. mellifera colony. A total of 75 insect species
visited the litchi flowers. Of these, 14 insect species belong to Hymenoptera, 33 to Lepi-
doptera, 19 to Diptera and 9 to Coleoptera (Table 1). Based on the Shannon-Wiener diversity
index (scale-low diversity (<1.5), medium diversity (>1.5) and high diversity (>2.5)). The
results showed that the total diversity index value of insect pollinators is 1.15, which
indicates low diversity in the present study (Table S1).
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Table 1. List of insect pollinators/visitors in L. chinenesis.

Sr. No. Scientific Name Family Order Insect Species Diversity (%)

1. Apis dorsata

2. Apis mellifera

3. Apis cerana

4. Apis florea .

5. Bombus Zueﬁorrhoidalis Apidae

6. Ceratina sp.

: Anthephors oo Fymenoptera 14 18467

9. Andrena sp. Andrenidae

10. Componotus sp. Formicidae

11. Vespa mandarinia Vespidae

12. Bracon sp. Braconidae

13. Pimpla sp. Ichneumonidae

14. Formica sp. Formicidae

15. Horaga onyx

16. Tarucus nara

17. Udara dilecta L d

18. Pseudozizeeria maha ycaencae

19. Euchrysops cnejus

20. Zizeeria karsandra

21. Junonia almana

22. Kaniska canace

23. Ypthima huebneri

24. Aglais urticae

25. Vanessa cardui

26. Symbrenthia hippoclus .

27. Neptis hylas Nymphalidae

28. Junonia iphita

29. Junonia lemonias

30. Euploea core

31. Junonia hierta Lepidoptera 33 44.00

32. Cyrestis thyodamas

33. Papilio machaon

34. Papilio bianor Papilionidae

35. Papilio polytes

36. Lithosiina sp. Arctiidae

37. Pieris brassicae

38. Pieris rapae Pieridae

39. Eurema sp.

40. Amata bicincta

41. Syntomoides imaon .

42. Asota sp. Erebidae

43. Lymantria marginata

44. Hesperiid sp. "

45. Sarangesa dasahara Hesperiidae

46. Asota plaginota Noctuidae

47. Danaus chrysippus Danaie

48. Eristalinus megacephalus

49. Eristalinus sp.

50. Episyrphus sp.

51. Episyrphus balteatus

52. Eristalinus taeniops

53. Eristalinus sp. Syrphidae

54. Dasysyrphus sp.

55. Brachypalpoides sp.

56. Sphaerophoria sp.

57. Melanostoma sp. Diptera 19 25.00

58. Copestylum sp.
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Table 1. Cont.
Sr. No. Scientific Name Family Order Insect Species Diversity (%)
59. Sarcophaga spp. Sarcophagidae
60. Stomorhina sp. Lo
61. Rhiniid sp. Rhiniidae
62. Exoprosopa sp. Bombyliidae
63. Diopsis sp. Diopsidae
64. Rhagoletis sp. Tephritidae
65. Tachinid sp. Tachinidae
66. Calliphora sp. Calliphoridae
67. Batocera sp. Cerambycidae
68. Harmonia sp.
69. Cycloneda sanguinea o
70. Coccinella septumpunctata Coccinalidae
71. Coccinella transversalis Coleoptera 9 12.00
72. Chlorophorus sp. Cerambycidae
73. Lycus sanguineus Lycidae
74. Epicauta sp. Meloidae
75. Dictyoptera simplicipes Lycidae
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3.2. Relative Abundance of Insect Visitors in L. chinensis

In natural pollination (Field 1), the percentage abundance of insect visitors of Hy-
menoptera was more during the morning and evening (50.25 and 44.89%, respectively)
as compared to Lepidoptera, Diptera, and Coleoptera (Figure 1a). Similarly, natural polli-
nation with one A. mellifera colony (Field 2), the percentage abundance of insect visitors
of Hymenoptera was more during the morning and evening (50.15 and 57.31%, respec-
tively) as compared to Lepidoptera, Diptera, and Coleoptera (Figure 1b). The means of
two samples with equal variances from field 1 and field 2 were analyzed by ¢-test, which
showed that there was no significant difference in the relative abundances between the
fields (Table S2).

(b) 70q

EE Morning 60-

El Morming
HEl Evening

Hl Evening

Percent abundance
.
(=]
1

Hymenoptera Lepidoptera Diptera

Coleoptera Coleoptera

Insect orders Insect orders

Figure 1. Relative abundance of insect pollinators: (a) Field 1 (Natural pollination); (b) Field 2
(Natural pollination with one A. mellifera colony).

3.3. Correlation between the Abundance of Insect Pollinators with Weather Parameters

An attempt was made to establish the relationship between the mean abundance of
insect visitors with weather parameters of three and seven days before observations in
field 1 (Natural pollination) and field 2 (Natural pollination with one A. mellifera colony).
In field 1, among the weekly weather variables, Diptera showed a significant positive
correlation with temperature, wind speed and UV in morning. The Dipteran population
showed a significantly negative correlation with humidity in the morning, whereas the
population of Coleoptera also showed a significantly negative correlation with U.V radia-
tion in the evening (Table 2). Alternatively, in field 2, all the weather parameters showed a
non-significant correlation with insect orders (Table 2). Similarly, the pollinator abundance
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recorded at three-day intervals was correlated with the previous three-day weather vari-
ables. Results showed that the Diptera population showed a significant positive correlation
with wind speed and U.V during the morning in field 1. On the other hand, in field
2, Diptera showed a significant negative correlation with humidity in the evening, and
Coleoptera showed a significant negative correlation with temperature and wind speed
during evening (Tables 3 and 4).

Table 2. Correlation coefficient (r) between insect pollinators/visitors and weekly weather parameters
in Field 1 (Natural pollination) and Field 2 (Natural pollination with A. mellifera colony).

Hymenoptera Lepidoptera Diptera Coleoptera
Morning Evening Morning Evening Morning Evening Morning Evening

Weather
parameters

Natural pollination (Field 1)

Temperature (M) 0.333 - 0.506 - 0.752 * - —0.385 -
Temperature (E) - 0.129 - 0.227 - 0.105 - 0.127
Humidity (M) —0.226 - —0.416 - —0.710 ** - 0.297 -
Humidity (E) - 0.174 — 0.149 - 0.479 — 0.211
Wind Speed (M) 0.306 - 0.481 — 0.857 ** — —0.447 —
Wind Speed (E) - 0.098 - 0.196 - 0.344 - 0.362
uv ™) 0.448 - 0.483 - 0.751* — —0.694 * -
UV (E) - —0.079 — —0.226 - —0.274 — —0.291
Natural pollination with A. mellifera colony (Field 2)
Temperature (M) —0.049 - —0.282 - 0.306 — —0.233 -
Temperature (E) — —0.007 — 0.235 — 0.199 — —0.048
Humidity (M) —0.293 - 0.564 - 0.334 - —0.237 -
Humidity (E) - 0.157 — 0.177 - —0.164 — —0.191
Wind Speed (M) 0.107 - —0.036 - —0.486 - 0.275 -
Wind Speed (E) - 0.295 - 0.157 - —0.124 - —0.049
uv ™) —0.192 - 0.553 - —0.038 — —0.143 -
UV (E) - —0.001 — —0.396 - —0.400 - —0.066
* Significant at p < 0.05, ** Significant at p < 0.01, M—Morning, E—Evening.
Table 3. Correlation coefficient (r) between insect pollinators/visitors and three-day weather parame-
ters in Field 1 (Natural pollination) Field 2 (Natural pollination with A. mellifera colony).
Hymenoptera Lepidoptera Diptera Coleoptera
Morning Evening Morning Evening Morning Evening Morning Evening
Weather Natural pollination (Field 1)
parameters

Temperature (M)
Temperature (E)
Humidity (M)
Humidity (E)
Wind Speed (M)
Wind Speed (E)
Uv M)

UV (E)

Temperature (M)
Temperature (E)
Humidity (M)
Humidity (E)
Wind Speed (M)
Wind Speed (E)
Uv M)

UV (E)

0.211 — 0.266 - 0.448 — —0.035 -
- 0.279 - 0.313 - 0.059 — —0.088
0.269 - —-0.115 - -0.271 - —0.011 -
- 0.183 - 0.081 - 0.249 - 0.261
0.169 - 0.522 - 0.882 ** - —0.418 -
- 0.217 — 0.231 - 0.343 - 0.000
0.369 — 0.448 - 0.717 % — —0.629 -
- —0.182 - —0.261 - —0.305 - —0.214
Natural pollination with A. mellifera colony (Field 2)
—0.010 — —0.165 - 0.316 — —0.342
- —0.022 - 0.124 - —0.491 - —0.662 *
0.271 - 0.015 - —0.414 - 0.138 -
- 0.270 — 0.009 - —0.674 % — —0.487
0.532 - —0.072 - —0.435 - 0.226 -
- 0.064 - 0.062 - —0.525 - —0.636 *
—0.284 — 0.436 - —0.082 - —0.063 -
- 0.097 - —0.426 - —0.049 - 0.385

* Significant at p < 0.05, ** Significant at p < 0.01, M—Morning, E—Evening.
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Table 4. Impact of insect-pollination on the quantitative parameters (Mean =+ SE) of L. chinensis.

Size of the Fruit Size of the Seed Moisture Total
Peel pH of Fresh ]?ry Content Soluble
Treatments Length Breadth Weight Length Breadth Weight Weight Juice Pulp Weight of of Pulp Solids
m (m) (g  (m) (m) (g ® Weight () Pulp (g) (%) (Brix)
348 287 1509 267 154 296 272 371 004 4 L06 4 90.06 -
T + + + + + + + + 020b 0.05 0.43 026 a
004a 002c 033b 003a 004a 008 007a 005c : e asc :
340 307 1871 226 143 295 268 482 1330 4 L0+ 9196 4 21864
Ts + + + + + + + + 0.17a 0.06 a 022b 0.39b
003b 0.02b 032a 002b 002b 008 003b 0.05b : : : :
350 316 1949 234 155 300 28 506 1364 4 o5+ 930 & 2934
Ty + + + * + + + + 057 a 0.04b 021a 028 a
002a 002a 030a 003b 005a 005 004a 005a : : : :
000 000 000 000 000 000 000 000 0.00 4 0.00 4 0.00 4 0.00 4
T + + + + + + + + 0.00 0.00d 0.00d 0.00
000c 000d 000c 000c 000c 000 000c 000d e : ‘ e
CD.(p=005) 006 004 062 007 010 NS 012 013 0.88 0.13 0.84 0.73
C.V (%) 237 1191 507 422 942 890 632 422 10.59 15.63 133 4.77
SEM 002 001 021 030 002 003 006 004 0.05 0.05 0.29 0.25

NS—Non significant; Means followed by same letters within a column are not statistically different; SE—Standard error.

3.3.1. Impact of Pollination Treatments on Quantitative Parameters of L. chinenesis

Among treatments, the size of the fruit (length, breadth, and weight) was signifi-
cantly larger in natural pollination with A. mellifera colony (3.50 cm, 3.16 cm, and 19.49 g,
respectively) and was followed by a caged tree with A. mellifera as compared to natural
pollination. The length of the fruit in natural pollination with A. mellifera is at par with a
caged tree with A. mellifera. Similarly, the weight of the fruit in natural pollination with
A. mellifera was also at par with natural pollination alone. Among treatments, the seed
size (length and breadth) was significantly greater in a caged tree with A. mellifera colony
(2.67 and 1.54 cm, respectively) and followed by natural pollination with A. mellifera colony
as compared to natural pollination alone. However, the weight of the fruit was significantly
more in natural pollination with A. mellifera and was at par with natural pollination alone
as compared to caged tree with A. mellifera. The length of the seed in natural pollination
with A. mellifera colony is at par with natural pollination alone. The breadth of the seed in
natural pollination with A. mellifera colony is at par with a caged tree with A. mellifera colony.
The peel weight and TSS (2.82 g and 22.23 °Bx, respectively) were significantly higher in
natural pollination with A. mellifera and were at par with a caged tree with one A. mellifera
colony as compared to natural pollination alone. The pH of the juice and moisture content
of pulp (5.06 and 92.32%, respectively) was significantly higher in natural pollination with
A. mellifera colony followed by natural pollination as compared to a caged tree with one
A. mellifera colony. The fresh pulp weight was significantly higher in natural pollination
with A. mellifera colony (13.64 g) and was at par with natural pollination as compared to a
caged tree with A. mellifera colony. Similarly, the dry weight of pulp was significantly higher
in natural pollination (1.40 g) and was followed by natural pollination with A. mellifera
colony as compared to a caged tree with one A. mellifera colony. The treatment excluding
insect pollinators (panicles covered with nylon mesh bags) reported no fruit set compared
to other treatments.

3.3.2. Effect of Different Mode of Pollination on Yield of L. chinensis

Among different treatments evaluated in the field, the percentage fruit set and fruit
weights (g) were significantly higher in natural pollination with A. mellifera (23.24 & 1.40%
and 1.60 £ 0.11 g, respectively). They were at par with natural pollination (22.01 £ 2.27%
and 1.34 £ 0.31 g, respectively), and caged tree with one A. mellifera colony (21.01 & 1.24%
and 1.42 + 0.13 g, respectively). The fruit set and no fruits were seen in the treatment,
excluding insect pollinators, where the panicles were covered with nylon mesh bags
(Table S3).
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4. Discussion

The present study revealed that honeybees are the most predominant visitors of
litchi flowers. Among them, Apis spp., have previously been documented as efficient
pollinators of litchi [23,24]. In this study, hymenopterans insects are dominant visitors of
litchi flowers, including A. mellifera, A. cerana, A. florea, A. dorsata, Mellipona sp., as compared
to Lepidoptera and Diptera.

In the current studies, the abundance of insect visitors (Hymenoptera) are the same in
natural pollination and natural pollination with the release of the A. mellifera colony (with
10 frames of bees) as compared to Lepidoptera and Diptera. The predominant pollinator
species observed in the present study were A. mellifera, A. cerana and Mellipona sp. Current
results agree with previous studies in which Hymenoptera reported higher abundance and
foraging activity [25,26]. In the present study, the foraging activity of Hymenopterans was
higher during the morning in natural pollination and natural pollination with A. mellifera
colony, and these results conformed with previous studies [25-27]. In the present study, the
A. mellifera colony was released under the caged tree to compare its impact/efficiency on
pollination and fruit set/yield with that of natural pollination. No significant differences
were observed in the yield and quantitative parameters.

Climatic factors during flowering and fruit development may play an important role
in the pollination and yield of litchi. The current results show no variation in the abundance
of insect visitors (Hymenoptera, Lepidoptera and Diptera) in litchi flowers during morning
and evening. However, the abundance of Hymenoptera flower visitors was greater than
Lepidoptera or Diptera to litchi flowers. Studies clearly showed that proper management
of A. mellifera and insect pollinators increased the fruit set and encouraged fruit quality.
In the present study, the size of the fruit (length, breadth, and weight) was significantly
greater from natural pollination with the A. mellifera colony than in a caged tree with
A. mellifera and natural pollination. The length and weight of the fruit in natural pollination
with one A. mellifera colony and a caged tree with one A. mellifera colony were almost
the same. The current results also conform with the findings of previous reports, where
maximum fruit length, breadth, and weight were observed in open pollination and caged
with A. mellifera [17,18]. TSS in this study was higher in natural pollination with A. mellifera
and caged trees with A. mellifera. These results are superior to previous studies, had
comparatively fewer soluble sugars in total (of 20.1 to 20.8 °Bx) in the insect-proof nylon
net cage, having only one colony of A. mellifera [28] and 18.32 to 19.33 °Bx in completely
open pollination and caged tree with one colony of A. mellifera [18]. As per reports, TSS in
litchi fruits increases as the storage period increases [29].

The honey bee species plays a significant role in the pollination of litchi flowers. In the
absence of pollinators, there was no fruit set as evidenced by the present study in which the
panicles were bagged with nylon mesh. In the current study, the percentage fruit set/fruit
weight was higher in natural pollination with A. mellifera and other pollination modes than
without pollination by insect pollinators (bagged panicles). The present results confirm the
earlier findings that no fruit set was observed when the panicles were bagged with nylon
mesh [7,30,31]. Based on the current results in the absence of A. mellifera in the litchi field,
the other pollinators (A. cerana, A. dorsata, Mellipona sp., and others) play a significant role
in the pollination of litchi flowers, fruit set, and yield.

5. Conclusions

Based on present findings, 75 insect visitors, including Hymenoptera, Lepidoptera,
Diptera and Coleopteran, were reported in the litchi ecosystem during the study. In natural
pollination, the abundance of potential insect visitors of Hymenoptera was more during
the morning and evening (50.25 and 44.89%, respectively) as compared to Lepidoptera
(21.83 and 26.67%) and Diptera (24.37 and 23.33%). The percentage fruit set and fruit
weights (g) were significantly higher in natural pollination with A. mellifera (23.24 and
1.60 g, respectively), but no fruit set was observed in bagged panicles with nylon mesh.
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