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Abstract

This paper analyzes how decision-making, management capacity and technology 
adoption by beekeepers, affect the technical efficiency (TE) of Argentinean beekeeping 
through the case study of the province of La Pampa (Argentina). The assessment of TE is 
currently receiving ever-growing attention as an indicator of sustainability and usage of 
sufficient natural resources in beekeeping activities. This study aimed to identify the key 
factors affecting the technical efficiency of bee farms in the province of La Pampa. The study 
included a sample of 40 bee farms and estimated their TE score through an input-oriented 
Data Envelopment Analysis (DEA) model. In a second stage, Tobit regression was determined 
to evaluate the technical inefficiency determinants. This paper found that most beekeeping 
production units have low TE levels. Only 25 % of bee farms produce either at or close 
to the frontier. The Tobit model revealed that variables such as marital status, educational 
level, primary family income, source information usage, planning and health area, affect 
positively on pure technical efficiency. These results are considered to be of great interest 
for structured beekeeping systems on small-scale and family farms, as well as for political 
decision-makers, regarding a public program in apiculture. 
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Resumen

En este documento se analiza cómo la toma de decisiones, la capacidad de gestión y el 
nivel de adopción tecnológica por parte de los apicultores, afectan a la eficiencia técnica 
(ET) de la apicultura argentina a través del estudio de caso de la provincia de La Pampa. 
La evaluación de la ET está recibiendo una atención cada vez mayor como un indicador 
de la sostenibilidad, así como en el uso adecuado de los recursos naturales en las activi-
dades apícolas. El objetivo de este estudio fue identificar los factores clave que afectan a 
la eficiencia técnica de las explotaciones apícolas de la provincia de La Pampa. El estudio 
incluyó una muestra de 40 unidades apícolas situadas en la provincia de La Pampa para 
estimar su nivel de ET mediante la metodología de Análisis de la Envolvente de Datos (DEA) 
orientado a los inputs. En una segunda etapa se empleó la regresión Tobit para evaluar los 
factores determinantes de la ineficiencia. En este trabajo se comprobó que la mayoría de 
las unidades de producción apícola tienen niveles bajos de ET. Solo el 25% de las unidades 
apícolas producen en la frontera de producción o cerca de ella. El modelo Tobit reveló que 
variables como, estado civil, nivel educativo, principal fuente de ingresos familiares, uso de 
información, planificación y el área de salud, son las que afectan positivamente a la ET pura. 
Estos resultados se consideran de interés para los sistemas apícolas de pequeña escala y 
familiares, y pueden resultar útiles para los responsables de las políticas sobre un programa 
público de apicultura. 

Palabras clave
sostenibilidad • manejo de la granja apícola • toma de decisiones • DEA • modelo Tobit. 

Introduction

The Food and Agriculture Organization of the United Nations (FAO) has the commitment 
to eradicate hunger and reduce poverty in the world by ensuring food security and 
improving livelihoods. Besides, FAO has five strategic objectives, one of them being to “Make 
agriculture, forestry and fisheries more productive and sustainable”, likewise including a 
more productive, sustainable, and efficient apiculture (20). 

Argentinian beekeepers own over 3.5 million beehives distributed by 30,000 production 
units, which produce more than 80,000 t per year, with an income of 180 million US$ the 
last year by international trade. Thus, Argentina is the leading country in America, exporting 
honey wordwide (32). An insufficiently developed domestic consumer market, favourable 
monetary exchange rates and the existence of official traceability schemes to guarantee 
the quality of the final product, are factors contributing to this scenario (21). Moreover, 
ecological conditions prevailing in Argentina ensure the availability of flowers from wild 
species and cultivated plants. Production of honey is concentrated in the Pampean region, 
contributing 70% of the total production in Argentina (47). 

In the last years, various approaches to decision-making and managerial capacity have 
been widely used to quantify and compare the performance of agricultural and livestock 
systems (34, 36, 38, 39, 51, 53). Furthermore, the concept of efficiency has been awidely 
used tool for evaluating technical and economic success (6, 7, 15, 29, 41). So far, several 
studies have been carried out on beekeeping all over the world. Some researchers have 
focused on the technical side of beekeeping, while the rest have been interested in the 
economic dimension of this activity (2, 3, 42). However, the studies focused at a beekeeper 
level have been rare all over the world since the process of collecting information requires 
more time (12). Some researchers have focused only on production indicators by ignoring 
the details of data management. Relatively few researchers have studied some aspects 
using detailed data management at a beekeeper level (28, 33, 46). It is noteworthy that 
Lema and Delgado (2000) investigated the sources of technical efficiency (TE) including 
decision-making and managerial capacity variables in producers from the province of 
Buenos Aires. Besides, Bragulat et al. (2018) studied the influence of decision-making 
and managerial capacity of La Pampa honey producers in the economic feasibility. The 
well-fitting regression model was constructed with variables related to decision-making 
knowledge and evaluated the principal lack of beekeepers in the management of their 
productive units.
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A key indicator of resource optimisation within farming systems is the assessment of 
TE, which measures the amount of physical output attainable from a given set of inputs. The 
approaches estimating TE are divided into two methodologies: the parametric methods, 
including the construction of stochastic (8) or deterministic (6, 51, 52) frontier models; 
and non-parametric methods. Recently, the measurement of productive efficiency with the 
non-parametric approach has used the Data Envelopment Analysis (DEA) method. DEA 
involves linear programming to calculate the frontier of an economic unit and identify the 
proportion of inputs with the maximum efficiency, or the portion of maximum output with 
the limited inputs (7, 28). DEA developed by Charnes et al. (1978), has also been widely 
used to estimate the TE score of livestock (13). 

Using this procedure, the most efficient beekeeping production unit in a sample can be 
used as the main reference to measure the relative efficiency of each unit and to determine 
the causes of inefficiency. This approach, commonly used in economics, has proven to be 
useful when evaluating livestock production systems. Therefore, its application to a system 
such as beekeeping could lead to better knowledge for the improvement of sustainability on 
bee farms. Based on this background, our study aimed to identify the key factors affecting 
the technical efficiency of beekeeping production units of La Pampa (Argentina). The 
method was based on a two-stage analysis approach, with productivity measures derived in 
the first stage using input-orientated DEA. In the second stage of the analysis, the influence 
of apiarist managerial capacity and farmer decision-making on the derived efficiency was 
examined through the Tobit regression model. It is worth to note that this study is the first 
to apply the DEA method of apiculture sector in Argentina. Understanding this issue will 
be beneficial for planning actions to alleviate inefficiency and to improve the agricultural 
production efficiency in Pampean beekeeping.

Material and methods

Study area and data collection
The study was carried out in the province of La Pampa in Argentina, which is composed 

of 1,500 bee farms, distributed in four of the province´s 22 administrative departments 
(45). La Pampa is located in the geographic centre of Argentina and covers an area of 
about 143,440 km2 (approximately 5.2% of the country). The soil, which shows a slight 
slope towards the East, and mild undulations from North to South, is constituted by sandy 
sediments, ranging from 1m, in the West, to over 6m depth in the East, with no rocky patches 
(27). The climate of the area is characterized by mild winters and summers, with seasonal 
rains during the spring. The average annual precipitation and temperature are 724 mm and 
15°C, respectively. 

According to Milán et al. (2011), a randomized sampling design, stratified per department 
with proportional allotment, was used (0.95 confidence level, 0.1 precision and 0.5 estimated 
true proportions). The selected sample comprised 40 bee farms (which constituted a 5.3 % 
of the studied population) and included beekeepers ready to provide information.

Information related to management was obtained by direct interviews with the apiarist 
or the manager, and by direct observation on farms during the period 2011-2013. This was 
based on the methodology described by Perea-Muñoz et al. (2011), which was appropriately 
adapted to beekeeping. 

Information that was gathered from the questionnaire included 18 management 
variables, which were defined under the hypothesis that they may explain differences 
in farm technical inefficiency. In a similar way, Perea et al. (2014), studied the effect of 
management variables in dairy farm viability. Management variables used are shown in 
table 1 (page 153). 

Nine variables were selected to represent the influence of the apiarist personal aspects 
(table 1, page 153): family size, civil state, age, experience, educational level, personnel 
training, continuity of activity, primary source of family income and primary source of 
income for the apiarist. The influence of the decision-making process was studied through 
nine variables representing two aspects: access and use of information by the manager, and 
the formality of the process.
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Table 1. Definition of variables as influencing technical efficiency of bee farms.
Tabla 1. Definición de variables que influyen en la eficiencia técnica de las 

explotaciones apícolas.

Variable Definition

Apiarist´s personal aspects

Family size (FS) Number of family members

Civil state (CS) Dummy = 1 If the producer is married or divorced, 0 if he is single

Age (A) Manager age

Experience (E) Number of years of managerial experience 

Educational level (EL)  Dummy = 1 If it is secondary or higher, 0 if it is primary level. 

Personnel training (PT) Dummy = 1 If it is has taken beekeeping courses, 0 if there is not

Continuity of activity (CA) Dummy = 1 If it is continuing with the long-term activity, 0 if there is not

Primary source of family income (PSF) Dummy = 1 if only beekeeping, 0 if there are another source of family income

Primary source of apiarist income (PSA) Dummy = 1 if only beekeeping, 0 if there are another source of apiarist income

Decision–making process

Record (R) Dummy = 1 If data are periodically recorded, in an organized manner, 0 if there is not

Record use (RU) Dummy = 1 If records are used formally, 0 if there is not

Information use (IU) Dummy = 1 If external information is used, 0 if there is not

Economic advisors (EA) Dummy =1 If periodic economic advisers are available, 0 if there is not

Technical advisors (TA) Dummy =1 If periodic technical advisers are available, 0 if there is not

Associationism (As) Dummy =1 If the production unit is integrated in some producers' association, 0 if there is not

Objective (O) Dummy = 1 If there is a clear a consistent planning with corporate aims, 0 if there is not

Planning (P) Dummy = 1 If there are ongoing plans coherent with the objectives, 0 if there is not

Evaluation (E) Dummy = 1 If the objectives in the assessment procedure used by the manager to evaluate the 
outcome of his plans, 0 if there is not 

Technologies adoption level

Equipment area (% T1) Percentage of technologies that maximize the use of the infrastructure

Health area (% T2) Percentage of technologies that allow to mitigate the risks associated with animal health, and 
enhance and guarantee the quality of the products

Feeding area (% T3) Percentage of technologies that identify and optimize the feeding system

The information obtained by the manager was studied through the following variables: 
records, economic advisors, technical advisors and associationism. Regarding the use of 
information, apiarists were asked to classify it in each of the provided sources. The usage 
of records and information involves variables indicate the regular use of the archives, 
and the frequent use of external information sources, respectively. The formality of the 
decision-making process was evaluated according to three aspects: objective, planning 
and evaluation. The apiarists were requested to describe the goals of their business, their 
ongoing plans and whether if they knew their programmes worked.
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Furthermore, technology adoption level was analysed (table 1, page 153). To do this, 
three variables that indicate the level of adoption in the main technological areas, were 
evaluated. These technological areas were equipment (% T1), health (% T2) and feeding 
(% T3). Each area has a set of technologies and innovations allocated called items. The 
technological area indicates the proportion of the items adopted by each production unit 
over the total of items assigned in the area. Identification of technologies and innovations 
relevant to the apicultural system and their allocation in areas, was achieved through a 
participatory process of discussion and consensus, following the methodology described 
by García-Martínez et al. (2016). A similar procedure was applied by Freitas et al. (2004) 
to evaluate the technological level of beekeeping in Brazil. The equipment area comprised 
six items: basic beekeeping facility, basic apiculture machine, basic beekeeping equipment, 
honey extraction capacity, honey collection capacity and wax melting capacity. The health 
area included seven items: disease prevention program, ability to diagnose pathologies, 
antiparasitic rotation, and application of routine treatments against Varroasis, American 
foulbrood, European foulbrood and Nosemosis. Finally, the feeding area consisted of five 
items: winter feeding, protein supplementation, productive incentive, transhumance of 
hives and queens rearing. 

Data Envelopment Analysis and Tobit regression analysis 
Data Envelopment Analysis (DEA), a non-parametric method, whose was first proposed 

by Farrell (1957) and then improved by Charnes et al. (1978), has become a popular 
tool for measuring the technical efficiency of larger application field. In economics, a 
decision-making unit (DMU) is considered to refer to an individual or entity. Thus, DEA 
measures the efficiency of each DMU relative to that frontier, attributing all observed 
deviations from that frontier to inefficiencies. DMU is a commonly used term in DEA analysis, 
and it corresponds to a bee farm in La Pampa Province.

DEA model needs an orientation, either input or output-oriented. Pampean beekeepers 
tend to have greater control over their inputs than they have over their output. For that 
reason, an input-oriented model was applied in order to reduce the inputs. DEA model was 
constructed by 40 DMU of the sample considering one output and four inputs. Table 2 shows 
the output and inputs, their units, means, standard deviations and coefficient of variation. 
The output used was honey production (kg/year) as the main product coming from bee 
farms. According to our literature review, the chosen inputs were investment (ARS), the 
number of hives, feed cost (ARS/year) and labour cost (ARS/year).

Table 2. Descriptive statistics of the inputs and outputs used to 
estimate technical efficiency.

Tabla 2. Estadísticas descriptivas de insumos y productos utilizados para estimar la 
eficiencia técnica.

Variable Mean Standard deviation Minimum Maximum
Output

Honey production (kg/year) 7,398.75 13,745,53 30 56,000
Inputs

Investment (ARS) 276,645.87 401,566.79 17,200 1,819,550
Number of hives 339.75 477.30 20 2,000
Feed costs (ARS/year) 2,901.62 4,775.67 0 18,000
Labour costs (ARS/year) 3,894.5 9,928.06 0 54,000

1 USD = 4,4 Argentinian 
pesos (ARS). 

1 USD =Pesos 
argentinos (ARS).

The number of DMUs has an essential impact on the degree of freedom; Cooper et al. 
(2011) provided a rough rule to solve this problem in the DEA model. The recommendation 
is to select a value of n that satisfies n ≥ {m x s; 3(m + s)} where n is the number of DMUs, m 
is the number of inputs, and s is the number of outputs. Therefore, the number of DMUs in 
our sample satisfies the rule in this study.
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 The data for all bee farms were represented by the K ×N input matrix (X) and M × N 
output matrix (Y). Using piecewise linear construction of technology, an input-oriented 
measure of efficiency can be calculated for the i-the beekeeping farms the solution to linear 
programming (LP), as follows:

Minimising θ λ θ

Subject to

- yi + Y λ ≥ 0

θxi - X  λ ≥ 0

λ ≥ 0

N1λ = 1

where θ is the TE score having a value between 0 and 1, this means that the maximum 
proportional reduction of all inputs is (1 - θ) while holding output constant; the vector λ 
is an N ×1 vector of weights which defines the linear combination of the peers of the i-th 
beekeeping farms; N1 is a vector of ones and the restriction N1 λ = 1 allows for variable 
returns to scale.

Overall technical efficiency or technical efficiency at constant return to scale (TEcrs) 
for each DMU, can be broken down into pure technical efficiency (technical efficiency at 
variable return to scale, TEvrs) and scale efficiency (SE). TEcrs does not include the portion 
of any inefficiency that is the result of not operating at the optimal scale. The SE of each 
DMU is given by the ratio TEcrs/TEvrs (17), where EE=1 indicates constant returns to scale 
and EE<1 shows scale inefficiency. SE is due to either increasing or decreasing returns to 
scale, which can be determined by inspecting the sum of intensity variables (9). Finally, SE 
quantifies the impact of scale on the productivity of a DMU. When the SE is equal to one, the 
constant returns to scale prevails for that DMU; and if the SE is less than one, then either 
increasing (IRS) or decreasing (DRS) return to scale exists. 

The efficiency analysis was executed under CRS as well as VRS, as the scientific literature 
shows no clear preference concerning the assumptions of scale economics in beekeeping. 
However, some beekeeping´s researchers have focused its studies on VRS specification (28).

Once the model was determined, and the level of efficiency of the beekeeping farms was 
calculated, a set of exogenous or explanatory variables were related to the efficiency scores 
in order to determine the causes of inefficiency. Explanatory variables used are shown in 
table 3. 

Table 3. Explanatory variables used in Tobit models.
Tabla 3. Variables explicativas usadas en los modelos Tobit.

Dependents 
variables Apiarist´s personal aspects Decision–making 

process
Technology adoption 

level 

TEVRS
TECRS
SE

Family size (FS) 
Age (A) 
Experience (E) 

Dummies 
Civil state (CS)
Educational level (EL)  
Personnel training (PT)
Continuity of activity (CA)
Primary source of family income (PSF)
Primary source of apiarist income (PSA)

Dummies
Record (R)
Record use (RU)
Information use (IU)
Economic advisors (EA)
Technical advisors (TA)
Associationism (As)
Objective (O)
Planning (P)
Evaluation (E)

% T1 Equipment area 
% T2 Health area
% T3 Feeding area 
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According to Ceyhan et al. (2017), the Tobit model was used to analyse the effects of 
management, decision-making variables and technologies adoption level affected the 
efficiency of beekeeping in the second stage of efficiency analysis. The standard Tobit model 
can be expressed as follows: 

where Yi  is the technical efficiency score for beekeeping farms measured using a latent 
variable,   for positive valued and censored otherwise, β are the parameters of the model,  
Xi is a vector of explanatory variables,  μi is a commonly and independently distributed error, 
which submits to  (49).

Statistical analysis 
All the statistical analyses were carried out with software SPSS version 20 for Windows. 

The program used to calculate the model was DEAP Version 2.1: A Data Envelopment Analysis 
(Computer) Program, whose detailed operation is described in Coelli (1996). Finally, Eviews 
8.0 was used to determine the canonical censored regression model, known as the Tobit.

Results and discussion

Profile of the Pampean beekeeper
Table 2 (page 154), shows the descriptive statistics for output and input variables of bee 

farms included in our sampling during the period 2011-2013. Research results obtained 
present a wide variation in all variables (inputs and output) across the different farms. 
The honey production, as the main output, varies from a minimum of 30 kg per year to a 
maximum of 56,000 kg per year, indicating high variability. The productivity of beekeeping 
is a measure of honey yield per beehive, and the honey yield is a significant factor affecting 
the profitability of unit production (5). A beekeeping production unit has, on average, 
339.75 hives that produce an average of 13.9 kg of honey. Comparable results were observed 
by Aksoy et al. (2018) in Turkey, which obtained an average of 14 kg per hive in 2015. 
Nonetheless, higher values of productivity were found by Magaña-Magaña et al. (2016) in 
Mexico. According to Bragulat et al. (2018) in La Pampa there is coexistence of non-technified 
and small traditional with specialized models that incorporate technology achieving high 
productivity. 

In the region of La Pampa, beekeepers have an average experience and age of 16.5 and 
41.4 years, respectively. The mean family size was 2.97 individuals, with a range of 1-5. 
Studies carried out in Mexico, Romania, and Turkey showed similar results (18, 43, 46). It 
should be noted that most beekeepers have completed at least secondary education levels 
and have the intention to continue pursuing their beekeeping activity (table 4, page 157). 
The age of the producer and his experience in the beekeeping activity are considered factors 
of interest for the management capacity and the adoption of new technologies. According to 
findings by Contreras-Escañero et al. (2013), our results suggest a low level of technological 
adoption (in equipment, health and feeding area) in the region of La Pampa.

Technical efficiency score
The results of the technical efficiency obtained using inputs-orientated DEA are shown 

in table 5 (page 158). The overall technical efficiency (TECRS) may be decomposed into the 
two parts of pure technical efficiency (TEVRS) and scale efficiency (SE), providing some ideas 
about the source of inefficiency. 
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Table 4. Descriptive statistics of explanatory variables to determinate of inefficiency causes.
Tabla 4. Estadística descriptiva de variables explicativas que determinan las causas de ineficiencia.

 Mean Standard 
deviation Minimum Maximum

Continuous variables

Family size (FS) 2.97 1.14 1 5

Age (A) 41.15 11.32 26 65

Experience (E) 16.5 7.14 9 34

% Equipment area (% T1) 54.16 20.23 16.67 100

% Health area (% T2) 54.64 19.91 28.57 100

% Feeding area (% T3) 51.5 24.34 0 100

Categorical variables Description Number Percentage

Civil state (CS)
0 17 57.5

1 23 42.5

Educational level (EL)  
0 7 17,5

1 33 82,5

Personnel training (PT)
0 22 55

1 18 45

Continuity of activity (CA)
0 3 7.5

1 37 92.5

Primary source of family income (PSF)
0 23 57.5

1 17 42.5

Primary source of apiarist income (PSA)
0 6 15

1 34 85

Record (R)
0 30 75

1 10 25

Record use (RU)
0 21 52.5

1 19 47.5

Information use (IU)
0 19 47.5

1 21 52.5

Economic advisors (EA)
0 34 85

1 6 15

Technical advisors (TA)
0 35 87.5

1 5 12.5

Associationism (As)
0 19 47.5

1 21 52.5

Objective (O)
0 21 52.5

1 19 47.5

Planning (P)
0 28 70

1 12 30

Evaluation (E)
0  23 57.5

1 17 42.5
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The minimum and the maximum TECRS and TEVRS scores were estimated as 0.3-1 and 
0.20-1, respectively. These differences observed between the maximum and minimum 
values indicate a considerable degree of variation in the efficiency of beekeeping systems 
in La Pampa. On average, the overall and pure technical efficiency score of the sample of 
beekeeping farmers in the studied area was estimated at 0.406 and 0.572, respectively. Our 
results are relatively similar to the findings of Lema and Delgado (2000) in Buenos Aires, 
but lower compared to Ceyhan et al. (2017) value of 0.62 from the Turkish beekeepers´ 
association. The results indicated that bee farms in La Pampa could reduce their level of input 
used by approximately 42.8% assuming a variable return to scale, while maintaining the 
same output levels and production technologies, provided that farms adopt best-observed 
practices. Thus, this implies that there is quite a room for improvement.

Some farms operate either on or close to the frontier of efficiency, but a significant 
number of beekeeping production units show technical efficiencies below 50%. Only 
thirteen farms and twenty-one farms have TECRS and TEVRS over 0.50, respectively. Our results 
suggest that a significant proportion of the studied bee farms have a low honey production, 
which is reflected in low yields, probably due to the fact that farms are operating below their 
optimal scale. Figure illustrates the frequency distribution of TECRS and TEVRS in bee farms in 
La Pampa. Most farms showed efficiency results within the ranges 0.20 to 0.40 (37.5%) and 
0.40 to 0.60 (40%) under CRS and VRS assumptions, respectively. 

Figure 1. Frequency distribution of overall (TEcrs) and pure efficiency (TEvrs) level. 
Figura 1. Distribución de frecuencias del nivel de eficiencia global (TEcrs) y pura (TEvrs).
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Table 5. Statistical summary of technical efficiency.
Tabla 5. Resumen estadístico de la eficiencia técnica.

TE CRS
Overall efficiency

TE VRS 
Pure efficiency

SE
Scale efficiency

Mean  0.406 0.572 0.664
Standard deviation 0.002 0.264 0.346
Minimum 0.03 0.2 0.05
Maximum 1 1 1
Number of efficient DMU 4 7 5
% of firms DRS1 7.5
% of firms IRS2 80

DRS 1: Decreasing 
returns of scale.

IRS 2: Increasing returns 
of scale.

DRS 1: Rendimientos 
decrecientes de escala.

IRS 2: Rendimientos 
crecientes de escala.
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Scale efficiency (SE) scores could be interpreted, allowing some interesting remarks. On 
average, the SE of the sample in the study area was estimated at 0.664, which implies that 
the average size of bee farms in La Pampa is far from the optimal size. SE (TECRS/TEVRS ratio) 
measures potential productivity gains for a farm operating at optimal scale (17). Thus, an 
additional 33.6% productivity gain would be feasible to provide they adjusted their farm 
operation to an optimal scale, close to best practices. The SE analysis provides valuable 
information about returns to scale; either farm is operating below or above to their optimal 
scale (17, 44). Overall, 7.5% were operating under decreasing return scale (DRS), and most 
scale-inefficient farms (80%) displayed were operating under increasing returns scale (IRS). 
This implies an opportunity to gain additional honey production through carefully planned 
growth. This finding is consistent with the results reported in American beekeeping by 
Jones-Ritten et al. (2018). 

The efficiency analysis of Pampean apiculture farms suggests that the latter are small 
farms that need to increase their size, in order to achieve best practice´s level (table 6). Our 
findings are consistent with the overall picture of the Buenos Aires bee farms showed by 
Lema and Delgado (2000). They reported that several hives given as size indicator, affected 
the productivity of farms, and probably this will imply a negative effect on economic 
performance.

a,b,c Different letters 
denote significant 

differences with 
p ≤ 0.05.

a,b,c Las letras 
diferentes denotan 

diferencias significativas 
con p ≤ 0,05.

Table 6. Farm size (in number of hives) according to return to scale.
Tabla 6. Tamaño de las explotaciones de acuerdo con su rendimiento de escala.

Returns of scale Farms (%) Mean Standard Deviation
Decreasing returns of scale 7.5 1766.67 c 1766,67
Increasing returns of scale 80 197.18 a 172,327
Constant returns of scale 12.5 1100 b 839,643

The second stage: determinants of technical efficiency
The effects of influencing factors on inefficiency showed in table 3 (page 155), are 

evaluated by using the Tobit model. The results of the regression analysis are shown in 
table 7 (page 160). 

Assuming variables scale returns model how the best fit (Log-likelihood = 18.568; 
AIC = 0.260), the crucial determinants that positively affected to technical efficiency in 
bee farms in La Pampa were civil state (married), educational level, the primary source of 
family and apiarist income, information usage, planning and health area. On the other hand, 
personnel training, continuity of activity and objective affected negatively on TECRS (p <0.05).

Regarding manager personal aspects, it can be highlighted that, contrary to what was 
expected, both experience and age did not affect technical efficiency. These variables are 
aspects that are usually considered always in the management and decision-making in 
the company, but are also found to be very controversial (39). The explanation for this is 
probably the low average technical efficiency score and the sample size. On the other hand, 
results obtained also show how the marital status (married) positively affects the efficiency 
level, what highlights the vital role that women play in beekeeping and the rural areas 
(42, 43). The fact that families have apiculture as the primary source of income was also 
positively associated, which may be linked to a higher level of innovation and adoption of 
technology that could favour the development of the beekeeping activity (10).

In terms of the aspects related to access and use of information and formality of the 
decision-making process, the use of external information, as well as setting objectives and 
appropriate planning, have a positive impact on the efficiency score. These results agree 
with the works of Mujuni et al. (2012) in Uganda and Adgaba et al. (2014) in Saudi Arabia. 

Regarding technologies adoption level, only health area had a positive effect on technical 
efficiency. It is understood that those apicultural units that adopt a more significant 
number of health items also make management more efficient. Our findings are in complete 
agreement with Ferrier et al. (2018) which suggested that the livelihood of beekeepers 
depends on the health and productivity of his apiaries. In this way, it would be crucial to 
identify those beekeeping units that carry out the best practices and detect critical points 
by applying benchmarking techniques (25, 28).
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Table 7. Results of the Tobit analysis: technical inefficiency determinants. 
Tabla 7. Resultados del análisis de Tobit: determinantes de la ineficiencia técnica.

Variable
TECRS TEVRS SE

Coefficient P Coefficient P Coefficient P
Constant -0.992720 0.0943 0.086719 0.8768 -0.305242 0.7001
Family size (FS) 0.015141 0.7069 -0.028394 0.4544 0.004818 0.9286
Civil state (CS) -0.036462 0.7911 0.259462 0.0455 -0.207605 0.2589
Age (A) 0.022020 0.0361 -0.001898 0.8480 0.025055 0.0742
Experience (E) -0.020177 0.0164 -0.005866 0.4592 -0.019351 0.0849
Educational level (EL) 0.166749 0.2657 0.282259 0.0456 -0.117131 0.5583
Personnel training (PT) -0.330231 0.0007 -0.192362 0.0369 -0.196430 0.1327
Continuity of activity (CA) -0.146536 0.3791 -0.442170 0.0049 -0.014255 0.9489
Primary source of family income (PSF) 0.020374 0.7843 0.210233 0.0027 -0.097165 0.3286
Primary source of apiarist income (PSA) 0.134705 0.3134 0.176255 0.1617 -0.118791 0.5057
Record (R) -0.163369 0.2055 -0.071772 0.5551 -0.142141 0.4096
Record use (RU) -0.296037 0.0570 -0.292748 0.3700 -0.160594 0.2615
Information use (IU) 0.414225 0.0000 0.387486 0.0000 0.364925 0.0066
Economic advisors (EA) -0.591872 0.0017 -0.286902 0.1066 -0.374265 0.1375
Technical advisors (TA) 0.185498 0.1851 0.070671 0.5922 0.053399 0.7752
Associationism (As) -0.141698 0.1512 -0.103677 0.2652 -0.249247 0.0587
Objective (O) -0.199455 0.0454 -0.288988 0.0021 -0.115305 0.3866
Planning (P) 0.554160 0.0007 0.370894 0.0156 0.490463 0.0241
Evaluation (E) 0.209191 0.0313 0.120220 0.1892 0.173326 0.1817
Equipment area (% T1) -0.002354 0.2672 -0.001463 0.4645 0.000344 0.9033
Health area (% T2) 0.013947 0.0000 0.011399 0.0000 0.009562 0.0011
Feeding area (% T3) 0.002906 0.1594 0.001913 0.3258 0.002546 0.3563
Log likelihood 16.557 18.568 6.711
Avg. Log likelihood 0.486 0.546 0.197
Akaike info criterion 0.379 0.260 0.958

TE CRS = Overall technical 
efficiency; TE VRS = pure 

technical efficiency; 
SE = scale efficiency.
TE CRS = Eficiencia 

técnica media ; 
TE VRS = Eficiencia 

técnica pura ; 
SE = Eficiencia de escala.

According to table 7, the most important variables that positively affected SE were 
information use, planning and health area. The results of our study suggest that lower units 
of production might improve the SE by adopting technologies, particularly in the area of 
management and health. Usually, the adoption of technologies is associated with a better 
organizational structure, which occurs in larger production units. The importance of size, in 
several hives, was confirmed as the decisive variable for the improvement of scale efficiency 
(table 6, page 159). Similar results were obtained in apicultural units from Buenos Aires (30).

Although this method used a robust methodology to calculate technical efficiency scores 
and a checked regression approach, the small sample size likely limited our ability to identify 
the more statistically significant variable. Future studies should include an emphasize on 
getting larger samples of productions units from different locations, to understand better 
the roles of management factors (11, 28, 50).

Policy implication and conclusions 

On average, bee farmers in La Pampa (Argentina) are operating below the production 
frontier, which indicates there is still scope for improvement. Beekeepers have greater 
control over their inputs that outputs, thus the input orientated model was used. The scale of 
the bee farms in La Pampa does not reach the optimal levels required to achieve productive 
efficiency, and it would be convenient to increase their scale. 

The government should promote to help inefficient bee farms in order to achieve their 
best practice by assuming benchmarking techniques. Beekeepers should also be motivated 
by the government to improve their efficiency through incentives, such as training programs 
to ease decision-making and management, therefore enhancing productivity.
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Most of the explanatory variables in the Tobit model have expected sign but statistically 
insignificant. Despite these limitations and the sample size, our study has contributed 
to the existing literature on studies of technical efficiency in bee farms. However, more 
definite conclusions will be possible when additional studies focus on further analysis of 
heterogeneous production frontiers (according to size or location) and the quantification of 
total slacks in inputs set by applying benchmarking techniques.
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