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Introduction

The decline in on-farm invertebrate biodiversity is driven 
by intensive and mechanized farming practices (Hall & Steiner, 
2019; Hall & Martins, 2020). Healthy agricultural biodiversity 
contributes to sustainability by providing ecosystem services 
such as biological control, crop pollination, and nutrient 
cycling. Crop pollination is an important ecosystem service 
provided by animals (particularly insects), contributing 35% to 
the world’s food supply and valued at $190.5 billion annually 
(Gallai et al., 2009; Ollerton et al., 2011). Animal-mediated 
pollination is essential for about 75% of globally important 
crops (Klein et al., 2007), particularly those vital for human 
nutrition (Eilers et al., 2011). 

Abstract  
Farmers are the ultimate beneficiaries of the ecosystem service of crop pollination, 
and their indigenous knowledge can be used to address the current challenges of 
pollinator decline. However, their perception and knowledge about pollinators is 
rarely investigated, particularly for orchard-based agroecosystems. This study aimed to 
assess the farmers’ knowledge and perception about pollinators and pollination in the 
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native honeybee species, Apis dorsata and Apis florea, were well known among farmers, 
but only 13.57% of respondents showed some knowledge about non-bee pollinators. 
The results of the logistic regression model showed that farmers’ age (B = -0.051, 
SE = 0.017, p = .003), farming experience (B = 0.071, SE = 0.018, p = .000), primary 
education (B = 0.671, SE = 0.333, p = .044) and matric education (B = 0.830, SE = 0.398, 
p = .037) significantly impacted their knowledge about pollinators and pollination. The 
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Farmers are the primary beneficiaries of ecosystem 
services provided by insects; their involvement in sustaining 
and conserving insect biodiversity is necessary (Ali et al., 
2020). Farmers’ decisions about adopting farm management 
practices are crucial for conserving on-farm biodiversity. 
However, it is difficult to convince farmers to invest in the 
sustainability and conservation of agricultural biodiversity 
without enhancing their knowledge. Therefore, pollinator 
conservation is one aspect that needs farmers’ attention to 
improve their livelihoods. (Krishna, 2007).

Mango flowers exhibit complex reproductive biology 
containing both male (staminate) and hermaphroditic flowers 
on a panicle (Ramirez & Davenport, 2016). Pollination in 
mango flowers can occur by wind, but insect pollinators are 
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essential for adequate fruit set. Multiple studies across diverse 
regions documented effective pollinators such as honeybees 
(Apis mellifera, A. cerana), large flies (Chrysomya and Eristalis 
spp.), and native bees (Trigona sp.)  (Anderson et al., 1982; 
Dag & Gazit, 2000; Sung et al., 2006; Fajardo et al., 2008). 
Pollinator contribution accounts for approximately 53% of 
total fruit set (Huda et al., 2015). Fajardo et al. (2008) reported 
that without pollinators, fruit set drops dramatically, i.e., from 
41% to 0.7% in caged inflorescences.

Several studies have reported a sharp decline in the 
population of pollinators, resulting in a pollination crisis, 
which has economic implications and reduced crop yield 
(Kevan & Phillips, 2001; Kevan & Viana, 2003; Klein et al., 
2007; Bauer & Wing, 2010; Brittain et al., 2010; Carvalheiro 
et al., 2010; Potts et al., 2010; Menz et al., 2011). Scientists 
have paid close attention to reduced pollination services in 
agricultural ecosystems. Pollinator population decline is primarily 
caused by ecological changes, i.e., habitat loss (Ricketts et al., 
2008; Carvalheiro et al., 2010), climate change (Hegland et al., 
2009), and agricultural intensification (Kennedy et al., 2013; 
Senapathi et al., 2015). To protect pollinators and pollination 
services, farmers must be involved in mitigating pollinator 
declines in monocropping-dominated landscapes and should 
be willing to implement pollinator-friendly management practices 
(Osterman et al., 2021).

Farmers’ knowledge of pollination and pollinators 
positively impacts crop management plans and conservation 
efforts, such as reducing insecticide use and diversifying 
crops (Hevia et al., 2020). Indigenous knowledge of farmers 
can be used to solve the current challenges of pollinator 
decline, because it can broaden our knowledge regarding the 
spatial and temporal dynamics of biodiversity, provide critical 
information on the use of locally adapted crop varieties, and 
support practices that are suited to local needs and visions 
(Sutherland et al., 2013).  

According to some studies focused on farmer knowledge, 
there are substantial disparities in local and indigenous 
understanding about pollination and pollinators among 
farmers between countries, regions, and crops (Kasina et al., 
2009; Hanes et al., 2015; Smith et al., 2017; Elisante et al., 
2019; Breeze et al., 2019; Ali et al., 2020; Hevia et al., 2020). 
Farmers in developed countries are more dynamic, as they 
have used their local knowledge base to change their on-
farm pollination practices over the last ten years (Osterman 
et al., 2021). However, farmers in developing countries still 
do not fully understand the importance of crop pollination as 
an ecosystem service (IPBES, 2016). Generally, studies on 
farmers’ perceptions and knowledge of pollinators, particularly 
non-bees, are limited in developing countries like Pakistan 
(Garbach & Morgan, 2017; Breeze et al., 2019; Rawluk & 
Saunders, 2019; Hevia et al., 2020). 

This study aimed to assess farmers’ knowledge and 
perceptions of pollinators and pollination in the mango 
agroecosystem. It also aimed to identify the factors that 
affect farmers’ knowledge using statistical modeling. For this 

purpose, we interviewed 280 mango farmers from four main 
mango-growing districts in South Punjab (i.e., Bahawalpur, 
Multan, Khanewal, and Rahim Yar Khan). We assessed the 
five fundamentals of crop pollination and pollinators: (1) 
ability of farmers to identify the pollinators (2) their ability to 
differentiate between beneficial and harmful insects (3) their 
perception of whether pollinator visitation is beneficial for 
fruit set or not (4) their knowledge about harmful impacts of 
pesticides on pollinators and (5) their intent to increase the 
pollinators. 

Materials and Methods

Study sites and area

A survey-based study was carried out in the four districts 
i.e., Bahawalpur (29°19’32” N 71°56’09” E), Rahim Yar Khan 
(28°24’50”N 70°18’14”E), Multan (30°10’52”N 71°28’28”E) 
and Khanewal (30°17’41”N 71°56’09”E) of Southern Punjab, 
Pakistan (Fig 1). Southern Punjab is featured by cold winters 
and hot summers. The climate is arid, with average daily 
maximum and minimum temperatures of 15 °C to 20 °C and 
30 °C to 35 °C, respectively. The average annual rainfall is 
300-500 mm (Akram et al., 2019; Ahmad et al., 2025). In 
South Punjab, wheat, cotton, rice, and sugarcane are major 
crops cultivated over large areas (Ahmad et al., 2023). In 
mango orchards, major mango cultivars such as Dusehri, 
Anwar Ratol, Langra, Chaunsa, Desi, Sindhri, and Fijri are 
grown. Bahawalpur, Muzaffargarh, Multan, and Rahim Yar 
Khan are the primary regions for mango production (Bakhsh 
et al., 2006). 

Sampling technique and Questionnaire survey

Before conducting the survey, the questionnaire was 
discussed with extension workers and pollination-relevant 
experts. Mango farmer data were obtained from the Agriculture 
Extension Department in each district, and a pilot survey was 
conducted before the main survey to test the questionnaire. The 
pilot survey results were used to improve the questionnaire. 
Surveys were carried out from March to June 2023, during the 
mango flowering and fruit setting period. In total, 280 mango 
farmers (70 farmers of different ages ranging from 21 to above 
60 years from each district) were selected based on their 
orchard area (minimum 01 acre) and informally interviewed to 
assess their knowledge. All participants were male because no 
female farmers were found to be involved in mango farming. 
A semi-structured questionnaire (Supplementary material) 
was used to gather information about farmers’ knowledge, 
which consisted of four main sections. The first section 
involved questions about socioeconomic features of farmers, 
i.e., orchard area, age, education, farming experience, and 
the source of information for farming practices. The second 
section included questions to assess respondents’ knowledge 
of pollinators and pollination, as well as their ability to identify 
honeybees and non-bee pollinators. Farmers were shown 
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pinned specimens of different insect pests and pollinators and 
asked to distinguish between beneficial and harmful insects. 
Because dipterans are common mango pollinators, farmers 
were asked only about dipteran habitat. Their perceptions of 
mango yield trends were also recorded, and they were asked 
to identify one major factor involved in yield reduction. The 
third section aimed to assess farmers’ perceptions of the 
harmful impact of pesticides on pollinators. In the last section, 
a lecture was delivered to farmers on the importance of 
pollinators and their inclination to participate in any program 
aimed at conserving pollinators.

Data description

Sixteen questions representing farmers’ knowledge 
(dependent variable) were selected, and farmers’ responses 
were coded in binary values, i.e., “Yes = 1” and “No = 0” 
(Ali et al., 2020; Hevia et al., 2020). The knowledge index 
was scored between 0 and 16 for each respondent to indicate 
their knowledge level and was used for regression analysis. 
For classification analysis, we categorized scores below 10 as 
inadequate knowledge and above 10 as adequate knowledge.

Data analysis

We used frequencies and percentages to analyze 
bivariate characteristics across geographic areas. We used the 
chi-square test to assess the association between residential 

district and knowledge. This helped us understand the 
distribution of knowledge and characteristics across different 
geographical locations. We used a logistic regression model 
to evaluate the factors affecting adequate knowledge among 
farmers. We considered four socio-demographic features: age, 
orchard area, education, and farming experience as predictors. 
We used a box plot to visualize the distribution of knowledge 
across different education levels and sources of information. 
Finally, we used the locally weighted scatterplot smoothing 
(LOWESS) model to examine the relationship between different 
factors and farmers’ knowledge. We considered all p-values 
< 0.05 statistically significant. All the results were evaluated 
using XLSTAT software and the R language. 

Results

Demographic features of farmers

We identified demographic features of farmers that 
are important to understand farmers’ decision-making. In 
this study, farmers’ ages ranged from 21 to 60 years, with a 
majority (28.57%) in the 50 to 60 age group. Most farmers 
(37.14%) had 10 years of farming experience, and most 
belonged to the districts of Khanewal and Multan. Generally, 
most farmers (45.36%) stated that they get information about 
farming practices from pesticide dealers, followed by extension 
workers (23.93%), whereas 22.86% of farmers stated that they 
use their own experience for decision-making. The majority 

Fig 1. Map of the study area showing the four districts of South Punjab, Pakistan.
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of respondents (44.64%) who participated in this study were 
illiterate or uneducated. The highest percentage of uneducated 
farmers was in Rahim Yar Khan (50%), followed by Multan 
(45.7%), Bahawalpur (42.9%), and Khanewal (40%) (Table 1).

Knowledge of pollinators and pollination

First, farmers were asked about their knowledge of 
pollination, and only 20% gave the correct answer. The majority 
of respondents (80%) had no knowledge of pollination. Farmers 
from Multan (25.71%) had more knowledge about pollination, 
followed by Khanewal (21.43%) and Rahim Yar Khan (18.57%). 
A few respondents from Bahawalpur (14.29%) were familiar 
with pollination. Overall, 92.14% of respondents ranked 
pollinators as beneficial, with Multan being the only district 
where 100% of respondents favored pollinators as beneficial 
creatures (Table 2).

Respondents from all four districts knew about native 
honeybees (Apis dorsata and Apis florea) and their benefits 
for crops, but only 62.86% and 64.64% could identify A. florea 
and A. dorsata, respectively, when shown the specimens. Only 
a few (13.57%) of the respondents knew pollinators other 
than honeybees. In the identification of non-Apis pollinators, 

21.07% were able to identify Episyrphus balteatus, and 
19.29% identified Eristalinus aeneus. Only a few farmers 
(1-4%) were able to identify the other pollinator species, i.e., 
Chrysomya megacephala, Xylocopa fenestrata, Polistes watti, 
and Eupeodes corollae. Farmers from Multan (24.29%) and 
Rahim Yar Khan (20%) were more familiar with non-Apis 
pollinators (Table 2).

As Dipteran pollinators were the most abundant, 
the farmers were asked about their habitats. Only 6.79% 
of respondents knew the habitat of Dipteran pollinators, 
while the rest were unaware. In the Multan district, none of 
the respondent farmers knew the habitat sites of Dipteran 
pollinators. The majority of the farmers (77.14%) were unable 
to differentiate between beneficial and harmful insects. 
The farmers in Rahim Yar Khan (37.14%) and Bahawalpur 
(30%) districts had comparatively greater knowledge of 
how to differentiate between beneficial and harmful insects. 
Farmers were unable to differentiate between the syrphid 
fly (E. balteatus) and the fruit fly, as most farmers (78.93%) 
misidentified E. balteatus as the fruit fly. Only 2.14% of 
respondents knew that mango has male and hermaphrodite 
flowers (Table 2).

Table 1. Bivariate Analysis and the association between different demographic characteristics and geographic areas.

Characteristics Bahawalpur n (%) Rahim Yar Khan n (%) Multan n (%) Khanewal n (%) Total n (%) p-value*

Age of farmer

21-30 years 10 (14.3) 7 (10) 5 (7.1) 15 (21.4) 37 (13.21)

<0.0001
31-40 years 14 (20) 14 (20) 19 (27.1) 16 (22.9) 63 (22.50)
41-50 years 20 (28.6) 19 (27.1) 18 (25.7) 8 (11.4) 65 (23.21)
51-60 years 20 (28.6) 23 (32.9) 8 (11.4) 29 (41.4) 80 (28.57)
Above 60 years 6 (8.6) (7 (10) 20 (28.6) 2 (2.9) 35 (12.50)

Education

Uneducated 30 (42.9) 35 (50) 32 (45.7) 28 (40) 125 (44.64)

0.100
Primary 15 (21.4) 13 (18.6) 18 (25.7) 26 (37.1) 72 (25.71)
Middle 5 (7.1) 5 (7.1) 1 (1.4) 0 (0) 11 (3.93)
Matric 14 (20) 11 (15.7) 12 (17.1) 6 (8.6) 43 (15.36)
Above Matric 6 (8.6) 6 (8.6) 7 (10) 10 (14.3) 29 (10.36)

Farming Experience

10 years 24 (34.3) 20 (28.6) 29 (41.4) 31 (44.3) 104 (37.14)

0.189
20 years 25 (35.7) 24 (34.3) 21 (30) 16 (22.9) 86 (30.71)
30 years 15 (21.4) 17 (24.3) 10 (14.3) 15 (21.4) 57 (20.36)
40 years 4 (5.7) 8 (11.4) 5 (7.1) 8 (11.4) 25 (8.93)
> 40 years 2 (2.9) 1 (1.4) 5 (7.1) 0 (0) 8 (2.86)

Source of Information

Self-experience 23 (32.9) 17 (24.3) 20 (28.6) 4 (5.7) 64 (22.86)

0.019
Pesticide dealer 25 (35.7) 30 (42.90 30 (42.9) 42 (60) 127 (45.36)
Extension worker 13 (18.6) 18 (25.7) 15 (21.4) 21 (30) 67 (23.93)
Neighbor farmer 5 (7.1) 3 (4.3) 2 (2.9) 2 (2.9) 12 (4.29)
Other 4 (5.7) 2 (2.9) 3 (4.3) 1 (1.4) 10 (3.57)

*p-values are based on the chi-square test.
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Table 2. Measuring the association between knowledge of mango farmers in different geographical areas.

Knowledge  Bahawalpur 
n (%)

Rahim Yar Khan 
n (%)

Multan
n (%)

Khanewal 
n (%)

Total 
n (%) p-value*

Knowledge about pollination
Correct 10 (14.29) 13 (18.57) 18 (25.71) 15 (21.43) 56 (20)

0.386
Wrong 60 (85.71) 57 (81.43) 52 (74.29) 55 (78.57) 224 (80)
Knowledge of honeybees
Yes 70 (100) 70 (100) 70 (100) 70 (100) 280 (100)

 
No 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
Knowledge of other pollinators
Yes 6 (8.57) 14 (20) 17 (24.29) 11 (15.71) 38 (13.57)

0.386
No 64 (91.43) 56 (80) 53 (75.71) 59 (84.29) 232 (82.86)
Where you rank pollinators
Beneficial 62 (88.57) 65 (92.86) 70 (100) 61 (87.14) 258 (92.14)

0.022
Harmful 8 (11.43) 5 (7.14) 0 (0) 9 (12.86) 22 (7.86)
Knowledge about habitat of Dipteran pollinators
Know 6 (8.57) 5 (7.14) 0 (0) 8 (11.43) 19 (6.79)

0.049
Don’t know 64 (91.43) 65 (92.86) 70 (100) 62 (88.57) 261 (93.21)
Differentiate between beneficial and harmful insect
Yes 21 (30) 26 (37.14) 10 (14.29) 7 (10) 64 (22.86)

0.000
No 49 (70) 44 (62.86) 60 (85.71) 63 (90) 216 (77.14)
Identified Pollinator species
Apis florea 42 (60) 41 (58.57) 48 (68.57) 45 (64.29) 176 (62.86)

<0.0001

Apis dorsata 46 (65.71) 45 (64.29) 43 (61.42) 47 (67.14) 181 (64.64)
Episyrphus balteatus 9 (12.86) 24 (34.29) 14 (20) 12 (17.14) 59 (21.07)
Eristalinus aeneus 6 (8.57) 27 (38.57) 16 (22.86) 5 (7.14) 54 (19.29)
Chrysomya megacephala 7 (10) 2 (2.86) 0 (0) 0 (0) 9 (3.21)
Xylocopa fenestrata 0 (0) 1 (1.43) 0 (0) 0 (0) 1 (0.36)
Polistes wattii 0 (0) 0 (0) 3 (4.29) 0 (0) 3 (1.07)
Eupeodes corollae 5 (7.14) 0 (0) 0 (0) 7 (10) 12 (4.29)
Difference between Episyrphus balteatus and Fruit fly
Know 9 (12.86) 24 (34.29) 14 (20) 12 (17.14) 59 (21.07)

0.012
Don’t know 61 (87.14) 46 (65.71) 56 (80) 58 (82.86) 221 (78.93)
Male and Hermaphrodite flowers in mango
Know 0 (0) 2 (2.86) 4 (5.71) 0 (0) 6 (2.14)

0.058
Don’t know 70 (100) 68 (97.14) 66 (94.29) 70 (100) 274 (97.86)
Mango yield trend
Increasing 23 (32.86) 29 (41.43) 30 (42.86) 37 (52.86) 119 (42.50)

0.123
Decreasing 47 (67.14) 41 (58.57) 40 (57.14) 33 (47.14) 161 (57.50)
Yield declining factors
Insect pests 12 (17.14) 13 (18.57) 10 (14.29) 10 (14.29) 45 (16.07)

<0.0001Weather conditions 20 (28.57) 22 (31.43) 9 (12.86) 0 (0) 51 (18.21)
Diseases 15 (21.43) 6 (8.57) 21 (30) 23 (32.86) 65 (23.21)
Crop stage at which pesticides applied
Before and after flowering 35 (50) 29 (41.43) 24 (34.29) 57 (81.43) 145 (51.79)

<0.0001Only before flowering 6 (8.57) 5 (7.14) 0 (0) 0 (0) 11 (3.93)
During flowering 29 (41.43) 36 (51.43) 46 (65.71) 13 (18.57) 124 (44.29)
Pesticides kill pollinators
Yes 45 (64.29) 48 (68.57) 47 (67.14) 57 (81.43) 197 (70.36)

0.012No 18 (25.71) 14 (20) 22 (31.43) 6 (8.57) 60 (21.43)
Not Sure 7 (10) 8 (11.43) 1 (1.43) 7 (10) 23 (8.21)
Intent to increase pollinators
Yes 54 (77.14) 65 (92.86) 63 (90) 56 (80) 238 (85)

0.023
No 16 (22.86) 5 (7.14) 7 (10) 14 (20) 42 (15)

*p-values are based on the chi-square test.
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Yield trend and conservation of pollinators in orchards

Farmers gave mixed responses regarding the mango 
yield trend over the last three years. More than half (57.50%) 
of the farmers stated that mango yield is decreasing. Among 
them, 23.80% reported diseases, 18.21% reported weather, 
and 16.07% reported insect pests as major factors in yield 
decline. Seventy percent (70.36%) of the farmers stated that 
pesticides are eliminating pollinators, while 21.43% stated that 
they are not harmful to pollinators. Only a few respondents 
(8.21%) were not sure about the harmful impacts of pesticides 
on pollinators. In Khanewal district, most farmers (81.43%) 
were well aware of the harmful impacts of pesticides. Overall, 
44.29% of respondents reported applying pesticides during 
the flowering period of mango, and among them, most farmers 
were from Multan (65.71%) and Rahim Yar Khan (51.43%). 
After the lecture on the importance of pollinators and their 
conservation, 85% of respondents showed willingness to 
increase pollinators in their orchards. But when asked how 
to promote pollinators, no one had any clue due to a lack of 
knowledge (Table 2).

Factors affecting farmer knowledge

Among uneducated and primary-educated farmers, the 
information source from neighboring farmers is the main 
factor that lowers their knowledge. In contrast, farmers with 
education above matric are influenced more by information 
from pesticide dealers and personal experience. The source 
of information from extension workers has a mixed effect 
on the knowledge of farmers among all levels of education, 
except among middle-passed farmers, where it is the main factor 
affecting their knowledge (Fig 2). The scatter plots (Fig 3) 
showed that there are non-linear relationships between farmers’ 
knowledge scores and their demographic traits. In relation to 
farming experience, knowledge rose slightly to a high around 
40 years before sharply declining. On the other hand, orchard 
area showed an overall positive monotonic relationship, 
suggesting that higher levels of knowledge are correlated with 
bigger operational scale, whereas respondent age showed an 
initial slight negative trend that stabilized until middle adulthood 
(Fig 3). The results of logistic regression revealed that among 
different factors, age of the farmer, farming experience, and 

Fig 2. Boxplot for the assessment of knowledge level due to different education levels and the Source of information.
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primary and matric education of farmers significantly impacted 
their knowledge about pollinators and pollination. There was 
no significant relationship between orchard area and farmers’ 
knowledge (Table 3).

Discussion

In developing countries, inadequate knowledge and 
poor education prevent farmers from distinguishing between 

beneficial and harmful insects (Munyuli, 2011). Similarly, 
in this study, the majority of the farmers misidentified the 
dipteran pollinators as pests, especially Episyrphus balteatus, 
which was identified as a pest by the majority (78.93%) of the 
farmers. The majority of the farmers ranked the pollinators 
as beneficial insects, but they were unable to differentiate 
between beneficial and harmful insects. In this study, farmers 
in all districts were relatively familiar with two honeybee 

Variables Coefficient Standard Error p-value OR
95% CI of OR

LL UL
Constant 1.058 0.627 0.091 2.880
Orchard Area 0.011 0.008 0.149 1.011 0.996 1.027
Age -0.051 0.017 0.003 0.950 0.919 0.983
Education
   Above Matric 1.051 0.619 0.089 2.861 0.851 9.625
   Matric 0.830 0.398 0.037 2.293 1.051 5.002
   Middle 0.623 0.622 0.317 1.865 0.551 6.318
   Primary 0.671 0.333 0.044 1.957 1.019 3.759
   Uneducated Ref
Farming experience 0.071 0.018 0.000 1.074 1.036 1.113

OR: Odds ratios; LL: Lower Limit; UL: Upper Limit.

Fig 3. Relationship of Knowledge with Farming Experience, Age, and Orchard Areas. The blue line is the fitted LOWESS function. 
The grey-shaded area is the 95% Confidence band.

Table 3. Logistic regression for identifying the Factors affecting adequate Knowledge.
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species (Apis dorsata and Apis florea), while their knowledge 
of non-bee pollinators was very poor. Ali et al. (2020) reported 
similar findings in their study of cucurbit farmers’ pollinator 
awareness. In contrast, a study from Tanzania revealed that 
77% of farmers stated that beneficial insects, including 
honeybees, were insect pests (Laizer et al., 2019).

Farmers’ knowledge and perceptions of pollinators, 
particularly of non-bee species, are often limited in developing 
countries. Many studies revealed that although farmers 
recognize bees as important pollinators, their awareness of 
non-bee pollinators is poor (Ali et al., 2020; Osterman et al., 
2021). In Zimbabwe and Uganda, farmers’ ability to identify 
bees and understand pollination was influenced by factors such 
as education, farming experience, and information sources 
(Munyuli, 2011; Tarakini et al., 2020). Many farmers were 
unaware of the crucial role of pollinators in crop production, 
with over 90% of Ugandan coffee farmers not recognizing 
bees’ importance for yield increase (Munyuli, 2011).

Because dipterans are common mango pollinators, 
farmers were asked only about dipteran habitat. In response, 
only a few respondents (6.79%) knew their habitat, i.e., they 
mentioned that flies live in stagnant water (Drone flies) and 
decaying organic matter (Blow and flesh flies). Although no 
study has compared farmers’ knowledge of dipteran pollinator 
habitat, Ali et al. (2020) and Kasina et al. (2009) reported that 
some farmers have knowledge of bee habitat. Some farmers 
are aware of bee habitats, while only a few understand the 
diverse diet and habitat requirements of crop-pollinating 
Diptera in both larval and adult stages (Davis et al., 2023). 

Most farmers in this study reported that pesticides 
kill pollinators; however, 44.29% of respondents reported 
applying pesticides during the flowering period of mango, 
when pollinators’ exposure risk also increases. This may 
be linked to limited education, the knowledge-practice gap, 
and the sources of information on pesticide application. Few 
studies from Pakistan have shown this knowledge-practice gap 
among farmers, where they continue using pesticides despite 
awareness of their risks (Mubushar et al., 2019; Bakhtawer 
& Afsheen, 2021). Moreover, most farmers in Pakistan get 
information about agro-inputs from local pesticide dealers. 
Most of these pesticide dealers are non-technical and lack 
sufficient knowledge of agro-inputs, particularly pesticides, 
and their primary concern is pesticide sales. Laizer et 
al. (2019) reported that most farmers received pesticide 
recommendations for controlling insect pests and weeds from 
pesticide dealers, and about 43% had only primary education 
and had received no formal training in pesticide use and safety.

Following a briefing on the value of pollinators and 
how to conserve them, most farmers (85%) expressed a 
desire to either increase or maintain pollinator populations 
in their orchards. However, except for knowledge of reduced 
pesticide use to conserve pollinators, respondents were 
unaware of other pollinator conservation measures. In this 
study, the farmers’ knowledge was significantly influenced 
by farming experience, age, and education (primary and 

matric). These results contrast with Ali et al. (2020), who 
reported that farming experience, age, and education did not 
influence farmers’ knowledge of pollination, especially bee 
forage. Hevia et al. (2020) reported a strong influence of age 
and education on farmers’ knowledge. Farmers’ awareness 
of pollinators and pollination varies by crop, the extension 
services provided to them, and their level of education. The 
capability to identify bees and other pollinators is another 
important indicator of their knowledge (Kasina et al., 2009; 
Munyuli, 2011).

Different studies show that age, education, and 
farming experience play significant roles in shaping farmers’ 
understanding and implementation of agricultural practices. 
Younger farmers, particularly those aged 20-30 years, are 
generally more eager to gain knowledge through training 
sessions and demonstrations (Sharma, 2017), while older 
farmers tend to adopt management practices at higher rates 
through personal experience (Sharma, 2017; Chennamadhava 
et al., 2024). Personal farming experience can have both 
beneficial (Gusti et al., 2022) and detrimental (Chennamadhava 
et al., 2024) impacts on farmers’ knowledge. Additionally, 
factors such as financial stability, contact with extension 
agents, exposure to mass media, and involvement in social 
activities are also vital in shaping the farmers’ knowledge 
(Lissaman et al., 2013; Chennamadhava et al., 2024).

The sustainability of agricultural ecosystems can be 
improved by raising knowledge and awareness about the 
importance of pollination services provided by pollinators 
(Eardley et al., 2006). Producing and using insects for pollination 
services necessitate more research and extension efforts in 
developing countries than in developed ones (Uma et al., 
2012). Conferences, training, and demonstration plots are 
often regarded as the most effective extension tactics in 
developing countries such as Pakistan and Vietnam (Sattaka 
et al., 2017; Ali et al., 2020) to create awareness of the 
importance of conserving pollinators. Therefore, farmers need 
training to increase their knowledge of pollinators and their 
significant role in ecosystem functioning. 

Conclusion

The current study confirmed that most farmers 
misidentify syrphid flies as fruit flies. Most farmers receive 
recommendations and information from local agro-input 
dealers rather than government extension workers. The 
study’s conclusions highlight the need for extension agents 
as vital intermediaries to disseminate authentic scientific 
knowledge to the farmers. In this study, the lack of knowledge 
about pollinators warrants capacity building for farmers on 
pollinators and pollination services. Practical interventions 
such as enhancing farmer education through training programs 
on the importance of pollinators, their identification, safe 
pesticide use, and improving the quality of extension services 
are necessary for sustainable agriculture. Future studies 
should focus on location-specific assessments of farmers’ 
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knowledge and pollinator-friendly management practices, and 
on improving farmers’ awareness through targeted training 
and extension interventions.
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