Emirates Journal of Food and Agriculture 37: 1-12
doi: 10.3897/ejfa.2025.150467

Emirates Journal of
Food and Agriculture

3 RESEARCH PAPER

Factors affecting the innovativeness among
Buffalo farmers in the Samsun province of Turkey

Ismet Boz', Aydin Basarir, Eihab Fathelrahman', Osman Kilig?, Berhanu Degefa’

1 United Arab Emirates University, College of Agriculture and Veterinary Medicine, Department of Integrative Agriculture, Al Ain, United Arab Emirates
2 Ondokuz Mayis University, College of Agriculture, Department of Agricultural Economics, Samsun, Turkey

Corresponding author: Ismet Boz (ismetboz@uaeu.ac.ae)

Academic editor: Mohammed El Khasmi ¢ Received 16 February 2025 ¢ Accepted 17 May 2025 ¢ Published 2 July 2025

Abstract

Innovativeness is the degree of adoption and benefiting from innovations by an individual earlier than others. The early
adoption of agricultural innovations contributes to a more effective and efficient production structure for farmers by
increasing productivity, quantity, and quality. Although many studies have been conducted in the literature regarding
innovation in producing different agricultural products, more research must be undertaken on buffalo production. This
study aims to determine innovativeness among farmers raising buffalo in Samsun Province and to reveal the factors
affecting it. The data consists of surveys of 184 farmers drawn by stratified random sampling. The research findings
showed that large-scale farmers are more innovative than small-scale farmers. The factors affecting innovativeness are
socioeconomic characteristics such as the age of the farmer, monthly income, and number of animals they own; and
communication behaviors included the frequency of meeting with extension staff, the frequency of reading newspapers,
the frequency of using the internet, and seeking the opinions of others on agricultural issues. Measures to be taken in the
study area to diffuse innovations in buffalo farming are to provide support to farmers such as breeding animals, milking
machines, and cooling tanks; to make farmer organizations more effective in the region, and to take adequate measures
for the protection and sustainable use of pasture lands in the area, emphasizing the importance of environmental con-
servation and the role of farmers in achieving it.
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Introduction

market conditions. The rapid adoption of innovations
and their diffusion in rural areas will undoubtedly help

Unlimited and unconditional support from public insti-
tutions to the agricultural sector is no longer an accepted
political idea. Despite certain current levels of public sup-
port, farmers must adopt rational production and market-
ing strategies and adapt to the competitive environment
to generate viable incomes. Therefore, future agricultural
policy aims to provide farmers with the necessary flexibil-
ity to produce the products demanded by the market, tak-
ing into account consumer and taxpayer preferences. In
this context, farmers must operate more efficiently and ef-
fectively to adapt to increasing competition and changing

achieve this objective for farms (Basarir et al. 2006).
Buffalo farming contributes significantly to local and na-
tional economies, particularly in regions with favorable cli-
mate, topography, and water resources. It provides a year-
round source of income for farmers and allows consumers
to access products such as milk, meat, and leather (Yilmaz
2013; Sahin 2015; Hamid et al. 2016; Ozturk et al. 2022).
Buffalo farming can be used as an energy source, particu-
larly in developing countries where agricultural mechani-
zation is insufficient; it can be fed with straw and other crop
residues; it is relatively more resistant to disease and climate
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change; and it requires less housing and fewer herders (Nan-
da and Nakao 2003; Sahin 2015; Hamid et al. 2016). Sam-
sun Province (972,500 hectares, including 375,922 hectares
of cultivated agricultural land) is located in the middle of
the Black Sea coast, between the deltas where the Yegilirmak
and Kizilirmak rivers flow into the Black Sea. Geographi-
cally, it lies between 40°50'N and 41°51'N north latitude and
37°08'E and 34°25'E east longitude. The Black Sea lies to the
north of this province, and its neighbors are Ordu to the
east, Sinop to the west, Tokat and Amasya to the south, and
Corum to the southwest (SITOM 2024). Thanks to these
characteristics, Samsun Province is one of the prime loca-
tions for buffalo breeding (SITOM 2024).

Rogers’ theory on the diffusion and adoption of inno-
vations has inspired many researchers studying innovation
adoption in agriculture (Orr 2003). The perceived benefits
of innovation can be demonstrated by concrete measures
such as cost reduction, labor savings, or increased profit
margins. The ability of extension staff to cooperate with
the target audience and demonstrate empathy is among
the factors that accelerate change (Ban and Hawkins 1996;
Orr 2003; Boz and Akbay 2005; Anderson and Feder 2007;
Ali et al. 2012). The technology adoption theory is another
model widely applied in many innovation adoption stud-
ies, which describes the causal links between system design
elements, perceived usefulness, perceived ease of use, atti-
tudes toward its use, and actual usage behavior (Davis 1987,
1993; Venkatesh and Davis 2000). Since its formulation and
subsequent developments, technology adoption theory
has been used to explain factors influencing technology
adoption in various aspects of agriculture (Alambaigi and
Ahangari 2016; Kumari et al. 2018; Verma and Sinha 2018;
Khoza etal. 2021). A third theory, the technology-organiza-
tional environment framework, demonstrates how various
factors influence technology adoption and use (Tornatzky
1990; Baker 2012). The techno-organizational framework is
used to explain the factors influencing technology adoption
in various fields of agricultural research (Shi and Yan 2016;
Yoon et al. 2020; Abdullahi et al. 2021; Li et al. 2024).

Although numerous studies have been conducted in var-
ious regions of the world on the adoption of innovations in
buffalo husbandry, we are unaware of any study addressing
this issue in terms of innovation adoption and innovative-
ness in Turkey, where the importance of buffalo husbandry
has been emphasized. Therefore, the overall objective of this
study was to determine the factors influencing innovative-
ness among buffalo husbandry farmers and their socioeco-
nomic characteristics, assess communication behaviors,
measure innovativeness, and identify the specific factors in-
fluencing it in Samsun Province, Turkey. This study begins
by creating an impartial sample and dividing buffalo herders
into two groups: the most innovative and the least innova-
tive. It then identifies socioeconomic characteristics and
communication behaviors likely to influence innovative-
ness. The expected results of this study aim to provide useful
information to stakeholders involved in the adoption and
diffusion of innovations in the region, as well as to scientists.

Materials and methods
Sampling and data collection

The primary materisal of the study was data obtained
through a survey of enterprises engaged in buffalo farm-
ing in Samsun. In addition, literature on the subject, in-
formation provided by public and private institutions, and
expert opinions can also be counted among the materials
used in the project. The population to which the project
results are generalized is all agricultural enterprises en-
gaged in buffalo production in the region. While deter-
mining the sample size, the chance of each subject being
selected for the sample in the main population used was
considered equal and independent of each other.

The target population for this study was all buffalo
farmers operating within the borders of Samsun prov-
ince (Figure 1). In determining the accessible population
of the research, the districts and villages where buffalo
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Figure 1. Map of the research area. Source: Google Maps.
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production is most intensive in Samsun province were
first defined. In this context, 13 villages were selected
from Bafra, 19 Mayis, and Alacam districts were identified
with the consent of the provincial agriculture and forestry
directorate and the buffalo breeders association. The ac-
cessible population of the research was determined from
the lists regarding the number of animals owned by the
farmers in the selected villages. Based on the number of
animals, the farmers in the accessible population were di-
vided into three strata, with less than 10 buffalos, between
10-20 buffalos, and more than 20 buffalos. The sample
size was calculated using the stratified random sampling
method (Yamane and Esin 2010).

NZNth D2_ 62 (1)

TN L NS P

Where
n = Number of farmers included in the sample,
N = Number of farmers in the main population,
N, = Number of farmers in each stratum,
S,= Standard deviation in each stratum,
D? = Desired variance,
e = Allowed error amount from the main population mean,
t = Value of the allowed confidence limit in the t distribu-
tion table.

With the help of this formula, the optimum sample size
was determined as 184 by accepting a 5% error limit from
the mean and 95% confidence interval. The sample size
was distributed proportionally to the three strata in the ac-
cessible population, and farmers entering the sample from
one stratum were determined using the random numbers
table. Therefore, the probability of entering the sample for
each farmer earning their living from buffalo production
in the region was considered equal and independent from
each other. Thus, every farmer earning their living from
buffalo production meets the criteria to enter the sample.

The data-collecting instrument was prepared consider-
ing domestic and international studies on the subject and
agricultural policies implemented in Turkey. The content
validity of the questionnaire was established by consult-
ing with experts on the subject. A pre-test study was con-
ducted to test the comprehensibility and reliability of the
survey by the respondents, and corrections were made to
questions that were misunderstood or open to different
interpretations. The Likert-scale questions were tested
with Cronbach’s alpha internal consistency coefficient,
and reliability was 82%.

The questionnaire was divided into two parts. The first
part included questions regarding the adoption of innova-
tion in buffalo farming. The second part involved inves-
tigating the farmers’ socio-economic characteristics and
communication behaviors.

The questionnaires were primarily completed in village
coffee houses and agricultural enterprises. Some surveys
were conducted by visiting farmers during animal grazing.
If the farmer determined that the sample could not be found
or refused to answer the questions included in the survey
during the application, the survey was conducted with

substitute farmers with the same number of animals. Data
collection was completed from August to December 2023.
This study used data from a questionnaire to provide
information from 184 buffalo farmers. In addition to
closed-ended questions, respondents’ comments on farm-
ing issues and their solution recommendations were also
noted and reported accordingly. These comments gave
deeper information about buffalo farming, sustainability,
and possible future developments in agriculture and rural
livelihoods. Questions to be included in data collection
instruments were prepared considering buffalo farming,
adoption of innovations in rural communities, agricul-
tural policies, programs being implemented in the region,
specific agricultural characteristics, and earlier work com-
pleted in this field. The primary research was conducted
and utilized to prepare questions for the data collection
instruments of this study. A panel of experts established
content validity for the instrument. It was pretested to
verify the instrument’s reliability, and slight amendments
were made to prevent misunderstandings. It took approx-
imately half an hour to complete each questionnaire.

Data analysis procedure

Data were analyzed in the order of research objectives. Since
the first objective was to determine the socioeconomic
characteristics of the respondents, descriptive statistics were
utilized to accomplish it. The second objective, defining
the communication behavior of the respondents, was also
achieved using descriptive statistics. The third objective of
this study was to determine and compare the innovative-
ness of buffalo farmers. For this purpose, the researchers
developed an innovativeness adoption index considering
the method developed by Demiryiirek et al. (2017). This in-
dex considers the number of innovations adopted by buftalo
farmers and the length of time these innovations have been
used on buffalo farms. Farm-level innovations become more
sustainable when the innovation adoption score is more sig-
nificant. Farmers with higher index values are believed to be
more innovative than those with lower ones. The method of
calculating the innovation adoption index is as follows:

> NoTa
Y NT;

In this equation, Na represents any adopted innovation,
and T is the period in which the farmer has adopted it. Ni
is any practice that has been determined as an innovation
for the region, and T is the time since that innovation was
first introduced to that community. The nominator of the
equation shows the number of innovations adopted by
each farmer multiplied by their adopted period, and the
denominator shows the total of each of the determined
innovations multiplied by the period in years they were
first introduced to that community. Therefore, the inno-
vativeness score for each farmer gives an idea about how
many innovations they adopted and how early or late they
adopted these innovations.

Innovativeness = x 100 2)
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Innovations in agricultural production increase pro-
ductivity and the quality of farming, enabling farmers to
obtain a sustainable income from this production area
and improve rural communities’ living standards and
welfare. An innovation is an idea, practice, or project per-
ceived as new by an individual or other unit of adoption”
Innovativeness, on the other hand, is the degree to which
an individual adopts innovations (Orr 2003). Suppose an
individual adopts many innovations in a short period. In
that case, they can be assumed to be an innovative per-
son they can be and to be creative. Therefore, the more
innovative farmers are in rural society, the earlier they will
adopt more innovations and develop their farms faster.

In this context, a total of eleven innovations were de-
termined, namely producing forage crops on the farm,
consuming concentrated feeds by adding mineral sub-
stances, making corn silage, using a milking machine,
having a milk cooling tank, being a member of the buffa-
lo breeders’ union, vaccinating animals against diseases,
regularly using veterinary services, regularly using agri-
cultural extension services and using social media. These
innovations have been proven to have many benefits and
contribute to livestock farms in different locations. For ex-
ample, growing fodder crops (Clark 2004; Bouton 2007),
using concentrated feed by adding minerals (Salem and
Nefzaoui 2003; Swensson and Lindmark-Mansson 2007),
ensilaging (Bacenetti and Fusi 2015), using a milking ma-
chine (Mein 2012; Jiang et al. 2017) and a cooling tank
(Sant”Anna et al. 2003; Van Schaik et al. 2005), member-
ship in farmers’ organizations (Msuta and Urassa 2015;
Vu et al. 2020), vaccination (LeBlanc et al. 2006; Cresswell
et al. 2013), veterinary services (Sen and Chander 2003;
Kwaghe et al. 2015), and extension services (Kareem et al.
2017; Ponnusamy and Pachaiyappan 2018). These innova-
tions were all proven to contribute to animal husbandry
significantly and were treated as innovations.

The fourth objective of the study was to determine fac-
tors influencing the adoption of innovativeness among
buffalo farmers. A binary regression model was used to
achieve this research objective. The dependent variable
used in the model was coded as more innovative farmers
(1) and less innovative farmers (0). In this context, the in-
novativeness score calculated with the help of formula (2)
varied within the range of 3.79 and 62, with an average of
24.20. This was divided into two categories based on the
average score. Farmers above average were included in the
higher innovation category, and those below average were
included in the less innovative category. The binary logis-
tic regression model used in the study is expressed as fol-
lows using two categorized dependent variables (Maddala
1983; Greene 2003; Basarir and Gillespie 2006):

e

Prob(y=1) = —— =

In the model, Prob (y = 1) 1 represents the probabili-
ty of the first option occurring, e is the natural logarithm
base, f (xf) is the standard logistic distribution function,
and x is the independent variable vector used in the study.
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The independent or explanatory variables used in the
model are determined from socioeconomic characteris-
tics and communication behaviors, as shown in Table 2
and Table 3. Some variables were converted into contin-
uous variables, and some into dummy variables that ran
into the model. The odds or probability (Exp B) rates for
the independent or explanatory variables considered in
the study were calculated using the following formula:

P
odds(ExpB) = TP (4)
The odds or (Exp B) rate for each independent or ex-
planatory variable used in the study explains how many
times a unit increase or decrease in this variable increases
or decreases the probability of farmers being more inno-
vative, holding all other variables constant.

Results
Adoption of innovations by buffalo farmers

The adoption of innovations among buffalo farms is pre-
sented in Table 1. Eleven innovations were determined as
described in the materials and methods of this study, and
farmers were divided into two groups, namely, large-scale
farms and small-scale farms, based on the number of buf-
falos they owned. Considering the frequency distribution
of the number of buffalos owned by farmers, two cate-
gories were created: large-scale farmers with 20 or more
buffalos and small-scale farmers with less than 20. The
chi-square test of independence was used to find if the
adoption of each innovation is independent of farm size
or if there is any significant association between the vari-
able farm size and each of the selected innovations. Seven
of the eleven chi-square tests conducted were statistically
significant at 0.05 alpha level or better. The statistically
significant innovations were growing forage crops, ensi-
laging, using a milking machine, using a cooling tank, ar-
tificial insemination, and regularly using veterinary ser-
vices. As shown in Table 1, 81% of large-scale farms grew
fodder crops at their farms, while this ratio for small-scale
farms was only 41.7%. Ensilaging was adopted by 92%
of large-scale and 27.4% of small-scale farmers. A milk-
ing machine was adopted by 61% of large-scale farmers
and only 11.8% of small-scale farmers, while a cooling
tank was adopted by 51% of large-scale farmers and only
8.1% of small-scale farmers. The adoption of artificial
insemination was 70% in large-scale farmers and 27.4%
in small-scale farmers, while the adoption rate regarding
vaccination was 83% in large-scale farmers and 41.7% in
small-scale farmers. Finally, large-scale and small-scale
farmers’ regular use of veterinary services was 65% and
23.8%, respectively. On the other hand, there was no sig-
nificant association between farm size and each of the
selected variables of adding minerals to fodder, member-
ship in farmers’ unions, practicing animal insurance, and
regular use of extension services.
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Table 1. Adoption of innovations by farm size (Large-Scale Farms 20 <; Small-Scale Farms < 20).

. Large-Scale Farms Small-Scale Farms Total

Variable

Number % Number % Number %

1. Growing forage crops
Adopted 81 81.0 49 41.7 130 70.7
Not adopted 19 19.0 35 57.3 54 29.3
TOTAL 100 100.0 84 100.0 184 100.0
X?=11.312, p < 0.01

2. Adding minerals to fodders
Adopted 32 32.0 24 28.6 56 30.4
Non adopted 68 68.0 60 71.4 128 69.6
TOTAL 100 100.0 84 100.0 184 100.0
X?=10.253, p =0.633

3. Ensilaging
Adopted 92 92.0 23 27.4 115 62.5
Not adopted 8 8.0 61 72.6 69 37.5
TOTAL 100 100.0 84 100.0 184 100.0
X?=81.33,p<0.01

4. Using a milking machine
Yes 61 61.0 10 11.8 71 38.6
No 39 39.0 74 88.2 113 61.4
TOTAL 100 100.0 84 100.0 184 100.0
X?=46.43, p <0.01

5. Using a cooling tank
Adopted 51 51.0 7 8.3 58 31.5
Not adopted 49 49.0 77 91.7 126 68.5
TOTAL 100 100.0 84 100.0 184 100.0
X?=38.5,p<0.01

6.Artificial insemination
Adopted 70 70.0 23 27.4 93 50.5
Not adopted 30 30.0 61 72.6 91 49.5
TOTAL 100 100.0 84 100.0 184 100.0
X2 =33.133,p<0.01

7. Farmers Union Membership
Adopted 69 60.0 50 59.5 119 64.7
Not adopted 31 31.0 34 40.5 65 33.3
TOTAL 100 100.0 84 100.0 184 100.0
X?=1.794,p =0.190

8. Vaccination
Adopted 83 83.0 35 41.7 118 64.1
Not adopted 17 17.0 49 58.3 66 35.9
TOTAL 100 100.0 84 100.0 184 100.0
X?=33.910, p < 0.01

9. Use of veterinary services
Adopted 65 65.0 20 23.8 85 46.2
Not adopted 35 35.0 64 76.2 99 53.8
TOTAL 100 100.0 84 100.0 184 100.0
X2 =31.162, p < 0.01

10. Animal insurance
Adopted 14 14.0 9 10.7 23 12.5
Not adopted 86 86.0 75 86.3 161 87.5
TOTAL 100 100.0 84 100.0 184 100.0
X?=0.451,p =0.631

11. Use of extension services
Adopted 44 44.0 29 345 73 39.7
Not adopted 56 56.0 55 65.6 111 60.3
TOTAL 100 100.0 84 100.0 184 100.0

X? =0.465, p = 0.454
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Measuring innovativeness among buffalo farms

The measurement method of innovativeness among buf-
falo farms is explained in the materials and methods of
this study. Table 2 shows a comparison of large-scale farms
and small-scale farms in terms of their innovativeness. The
years in which the 11 innovations included in the study
were first introduced to the rural community were de-
termined through interviews with farmers and extension
personnel working in the district agricultural directorates.
The time elapsed since the year each innovation first came
to the region was added up, and the maximum innovation
score was determined to be 100. If a farmer reached the
maximum score, it was assumed to be the farmer who ad-
opted all innovations as soon as they came to the region.
Unfortunately, no such farmer was encountered in the
study. As seen in Table 2, the highest and the lowest innova-
tive scores for all farmers were 46.97 and 2.87, respectively.
These scores varied between 46.97 and 5.74 for large-scale
farmers and 26.97 and 2.87 for small-scale farmers. The
average innovativeness rates were 18.33 for all farmers,
23.56 for large-scale farmers, and 12.12 for small-scale
farmers. An independent sample t-test was conducted to
compare the two groups, and it was determined that the
difference was statistically significant (t = 10.08, p < 0.01).
This study’s findings revealed that large-scale farmers were
more innovative than small-scale farmers.

Table 2. Comparison of innovativeness by farm size.

Std.

Farm size N Min Max Mean Dev. t P
Big farm (20 <) 100 574 46.97 23.56 835 10.08 <0.01
Small farms (<20) 84 2.87 26.97 1212 6.85
TOTAL 184 2.87 4697 1833 9.33

Factors affecting the innovativeness among
buffalo farmers

In order to determine the factors influencing the innova-
tiveness among buffalo farmers, earlier studies on relat-
ed subjects (Boz and Akbay 2005; Eryilmaz et al. 2020;
Shahbaz et al. 2020) and the research area’s agricultural,
socioeconomic, and sociocultural characteristics were
taken into consideration. The factors likely to influence
innovation adoption and innovativeness were determined
and examined under two categories: socioeconomic char-
acteristics and communication behavior variables. The
variables were coded to run on the binary logistic model,
and their descriptive statistics are given in Tables 3, 4.
From the examination of Table 3, it is seen that nine
socioeconomic characteristics were included in the study.
The first of these was gender, and it is seen that 72% of
the participants were male and 28% were female. The age
variable was measured as a continuous variable, and the
average age of the participants was 44.14 (SD = 10.78).
Approximately 39% of the participants stated that they re-
ceived secondary school education as their highest level
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of education. The remaining 61% were generally primary
school graduates and only literate farmers. The region’s av-
erage family size was 4.68 people (SD = 1.46). The month-
ly income of the farmers was calculated as approximate-
ly 18241 Turkish Liras. Since most farmers do not have
a regular monthly income, their annual income was first
asked, and the average monthly income was calculated
from their yearly income. The region’s average farm size
was 39.87 decares (SD = 30.80). The average area of fod-
der crop cultivation was found to be 20.98 decares (SD =
12.25). The average number of buffalos owned was 27.52
(SD = 33.46). From the answers to whether there was suf-
ficient pasture area in the village, it was understood that
17% of the farmers had enough pasture in their villages. In
comparison, 83% did not have enough pasture.

When communication behaviors were examined, it
was determined that 33% of the farmers read newspapers
at least once a week, 35% listened to the radio at least
once a week, 95% watched television every day, 79% used
the internet every day, 26% traveled to the city center at
least once a week, 87% sought advice from others on ag-
ricultural issues, 57% attended activities such as sympo-
siums, conferences, and meetings on agricultural issues,
and 20% met with extension staff at least once a week
(Table 4).

Table 3. Socioeconomic characteristics.

Name of the variable =N Min Max Mean Std.
Dev.

Gender 184 0 1 28 45
1 =Woman, 0 = Man
Age 184 20 80 44.14 10.78
(Continuous variable)
Education 184 0 1 .39 48
1 = At least secondary school,
0 = Less than secondary school
Family size 184 1 8 4.68 1.46
(Continuous variable)
Monthly income 184 4000.00 60000.00 18241.30 9479.52
(TL/ Month)
(Continuous variable)
Farm size (Decres) 184  5.00 200.00 39.87 30.80
Fodder crops area 184 .00 80.00 20.98 12.25
(Decares)
Number of buffalos 184 4 313 27.52 33.46
Public forage areas 184 0 1 0.17 .380

0 = Available but not enough
1 = Available, enough

Factors influencing the innovativeness among buffalo
farmers in Samsun province were analyzed using logistic
regression analysis. The dependent variable used for this
model was coded as “1” for more innovative farmers and
“0” for less innovative farmers, and their method of de-
termination was explained in the materials and methods
used in this study. The explanatory variables were socio-
economic characteristics and communication behavior
variables described in Tables 4, 5.
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Table 4. Communication behavior.

Name of the variable N Min Max Mean Std.
Dev.
Reading newspapers 184 0 1 33 472

1 = At least once a week
0 = More seldom
Listening to radio 184 0 1 35 478

1 = At least once a week

0 = More seldom

Watching television 184 0 1 95 216
1 = Every day

0 = More seldom

Using the internet and social media 184 0 1 79 406
1 = Every day

0 = More seldom
Travels to the city center 184 0 1 26 437

1 = At least once a week

0 = More seldom

Seeking advice in farming matters 184 0 2 .87 586
2 = Always

1 = Sometimes

0 = Newer

Attending farming events 184 0 2 57 682
2 = Always

1 = Sometimes

0 = Newer

Meeting with extension personnel 184 0 1 20 402
1 = One a week
0 = More seldom

The model was found statistically significant (X*(17,
N=184) =109.324, p < 0.01). The -2Log Likelihood value
of the model was 145.732. It also had a Cox and Snell R?
value of 0.448 and a Nagelkerke R? value of 0.597. Accord-
ing to the classification table, the model correctly clas-
sified 82.4% of the less innovative farmers, 79.6% of the
more innovative farmers, and 81.0% of all farmers. These
measurements indicate that this model can correctly es-
timate the factors influencing the innovativeness among
buffalo farmers in the Samsun province of Turkey.

Results of the logistic regression model are given in
Table 3. All significant variables had the expected signs
and were evaluated at an alpha level of 0.05 or better.
Seven of the seventeen explanatory variables were found
to be statistically significant. Three of these variables are
among the socioeconomic characteristics: the farmer’s
age, monthly income, and number of buffalos owned
by farmers. The remaining four variables are among the
communication behavior variables: frequency of meeting
with extension staff, frequency of reading newspapers,
frequency of using the Internet, and seeking advice about
farming matters. According to these results, innovative-
ness among buffalo farmers was influenced by the above
variables but not influenced by socioeconomic variables
of gender, education level, family size, farm size, fodder
crops area, and having public grazing land in the village;
and communication behavior variables of listening to

Table 5. Factors affecting the innovativeness of buffalo
farming.

Name of the variable B SE  Wald DF Sig Exp(B)
Gender 483 507 .909 1 340 1.621
Age of the farmer -074 026 8.055 1 005 929
Education level -149 502 .088 1 767 862
Family size -029 171 .029 1 .865 971
Monthly income TL/ 011 .022  4.353 1 .037 1.000
Month
Area farming (Decare)  -.002 .018  .014 1 906 998
Fodder crops grown 018 033 296 1 586 1.018
area (Decare)

Number of buffalos 129 028 21639 1 <01 1137
Public grazing land 239 282 716 1 397 1.270
availability

Frequency of traveling ~ -.600 .796  .568 1 451 .549
to big cities

Frequency of meeting 1.284 550  5.449 1 020 3.609
with extension staff

Frequency of 024 491 .002 1 962 1.024
participating in farming

events

Frequency of reading 1.612 605 7.109 1 .008 5.012
newspapers

Frequency of listening ~ .063  .863  .005 1 942  1.065

to radio

Frequency of watching  -1.330 1.233 1.164 1 281 264
TV

Frequency of usingthe 1481 .509 8477 1 004 4.399
Internet

Seeking advice about -887 417 4519 1 034 412
farming matters

Constant -1.024 2116 234 1 .628 359

radio, watching television, frequency of traveling to larger
cities, and frequency of participation in farming events.

The Exp(B) values for the significant variables are inter-
preted, holding all other explanatory variables constant.
With these conditions, farmers in the younger age cate-
gory had a 0.93 times higher likelihood of belonging to
the more innovative category than farmers in the old age
category. Those with higher income had 1 a higher like-
lihood of belonging to a more innovative category than
those with lower income. Farmers with more buffalos had
a 1.14 times higher likelihood of belonging to the more in-
novative category than farmers with fewer buffalos. Those
who met with extension personnel more frequently had a
3.6 times higher likelihood of belonging to the more in-
novative category than those who met with extension staft
less frequently. Farmers who read newspapers more often
had a five times higher likelihood of being in the more in-
novative group than farmers who read newspapers more
seldom. Those who used the Internet more frequently had
a 4.4 times higher likelihood of belonging to the more in-
novative group than those who used the Internet less fre-
quently. Finally, those who sought advice about farming
matters had a 0.4 times higher likelihood of belonging to
a more innovative category than those who did not seek
advice about farming matters.
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Discussion

The adoption of agricultural innovations and their rapid
diffusion in rural areas, particularly in developing coun-
tries, contributes to more effective and efficient produc-
tion by farmers and facilitates sustainable rural develop-
ment. Therefore, the sustainability of crop and livestock
production means, from a technical perspective, the
continuation of production over long periods; from an
economic perspective, sufficient income for farmers; and
finally, from a social perspective, the enjoyment of a ru-
ral life open to social change and development (Tathdil et
al. 2009; Shahbaz et al. 2020). One of the most important
factors in this regard is the rapid adoption and use of in-
novations in the agricultural sector.

The structure of the natural environment and agricul-
tural climatic conditions provide exceptional opportunities
for the cultivation of certain plants and animals in this re-
gion. Buffalo farming, which has been practiced for years in
the research area, is considered one of these opportunities.
The Kizilirmak Basin and its birdwatching paradise, rich in
pastures, water resources, and wetlands that buffaloes can
thrive on, benefit from the historical experience of their
ancestors’ farmers. Therefore, efficient buffalo farming will
not be an obstacle in the future. However, it is necessary to
adapt to changing production and market conditions and
increase the quantity and quality of production. This conti-
nuity will only be possible with the rapid adoption of agri-
cultural innovations and their dissemination in rural areas.

Level of innovativeness of livestock farmers

According to the analysis of the research data, farmers in the
region achieved innovativeness scores ranging from 3.79 to
62, with an average of 24.20. Farmers with an innovative-
ness score above the average of 24.20 were considered more
creative, while those with a lower score were considered less
innovative. As the innovativeness score increases, farmers
tend to adopt more of the innovations presented in Table 1.
Since the innovativeness index takes into account the length
of the innovation adoption period, it can be concluded that
the most innovative farmers also adopted these innovations
earlier than others. Thus, innovation should contribute
to the profitability of buffalo farming. For example, early
adoption of innovations such as fodder crop production,
the addition of mineral nutrients to feed, silage, milk tanks,
and the use of milking machines will undoubtedly contrib-
ute to the farmer’s productivity and commercialization.
The adoption and diffusion of innovations in agricul-
ture is an important issue that continues to be researched
in different regions of the world. Aksoy et al. (2011) an-
alyzed the factors affecting the adoption of innovations
among dairy farmers in Erzurum Province, Turkey. They
found that farmers who raised improved breeds rather
than indigenous breeds and those who received more live-
stock support policies tended to adopt innovations earlier
than others. Quddus (2012) studied technology adoption
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on dairy farms in Bangladesh and found that rural farm-
ers were more reluctant to adopt dairy farm innovations.
Triveni et al’s (2018) study, conducted in Andhra Pradesh,
found that the level of knowledge among dairy farmers
had a positive impact on the adoption of innovations on
dairy farms. A study conducted in Tirunelveli district,
Tamil Nadu (Senthilkumar 2018), found that adopting
innovative dairy technologies in farmers’ fields increased
milk production. A recent survey conducted in peri-ur-
ban areas of Surat city, Gujarat (Sabapara 2024), identified
six buffalo husbandry practices, such as housing, feeding,
breeding, healthcare, milking, and calf-rearing manage-
ment, and found varying levels of adoption for each prac-
tice. Other studies have focused on the effect of training
on buffalo farm owners (Dixit et al. 2019), existing hus-
bandry practices (Viswkarma et al. 2018), common char-
acteristics of buffalo farming (Palacpac et al. 2015), and
willingness to pay for buffalo insurance (Khan et al. 2013).

Socioeconomic characteristics

The socioeconomic characteristics were found to be in-
versely proportional to age but directly proportional to
income and the number of buffaloes. Thus, younger farm-
ers have higher incomes, and more animals are more inno-
vative. According to generalizations developed by Rogers
(2003) from studies conducted worldwide, farmers who
adopted innovations earlier performed better on certain
socioeconomic characteristics than those who adopted
them later. No differences were found in certain socio-
economic characteristics. For example, regarding farm-
ers age, some innovations were adopted earlier by older
farmers and others by younger ones. Therefore, it was not
possible to generalize whether early adopters were younger
or older. However, the current study revealed that young-
er farmers were more innovative. This is explained by the
increase in rural exodus in recent years and the fact that
a greater number of elderly people have remained in the
villages. These farmers continue to farm their land using
more traditional methods and are less inclined to innovate.
In contrast, young farmers who remain in the villages are
more enterprising, more willing to develop their agribusi-
ness, increase their incomes, and improve their families’
well-being. This situation, therefore, makes them more in-
novative. Among Rogers’ (2003) socioeconomic generali-
zations, we find that farmers who adopt innovations earlier
have higher incomes and larger farms. These generaliza-
tions are corroborated by the results of the current study.
Farm size proved to be an effective parameter, as larger
farms adopted more innovations than smaller ones. Pre-
vious studies have also shown that innovation adoption
is higher among larger farms than among smaller ones.
Studies conducted in countries such as China (Hu et al.
2022), Italy (Vollaro et al. 2019; Vecchio et al. 2020), Ethio-
pia (Worku 2019), Ghana (Donkor et al. 2018), and Kenya
(Nyariki 2011) have revealed that larger-scale farmers tend
to adopt agricultural innovations and new technologies
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compared to smaller-scale farmers. Different studies con-
ducted in Turkey have also yielded similar results. Studies
by Ozsayin (2020), Shahbaz et al. (2020), and Yener and
Oguz (2017) revealed that dairy product farms with a larg-
er number of cows had higher adoption rates. Innovation
adoption has also been measured among small ruminant
(Acibuca and Budak 2021) and beef cattle (Boz 2014) farm-
ers in Turkey, and both studies found higher adoption lev-
els on farms with more animals. These research findings in-
dicate that regions with larger farms and a greater number
of livestock farms have higher innovation adoption rates
and, consequently, greater rural development potential.
The use of socioeconomic characteristics, communi-
cation behaviors, and personal variables has been shown
to be effective in influencing the adoption of innovations
in different regions of the world (Rogers and Pitzer 1960).
For example, a socioeconomic generalization indicated
that early adopters were more educated, a communication
behavior generalization suggested that early adopters read
newspapers more, and a personality generalization indi-
cated that early adopters were more empathetic (Orr 2003).
In an early study by Ryan and Gross (1943) on the adop-
tion and diffusion of hybrid corn among Iowa farmers, it
was found that early adopters of the innovation had larger
farms, higher incomes, and higher levels of education than
late adopters. In a study conducted in Ohio by Rogers and
Pitzer (1960), farmers who adopted irrigation were more
educated, had larger farms, and had closer contact with
the agricultural extension service than non-adopters. Lin
(1991) studied the effect of farmers’ education level on hy-
brid rice adoption in China and found that the education
level of the household head had a positive impact on the
adoption rate and intensity of innovation adoption. Re-
search by Wairumi et al. (2022) studied innovation adop-
tion on dairy farms in Kenya and found that the adoption
of technical knowledge was influenced by hired employ-
ees, milk records, the total number of dairy cows, and the
education of the household head. In contrast, the adoption
of organizational innovations was influenced by income,
farm size, milk records, and access to milk information.

Communication behaviors

Farmers with better communication behaviors were more
innovative in terms of frequency of meetings with exten-
sion staff, frequency of newspaper reading, frequency of
internet use, and seeking advice on agricultural issues.
According to Rogers’ (2003) generalizations on commu-
nication behaviors affecting the diffusion and adoption of
agricultural innovations, farmers who adopt innovations
earlier benefit more from mass communication channels
and establish more frequent contacts with agricultural
extension organizations than those who adopt them lat-
er. This contributes to their greater innovation and in-
creases their economic opportunities. Previous studies
have shown that the media play an important role in the
adoption and diffusion of agricultural innovations. For

example, Eryilmaz et al. (2020) determined that television
and the internet are among the most commonly used dis-
semination methods among dairy farmers. In this regard,
farmers should be made more aware of dairy farming in-
novations through television and the internet. Similarly,
studies by Boz and Akbay (2005) and Boz (2016) demon-
strated that farmers’ communication behaviors play an
important role in the diffusion and adoption of agricul-
tural innovations. In this context, programs aimed at en-
couraging farmers to adopt agricultural innovations in a
given region must first identify the most frequently used
communication methods and then develop extension and
training programs using these methods.

Regarding the diffusion and adoption of innovations,
various communication behaviors of individuals play an
important role in the diffusion and adoption of innovations.
These behaviors include the frequency of listening to the
radio, the frequency of watching television, the frequency
of reading printed materials, and contact with agricultural
extension organizations (Rogers 2003). In their research
on the adoption and diffusion of hybrid cocoa in Ghana,
Boahene et al. (1999) found that the farmer’s interaction
with the agricultural extension service significantly affect-
ed the acceptance of the proposed innovation. Yani and
Fajeri (2022) studied the adoption of innovations among
Indonesian swamp buffaloes. They found a significant
influence only with the intensity of extension service use
but no significant impact. In addition, the authors found
a significant influence on the intensity of extension service
use but no significant impact on socioeconomic character-
istics. Communication with agricultural extension staft had
a significant influence on the adoption of maize produc-
tion in Kahramanmaras province of Turkey (Boz and Ak-
bay 2005), while farmers’ communication behavior affected
their receipt of information regarding innovations in im-
proved rice production in Bangladesh (Hossain et al. 2011).

In the region, buffalo farming is primarily for dairy
production. Some buffalo farmers sell their raw milk to
restaurants, cafes, and milk buyers who act as marketing
intermediaries. Some farmers make more profit by pro-
cessing the milk into higher-value yogurt, cheese, or buf-
falo curd. Animals are raised for dairy production for an
average of 10 to 12 years, after which a decline in average
milk production is observed. During this period, the an-
imals are replaced with younger ones, and the older ones
are mainly sold to slaughterhouses to meet consumer de-
mand for buffalo meat. During the study, most producers
noted a growing demand for buffalo products in the re-
gion. In this context, buffalo farming is a promising sector
for farmers in the region.

Conclusions

This study revealed that buffalo farming in the region is
mainly carried out using traditional methods. However,
the innovativeness rate of large-scale farmers was found
to be statistically significant compared to small-scale
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farmers. This study finding may lead to the conclusion
that large farmers in the region are more oriented towards
working for commercial purposes and, therefore, are more
innovative. This research finding is also consistent with
the income level and the number of significant animal
variables in the binary regression model used to measure
innovativeness. Small-scale farmers in the region produce
using methods inherited from their ancestors and grand-
fathers, who are more attached to their traditions. In this
context, encouraging and supporting farmers to expand
their farms may be an important policy proposal.

Research findings showed that young farmers are more
innovative and older farmers are more conventional.
Therefore, choosing young farmers as the target audience
for innovation diffusion studies may be an appropriate
approach. Innovative farmers benefit more from exten-
sion services, read newspapers more often, use the Inter-
net more, and seek the opinions of others on agricultural
issues more often. These are also characteristics that can
be considered in studies on the adoption and diffusion of
innovations in buffalo farming.

The most critical stakeholders in the region for imple-
menting innovations in buffalo farming and spreading
them to rural areas are the provincial and district Agricul-
ture and Forestry Directorates, the Buffalo Breeders As-
sociation, consumer organizations, the faculty of agricul-
ture, and the faculty of veterinary medicine. The Buffalo
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