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Abstract: The purpose of this paper is to understand how members of beekeeping associations,
with long-standing sustainable traditions and products with registered geographical origins,
perceive the investments in research and development (R&D) and new technological adoptions.
By means of a binary logistic regression, the socio-demographic factors of the members of beekeeping
associations predicting the investments in R&D and new technological adoptions were analyzed.
Our findings point out that higher level of education and professional beekeeping experience predicts
the willingness of investing in research and development. The higher level of education positively
influences the willingness to hire professional consultants or bodies for the research and development
of beekeeping practices. Serbian female beekeepers, beekeepers aged more than 41 years and
professionally engaged beekeepers are more likely to admit that they need support of scientific and
research institutions in the further development of beekeeping practices. A higher education has
been shown to significantly predict the value added hive products due to new technology adoption.
There is also a positive influence of the education level on new technology adoption.

Keywords: apiculture investment; research and development; sustainability; beekeepers; honey;
geographical origin; food; label

1. Introduction

Beekeeping is a very important sector in European agriculture. In recent years, the honey market
in the EU has been showing a constant increase in demand. In the period of 2017-2019, 216 million
EUR will be spent on national beekeeping programs in 28 EU member states, an increase of 9% from
the 2014-2016 budget period with an increase in the number of beekeeping incentive measures from
six to eight [1-3]. According to the data of the ANSES Sophia Antipolis laboratory, designated as the
European Union Reference Laboratory for bee health [4], the total number of beekeepers in Europe was
estimated at 620,000 in 2010. The European honey production was evaluated at around 220,000 tons
in 2010. The price of honey varied from 1.5 to 40 EUR/kg and the estimated colony winter mortality
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varied from 7% to 28% depending on the country and the origin of the data. The beekeeping industry
has a specific role and is different from other food productions, having in mind that the size of the
apiary is generally small (22.4 colonies/beekeeper) while most beekeepers were still hobby beekeepers
or “non-professional” beekeepers [4]. One of the current proposals at the EU level, in the scope of
beekeeping research is focused on promotion of initiatives to boost European beekeeping research
projects [5].

The European integration agenda has an aim to promote a higher level of awareness for health
and environmental sustainability in countries that are EU candidates, including the Republic of Serbia.
The authors findings [2] point out that Serbian consumers of organic honey are willing to pay (WTP)
up to 20% over the price of conventional honey. Understanding customer needs is a key factor in
retaining them, as well as acquiring new customers in the process of achieving greater market share [6].
It is necessary to timely allocate efficient and sustainable use of ecological goods [7]. Ignjatijevi¢ and
Cvijanovi¢ [8] point out that the current economic and political position of Serbia imposes the need to
analyze the comparative advantages of the agro business sector, especially if it is known that Serbia
has a significant potential that is not sufficiently exploited. The honey market in the Republic of Serbia
is gradually developing since, in the period from 2004 to 2013, the average value of the exported honey
from Serbia amounted to 4.79 million dollars, and imports to 62.4 thousand dollars. The exported
quantities of honey indicate a significant increase at the rate of 61.74% per annum. Germany and Italy
are the leading countries for import of honey from the Republic of Serbia. Monitoring the variations in
comparative advantages in export in the Republic of Serbia transition period and accession to the EU
is important for the analysis of the effects of trade liberalization and integration in international flows
of the honey sector [9].Western Balkan exporters are gradually positioning themselves on the markets
of the EU and countries of ex-Yugoslavia (CEFTA) [10]. The Republic of Serbia has achieved a positive
comparative advantage in exports of the processed food sector [11]. High export and minimal import
values contributed to Serbia’s positive comparative advantage (RCA) in the export of agricultural and
food products, sugar industry, molasses [12] and especially honey [13,14]. Research shows that EU
countries, especially Germany and Italy, are the target markets for the export of Serbian honey [6].
Ignjatijevié et al. [15] suggest that “companies must continually work on the sustainable development
of trade by applying new technologies in management”.

Bearing in mind the developing honey market, the aim of the present study is to analyze how the
beekeeping association members of honey with a registered geographical origin “Fruskogorski lipov
med” (Fruska Gora linden honey) perceive investments in R&D and new technological adoptions.
The specific aims of this paper are: (a) to investigate the attitudes of beekeeping association members
towards investments in R&D and new technological adoptions, and (b) to identify socio-demographic
factors that contribute to predicting the investment in R&D and the new technological adoption.
In light of the aim of the paper, several hypotheses have been defined:

Hypothesis 1. A beekeeping association member’s education and professional engagement in beekeeping
positively predicts their willingness to invest in the investment in research and development and engage
professional bodies for the research and development of beekeeping production.

Hypothesis 2. A beekeeping association member’s willingness to rely on support of scientific and research
institutions in the further development of beekeeping practices is positively predicted by their gender, age and
professional engagement in the beekeeping.

Hypothesis 3. The need for significant funds and further research in the development of beekeeping practices is
positively predicted by the beekeeping association member’s age, family size, number of beehives and professional
engagement in beekeeping.

Hypothesis 4. Beekeepers with larger families are more prepared to use new technologies, which is positively
predicted by the beekeeping association member’s number of beehives, level of education and family size.
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Hypothesis 5. A higher education positively predicts the perception of new technology adoption and the
subsequent increase in the value added hive products.

For this research, the authors have chosen beekeeping association with a registered label of
geographic origin, “Fruska Gora linden honey”, which has received a label of geographic origin in
2015, thanks to the support of EU funds in the process of certification. The concept of honey quality
integrates the features of the honey production process with the social and environmental impacts,
animal welfare and the link of the food with a certain agricultural area. The later aspect at European
Union level can be achieved by obtaining two designations: Protected Designation of Origin and
Protected Geographical Indication [5]. Authenticity and traceability are the main aspects in the case of
the Protected Designation of Origin or the Protected Geographical Indication recognition process [13].
According to Bertozzi [16], the use of geographical name for an agricultural product dates from ancient
times: “honey from Sicily” is a good example in this sense. The research findings of Pocol et al. [17]
have shown the significance of supplying honey with a protected geographic origin status, while
emphasizing several European Countries where honey is protected by the protected designation of
origin/protected geographical indication status: Greece, Spain, France, Italy, Luxembourg, Malta,
Poland, Portugal and Ukraine. In Italy those are “Miele della Lunigiana”, registered from 2004 [18],
“Miele delle Dolomiti Bellunesi” registered from 2011 [19], and “Miele Varesino”, registered in 2014 [20].
In Romania, the Ministry of Agriculture and Rural Development encourages the protected designation
of origin/protected geographical indication honey certification [21]. On the other hand, while the
United Kingdom is pursuing withdrawal from the European Union, the Protected designations of
origin, the Protected geographical indications, the Geographical indications and Traditional specialties,
in force in the EU-27 Member States, may be subject to securing alternative ways of protection of the
relevant geographical names in the United Kingdom, as per United Kingdom law [18].

Recent findings on consumer attitudes, shows that majority of consumers, as many as 83%,
are willing to try Fruska Gora’s linden honey that is of above average quality and is certified, regardless
of the fact that linden honey does not belong to the type of honey which consumers usually buy.
The consumers are willing to pay even a 30% higher price than the average market price of noncertified
linden honey [22]. It should also be mentioned that this study is among the first to empirically analyze
the current issues in the Serbian beekeeping sector. Thus, field research was conducted to collect the
technical and economic data necessary for this study. More specifically, a structured questionnaire was
completed by 250 Serbian beekeepers, from March to December 2019.

2. Literature Review

A plethora of various studies has pointed out the significance of beekeeping associations.
Ferreira et al. [23] pointed out the economic effects of the associations in terms of the impact on
employment regardless of nationality [24], while Androulidakis and Harizanis [25] emphasized the
importance of the associations in organized beekeeping education, technical support, providing relevant
statistical data [26], clarifying or interpreting legislation [27], strengthening entrepreneurial
orientations [28] and marketing the performance of honey and honey products [29],
market positioning [30] and more. Pocol et al. [31] point out the importance of beekeepers” associations
in establishing cooperation with other beekeepers, while Popa et al. [27] point out that associations
should cooperate with other beekeeping associations, but also with other companies, in order to
modernize beekeeping. According to Mushonga et al. [32], local authorities should promote the
establishment of beekeeping associations as the findings show that the beekeepers’ operations should
be supported by education and training.

The issue of the efficiency of investing in beekeeping has been analyzed by Ismail and Ismail [33],
indicating that assistance in the form of cheaper loans for the purchase of bees is the most effective
initial investment. The authors conclude that the final effects of investment in beekeeping shall be
the reduction of rural and urban poverty. Grgic¢ et al. [34] have investigated the beekeeping sector
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of the Mediterranean area by conducting an analysis of investments, yields and income and have
concluded that investments per hive are around 316 to 395 EUR, where the largest investments are
in the categories of small and large beekeepers and in the procurement of vehicles and trailers for
migration beekeeping. Grgic¢ et al. [35] have conducted an assessment of the main factors of economic
performance, the justification of the investment in the bee colony migration system and the increase
in the range of hive products. They have presented two investment models: in the first model the
stationary way of beekeeping was retained, while migration beekeeping was presented in the other
model. The authors conclude that the migration of bee colonies affects the pasture conditions and thus
produces an average of 60 kg of honey per hive.

The increased collaboration of beekeepers with science and real sector stakeholders [36],
development of social entrepreneurship [37] and development of entrepreneurial behavior,
would contribute to a decrease in the total of (especially rural) unemployment [2,17,28,38—40].
In fact, Pocol et al. [41], as well as other researchers [42], have concluded that establishing social
beekeeping enterprises may represent an innovative answer to minimizing social problems and can
preserve local specificity, promote traditional agriculture and create additional local branded products.
New technological adoption and investment in R&D in the apiculture sector should be crucial in
order to add value to the product and improve beekeeping practices, including bee health and apiary
management. Developing new beekeeping methods and raising awareness of good practices should
be done with the help of professional bodies and research institutes. “Investment in knowledge
infrastructure and R&D is an important component of any science, technology and innovation policy
as well as building up of a set of linkages between main actors and the encouragement of productive
interactions and learning processes among them in the context of national, sectoral, regional and in
fact transnational systems of innovation” [43].

Keiyoro et al. [44] have revealed that sociocultural factors have a positive and negative influence
on the adoption of beekeeping technologies. The study, on the comparison of the new technology
adoption rate and income through beekeeping at the farmers” level, has shown that the transfer of
improved technology to farmers could help generate income and alleviate poverty [45]. The findings of
a study by Popescu and Siceanu [46] in Romania argues that the use of the new reproduction techniques
based on the instrumental insemination of queen bees is not only a valuable way for improving
bee-breeding programs, but is also a possibility to change the actual apiaries into sustainable and
modernized beekeeping farms. The findings of a study on the perception of farmers towards the use of
modern beehive technology in Ethiopia showed that education, the off-farm income, availability of
credit, beekeeping training and perception in the price of box hives were important factors influencing
the adoption of modern beehive technology, recommending that credit should also be given as a part of
the package for the proper adoption of this technology [47]. The findings also revealed that beekeepers
in Nigeria have increased the quantity of honey produced with a significant difference in the level of the
use of modern beekeeping technologies before and after the training [48]. A study of the determinants
of technical efficiency of beekeeping farms in Turkey [49] and the association between the beekeeping
subsidies and farm efficiency, using a stochastic frontier analysis on beekeeping farming, showed that
the beekeepers were generally found to be fairly inefficient thus “increasing of education level of
farmer was found as one of the important determinants of efficiency due to access to information,
good farm management and adaptation of new production methods”. The findings of a study on the
factors affecting the adoption of beekeeping and associated technologies in India [50] underline the
most important constraints in beekeeping, such as a lack of equipment, pest and predator attacks,
bad weather, lack of credit, inadequate skill and knowledge, fear of bees, lack of starting capital to buy
hives and equipment, level of income, information on technology and the other technicalities involved.
The findings of Muya et al. [51] show that the following economic factors influenced the adoption of
beekeeping technologies: product prices, substitute product prices, consumer income, beekeeper’s
income and government policies.
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3. Materials and Methods

A product of the society of beekeepers “Jovan Zivanovi¢” from Novi Sad, Region of Vojvodina
that lies in the north of the Republic of Serbia, established in 1973, was used. Their product “Fruska
Gora linden honey” has recently received a product quality certificate, which represents a chance to
contribute to a greater visibility of the Fruska Gora linden honey in the world market and further
promote beekeeping as a potentially profitable and environmentally-friendly business. The entire
product is traditionally produced in the specific region of Fruska Gora. For these reasons, the beekeepers
“Jovan Zivanovi¢” from Novi Sad have been chosen for participation in the study.

The research was carefully prepared. The survey was conducted in the territory of Vojvodina,
from March to December 2019, and the questionnaire was tested in cooperation with the Association of
Beekeeping Organizations of Vojvodina to improve its validity and reliability. The research was directed
towards honey with a geographical indication, therefore it was decided that the target group was the
members of the Society of beekeepers “Jovan Zivanovi¢” from Novi Sad, with whom the Faculty of
Economics and Engineering Management in Novi Sad has already collaborated on several projects.
The initial questionnaire was improved based on the suggestions of the management of the focus
group. The survey was electronically sent to all of the members (in total, 294), while 250 questionnaires
were returned in full. The response rate was 85%. The questionnaire was created according to previous
research on the application of innovations in the beekeeping industry [3] and the perceived factors
towards the use of modern technologies in beekeeping [3,44,47]. All instrument items, except for
the socio-demographical characteristics, were answered on a five-point psychometric Likert scale
(anchored on 1-“strongly disagree” through 5—“strongly agree”). Likert-type scales usually contain
either five or seven response categories [52]. The literature suggests that a five-point scale appears
to be less confusing and increases response rates [53], so the authors opted for the five-point Likert
scale. A questionnaire that consisted of three sets of questions was prepared. The first group of
questions assessed the socio-demographic characteristics of beekeepers (e.g., sex, number of hives,
education, family size, age and engagement in beekeeping). The second group consisted of statements
regarding the characteristics of investment in R&D in beekeeping (e.g., I am willing to invest funds
in the research and development of beekeeping production; I am willing to engage professionals
bodies for the research; I need support of scientific and research institutions in the further development
of beekeeping practices; Significant funds and further research in the development of beekeeping
practices is needed). The third group consisted of statements which indicate the characteristics of the
new technological adoptions in beekeeping (e.g., beekeepers with larger families are more willing to
use new technologies; new technology adoption can increase the value added hive products; education
levels can positively influence new technology adoption).

Thus, field research was conducted to collect the empirical data necessary for this study.
The answers that were received in full totaled 250 respondents (response rate 83%) and were further
elaborated. The qualitative and quantitative data were analyzed and the appropriate statistical tools
and techniques were employed. Several different models have been tested for each dependent variable,
IRD 1,2, 3,4and NTA 1, 2, 3, in order to find the best model. At the start, the ordinal logistic regression
was conducted with the complementary clog-log link function, with the following set of predictors:
sex, number of beehives, education, family size, age, and engagement in beekeeping. Additionally,
for each model, a backward step analysis was conducted to find the optimal model. This analysis was
used to determine if any of the independent variables can be excluded. However, the accuracy of
the original model was small (less than 50%), and this is the reason why the alternative model was
used. Improvement was achieved by a reduction of the categories of the independent variables and
the models were tested again. Further on, because the accuracy of the new models was small (less
than 60%), the alternative model has been produced, in which a dependent variable was gradually
collapsed. Finally, for the purpose of a higher accuracy, the dependent variables have been collapsed
into two levels and we ran a binary logistic regression. In order to determine the optimum threshold
value for a binary logistic regression, we used the receiver operator characteristic curve (the ROC
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curve). The optimization method which has been used is the iteratively reweighted least squares
(IRLS). For the imbalanced data, the SMOTE technique was used. For all models, the ratio of the
train and the test has been set on a 80-20 ratio [54]. The authors wanted to find the best fitting model.
The best model was set as the model with the highest accuracy. The data was processed in the R Studio
software (Version 0.98.976).

4. Results

4.1. Demographic Analysis of the Respondents

The final sample consisted of 250 respondents, of whom 16 (6.4%) were female and 234 (93.6%)
were male. On average, they were 38.7 years of age. The 73 (29.2%) beekeepers were 26—40 years old.
The 96 (38.4%) of beekeepers were 41-55 years old. The 81 (32.4%) beekeepers were over 55 years old.
In the entire sample, 161 (64.4%) beekeepers completed high school, while 89 (35.6%) of the beekeepers
completed college or had a higher education. One hundred and five (42%) of the beekeepers have a
small family (up to three members) while 145 (58%) have a bigger family (four or more members).
The 32 (12.8%) beekeepers have a maximum of 10 beehives, 104 (41.6%) of them have 10 to 25 bee hives,
while 114 (45.6%) have more than 25 bee hives.

Table 1 shows the characteristics of investment in the R&D of beekeeping. The beekeepers do
invest funds in the research and development of beekeeping (mean average of 3.74) and they are
willing to hire experts in the research and development of beekeeping practices. They agree that
additional funds and further research in the field of beekeeping is needed. The beekeepers believe
they need the support of scientific and research institutions in the further development of beekeeping
practices (mean average of 4.64).

Table 1. Characteristics of the investment in the research and development (R&D) of beekeeping.

Characteristics of Investment in R&D Mean SD
IRD1 I'am willing to invest fundg for research and development of 374 141
beekeeping production
IRD2 I am willing to engage professionals bodies for the research 3.32 1.18
IRD3 I'need support of scientific and research 1nst1tut1.ons in the 350 143
further development of beekeeping practices
IRD4 Significant funds and further research in the development of 464 0.65

beekeeping practices is needed

Table 2 shows the characteristics of the new technological adoptions in beekeeping. The beekeepers
are well aware that the education level positively influences the adoption of new technologies (mean
average of 4.19) and that this may increase their production and introduction of new value-added
products (mean average of 4.19).

Table 2. Characteristics of the new technological adoptions in beekeeping.

Characteristics of New Technological Adoption Mean SD

Beekeepers with larger families are more

NTA1 prepared to use new technologies

3.64 1.09

New technology adoption can increase the
NTA2 value-added hive products (such as royal 4.19 0.97
jelly, propolis, bee pollen and beeswax)

Education level can positively influence

NTA3 new technology adoption

4.19 0.93
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4.2. Main Results of the Investigation

The aim of the research was to detect the interdependence between the nominal outcomes,
which were: new technological adoption and investment in R&D, and the socio-demographic
characteristics of beekeepers (e.g., sex, number of beehives, education, family size, age and engagement
in beekeeping).

For IRD1, the accuracy of an ordinal model with the modified independent variables was 49.01%,
whereas the accuracy of a logistic model was higher, at 63.26%. The backward procedure did not see
any significant improvement. For the model based on a logistic regression, the optimal threshold was
set at 0.75. Table 3 represents the results given from a logistic regression with the dependent variable
IRD1 and the set of predictors.

Table 3. Impact of the socio-demographic predictors on IRD1.

Estimate Coefficient =~ Odds Ratio Test Statistics Significance Level

(Intercept) =-3.11 0.04 -3.27 <0.001
Sex (female) -18.23 0.01 —-0.02 0.99
Number of beehives (10-25) 0.56 1.75 1.04 0.31
Number of beehives (>25) -0.66 0.52 -1.29 0.21
Education (higher) 1.47 4.36 3.45 <0.001 **
Family (bigger) 0.68 1.97 1.82 0.07
Age (41-55) 0.25 1.29 0.61 0.55
Age (>55) -0.02 0.98 —-0.05 0.96
Professional (Yes) 2.57 13.05 3.47 <0.001 **

Significant at ** p < 0.01.

Only two independent variables from the set of predictors (higher education and professional
engagement in beekeeping) made a statistically significant contribution to the model with regard
to the dependent variable IRD1 (I am willing to invest funds for the research and development of
beekeeping production). The strongest predictor of the above-mentioned statement that respondents
invest in research and development was their professional engagement in beekeeping, recording an
odds ratio of 13.05. This indicates that the respondents who engage in professional beekeeping are
13.05 times more likely to agree to invest in research and development, than those who engage in
beekeeping as an additional job, controlling for all other factors in the model. The beekeepers that are
more educated (having finished a college or a university) are 4.36 times more likely to agree with the
statement that they invest in research and development than beekeepers that have only finished high
school, controlling for other factors in the model.

For IRD2, the accuracy of an ordinal model with the modified independent variables was 44.12%,
whereas the accuracy of a logistic model was higher, at 89.80%. The backward procedure did not see
any significant improvement. For the model based on a logistic regression, the optimal threshold was
set at 0.50. Table 4 represents the results given from a logistic regression with the dependent variable
IRD2 and the set of predictors. The independent variable (higher education) made a unique, statistically
significant contribution to the model with regard to the dependent variable IRD2 (I am willing to
engage professional bodies for the research and development of beekeeping practices). The only
significant predictor of the above-mentioned statement, that respondents should engage professional
bodies for the research and development of beekeeping practices, was higher education, recording
an odds ratio of 13.27. This indicates that the respondents that are more educated (having finished a
college or a university) are 13.27 times more likely to agree with the statement that they should engage
professional bodies for the research and development of beekeeping practices, than those who only
finished high school, controlling for other factors in the model.
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Table 4. Impact of the socio-demographics predictors on IRD2.

Estimate Coefficient =~ Odds Ratio Test Statistics Significance Level

(Intercept) -19.13 0.01 -0.01 0.99

Sex (female) -18.51 0.01 -0.01 0.99

Number of beehives (10-25) -17.86 0.01 0.01 0.99

Number of beehives (>25) -18.25 0.01 0.01 0.99
Education (higher) 2.58 13.27 4.96 <0.001 **

Family (bigger) -0.15 0.86 —-0.34 0.74

Age (41-55) 0.59 1.81 1.23 0.22

Age (>55) 0.48 1.61 0.97 0.33

Professional (Yes) 0.42 1.53 0.66 0.51

Significant at ** p < 0.01.

For IRD3, the accuracy of an ordinal model with the modified independent variables was 59.11%,
whereas the accuracy of a logistic model with the SMOTE technique was 90.61%. The backward
procedure did not see any significant improvement. For the model based on a logistic regression,
the optimal threshold was set at 0.25. Table 5 represents the results obtained from a logistic regression
with the dependent variable IRD3 and the set of predictors.

Table 5. Impact of the socio-demographics predictors on IRD3.

Estimate Coefficient =~ Odds Ratio Test Statistics Significance Level

(Intercept) -2.69 0.07 -24.27 <0.001

Sex (female) 0.24 1.27 2.14 0.03
Number of beehives (10-25) -2.31 0.10 -31.29 <0.001 **
Number of beehives (>25) -3.01 0.05 —-38.95 <0.001 **

Education (higher) 0.06 1.07 1.54 0.12
Family (bigger) -1.24 0.29 -30.75 <0.001 **
Age (41-55) 2.41 10.97 29.82 <0.001 **
Age (>55) 2.29 9.88 30.79 <0.001 **
Professional (Yes) 1.71 5.45 18.61 <0.001 **

Significant at ** p < 0.01.

Five of the independent variables (all except higher education) made a statistically significant
contribution to the model with regard to the dependent variable IRD3 (I need the support of scientific
and research institutions in the further development of beekeeping practices). The strongest significant
predictor of the above-mentioned statement, that the respondents need the support of scientific and
research institutions in the further development of beekeeping practices, was age (41-55), recording an
odds ratio of 10.97. This indicates that the respondents aged 41-55 are 10.97 times more likely to agree
with the statement than those aged 2640, controlling for other factors in the model. The beekeepers
older than 50 are 9.8 times more likely to agree with the statement than those aged 2640, controlling
for other factors in the model. The respondents who are engaged in professional beekeeping are
5.5 times more likely to agree with the previous statement, that they need the support of scientific and
research institutions in the further development of beekeeping practices, than those who engage in
beekeeping as an additional job, controlling for all other factors in the model. Regarding the female
beekeepers, they are 1.27 times more likely to agree with the statement than men, controlling for other
factors in the model. The respondents that have 10 to 25 beehives are 0.1 times less likely to agree
with the statement than those who have less than 10 beehives. The respondents that have more than
25 beehives are 0.05 times less likely to agree that they need the support of scientific and research
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institutions in the further development of beekeeping than those who have less than 10 beehives.
The beekeepers that have a bigger family are 0.29 times less likely to agree with the statement than
those with a smaller family.

For IRD4, the accuracy of an ordinal model with the modified independent variables was 59.19%,
whereas the accuracy of a logistic model with the SMOTE technique was 90.6%. The backward
procedure did not get any significant improvement. For the model based on a logistic regression,
the optimal threshold was set at 0.25. Table 6 represents the results obtained from a logistic regression
with the dependent variable IRD4 and the set of predictors.

Table 6. Impact of the socio-demographics predictors on IRD4.

Estimate Coefficient =~ Odds Ratio Test Statistics Significance Level

(Intercept) —42.7 <0.001 -0.14 0.89

Sex (female) 1.12 3.08 <0.001 0.99
Number of beehives (10-25) 1.05 2.85 11.9 <0.001 **
Number of beehives (>25) -0.99 0.37 -11.88 <0.001 **
Education (higher) -1.51 0.22 -21.12 <0.001 **
Family (bigger) 2.55 12.86 32.23 <0.001 **

Age (41-55) -19.13 <0.001 0.12 0.91

Age (>55) -21.39 <0.001 0.13 0.90

Professional (Yes) —-20.04 <0.001 0.08 0.94

Significant at ** p < 0.01.

As shown in Table 6, four of the independent variables (number of beehives 10-25 and >25,
and higher education and family size) made a statistically significant contribution to the model with
regard to the dependent variable IRD4 (significant funds and further research in the development of
beekeeping practices are needed). The strongest significant predictor of this statement was having
a bigger family, recording an odds ratio of 12.88. This indicates that the respondents with bigger
families are 12.8 times more likely to agree with the statement than those with smaller families (up
to four members), controlling for other factors in the model. The beekeepers that have between 10
and 25 beehives are 2.85 times more likely to agree that significant funds and further research in the
development of beekeeping practices are needed (compared to those who have fewer than 10 beehives).
The beekeepers that have more than 25 beehives are 0.37 times less likely to agree that significant
investments and further research in the development of beekeeping are needed than those who have
less than 10 beehives. The beekeepers with a higher education are 0.22 times less likely to agree that
significant investments and further research in the development of beekeeping are needed.

For NTAL, the accuracy of an ordinal model with the modified independent variables was 41.87%
whereas the accuracy of a logistic model was 70.39%. The backward procedure did not get any
significant improvement. For the model based on a logistic regression, the optimal threshold was set at
0.50. Table 7 represents the results given from a logistic regression with dependent variable NTA1 and
the set of predictors.
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Table 7. Impact of the socio-demographics predictors on NTA1.

Estimate Coefficient =~ Odds Ratio Test Statistics Significance Level

(Intercept) -1.21 0.30 -1.48 0.14

Sex (female) 0.33 1.39 0.40 0.69

Number of beehives (10-25) 0.81 224 1.30 0.20

Number of beehives (>25) 1.52 4.59 2.59 0.01*
Education (higher) 1.33 3.80 3.47 <0.001 **

Family (bigger) 091 249 2.39 0.02*

Age (41-55) -1.19 0.30 -2.70 0.01*

Age (>55) 0.60 1.82 1.42 0.16

Professional (Yes) —-0.88 0.41 -1.51 0.13

Significant at * p < 0.05, ** p < 0.01.

Four of the independent variables (number of beehives >25, higher education, bigger family,
age 41-55) made a statistically significant contribution to the model with the dependent variable NTA1
(beekeepers having large families are more prepared to use new technologies). The strongest significant
predictor of the previous statement is beekeepers having more than 25 beehives, recording an odds
ratio of 4.59. This indicates that the beekeepers with more than 25 beehives are 4.59 times more likely
to agree with this statement than those beekeepers with fewer than 10 beehives, controlling for other
factors in the model. The beekeepers that have a higher education (having a college or university
degree) are 3.8 times more likely to agree that beekeepers with large families are more prepared to use
new technologies than those with finished high school. The beekeepers with a larger family (more
than four members) are 2.49 times more likely to agree with the statement that beekeepers with large
families are more prepared to use new technologies, than those with a smaller family. The beekeepers
aged 41-55 are 0.3 times less likely to agree with the statement than the beekeepers aged 2640,
controlling for other factors in the model.

For NTAZ2, the accuracy of an ordinal model with the modified independent variables was 51.92%
whereas the accuracy of a logistic model with the SMOTE technique was 92.23%. The backward
procedure did not see any significant improvement. For the model based on a logistic regression,
the optimal threshold was set at 0.20. Table 8 represents the results given from a logistic regression
with the dependent variable NTA2 and the set of predictors. In Table 8, we can see that the strongest
significant predictor of the statement indicating that that the adoption of new technologies increases
the value added hive products was higher education, recording an odds ratio of 18.81. The beekeepers
with a higher education were 18.81 times more likely to agree that the adoption of new technologies
increases their production of the value added hive products.

Table 8. Impact of the socio-demographics predictors on NTA2.

Estimate Coefficient ~ Odds Ratio Test Statistics Significance Level

(Intercept) -0.48 0.62 -3.56 <0.001
Sex (female) -18.56 0.001 -0.13 0.89
Number of beehives (10-25) -0.10 0.91 -0.97 0.33
Number of beehives (>25) -0.33 0.72 -3.21 <0.001 **
Education (higher) 2.94 18.81 39.73 <0.001 **
Family (bigger) -2.95 0.05 —44.95 <0.001 **
Age (41-55) —-0.99 0.37 -12.95 <0.001 **
Age (>55) -1.99 0.14 -27.26 <0.001 **
Professional (Yes) -0.07 0.94 -0.74 0.46

Significant at ** p < 0.01.
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On the other hand, the beekeepers with larger families (more than four members), compared
to beekeepers with fewer family members, are 0.05 less likely to agree that the adoption of new
technologies increases their production of value added hive products. The beekeepers who have
more than 25 beehives are 0.72 less likely to agree that the adoption of new technologies increases
their production offer compared to the ones who have fewer than 10 beehives. The beekeepers aged
41-55 years are 0.37 times less likely to agree with the statement than those aged 26—40, controlling for
other factors in the model. The beekeepers older than 50 are 0.14 times less likely to agree with the
statement than those who are aged 2640, controlling for other factors in the model.

For NTA3, the accuracy of an ordinal model with the modified independent variables was 58.13%,
whereas the accuracy of a logistic model was 81.63%. The backward procedure did not see any
significant improvement. For the model based on a logistic regression, the optimal threshold was set at
0.60. Table 9 shows the results given from a logistic regression with the dependent variable NTA3 and
the set of predictors. In Table 9 we can see that the strongest significant predictor of the statement
indicating that the education level can positively influence new technology adoption was higher
education, recording an odds ratio of 4.3. The beekeepers with a higher education are 4.3 times more
likely to agree that the education level can positively influence new technology adoption, compared to
beekeepers with lower education levels. The beekeepers with larger families compared to beekeepers
with fewer family members are 0.36 times less likely to agree that the educational level in beekeeping
can positively influence new technology adoption. The beekeepers aged 41-55 years are 0.14 times less
likely to agree than those aged 26—40, controlling for other factors in the model.

Table 9. Impact of the socio-demographics predictors on NTA3.

Estimate Coefficient =~ Odds Ratio Test Statistics Significance Level

(Intercept) -18.18 0.001 -0.02 0.99
Sex (female) -16.7 0.001 -0.01 0.99
Number of beehives (10-25) -0.52 0.59 -0.78 0.43
Number of beehives (>25) 0.01 1.01 0.02 0.99
Education (higher) 1.46 4.29 3.03 <0.001 **
Family (bigger) -1.01 0.36 —2.46 0.01*
Age (41-55) -1.96 0.14 -3.07 <0.001 **
Age (>55) -0.55 0.57 -1.08 0.28
Professional (Yes) 0.08 1.05 0.01 0.99

Significant at * p < 0.05, ** p < 0.01.

5. Discussion

The findings of this research show that socio-demographic factors influence the adoption of
new technologies and investments in R&D in the Serbian beekeepers association. Our findings point
out that the higher the level of education and professional beekeeping influenced the willingness to
invest in research and development. A higher level of education has predicts the willingness to hire
professional consultants or bodies for the research and development of beekeeping practices, therefore
our first hypothesis has been confirmed. Female Serbian beekeepers, beekeepers aged over 41 and
professionally engaged beekeepers are more likely to admit that they need the support of scientific and
research institutions in the further development of beekeeping practices. Thus, the second hypothesis
has also been confirmed. The respondents with larger families and those who have between 10 and
25 beehives were more likely to agree that significant funds and further research in the development of
beekeeping practices is needed. It is interesting to note that beekeepers that have more than 25 beehives
and those with a higher education were less likely to agree that significant investments and further
research in the development of beekeeping are needed. The beekeeping association members’ age
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and professional engagement in beekeeping did not prove to be significant predictors, so the third
hypothesis has been partially confirmed. The following findings point out that the Serbian beekeepers
who are more educated and who have more than 25 beehives are possibly well aware of current research,
and already use the incentives available to the beekeepers by the state or province and thus consider
that may consider that no additional significant investments and further research are needed. A higher
number of beehives, level of education and family members (more than four members) predicted the
easier adoption of new technologies in large families, as they may consider that their productivity
as well as income can be increased which is significant, especially for the household income of large
families, therefore these findings confirm our forth hypothesis. The findings are in line with the study
findings [45] that show that the improved technology adoption was higher in households involving
both genders in beekeeping activities, while the findings have shown the relationship between the
number of honeybee colonies, extent of improved technology adoption, honey yield and farm income
from beekeeping. The finding of a study [46] on the economic performance of the new beekeeping
technology, in comparison with the traditional one, has shown that the modern technology assures
a 48% higher profit than in case of classic technology. A higher education has been shown to be the
strongest significant predictor of a new technology increase of value added hive products (such as
royal jelly, propolis, bee pollen and beeswax). The higher education exerted the highest positive
influence on new technology adoption therefore the fifth hypothesis has been confirmed. The findings
are in line with a study on the use of modern beehive technology, which revealed that the education
was an important factor [47]. The findings are in line with Keiyoro et al. [44], who concluded that in
female beekeeping groups, the education levels (among several other factors) can positively influence
the adoption of new technologies. The findings are also confirmed by the authors of a study on the
innovative potential of beekeeping production in AP Vojvodina [3], which has concluded that “the
basic recommendations for encouraging the introduction of innovations in beekeeping are providing
adequate and relevant agricultural advisory services, provision of credit services to beekeepers for the
purchase of modern equipment; incentives for the introduction of innovations” (p. 276).

6. Conclusions

This research paper focuses on how members of the society of beekeepers, that have developed a
product that is traditionally manufactured in the specific region of Fruska Gora, perceive the investment
in the R&D and the adoption of new technologies in beekeeping. The socio-demographic characteristics
of beekeepers (sex, number of hives, education, family size, age and engagement in beekeeping) have
been analyzed to see whether they influence the adoption of new technologies and the investment in
R&D. The findings show that the majority of Serbian beekeepers have a very high level of awareness
of the level of education positively influencing the adoption of new technologies. A positive influence
of the education level on new technology adoption has also been proven. Serbian beekeepers are well
aware that further research in the field of beekeeping is needed and would be willing to hire experts in
the research and development of beekeeping practices. Higher education has had an influence on the
adoption of new technology with the aim of increasing the production towards the value added hive
products (such as royal jelly, propolis, bee pollen and beeswax). Therefore, several conclusions could
be drawn. Firstly, the authors can conclude that the education on sustainable beekeeping practices
and new technology adoption should be supported by national beekeeping education programs,
in accordance with the best practices of EU beekeeping programs. Secondly, the further promotion
of beekeeping as a potentially profitable and environmentally-friendly business, of honey with the
protected geographical indication, is an important marketing tool and the consumers, on the other hand,
should recognize the product as having a higher quality than other similar products. Because of the low
consumer purchasing power in the Serbian market, the cheaper substitutes for honey, which are largely
present on the market, may appeal more to consumers. This constitutes a major threat. The findings on
the Polish food-processing industry after their EU accession has shown the higher importance of quality
guarantees and successful branding in international activities, whereas the importance of taste and
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price is higher in domestic market [55]. In this regard the quality of the honey represents a chance to
contribute to a greater visibility of the “Fruska Gora linden honey” in the market. Thirdly, the initiatives
aimed at encouraging cooperation and R&D with different faculties and research institutes should
nurture further apiculture research [56]. This implies that the potential for R&D in the apiculture sector,
and the adoption of new technologies in the apiculture communities, is still not fully exploited with a
need to be further investigated.

The issue of raising the efficiency in honey production and enhancing the export potential of the
apiculture sector was traditionally based on increasing the number of hives. However, the authors
point out that the modernization of production, the education of beekeepers and the organizational
improvements are essential parts of an increased competitiveness of the sector. The authors stress
the necessity of improving all the factors of competitiveness in the apiculture sector, in relation to
their economic strength and the level of the entrepreneurial approach. Beekeepers do need increased
institutional support, but the expansion of the beekeeper network and the efficient use of production
resources represent a significant factor. By defining targeted measures to encourage beekeeping
production, the state has an important role in ensuring the simulative conditions for the apiculture
sector in the country. This would be a step forward in the development of beekeeping, which is
in line with the beekeepers stated willingness to invest in R&D activities and to cooperate with
professional consultants. By adopting new technologies and directing activities and investments in
R&D, the potential of the apiculture can be further exploited, thus ensuring the positive impact of
beekeeping on the overall development of agriculture.

On the basis of the study findings, the following practical recommendations can be outlined.
Awareness creation can be raised through intensive training and workshops for the beekeepers.
Experts of different faculties and research institutes, willing to work with the society of beekeepers,
need to assure service provisions to beekeepers with the aim of assuring help and support in the
introduction of the new technologies and promotion of investment in the R&D. The management
staff of the society of beekeepers can be trained to improve their management skills in terms of
offering members a better placement of honey on the local market, as it can have a significant effect
on promoting honey production and honey quality. In view of the foregoing, all the stakeholders
should work towards creating an enabling environment in which beekeeping entrepreneurs can exploit
opportunities to provide economic security to local communities as a basic or additional income
generating activity. A measure on cooperation with the specialized bodies for the implementation of
applied research programs in the field of beekeeping and apiculture products, is already included in the
national programs developed by member states, provides co-financing of 50% by the European Union.
For example, in the Croatian National Beekeeping Program, for the period from 2020 to 2022, the same
measure (financing mutual cooperation in applied research programs) that is relevant for improving
beekeeping conditions through supplementation and building new knowledge was introduced in
the following thematic areas: bee diseases and pests and their interactions, the conservation of
bee biodiversity and the impact of the environment on bee communities, the confirmation of the
authenticity of the species, geographical origin and the manner of production of bee products (honey,
royal jelly, pollen, propolis, wax) [57]. The National Rural Development Program of the Republic
of Serbia from 2018 to 2020 offers financial support to beekeepers, only in terms of subsidies per
hive and the procurement of beekeeping equipment [58]. In the future, also prior to EU accession,
the Serbian National Association of Beekeepers should initiate the adoption of the national program
for the development of beekeeping that also includes a measure on increasing the mutual cooperation
in applied research programs. By harmonizing domestic legislation with European legislation in the
field of honey production, the domestic producers should have more support (that in the future could
be equivalent to the support provided by European honey producers), which would in turn contribute
to improving the competitiveness of Serbian honey producers and a better recognition of honey from
the Republic of Serbia on the European market.
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Since this survey targeted its resources exclusively among the members of the society of beekeepers
in the specific region of “Fruska Gora”, it is questionable if the conclusions could be generalized to
be taken as representative. The researchers suggest that similar research be carried out in different
locations of the country and in different beekeeping societies/associations, to establish other possible
influences. Then the findings of the following study could be compared to the sociocultural factors in
different regions and the beekeepers’ willingness to adopt new beekeeping technologies or professional
advice from specialized bodies. The originality of this paper stems from the need to investigate further
sources of uniting traditional beekeeping with the perceived investment in R&D and the adoption
of new technologies in order to investigate their future performance. The perceived willingness of
beekeepers to invest in the R&D and the adoption of new technologies, especially for the honey products
of protected geographical indications, has not been exploited enough and deserves further attention.
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