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Abstract: Technology and innovations have significant potential to enhance farm productivity, prof-
itability, and economic sustainability. This study comprehensively investigates the relationship
between technology adoption and economic performance within dairy farming. First, it seeks to
clarify how socio-economic, information-seeking, behavioral factors and technical efficiency influence
the level of technology adoption in dairy farms. It also compares the economic indicators of dairy
farms depending on their technology adoption levels and evaluates whether technology adoption
affects dairy farms’ technical, allocative, and economic efficiency. The data were collected from
188 dairy farmers in Kahramanmaraş Province in the East Mediterranean Region of Turkey in 2022.
The results reveal that dairy farms’ technology adoption levels are influenced by income, household
size, investment, ownership of cultured cattle breeds, Chamber of Agriculture membership, contact
frequency with private veterinarians and other farmers, perceived ease of use, perceived usefulness,
and technical efficiency. Farms with high-level technology adoption demonstrate increased prof-
itability and efficiency scores, highlighting the positive correlation between technology adoption and
farm efficiency. Policymakers should focus on training and support programs for dairy farmers to
optimize technology use and input management. They can also promote resource-efficient farming
and provide financial incentives for sustainable practices and dairy technologies.

Keywords: dairy farming; farm efficiency; technology adoption; Turkey

1. Introduction

Dairy cattle farming significantly contributes to the Turkish economy in terms of
value-added and employment generation from past to present. In 2022, Turkey produced
21.8 million tons of milk, accounting for 2.46% of global production [1]. Notably, dairy cattle
alone accounted for 91.57% of total milk production in Turkey. In the context of marketed
animal products, dairy milk occupies a dominant position, accounting for 35.11%, along
with sheep milk comprising 4.29%, goat milk making up 0.94%, and buffalo milk contribut-
ing 0.11% [2]. Dairy cattle farming provides employment and income to those living in
rural areas; however, it is typically conducted by small-scale family farms using traditional
methods and limited technology, resulting in low productivity and competitiveness [3].
This is compounded by shifting consumer preferences and market demands [4]. As a
consequence, the sector’s competitiveness is undermined by low milk yield and quality,
coupled with rising production costs, potentially jeopardizing long-term sustainability.

In a study, Constantine et al. [5] underscored the importance of high-value-added agri-
cultural and food products, efficient use of technology, profitable production, appropriate
trade policies, and optimal resource management in enhancing competitiveness, and they
focused on sustainable economic competitiveness. They stated that sustainable economic
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competitiveness can be attained by elevating the final product’s value through an effective
value chain management system that incorporates environmental and social considerations.
This involves increasing productivity and product quality throughout the agri-food value
chain, highlighting the importance of harnessing technology and innovation. The adoption
of technology and innovation is also important to assist farms in maintaining competitive-
ness within a dynamically changing sector by facilitating adaptation to evolving consumer
demands and market trends.

In order to improve the productivity of dairy farms, the Turkish government has
implemented various support mechanisms. Nationally, farmers receive various types of
support such as feed support, vaccine and waste support, milk premium, disease-free
enterprise support, and financing tools (low-interest loans). Furthermore, investments in
modern farms have increased particularly due to the inclusion of support for milk and
dairy product processing and marketing under the IPARD (Instrument for Pre-Accession
Assistance Rural Development Program) in the 2014–2020 period. However, despite
increased investments and support, technology adoption rates remain below optimal
levels, indicating the need for concerted efforts to bridge this gap.

Integrating technology and innovations throughout dairy cattle farming is vital for
ensuring cow health and welfare [6], enhancing milk yield and quality, and bolstering the
sector’s profitability and sustainability [7,8]. Over the past two decades, the transition of
dairy cattle farms from labor-intensive to knowledge-intensive production underscores the
importance of farmers adept at swiftly utilizing information [4]. The impact of technologies
remains a critical factor for rural development, encompassing domestic and foreign market
development, as well as advancements in communication and transportation [9]. As stated
by Yalçın and Boz [10], adopting modern technologies will help to increase productivity
and profit rates in the short term while improving the living standards in rural areas in the
long term.

Determining the level of technology adoption among dairy farmers and understand-
ing the factors that influence their adoption decisions is the first step in assessing the impact
of these technologies on all aspects [11]. Technology and innovations are generally adopted
based on their perceived benefits and utility [12]. Farmers who aim to maximize profit
will adopt new technologies if they perceive that the adoption will generate a positive net
economic benefit [13]. It was stated that technology is an essential factor that influences
efficiency, along with factors such as quality, farm management and organization, political
and institutional conditions, and farm economies [14]. Therefore, it is important to consider
the effect of technology adoption levels on the economic performance of dairy farms. Study-
ing the relationship between technology adoption levels and farm efficiency will provide
insights into the impact of technological advancements on overall economic performance.

Numerous studies have highlighted the significant role that various factors play in
shaping the adoption of agricultural technologies among dairy farms [15,16]. Additionally,
research has extensively focused on efficiency analysis and its determinants within dairy
cattle farms [14,17–21]. While extant literature has delved into various facets of technology
adoption and efficiency analysis within dairy farming, significant gaps persist, particularly
concerning the interplay between technical efficiency and technology adoption [22,23].
Moreover, the relationship between efficiency and technology adoption in the Turkish con-
text remains underexplored, necessitating comprehensive research endeavors to elucidate
these dynamics. It is imperative to comprehend the economic implications for dairy farms
by understanding the relationship between technology adoption and farm efficiency. There-
fore, this study aims to extend previous literature to address these gaps and provide a more
comprehensive understanding of the dynamics between technology adoption, efficiency,
and economic performance within the dairy farming sector.

This study examines the relationship between dairy farms’ technology adoption lev-
els and their economic performance by employing a multifaceted analytical framework
comprising three distinct models. The first model analyzes various determinants influenc-
ing technology adoption, including socio-economic, information-seeking, and behavioral
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factors and technical efficiency. This model helps us to understand the technology adop-
tion process by evaluating the impact of different factors, particularly technical efficiency.
The second model compares economic performance indicators, such as gross production
value, gross margin, technical efficiency, allocative efficiency, and cost efficiency, to identify
differences in economic performance according to the level of technology adoption by
dairy farms. The third model examines the impact of farm characteristics, specifically
dairy farms’ technology adoption levels, on their economic efficiency. These models offer
a comprehensive analysis by scrutinizing the relationship between technology adoption
and economic performance from various angles. The outcomes of this study will offer
significant findings for all stakeholders in the dairy sector and researchers investigating
this subject.

This section is followed by theoretical background and hypotheses. The next section,
Section 3, describes the research design, including data collection methods, sample selection,
statistical models, and variables used for analysis. Section 4 presents the findings from the
statistical models, including analyses of determinants of technology adoption, differences in
economic performance indicators according to technology adoption levels, and the impact
of farm characteristics and technology adoption on economic efficiency. Section 5, the
discussion part, interprets the results in light of previous studies and discusses implications.
The final section, Section 6, presents the conclusion of this study. This section summarizes
the main findings, focuses on implications, reiterates the study’s significance, addresses
limitations, and suggests avenues for future research.

2. Theoretical Background and Hypotheses

Effective modeling in research necessitates a thorough grasp of farmers’ decision-
making processes and outcomes [24]. The theory of agricultural technology adoption
integrates decision theory and the diffusion of innovation theory to elucidate why some
farmers adopt new technologies while others do not [25]. Various factors have shaped the
development of adoption theories, resulting in diverse models and theories depending on
objectives and context. This section provides an overview of the theoretical frameworks and
literature underpinning the conceptual model for this research, followed by the formulation
of research hypotheses based on insights derived from these frameworks.

2.1. Innovation Adoption and Diffusion Theory

Recent studies on the diffusion and adoption of agricultural innovations have explored
various perspectives, including innovation diffusion theory, behavioral models, econo-
metric models, social capital, and social network analysis [26]. Notably, the adoption and
diffusion models of Rogers [27], Feder et al. [28], and Nowak [29] have been extensively
studied. Rogers defines innovation as a new idea, practice, or technology for an individual
or adopter, where adoption refers to the decision to use innovation as the most suitable
course of action, and diffusion is the process by which an innovation spreads through
specific channels over time among members of a social system. The adoption decision
process, according to Rogers, is an information-seeking and processing activity driven
by the need to reduce uncertainty about the advantages and disadvantages of an inno-
vation. Rogers further suggests that adoption is influenced by various factors, including
socio-economic characteristics, personality traits, and communication behaviors [30]. Feder
et al. [28] expanded on Rogers’s model by incorporating communication channels and
contextual factors, such as environmental, economic, geopolitical, socio-economic, and
institutional factors, alongside risk and uncertainty. Nowak [29] adds that adoption deci-
sions are influenced by social–psychological, structural, ecological, and institutional factors.
Research from multiple fields has identified several factors affecting technology adop-
tion, including personal, cultural, social, and economic attributes and specific technology
characteristics [31].

Numerous studies have investigated the factors influencing technology adoption
in dairy farming. For instance, Çiçek et al. [15] found that education level, farm scale,
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age, experience, participation in social life, and extent of mass media usage influence
technology adoption. Similarly, in Ethiopia’s cattle industry, Mekonnen et al. [32] observed
significant influences of cattle breed, education level, family size, and proximity to the
market on technology adoption, with higher adoption rates associated with improved milk
yield. Boz et al. [30] identified farmer age, income level, investment, improved breeds,
internet usage, and interactions with extension personnel and private veterinarians as
determinants of adoption levels. Wairimu et al. [16] found hired employees, dairy records,
total dairy cows, and household head education to be influential factors for technical
dairy innovation adoption, while the intensity of organizational and institutional dairy
innovation adoption was influenced by income, farm size, dairy records, and access to dairy
information. Gargiulo et al. [33] revealed a positive relationship between herd size and the
adoption of precision technology, while Abeni et al. [34] reported higher probabilities of
using precision livestock tools in farms with larger herds. Gillespie et al. [35] identified
several factors influencing technology adoption in the U.S. dairy industry, including farmer
demographics, farm location, tenure, size, and diversification. Dehinenet et al. [36] found
significant influences of various factors, such as family size, farming experience, access to
extension services, livestock availability, income from milk products, training, household
head age, and off-farm activities, on dairy technology adoption probability and level.
According to innovation diffusion theory, technology adoption is influenced by household
members’ education level, experience, and gender [37], with social networks and peers also
playing significant roles [38].

2.2. Technology Acceptance Model (TAM)

The Technology Acceptance Model (TAM) is widely used for predicting technology
adoption, complementing economic models in capturing the complexity of farmers’ be-
havior and motivation [39]. The TAM, rooted in the Theory of Reasoned Action (TRA)
developed by Fishbein and Ajzen [40] in 1975, posits that an individual’s attitude toward
using a system depends on their perceptions of its usefulness and ease of use. Perceived
usefulness refers to the extent to which an individual believes that using a particular system
would enhance their job performance, while perceived ease of use refers to the extent to
which an individual believes that using a particular system would be effortless [41]. Accord-
ing to the TAM, perceived usefulness is influenced by perceived ease of use, suggesting that
the easier a system is to use, the more useful it can be [41]. The TAM has found widespread
applications across various fields, including agriculture.

Numerous studies have validated the Technology Acceptance Model’s efficacy in
evaluating technology adoption in agriculture [42,43]. Venkatesh and Davis [44] reported
that the TAM explains a significant proportion of variance in usage intentions and be-
havior, with studies in Thailand highlighting the model’s relevance in dairy technology
adoption [43]. Flet et al. [39] found significant associations between perceived usefulness,
perceived ease of use, and technology adoption among dairy farmers in New Zealand.
Naspetti et al. [45] extended the TAM to analyze dairy farmers’ attitudes and intentions
toward sustainable production strategies, revealing a strong influence of perceived useful-
ness on acceptance. Schaak and Muscof [46] conducted a study in Germany applying the
Technology Acceptance Model. Their results indicate that the perceived usefulness and
perceived ease of use significantly influence the adoption of grazing practices.

2.3. Economic Performance and Efficiency Measurement Approaches

Technology adoption in dairy farming is crucial for enhancing productivity, efficiency,
and profitability. Economic performance analysis guides planning and decision-making
processes for achieving business success and sustainability, with technology adoption
typically driven by economic benefits [13]. Various indicators, such as gross production
value, gross margin, variable costs, profitability, and efficiency scores, are used to measure
farm economic performance, aiding resource allocation decisions [47]. The agricultural
economics literature emphasizes the impact of fixed and variable costs and profitability
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on technology adoption, with economic performance indicators facilitating comparisons
between adopters and non-adopters or different levels of adoption [48].

Efficiency measures, including technical, allocative, and economic efficiency, offer
insights into overall dairy farm performance, with Farrell [49] first conceptualizing effi-
ciency as the ability to maximize output from given inputs. Technical efficiency assesses a
farm’s ability to maximize output using a given technology and input quantity. In contrast,
allocative efficiency focuses on optimal input use proportions to minimize costs given tech-
nology and input prices [50]. Efficiency can be measured using SFA (parametric) and DEA
(non-parametric). SFA primarily utilizes econometric regression to analyze the production
function. This involves redefining the functional form and separating the residual into a
non-negative inefficiency element and the error term [47]. On the other hand, efficiency
can be calculated without making assumptions about the technology by using DEA. Addi-
tionally, DEA is not limited by statistical concerns regarding the number of inputs that can
be included [50,51].

Studies on farm efficiency and determinants have employed non-parametric and
parametric approaches, with herd size, feed ratio, land, labor, education, infrastructure,
subsidies, soil type, and technological innovations among the key determinants influencing
efficiency [14,17–20,22,52–55]. Improved breeds, feed innovations, and policy changes
have been shown to positively impact efficiency, with factors like subsidies and farm
diversification exhibiting mixed effects across studies.

2.4. Conceptual Framework and Hypotheses

In conclusion, each model possesses unique characteristics and attributes limiting
its applicability to specific areas, necessitating the identification of a comprehensive and
compatible framework aligned with the study objectives. The conceptual framework
integrates insights from innovation adoption and diffusion theory, the Technology Ac-
ceptance Model, farm efficiency, and performance measurement concepts, providing a
comprehensive framework for investigating the relationship between socio-economic fac-
tors, information-seeking behaviors, efficiency, and technology adoption. Additionally,
it explores the impact of technology adoption levels on dairy farm performance, aiming
to enhance understanding of technology adoption mechanisms and their implications for
dairy farm efficiency and economic performance.

This study employs a three-stage conceptual framework and develops hypotheses
accordingly. The first stage examines the effect of socio-economic factors, information-
seeking behaviors, and technical efficiency on the level of technology adoption of dairy
farms, formulated as follows:

H1. The adoption level of technology in dairy farms is influenced by socio-economic factors,
information-seeking behaviors, behavioral factors, and technical efficiency.

The second stage employs economic analysis to assess differences in economic perfor-
mance indicators across varying technology adoption levels. Comparing farms’ economic
performance based on varying technology adoption levels has significant implications.
Firstly, such a comparison allows for assessing the impact of technology adoption on farms’
profitability. For instance, determining whether farms with higher levels of adoption are
associated with greater profitability and productivity can inform the planning and im-
plementation of future technology adoption strategies in the long term. Therefore, the
following hypothesis was developed:

H2. There are significant differences in economic indicators according to the level of technology
adoption in dairy farms.

The third stage investigates the effects of technology adoption levels and socio-
economic factors on the technical, allocative, and economic efficiency of dairy farms,
leading to the formulation of the following hypothesis:
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H3. Socio-demographic factors and dairy farms’ technology adoption levels significantly influence
technical, allocative, and cost efficiencies.

Figure 1 presents an overview of the conceptual framework of this study. On the left
side, explanatory variables of technology adoption level are displayed, including socio-
economic, informational, and behavioral factors and technical efficiency. The determinants
of technical, allocative, and cost efficiencies are illustrated on the right side. The variables
considered in this study include socio-demographic factors such as experience, education,
household size, number of milk cows, and the level of technology adoption. The economic
indicators, including gross production value, variable costs, TE, AE, and CE, are shown on
the upper side of Figure 1, along with the technology adoption level as a factor variable.
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3. Materials and Methods
3.1. Study Area

This research was conducted in 2022 in Kahramanmaraş Province, located in southern
Turkey, east of the Mediterranean Region, between 37◦11′ and 38◦36′ north parallels and
36◦15′ and 37◦42′ east meridians. The total milk obtained from dairy cattle in Turkey is
20.7 million tons. The Mediterranean region accounts for 8.57% of the dairy milk production
in Turkey [2]. Kahramanmaraş ranks second in the Mediterranean region in terms of total
milk production and the number of milked dairy cattle. The primary data for this research
were collected through face-to-face surveys with dairy cattle farmers in Kahramanmaraş
Province. Additionally, data from the Ministry of Agriculture and Forestry records, statistics
from institutions such as the Turkish Statistical Institute and FAO, and information from
scientific publications such as theses and articles were utilized as secondary data sources.

3.2. Sample Size and Data Collection

According to data obtained from the Kahramanmaraş Provincial Directorate of Agri-
culture and Forestry, the province is home to 14,865 dairy cattle farms. Four districts
(Dulkadiroğlu, Onikişubat, Göksun, and Türkoğlu) where dairy farming is the main in-
come source were selected for this study. Farms with fewer than five dairy animals were
excluded from the population. The proportional sampling method was employed to deter-
mine the sample size, established as 165, using a 99% confidence interval and a 10% margin
of error [56].

n =
Np(1 − p)

(N − 1)σ2
px + p(1 − p)
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In the formula, n: sample size; N: total number of dairy farms; p: 0.5; r: margin of
error (10%); Zα/2: 2.58; σ2

px: variance.

σ2
px =

(
r

Zα/2

)2
=

(
0.10
2.58

)2
= 0.00150

However, due to potential challenges in the research area, such as farmers’ reluctance
to share information or misreport their answers, a replacement survey was conducted at
a rate of 15% of the original sample size. Consequently, this research analyzed data from
a total of 188 dairy farms. Questionnaires were used as the primary data collection tool,
designed through an extensive review of previous studies and input from subject experts.

The technology and innovations incorporated into the questionnaire were constructed
through a comprehensive literature review supplemented by insights from experts in the
field. These technologies encompass a range of advancements and practices relevant to
dairy farming, including precision farming systems in dairy cattle breeding [33,57], mecha-
nization [58,59], best management practices and innovations [30,60], and milking machines
and milking systems [4,61], as well as various technical innovations [15,16,37,62–65]. Ex-
pert input was solicited to ensure the inclusion of pertinent technologies and to validate
the questionnaire’s content validity.

Out of the 92 technologies related to dairy farming identified, 8 were excluded as
their utilization level was less than 1%. These excluded technologies were automatic
intensive feed units, drinker systems measuring water consumption, ultrasonographic
imaging devices, image analysis systems, rotary platforms, waste recycling systems, pasture
measuring devices, and barn heating. The remaining 84 technologies were used for the
analyses. A list of these technologies and innovations is provided in Appendix A.

3.3. Data Analyses
3.3.1. Ordered Logistic Regression

Ordered logistic regression (OLR) analysis was used to determine the factors affecting
the level of technology adoption of dairy farms. This method is appropriate when the
dependent variable comprises ordered categories, such as low, medium, and high, and
aims to evaluate the association between predictor variables and the ordinal categories of
the outcome variable [66]. Additionally, it provides more accurate results than linear and
logistic regression.

The ordered logistic regression employs a link function to elucidate the impacts of
explanatory variables on an ordered categorical variable, eliminating the need for assump-
tions regarding constant variance and normality [67,68]. The OLR model is explained by
the hypothesis that there is an unobservable latent variable (Y*) behind the observable
dependent variable (Y) [69]. This variable is expressed as follows;

Y* = β′X + ê (1)

where Y* is the latent variable, β is the coefficient of the parameters, and ê is the error term.
The error term is assumed to be 0 and symmetric. The relationship between the latent
variable (Y*) and the dependent variable (Y) is a function of threshold points that vary
according to observations. The maximum likelihood technique is used to determine the Y*
regression equation. The OLR equation is given in Equation (2) [69].

link (yi) = µi − ∑β′
k xk (2)

Here, yi is the cumulative probability value of the i-th category, µi is the threshold
value of the i-th category, β′ is the regression coefficient, and x is the independent variable.
Since the effect of the coefficients obtained as a result of OLR analysis cannot be interpreted
accurately, marginal effects were calculated to determine how much the independent
variables change the probability of falling into each category of the dependent variable [70].
STATA (version 14) was used in the analysis of the data [71].



Sustainability 2024, 16, 2989 8 of 22

The variables selected for the OLR model were based on the theories and findings
of the previous literature mentioned in Section 2. The dependent variable was created
by identifying 84 technologies used in dairy farming. Three adoption categories were
established by analyzing the frequency distribution of farmers’ responses regarding their
adoption (or not) of these technologies. Farmers who adopted less than 21 technologies
were classified as low-level technology adoption, while those who adopted 22–37 technolo-
gies were classified as medium-level technology adoption, and farmers who adopted 38 or
more technologies were classified as high-level technology adoption [15,30,62].

The OLR model included independent variables such as socio-economic character-
istics, information-seeking factors, behavioral factors, and technical efficiency of dairy
farms. The selection of socio-economic and information-seeking factors was based on
previous studies that followed the Innovation Adoption Theory [30,32,37,38]. The socio-
economic characteristics of farmers were age, agricultural experience, education, income
level, household size, investment, and ownership of cultivated breeds. The factors that
were identified as important for seeking information were membership in the Agriculture
Chamber, frequency of contact with private veterinarians and other farmers, and frequency
of internet use.

The Technology Adoption Model posits that an individual’s decision to adopt a
technology is influenced by their perception of its usefulness and ease of use. As such,
the model includes perceived usefulness and perceived ease of use as determinants. Few
studies in the literature have examined the relationship between technical efficiency and
technology adoption in dairy farming. To contribute to the literature and future studies, it
is crucial to examine the effect of technical efficiency on the level of technology adoption.
Therefore, the OLR model includes the technical efficiency, measured by employing Data
Envelopment Analysis, as an explanatory variable.

3.3.2. Economic Assessment

To achieve the second aim of this study, Analysis of Variance (ANOVA) was used to
compare dairy farms’ economic performance according to their technology adoption levels.
ANOVA is employed to determine whether there is a statistically significant difference
between various groups. This analysis aids in determining whether different levels of
technology adoption exhibit significant differences in terms of economic performance
indicators such as efficiency scores, gross production value, variable costs, and gross
margin. This is crucial for comprehending the economic impacts of technology adoption
on dairy farming. Also, identifying differences in economic performance between farms
with different levels of technology utilization can help to direct agricultural policies toward
promoting access to technology. The gross production value was calculated by multiplying
the daily milk yield (liters/cow) by the milk price. The gross margin was obtained by
subtracting the sum of variable costs from the gross production value. All values were
calculated in relation to the lactation period, and the number of cows milked.

3.3.3. Data Envelopment Analysis (DEA)

Data Envelopment Analysis (DEA) was used to calculate the technical (TE), allocative
(AE), and cost efficiency (CE) scores by using the DEAP 2.1 [72]. Data Envelopment Analysis
(DEA) is a widely used method for obtaining efficiency scores for Decision-Making Units
(DMUs) [73]. This method requires no assumptions regarding functional relations between
inputs and outputs. DEA involves using linear programming methods to construct a non-
parametric piece-wise frontier over the data, and efficiency measures are then calculated
relative to this surface [50]. Any farm that falls below this frontier is considered inefficient.
This means that the farm could either maintain its output while reducing input use or
increase output while using the same level of input [74].

Since dairy farmers have more control over inputs than outputs, an input-oriented ef-
ficiency model was used to estimate efficiency scores [72]. According to Equation (3),
yi defines the output variable, and xi defines the input. If there are N dairy farms,
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K × N represents the input matrix (X), while M × N represents the output matrix (Y).
The technical efficiency scores were calculated as follows:

Minθ,λ θ,

θ Subject to −yi + Yλ ≥ 0, (3)

θxi − Xλ ≥ 0, λ ≥ 0

θ is the technical efficiency score that ranges from 0 to 1. λ is the N × 1 vector of
constants. A score of 1 indicates that the farm is technically efficient. According to Coelli
et al. [50], allocative efficiencies can be measured if the input prices are available. After
obtaining TE scores given in Equation (3), the next step requires a solution of the following
cost-minimization DEA:

Minλxi* wi
′ xi*

Subject to −yi + Yλ ≥ 0 (4)

xi* − Xλ ≥ 0, λ ≥ 0

where wi is a K × 1 vector of input prices for the i-th dairy farm, xi* is the cost-minimizing
vector of input quantity, wi is the input price, and yi is the output level. The cost efficiency
(CE) under the constant returns to scale (CRS) assumption is calculated as follows:

CE = wi
′ xi*/wi

′ xi (5)

The allocative efficiency is calculated as:

AE = CE/TE (6)

While allocative efficiency is farmers’ ability to consider costs when combining inputs,
economic efficiency measures overall efficiency, including both technical and allocative
efficiency.

A two-stage approach was applied in this study. Firstly, efficiency scores were esti-
mated using Data Envelopment Analysis. Then, a regression model was used to determine
the factors that affect TE, AE, and CE. Tobit regression was used to evaluate the impact
of various factors on the efficiency scores, as in prior studies [51,52,75]. The model is
expressed as follows:

Yi = α + β1x1 + . . . + βnXn + ui (7)

Yi is the efficiency score, and x1,. . .,xn are the independent variables. The variables
used to estimate the dairy farmers’ technical, allocative, and economic efficiency and the
variables used in Tobit regression are presented in Table 1. In DEA, the monthly milk yield
was used as the output, and the roughage feed (kg/head) and concentrate feed (kg/head)
were used as inputs. The reason for selecting these two inputs is that they have the highest
proportion of variable costs. The previous literature on dairy farming has investigated
various factors that influence efficiency scores. Mareth et al. [51] surveyed 42 studies
and identified 14 variables: location, age, education, farm size, feeding practices, animal
health, and technology adoption. However, this study specifically focuses on the impact of
technology adoption levels on dairy farm efficiencies. Thus, socio-demographic factors and
the level of technology adoption of dairy farms were used as explanatory variables in the
Tobit model (Table 1).
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Table 1. Descriptives of variables used in DEA and Tobit regression.

Mean Std. Deviation

DEA variables

Milk yield (Lt/head/month) 464.70 114.80
Roughage feed (kg/head) 14.80 2.98
Concentrate feed (kg/head) 7.10 2.99
Roughage price (EUR/kg) 0.14 0.74
Concentrate price (EUR/kg) 0.36 0.30

Tobit variables Expected sign of variables

Experience (years) + 24.35 10.23
Primary school = 1, others = 0 − 0.37 0.48
Secondary school = 1, others = 0 − 0.22 0.41
* High school and above = 1, others = 0 + 0.41 0.49
Household size ± 4.46 1.64
Number of milk cow ± 14.43 24.20
Low technology = 0 − 0.22 0.42
Medium technology = 1 − 0.59 0.49
* High technology = 2 + 0.18 0.38

* Reference categories.

4. Results

The variables used in the ordered logistic regression analysis and their descriptives
are given in Table 2. It was determined that 22.9%, 59.0%, and 18.1% of the farmers have
low, medium, and high technology adoption levels, respectively. The average age of the
farmers was 48.49 years, and the average agricultural experience was 24.35 years. Of these
farmers, 59% had primary and secondary education levels, and 41% had a low income
level (Table 2). On average, there are 4.46 people in a household, 37% of the farmers have
invested in their farms in the last three years, 29% are members of cooperatives, and 72%
have culture breeds in their farms. While the frequency of meetings with veterinarians and
other farmers is at a medium level, the frequency of internet usage is low. In addition, 50%
of the farmers stated that it was easy to use technology, and 71% stated that technology
increased farm productivity. On average, the technical efficiency score of dairy farms was
measured as 0.60. This indicates that inefficient dairy farms could achieve the same output
by reducing 40% of their inputs to become as efficient as their counterparts (Table 2).

Table 2. Descriptives of variables used in OLR.

Expected Sign of
Variables Variable Name Mean Std. Dev.

Dependent Variable

Level of technology adoption

AdoptionLow = 0 0.22 0.42
Medium = 1 0.59 0.49

High = 2 0.18 0.38

Independent Variables

Age (years) ± Age 48.49 9.36

Agricultural experience (years) + Experience 24.35 10.23

Education + Edu
Primary school = 1, others = 0 − Edu1 0.37 0.48

Secondary school = 1, others = 0 − Edu2 0.22 0.41
* High school and above = 1, others = 0 + Edu3 0.41 0.49
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Table 2. Cont.

Expected Sign of
Variables Variable Name Mean Std. Dev.

Income + Income
Low = 1, others = 0 − Income1 0.44 0.48

Medium= 1, others = 0 − Income2 0.45 0.49
* High = 1, others = 0 + Income3 0.11 0.13

Household size ± Hsize 4.46 1.64

Investment in the last 3 years (yes = 1, no = 0) + Investment 0.37 0.48

Owned cultured variety cows (1 = owned,
others = 0) + Culture 0.72 0.44

Agricultural chamber membership (member
= 1, others = 0) + Acm 0.29 0.45

Contact frequency of a private veterinarian
(never = 1, . . ., several times a week = 5) + Vet 2.84 1.02

Contact frequency of other farmers (never = 1,
. . ., several times a week = 5) + Contact 3.35 0.89

Internet use (never = 1, . . ., 2–3 h a week = 5) ± Internet 2.21 0.90

Perceived ease of use (agree = 1, disagree = 0) + PEU 0.50 0.50

Perceived usefulness (agree = 1, disagree = 0) + PU 0.71 0.45

Technical efficiency score + TE 0.60 0.15

* Reference categories.

4.1. Influencing Factors of Technology Level of Dairy Farms

The coefficients, standard error, p-values, and marginal effects of the OLR model are
presented in Table 2. In the model, the Log-Likelihood value is −96.57, the Chi-square
value is 173.88, and the model is significant (p = 0.000). According to Miles [76], the VIF
value should be less than 10. The Variance Inflation Factor (VIF) ranged between 1.11 and
2.84, indicating the absence of multicollinearity among the independent variables. Another
crucial assumption for the validity of the OLR model is the parallel lines. This implies
that the predicted values of the independent variables should not vary according to the
categories and cut-off points of the dependent variable. According to the parallel lines
test, the p-value was calculated as 0.260. This result indicates that the estimates of the
independent variables passed through the same threshold point, meeting the assumption
of parallel curves. Pearson Chi-square and deviance tests were applied to determine the
goodness of fit of the model. Pearson Chi-square (p = 0.591) and deviance (p = 1.000)
tests showed that the model was appropriate. In addition, the Nagelkerke R2 value was
determined as 0.714, indicating that the independent variables explain 71.4% of the change
in the dependent variable.

The results of the OLR and the marginal effects are presented in Table 3. Out of
16 variables analyzed, 11 were found to be statistically significant. These variables include
income, number of individuals in the family, investment, presence of cultivated breed,
cooperative membership, frequency of meeting with a private veterinarian, frequency of
meeting with other farmers, PEU, and PU, as well as TE. The analysis revealed a negative
relationship between technology adoption level and the number of individuals in the
family. Conversely, a positive relationship was observed with other variables. However,
age, experience, education, and the frequency of internet use were found to have no
significant effect on the level of technology adoption. When evaluating the marginal effects
of the income variable, it is observed that being in the middle-income group decreases
the probability of being in the high-technology level by 11.45% compared to those in the
high-income group. Similarly, being in the low-income group decreases the probability of
being in the high technology level by 15.20% (Table 3).
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Table 3. Factors affecting the technology adoption levels of dairy farms and marginal effects.

Parameters Coefficients Standard
Error

p Value
Marginal Effects

Low Medium High

Age 0.001 0.031 0.911 −0.0006 0.0001 0.0004
Experience 0.010 0.030 0.917 −0.0008 0.0002 0.0006

Edu1 −0.219 0.560 0.695 0.1978 −0.0054 −0.0143
Edu2 −0.486 0.535 0.363 0.0437 −0.0119 −0.0318
Edu3

Income1 −2.324 *** 0.803 0.004 0.2091 −0.0577 −0.1520
Income2 −1.392 ** 0.715 0.052 0.1253 −0.0342 −0.1145
Income3

Hsize −0.238 ** 0.125 0.055 0.0214 −0.0057 −0.0155
Investment 2.907 *** 0.657 0.000 −0.2616 0.0714 0.1901

Culture 1.076 ** 0.448 0.016 −0.0968 0.0264 0.0704
Acm 0.949 ** 0.437 0.030 −0.0854 0.0233 0.0620
Vet 0.485 ** 0.208 0.020 −0.0437 0.0119 0.0317
Cof 0.480 ** 0.245 0.050 −0.0432 0.0118 0.0314

Internet 0.118 0.218 0.586 −0.0107 0.0029 0.0077
PEU 1.893 *** 0.580 0.001 −0.1704 0.0465 0.1238
PU 1.325 ** 0.584 0.018 −0.1193 0.0325 0.0867
TE 3.499 ** 1.372 0.011 −0.3149 0.0860 0.2289

/cut1 2.990 * 2.089 0.085
/cut2 9.524 *** 2.366 0.000

Log-Likelihood = −96.57; Chi-square = 166.99 (p = 0.000); Nagelkerke R2 = 0.690; significant at * p < 0.10,
** p < 0.05, and *** p < 0.01; Income3 and Edu3 are reference categories.

According to the results, there was a negative and significant relationship between the
number of family members and the level of technology adoption (p = 0.055). Having more
family members negatively affects the adoption of technology. In other words, a one-unit
increase in the number of family members decreases the probability of farmers being at a
high technology level by 1.5%. It was found that there was a statistically significant and
positive relationship between the level of technology adoption and investment (p = 0.000).
Farmers who invested in their farms were 7.14% more likely to be at a medium level of
technology adoption and 19.01% more likely to be in a high-level technology adoption
group than those who did not invest. Similarly, a significant relationship exists between the
presence of cultured breeds and the level of technology adoption (p = 0.016). The findings
indicate that having more cultured breed animals on the farm increases the likelihood of
the farm being classified at a high technology adoption level by 7.04%. According to the
OLR findings, farmers affiliated with the Chamber of Agriculture are 6.20% more likely to
be classified within the high-technology-adoption group (Table 3).

As expected, it was determined that farmers’ more frequent contact with private
veterinarians (p = 0.020) and other farmers (p = 0.050) had a positive and significant relation-
ship with the level of technology adoption. On the other hand, no significant relationship
was found with the frequency of internet use (p = 0.586). This result indicates that more
frequent meetings with private veterinarians and other farmers increase the likelihood of
adopting technologies. The findings reveal that PEU and PU positively and significantly
affect technology adoption (Table 3). The marginal effects analysis indicates that a farmer’s
perception of a technology’s ease of use and its ability to enhance milk yield increases
the likelihood of adopting high-level technologies by 12.38% and 8.67%, respectively. The
technical efficiency of dairy farms significantly affects the level of technology adoption.
As the TE score increases, the probability of being in the medium and high technology
adoption levels increases by 8.60% and 22.89%, respectively.

4.2. Comparison of Economic Indicators in Terms of the Technology Adoption Level of Dairy Farms

This study compared the gross production value, variable costs, gross profit, and effi-
ciency scores of dairy farms based on their technology levels (Table 4). The results indicate
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that economic variables vary significantly depending on the technology level. The technical
efficiency scores of dairy farms in terms of low, medium, and high technology levels were
60.22%, 57.83%, and 71.97%, respectively, and the average of TE for all dairy farms was
calculated as 60.93%. Dairy farms with high technology levels achieved significantly higher
TE than those with lower technology levels. However, despite their advanced technology,
these farms are not utilizing their inputs optimally. These farms can achieve the same
output while reducing their input usage by approximately 28%.

Table 4. Comparison of some economic variables and efficiency scores based on technology levels.

Adoption Level

Low Medium High

Mean S.E. Mean S.E. Mean S.E.

Gross production value
(EUR) * 6372.41 313.86 12,157.54 896.03 71,831.41 24,300.15

Feed costs (EUR) * 2776.36 191.82 6245.14 486.21 39,106.94 14,786.31
Labor costs (EUR) * 1089.23 68.32 1311.72 42.54 1638.45 100.38

Veterinary costs (EUR) * 424.81 36.28 813.68 78.54 1887.30 228.43
Vitamins, minerals (EUR) * 26.97 4.27 51.08 5.33 143.07 36.16

Other costs (EUR) *
(Electricity, water, etc.) 122.26 9.77 249.68 33.67 1657.19 585.94

Gross margin (EUR) * 1932.78 318.46 3485.84 471.31 27,398.46 9371.55
Technical efficiency (%) * 60.22 0.024 57.83 0.013 71.97 0.024

Allocative efficiency (%) ** 81.92 0.020 81.11 0.011 87.10 0.021
Cost efficiency (%) * 65.97 0.026 58.69 0.012 66.68 0.024

* p < 0.01, ** p < 0.05, S.E: Standard Error

The allocative efficiency scores for low, medium, and high technology levels were
calculated as 81.92%, 81.11%, and 87.10%, respectively. The average of AE for the entire
sample was measured as 82.38%. This shows that, given input prices, these dairy farms
use an inappropriate feed mix, and they can achieve the same output by reducing costs
by 18.08%, 18.89%, and 12.90%, respectively. The cost efficiencies of the dairy farms were
calculated to be 61.80% on average. The CE scores of dairy farms were less than 70%,
depending on their technology levels. This means that the feed cost of average dairy farms
is 30% higher than that of their efficient counterparts. In other words, dairy farms spend
30% more than the minimum cost input combination. Consequently, the category with the
highest level of technology has the highest technical, allocative, and cost-efficiency scores
along with the highest gross production value and gross margins (Table 4).

4.3. The Effect of Farm Characteristics and Technology Adoption Level on Efficiency

Table 5 presents the results of the Tobit regression estimations. TE, AE, and CE
scores were used as dependent variables, and five independent variables were regressed
on these efficiency scores. According to the results, experience, education, household
size, and technology adoption level of dairy farms significantly influence efficiency scores.
The experience of dairy farmers has a positive and significant influence on dairy farms’
technical, allocative, and cost efficiency. This suggests that farmers with more experience
work more efficiently than those with less experience. The education level of dairy farmers
has a significant relationship with AE and CE. Low education negatively affects the AE and
CE of dairy farms compared to those with higher education. In other words, dairy farmers
with higher education tend to achieve higher AE and CE scores. In addition, the results
showed a significantly negative association between efficiency scores and household size.
Having more family members on the farm decreases TE, AE, and CE.

Technology adoption level is also significantly related to dairy farms’ technical, alloca-
tive, and cost efficiency. Regarding efficiency scores, high-technology farms have higher
efficiency scores than low- and medium-technology farms. This implies that the use of
technology in dairy farming improves dairy farms’ technical, allocative, and cost-efficiency.
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Table 5. Tobit regression results.

Variables
TE AE CE

Coef. t Coef. t Coef. t

Experience 0.002 ** 2.41 0.004 * 4.27 0.003 * 2.78
Primary school −0.026 −0.91 −0.083 * −3.35 −0.050 *** −1.72
Secondary school −0.027 −0.93 −0.033 −1.40 −0.040 −1.43
High school and above
Household size −0.017 * −2.70 −0.011 ** −2.19 −0.021 * −3.45
Number of milk cows 0.006 1.35 −0.005 −1.37 −0.001 −0.32
Low technology −0.103 * −2.84 −0.078 ** −2.57 −0.016 −0.47
Medium technology −0.135 * −4.34 −0.089 * −3.34 −0.097 * −3.17
High technology
LR X2 37.33 (p = 0.000) 31.37 (p = 0.000) 31.82 (p = 0.000)

* p < 0.01; ** p < 0.05; *** p < 0.10. High school and above and high technology were the reference categories.

5. Discussion

This study offers valuable insights into the determinants and consequences of tech-
nology adoption and its impact on the economic performance of dairy farms, shedding
light on the multifaceted nature of this phenomenon. The findings confirm several hy-
potheses regarding the determinants of technology adoption, revealing that factors such as
income levels, investment in farm operations, and ownership of cultured breeds positively
influence technology adoption levels. These findings align with prior research by Boz
et al. [30] and Quddus [60], emphasizing the importance of financial resources and breed
management practices in fostering technology uptake among dairy farmers.

Moreover, family size emerged as a significant factor affecting technology adoption,
with larger households exhibiting lower adoption levels. While new technologies offer
labor-saving benefits [77], contradictory findings [36,78] suggest diverse impacts of family
size on adoption patterns, warranting further investigation. Additionally, membership
in agricultural organizations like Chambers of Agriculture was associated with higher
technology adoption rates, emphasizing the role of institutional networks in facilitating
technology transfer and knowledge dissemination among farmers. Encouraging farmers to
join such organizations can enhance access to resources, market information, technologies,
and agricultural inputs, thereby promoting competitiveness and sustainability. Constantine
et al. [5] stated the importance of high-value-added agricultural products, efficient use of
technology, trade policies, and optimal resource utilization to enhance competitiveness.
Thus, national policies can augment competitiveness by furnishing a supportive framework
to encourage farmers to adopt innovation and technologies. Furthermore, this study
underscores the role of information access and farmers’ attitudes in shaping technology
adoption behavior.

The level of technology adoption was positively correlated with frequent engagement
with private veterinarians and fellow farmers. This highlights the importance of knowledge
exchange and social networks in facilitating technology transfer and adoption. Conversely,
the absence of a significant association between internet usage and technology adoption
suggests the necessity for more targeted and context-specific interventions to harness digital
technologies for agricultural development in dairy farming contexts. In a recent study,
Muca et al. [79] used Instagram to share scientific knowledge about dairy cow nutrition
and health with the public. Their results suggest that social media platforms can help
farmers reach a wider audience, engage with stakeholders, and promote the adoption of
technological advancements in dairy farming.

The adoption levels were significantly influenced by positive perceptions of tech-
nology’s ease of use and utility, which is consistent with the findings of Flet et al. [39]
and Schaak and Mußhoff [46]. This highlights the importance of addressing farmers’ atti-
tudes and beliefs in promoting technology uptake and diffusion. Training and awareness
programs should be developed to increase farmers’ positive perceptions of technology
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use. Technical efficiency positively influences the level of technology adoption. The high
technical efficiency enables farmers to use resources more efficiently and effectively. This
may increase the propensity of firms to invest in more technology and adoption rates. In
other words, an increase in technical efficiency increases the level of technology adoption.

Significant differences were observed among economic indicators, including gross
production value, gross margin, technical efficiency, allocative efficiency, and cost efficiency,
across different levels of technology adoption, confirming the second hypothesis. Farms
with advanced technology demonstrated higher technical, allocative, and cost efficien-
cies, which is consistent with findings from other studies conducted in Greece [80] and
Pakistan [81].

The third hypothesis examined the determinants of efficiency scores, including the
level of technology adoption, experience, education, household size, and number of milked
cows. The results confirmed that these factors are significant determinants of efficiency
scores except number of milked cows, which supports the third hypothesis. As expected,
experience and education positively and significantly affect efficiency scores. These results
are in line with previous studies [7,21,82]. Efficiency is higher in households with fewer
members, which can be attributed to technology adoption. This can be explained by the fact
that using more technology and innovation on the farm would increase labor productivity.
While this result supports Mareth et al. [19], it is inconsistent with Cabrera et al. [17]. Farms
with advanced technology demonstrated higher technical, allocative, and cost efficiencies.
This underscores the potential of technology adoption to enhance farm productivity and
profitability, aligning with previous research highlighting the positive impact of technology
on dairy farm efficiency [12,23].

6. Conclusions

The relationship between technology adoption and economic efficiency in dairy farm-
ing is crucial for the sustainable development of rural economies. While a considerable
portion of dairy farmers in Kahramanmaraş Province have embraced modern agricultural
technologies, there remains a notable disparity in economic efficiency across different
technology adoption levels.

The results found several key factors influencing technology adoption and economic
efficiency in dairy farming. Farmers in the high-technology-adoption group demonstrated
higher incomes, ownership of cultured breeds, greater investment in farm operations, and
higher technical efficiency scores. Recognizing the positive influence of income levels,
investment in farm operations, and ownership of cultured breeds on technology adoption,
policymakers can design targeted financial support programs and provide training on
effective breed management practices. This could encourage more dairy farmers to adopt
dairy technologies, thereby enhancing overall farm efficiency and productivity.

Moreover, membership in agricultural organizations and frequent engagement with
agricultural professionals and peers were also associated with higher technology adoption
levels. Given the association between membership in agricultural organizations and higher
technology adoption rates, policymakers can incentivize farmers to join such organizations
by offering benefits like access to resources, market information, and agricultural inputs.
Strengthening institutional networks can facilitate technology transfer and knowledge
dissemination among farmers, ultimately fostering competitiveness and sustainability in
the dairy farming sector. Policymakers should prioritize initiatives facilitating knowledge
exchange and networking opportunities to promote technology transfer and adoption
among dairy farmers. This can be achieved through engagement with private veterinarians
and fellow farmers, leveraging existing social networks, and enhancing access to valuable
information and resources.

However, despite the widespread adoption of technology, the main challenge facing
dairy farms is their low technical and economic efficiency. Technical inefficiency is a pri-
mary contributor to low economic efficiency, with disparities in input utilization posing
significant challenges for farm productivity. The observed inefficiencies are not solely
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due to low technology adoption but also reflect shortcomings in input management and
resource allocation at the farm level. To improve technical efficiency, policymakers can
offer training and support programs to assist farmers in optimizing technology use and
improving input management practices. This can be achieved through providing farmer
training and extension services. In addition, policymakers should address inefficiencies in
input utilization by promoting resource-efficient farming practices and encouraging the
adoption of sustainable agricultural techniques. Financial incentives could be provided
for sustainable resource management practices, as well as for the adoption of dairy farm
technologies. By prioritizing these strategies and fostering collaboration between stake-
holders, Turkey’s dairy sector can achieve its full potential and contribute to the long-term
prosperity of rural communities.

This study contributes to the existing body of knowledge by providing insights into
the relationship between technology adoption and economic performance in dairy farming,
thus enriching the academic literature on agricultural economics and technology adoption.
The results will guide policymakers, agricultural extension services, and industry stake-
holders in promoting sustainable agricultural practices by encouraging the adoption of
efficient technologies and innovations.

Although this study provides valuable contributions, there are several limitations.
Firstly, the data were collected from a specific geographic area, which limits the general-
izability of the findings to other regions or countries. Furthermore, the study primarily
focused on socio-economic and behavioral factors, neglecting potential contextual variables
that could impact technology adoption and farm efficiency. To improve the robustness of
the findings, future research could benefit from including a wider range of variables and
conducting comparative studies across different regions. Furthermore, the cross-sectional
nature of the data limits the ability to establish causal relationships between technology
adoption and farm performance. Longitudinal studies could provide more profound in-
sights into the dynamics of technology adoption over time and its impact on farm efficiency.
Furthermore, this study identifies factors linked to higher levels of technology adoption.
However, the mechanisms by which these factors influence adoption decisions are unclear.
Future research could investigate the motivations and decision-making processes that drive
technology adoption among dairy farmers. Continuous monitoring and evaluation of
technology adoption trends are essential for informing policy interventions and extension
programs aimed at promoting sustainable agricultural development.
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Appendix A

Technology and Innovations
0—No,
1—Yes

Electronic animal recognition system

Automatic milk measurement systems integrated into the milking system (temperature, fat, protein,
electrical conductivity, etc.)

Automatic animal weighing system

Automatic individual feeding units

Activity meters—Automatic estrus detection system (pedometer)

Automatic intensive feed units (intensive feed consumption measurement)

Coarse-Dense Feed Mixer with Electronic Scale and Distributors

Feed systems that measure roughage consumption

Drinking systems that measure water consumption

Software for monitoring herd health (Diagnosis of mastitis, metabolic symptoms, foot symptoms,
reproductive disorders)

Milking robots

Milking system management (automatic stimulation, pulsator function, machine final milking, automatic
cluster removal)

Automatic animal separation and marking (automatic separator door, automatic animal marking system)

Image analysis systems

Ultrasonographic imaging devices

Software for herd management

Tractor

Trailer

Grass mower

Grass crushing machine

Silage machine

Silage transport trolley

Baler

Feed crushing machine

Feed mixing and distributing machine

Feed silo

Camera

Computer for records

Barn ventilation unit

Barn heating unit

Barn spraying system (humidification)

Pressure washer for barn cleaning

Hoof care tools

Milking machine

Milking system

Milk cooling tank
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Technology and Innovations
0—No,
1—Yes

Delivery room

Milking house- milking cow compartment

calving pen

Group calf compartment

Young animal compartment

Sick animal compartment

Ear tag

Bed stall iron set

Feed lock set

Calf bottle

Milk buckets

Animal bedding-plastic

Automatic manure scraper

Solid manure cleaning systems

Liquid manure cleaning systems

Automatic drinker

Double frost-free drinker

Automatic feeder

Animal scratching brush

Waste recycling system

Solar panel in meeting energy needs

Generator

Weigh-in-motion system

Pasture measuring device

Pulse device (Pulsator)

Veterinary services (Animal care and health under veterinary control)

Taking animals to pasture

Silage making and feeding

Making silage from meadow grass

Growing forage crops

Pet insurance

Having advanced animal breeds

Artificial insemination

Embryo transfer for herd breeding

Use of vitamins for animal nutrition

Feeding colostrum to newborns

Vaccination for tuberculosis

Vaccination for Brucella

Vaccination for mad cow disease

Vaccination for anthrax



Sustainability 2024, 16, 2989 19 of 22

Technology and Innovations
0—No,
1—Yes

Vaccination for mastitis

Horn rasping

Lifting excess nipples

Purchase of new animals under veterinary control

Credit use

Barn parasite spraying

Pay attention to hygiene rules while milking

Preparation of ration for feeding under expert supervision

Do you have mixed ration (TMR)?

Do you use UREA in the dairy ration?

Do you use SODA in the dairy ration?

Do you use “YEAST” in your dairy rations?

Do you use “TOXIN BINDER” in your dairy rations?

Considering the pure protein content of feeds

Considering the roughage to concentrate ratio in feeding

Considering the metabolic energy content of feeds

References
1. FAOSTAT. Food and Agriculture Organization of the United Nations’s Statistical Database. Available online: https://www.fao.

org/faostat/en/#home (accessed on 14 December 2023).
2. TUIK. Turkish Statistical Institute. Available online: https://data.tuik.gov.tr/Kategori/GetKategori?p=tarim-111&dil=2 (accessed

on 14 February 2022).
3. Tagem. Policy Document of Milk Sector. Available online: https://www.tarimorman.gov.tr/TAGEM/Belgeler/yayin/S%C3

%BCt%20Sekt%C3%B6r%20Politika%20Belgesi%202018-2022.pdf (accessed on 14 February 2022).
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