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Introduction: Beekeeping in Iran is one of the production activities that has unique characteristics. One of the
characteristics of beekeeping is creating employment with the use of low capital. Therefore, beekeeping can be a good
source of income for people with little capital. Although beekeeping is currently one of the low-income jobs, it is
possible to increase the income of beekeepers by improving their technical efficiency. Efficiency is considered a very
important factor in increasing the production and productivity of production resources, especially in the agricultural
economy and rural development of developing countries. On the one hand, these countries face a lack of resources
and limited opportunities, and on the other hand, they do not use the existing technologies efficiently; Therefore,
studies related to the inefficiency in the production of livestock products and efforts to improve the efficiency and
optimal use of resources in these countries will help to increase the productivity of production factors and increase the
production of agricultural products. This study aimed to investigate the technological gap ratio (TGR) and factors
affecting the technical efficiency of beekeeping in Rudsar Count in Guilan Province of Iran.

Materials and methods: The required data were collected by completing questionnaires from 150 beekeepers in
Rudsar County in 2020, which were determined using a random sampling method. In the present study, the data cloud
method was used to identify the outliers in the data set. After deleting the outliers, the sample was divided into two
homogeneous groups in terms of size using cluster analysis. The BCC model was used to estimate the technical
efficiency relative to the group frontier and the metafrontier model was used to estimate the technical efficiency
relative to the coverage frontier.

Results and discussion: The results showed that the average TGR of the studied beekeepers is about 76%. This means
that if all the studied beekeepers reach metafrontier technology, it is possible to increase production by 24%.
Beekeepers that migrate have a higher technological gap ratio and the result of the Kolmogorov-Smirnov test showed
that the difference in TGR is statistically significant. The results of multivariate regression of factors affecting
technical efficiency showed that the variables of work experience, type of ownership, participation in training and
extension classes, the main job of the beekeeper, number of bechives, and migration variable had a positive and
significant effect on technical efficiency of beekeepers. Considering that there is a statistically significant difference
between the TGR of beekeepers who migrate and do not migrate, so by solving the problems related to beekeeping
migration, the level of beekeepers' production can be improved by using current resources. In the present study, the
variable of the number of beehives and ownership had a positive and significant effect on the technical efficiency of
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beekeepers studied, so the technical efficiency of beekeepers can be increased by increasing the number of beehives
and expanding private ownership.

Conclusions: By solving the problems related to the migration of beekeepers, it is possible to improve the production
level of beekeepers by using current resources. In addition, by increasing the number of hives and developing private
ownership, the technical efficiency of beekeepers can be increased. Considering that some farmers and gardeners do
not allow beekeepers' hives to settle in their fields and gardens due to ignorance of the importance of bee pollination,
it is necessary to promote cultural activities in this regard. Also, providing the necessary conditions for beekeepers to
have easier and cheaper access to production inputs, such as giving low-interest loans, can increase the production of
beekeepers and increase their income.
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Table 1. Number of outliers identified by the data cloud method

Groups Before using data cloud method  After using data cloud method Outliers
Non-Immigrant 86 82 4
Immigrant 64 56 8
Total 150 138 12

1. Deterministic non-parametric frontier models
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Table 2. Number of non-Immigran and immigrant in the studied sample

Groups Number of hives < 56 Number of hives > 56 Total
Non-Immigrant 59 23 82
Immigrant 18 38 56
Total 77 61 138
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Table 3. Average consumption of inputs and products of beekeepers in a period

Input/Output Group one Group two Group three Group four
Inputs:
The total cost of medication and
treatment (Million Rials) 14.36 25.60 17.34 42.11
Sugar (kg) 317.63 567.39 326.67 1110.53
Used honey (kg) 10.37 16.39 8.56 30.68
Used vinegar (L) 1.68 4.57 1.94 4.79
Other costs (Million Rials) 45/99 117.39 52.97 157.26
Labor 57.83 103.13 89.94 179.39
Number of hives 37.90 77.26 43.50 122.50
Outputs:
The amount of honey production (kg) 324.66 647.83 44417 1253.95
The value of non-honey products
(Million Rials) 120.13 989.93 374.19 1243.46
The amount of beeswax produced (kg) 20.66 38.70 35 47.76
Al slaeg 57 0 lo 935 65002 @b (e | ol gl -F Jsox
Table 4. Results of estimating the metafrontier function of beekeepers in different groups
Technical efficiency Item Group one Group two Group three Group four
Mean 0.890 0.907 0.879 0.881
Group technical Max 1.000 1.000 1.000 1.000
efficiency Min 0.527 0.573 0.512 0.523
S.d 0.154 0.136 0.168 0.152
Mean 0.635 0.697 0.799 0.703
Technical efficiency Max 1.000 1.000 1.000 1.000
respect to metafrontier Min 0.310 0.251 0.443 0.265
S.d 0.225 0.264 0.199 0.224
Mean 0.710 0.748 0.904 0.783
Technological gap ratio ng 1.000 1.000 1.000 1.000
Min 0.355 0.340 0.757 0.381
S.d 0.191 0.211 0.102 0.163
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Table 5. Mann-Whitney test results

Groups Number Average rank Sum of ranks
Non-Immigrant beekeepers 82 63.12 5176
Immigrant beekeepers 56 78.84 4415
Total 138

Mann-Whitney 1773 z -2.27
Wilcoxon W 5202 P-value 0.02
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Table 6. Results of factors affecting on the technical efficiency of beekeepers studied

Independent variables Coefficients S.d t statistic
Constant 1.594 1.103 1.445
The natural log of age -0.168 0.18 -0.932
Gender -0.026 0.044 -0.590
Education 0.018 0.016 1.125
Experience 0.309™ 0.076 4.078
Type of ownership 0.612" 0.255 2.394
Educational and extension 0.027" 0.007 3.857
Ratio of kilograms of sugar to kilograms of honey -0.157 0.186 -0.843
The main job of a beekeeper 0.1217 0.036 3.369
The natural log of the number of hives 0.14" 0.069 2.012
Migrate 0.052™ 0.017 3.058
Membership in the cooperative 0.003 0.031 0.096
Income 0.078 0.141 0.553
R2= 0.471 R*=0.443

f-statistic= 103

Source: Research findings

* and ** indicate the significance level of 5% and 1%, respectively.
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