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Abstract: Pollinators are crucial for sustaining agricultural productivity and ecological equilibrium, since they directly affect
the reproduction of blooming plants and crop yields. This research was carried out in the Hassan area of Karnataka, India, to
investigate the significance of insect pollinators in agricultural sustainability via insect–plant interactions. Field studies
conducted throughout the blooming season documented 28 species of pollinators, with bees being the largest share (52%),
followed by butterflies, flies, and beetles. Diversity indices revealed moderate to high species diversity, underscoring the
ecological importance of pollinators. The frequency of pollinator visiting was much higher for bees than for other groups, with
activity often peaking in the morning. Yield evaluation indicated a significant increase in crop output under settings exposed to
pollinators, with cucumbers exhibiting the greatest yield advantage (92.8%). Correlation research established a robust positive
association (r = 0.82) between pollinator visitation rates and crop production. Farmer surveys revealed apprehensions over
pollinator reduction attributed to pesticide use and habitat destruction; yet, a majority indicated a readiness to implement
pollinator-friendly practices. The results highlight the essential role of pollinators in enhancing crop output and promote
sustainable agriculture methods that safeguard pollinator diversity.
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INTRODUCTION

Pollinators are very necessary for ensuring that agricultural production and ecological balance are
maintained simultaneously. Insects, which include bees, butterflies, beetles, and flies, play a significant role
in the reproduction of the majority of flowering plants and have a direct impact on the output of about
seventy-five percent of the key food crops grown across the world [1]. With studies highlighting their
contribution to yield enhancement, crop quality improvement, and nutritional variety preservation [2], their
ecological and economic relevance has earned more recognition in recent years. This is due to the fact that
research has highlighted their impact.

Pollinators, in addition to their role in the production of food, contribute to the maintenance of ecosystem
health by promoting cross-pollination, which in turn increases the genetic diversity of plant populations.
This particular type improves plant tolerance to difficulties like as pests, diseases, and climate change,
which ultimately results in an increase in the resilience of ecosystems [3]. The deterioration of pollinator
services poses a threat to both the long-term sustainability of the ecosystem and the maintenance of food
security.

During the last ten years, there has been a significant decrease in the number of pollinators, according to
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several global studies. It has been shown that the primary reasons that are responsible for these losses
include changes in land use, exposure to chemicals, monoculture agriculture, and climate change [4]. Insect
pollinators are particularly vulnerable to the effects of intensive agricultural practices, as shown by the
considerable body of data that links exposure to neonicotinoid pesticides to lower bee survival and altered
foraging behavior [5].

The loss of pollinators has significant monetary consequences. According to estimates, insect pollination is
worth hundreds of billions of dollars to the agricultural industry worldwide every year [6]. The lack of
robust pollinator populations would have a devastating effect on the output and quality of crops including
fruits, nuts, vegetables, and fruits that are very dependent on pollination by animals. The availability of
nutrient-rich foods that are vital to human health would be affected, as would the earnings of farmers [7].

In recent times, attempts to stem the decline in the number of pollinators have turned their attention to
conservation activities. There are many examples of these, such as decreasing the amount of pesticides
used, increasing the variety of crops grown, protecting hedgerows, and restoring agricultural landscapes in
order to provide better support for pollinators." According to the findings of study [9], higher pollinator
populations and visitation rates are related with better agricultural output. This is due to the fact that
landscapes that have a greater range of flower species and nesting supplies are more helpful to pollinators.

These days, it is very necessary to give research on insect-plant interactions, particularly in
agroecosystems, a higher priority. It is vital to perform research that integrate pollinator variety, visiting
rates, and production outputs in order to identify a middle ground between agricultural expansion and the
conservation of biodiversity [10 in this context]. Studies such as this one also contribute to the formation of
policy frameworks that aim to safeguard pollinator services, which are an essential kind of natural capital
for farming that is ecologically responsible.

OBJECTIVES

1. To assess the diversity, abundance, and visitation frequency of insect pollinators across selected crop
species and determine their contribution to crop yield.

2. To evaluate farmers’ perceptions of pollinators, identify key challenges affecting pollinator populations,
and explore potential strategies for promoting pollinator-friendly agricultural practices.

RESEARCH METHODOLOGY

Study Area

The study was carried out in Karnataka, India's Hassan district, an agricultural area distinguished by a
variety of crop kinds, such as fruit orchards (guava, mango), cereals (rice, maize), and vegetables (tomato,
cucumber). The region has a tropical climate, with temperatures between 18°C to 34°C with an average of
950 mm of rainfall per year. Because of their diverse cropping patterns, accessibility, and the willingness of
nearby farmers to take part, study sites were selected to provide an appropriate setting for examining the
function of pollinators in fostering agricultural sustainability and bolstering insect-plant interactions.

Study Design
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The blooming season (March–June 2025) was used for a field-based observational research. Included in
the design were:

Pollinator Surveys – systematic observation of insect visitors on selected crops.
Yield Assessment – measurement of fruit/seed set under pollinator-exposed and pollinator-excluded
conditions.
Farmer Interviews – structured interviews with local farmers regarding pollinator abundance, pesticide
use, and yield variation.

Pollinator Sampling

Transect Walks: Each field that was chosen had 50 m transects set across it. Peak pollinator activity
was seen from 8:00 to 11:00 AM and from 3:00 to 6:00 PM.
Observation Periods: The species of insect visiting flowers, the frequency of visits, and the behavior
(nectar/pollen collecting) of each transect were recorded during a 15-minute observation period.
Identification: Field guides and conventional entomological keys were used to identify pollinators down
to the lowest taxonomic level (family or genus). Identification was aided by photographic documents.

Yield Assessment

To assess the impact of pollinators on crop yield:

Pollinator-exposed plots: Open flowers allow pollination to occur naturally.
Pollinator-excluded plots: Fine mesh bags are used to keep insects away from flowers.

At harvest, data on fruit set (%), fruit weight, and seed count were recorded.

Data Analysis

This research included both quantitative and qualitative data analysis methods. Pollinator diversity was
assessed using recognized diversity indices, namely the Shannon–Wiener index and Simpson’s index. T-
tests and ANOVA were used to evaluate the effect of pollinators on crop yields by comparing the
production between treatments with and without pollinator exposure. Correlation studies were performed to
examine the links between pollinator visitation rates and agricultural output. In addition to the quantitative
studies, qualitative data gathered from farmer interviews were rigorously analyzed using theme analysis to
elucidate farmers' opinions and experiences about pollinator activity and crop yield.

RESULTS

Pollinator Diversity

There was a grand total of 28 bug species from 18 different families found in the research areas. The
majority of the species recorded were beetles (52%), followed by moths and butterflies (23%), flies (15%),
and beetles (10%).

Diversity indices were calculated to assess community structure:
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Shannon–Wiener Index (H) = 2.45
Simpson’s Index (D) = 0.82

Both values indicate moderate to high diversity with an even distribution of species.

Table 1. Distribution of pollinator groups in the study area

Pollinator
Group

Number of
Species

Percentage of
Total (%)

Representative
Species

Bees 12 52
Apis cerana, Apis

dorsata

Butterflies/Moths 6 23
Danaus chrysippus,

Pieris sp.

Flies 5 15
Syrphidae, Musca

domestica

Beetles 3 10 Cetoniinae beetles

Total 28 100 —

 

Figure 1: Distribution of pollinator groups in the study area

Bees, with 12 species including Apis cerana and Apis dorsata, made up 52% of the total pollinator species
in the research region, according to the distribution of pollinator groups. Following flies (including syrphid
flies and Musca domestica) with 15%, the second most numerous category was butterflies and moths with
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23% of the species. The beetle category has the lowest representation, with just three species accounting
for 10% of the total. In the research region, bees are the most important pollinators, according to the data.
However, other groups like butterflies, flies, and beetles also play an important role, so it's clear that
various pollinator populations are important for ecosystem functioning.

Pollinator Visitation Frequency

The amount of time that pollinators spent at each group and time of day was very variable. In a one-way
ANOVA, there were notable variations across the groups (F = 18.62, p < 0.001). Bees outnumbered
butterflies, hoverflies, and beetles in terms of visitor rates, according to post-hoc Tukey testing (p < 0.01, p
< 0.01, and p < 0.001, respectively).

Table 2. Average visitation rates of pollinator groups (visits/flower/hour)

Pollinator
Group

Morning
(8–11
AM)

Evening
(3–6
PM)

Overall
Average
(Mean
± SD)

Tukey
Comparison

with Bees

Bees 21.3 15.5
18.4 ±

2.9
—

Hoverflies 7.4 5.0
6.2 ±
1.8

p < 0.01

Butterflies 5.6 4.0
4.8 ±
1.5

p < 0.01

Beetles 3.2 2.6
2.9 ±
1.2

p < 0.001

 

Figure 2: Average visitation rates of pollinator groups (visits/flower/hour)
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The mean number of visits per flower per hour for various pollinator groups shows that bees were the
busiest, with a greater activity in the morning (21.3) compared to the evening (15.5). The mean number of
visits per flower per hour for hoverflies was 6.2 ± 1.8, for butterflies it was 4.8 ± 1.5, and for beetles it was
2.9 ± 1.2. These three insects had noticeably lower visiting rates than the average. According to statistical
comparisons using Tukey's test, bees had considerably higher visiting rates compared to hoverflies,
butterflies, and beetles (p < 0.001 for beetles, p < 0.01 for hoverflies). It seems that bees play a significant
role in visiting flowers in the research region. Other groups provide additional pollination services,
although bees are more active in the mornings compared to the evenings.

Effect of Pollinators on Crop Yield

In a big way, pollinator activity affected crop productivity. There were extremely significant changes
across all crops when comparing pollinator-exposed and pollinator-excluded plots using independent t-tests
(p < 0.001).

Table 3. Comparison of crop yield under pollinator-exposed and pollinator-excluded conditions

Crop
Exposed Yield (kg/plot,
Mean ± SD)

Excluded Yield (kg/plot,
Mean ± SD)

% Yield
Increase

t
value

p
value

Tomato 42.6 ± 3.1 28.3 ± 2.7 50.5% 5.21 <0.001

Cucumber 37.8 ± 2.5 19.6 ± 2.1 92.8% 8.47 <0.001

Mango 65.4 ± 4.8 42.7 ± 3.9 53.1% 6.02 <0.001

 

Pollinator activity has a significant impact on agricultural output. Independent t-tests revealed very
significant differences (p < 0.001) in all crops when comparing plots that were exposed to pollinators
versus those that were not.

Correlation Between Visitation and Yield

To find out how often pollinators visited and how much crop output each factor contributed, a Pearson
correlation analysis was used. Strong positive correlations (r=0.76-0.87) were seen across all three crops in
the results.

Table 4. Correlation between pollinator visitation rate and crop yield

Crop
Correlation

Coefficient (r)
Significance (p

value)

Tomato 0.79 <0.01

Cucumber 0.87 <0.01
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Mango 0.76 <0.01

Overall
Average

0.82 <0.01

 

Figure 3: Correlation between pollinator visitation rate and crop yield

There is a robust positive association between pollinator visitation rate and crop production in all of the
crops that were analyzed by correlation analysis. The correlation coefficients for tomato, cucumber, and
mango were 0.79 (p < 0.01), 0.87 (p < 0.01), and 0.76 (p < 0.01), respectively. The correlation coefficient
was 0.82 (p < 0.01) on average, indicating that there is a continuous relationship between greater rates of
pollinator visits and enhanced agricultural yields. These results highlight the importance of pollinators in
agricultural production enhancement.

Farmer Perceptions

Thematic analysis of farmer interviews yielded further insights. The majority of responders indicated a
reduction in pollinator populations, attributing this fall to pesticide use and habitat destruction. A majority
indicated a readiness to implement pollinator-friendly measures.

Table 4. Farmer perceptions on pollinators and agricultural practices

Response Category
Percentage of
Farmers (%)

Reported decline in pollinator
populations

72

Attributed decline to pesticide use 65

Attributed decline to habitat loss 58
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Willing to adopt pollinator-friendly
practices

70

 

Figure 4: Farmer perceptions on pollinators and agricultural practices

Important insights on farmer attitudes of pollinators and farming techniques were uncovered by the study.
Nearly three quarters of farmers have seen fewer pollinators in their crops. Pesticide usage was cited by
65% of respondents as the reason of this drop, while habitat loss was cited by 58%. Even though these
concerns were voiced, 70% of farmers still showed a desire to implement pollinator-friendly measures.
These findings demonstrate that farmers are aware of the value of pollinators and are receptive to
sustainable management practices that might help protect pollinators and increase agriculture yields.

Among the 28 insect pollinator species identified in the study fields, bees accounted for 52%, butterflies
and moths for 23%, flies for 15%, and beetles for 10%. This diversity ranged from modest to high. Also,
compared to hoverflies, butterflies, and beetles, bees had the greatest visiting frequency, averaging 18.4
visits per flower per hour. The results of the yield evaluations showed that plots that were exposed to
pollinators consistently had better yields than plots that were not. The crops exhibiting the largest increase
were cucumbers (92.8%), mango (53.1%), and tomatoes (50.5%). Pollinators have an important role in
agricultural production, as demonstrated by a significant positive association (r = 0.82) between pollinator
visitation rates and crop output. Interviews with farmers also showed that most are aware of the fall of
pollinators; most blame pesticide usage and habitat degradation, but most are also eager to implement
techniques that are good for pollinators.

DISCUSSION

This study's results indicate that insect pollinators, especially bees, are crucial for enhancing crop yields
and maintaining agricultural systems, aligning with recent evidence that global pollinator declines pose a
direct threat to agricultural productivity and ecosystem stability [11]. The significant yield disparities
between pollinator-exposed and excluded treatments highlight the strong reliance of crops like cucumber,
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tomato, and mango on insect-mediated pollination, corroborating evidence that numerous fruit and
vegetable crops exhibit considerable yield deficits when pollinator services are insufficient [12]. The robust
positive link between visiting rates and yield underscores the significance of pollinator activity in
agricultural landscapes, as shown by studies that found inadequate visitation as a critical factor constraining
crop growth in many locales [13]. Farmers' assessments of pollinator reduction attributable to pesticide use
and habitat degradation mirror broader trends across Asia, where agricultural expansion and chemical
reliance have been recognized as primary factors contributing to pollinator stress [14]. Collectively, these
findings highlight the pressing need for sustainable land-use practices, management of floral resources, and
initiatives for pesticide reduction to preserve pollinator populations and ensure long-term agricultural
viability.

CONCLUSION

This research emphasizes how important insect pollinators are to maintaining ecological resilience and
agricultural output. The most prevalent and effective pollinator group was found to be bees, which greatly
increased tomato, cucumber, and mango yields. Pollinator activity directly improves agricultural systems,
as shown by the substantial positive association between visiting frequency and crop productivity.
Perceptions among farmers also showed that they were aware of the drop in pollinators, especially as it
relates to habitat loss and pesticide usage, but they were also willing to embrace sustainable approaches.
All of these results emphasize how important it is to include pollinator protection into agriculture
management via varied cropping systems, habitat preservation, and less pesticide use. In addition to
protecting biodiversity, encouraging pollinator-friendly techniques also guarantees long-term agricultural
viability and food security.
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