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Abstract: Agricultural drones (AUAVSs) contribute greatly to sustainable agriculture by reducing
input use. The literature on this topic is scarce, so there is little information on the adoption of
agricultural drones by farmers. The purpose of this paper is to investigate the factors affecting
farmers’ intention to adopt drones for agricultural tasks. Within the scope of this study, face-to-face
surveys with 384 farmers were conducted. The obtained data were analyzed using different statistical,
econometric, and decision techniques, including the conditional valuation method, lower payment
bound estimation, probit model regression, fuzzy pairwise comparison, and the Vise Kriterijumska
Optimizacija I Kompromisno Resenje-multi-criteria optimization and compromise (VIKOR) technique.
The results showed that government support had a positive impact on AUAV purchasing decisions.
Farmers’ primary borrowing channel preference was interest-free loans. The willingness to rent
AUAV technology was higher than the willingness to purchase it, with farmers agreeing to pay TRY
287.54 for one hectare. They preferred cooperatives for the provision of rental services. In general,
young farmers who were interested in technology and who had a high agricultural income made up
the profile of AUAV adoption. The information obtained from this research not only provides new
insights for decision-makers regarding the adoption of AUAV technology but also contributes to the
preparation of the promotion process for potential market actors.

Keywords: agricultural innovation; digitalization in agriculture; farmer decision; precision
agriculture; smart farming technologies

1. Introduction

The agricultural sector is crucial for every country, both in terms of feeding people and
accounting for a significant share of national income. The ability of agriculture to provide
for human needs now and in the future is, however, threatened by a number of issues. They
include growing production costs, a decline in the number of farms, declining biodiversity,
depletion and contamination of water resources, and soil pollution [1,2].

By 2050, agricultural water use is expected to increase by 13%. Excessive salinization
of irrigated lands causes about 1.5 million hectares of arable land to be lost worldwide each
year [1]. According to UNEP (2009) [3], agricultural production may decrease by 25% after
2050 if no action is taken.

Agriculture, through the way it is practiced, is also the main cause of these problems.
In particular, the extensive use of chemical inputs and the prolonged time chemicals remain
in water and soil are among the reasons for the emergence of environmental problems [4].

The agricultural sector needs new approaches to growing that are more efficient,
environmentally friendly, sustainable, and based on knowledge, innovation, and technology.
Numerous scientists believe that precision (smart) agriculture practices, in particular, may
hold the key to enhancing the performance and sustainability of agricultural production
systems [5-8].
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The International Society for Precision Agriculture [9] defines precision agriculture as
“a management concept based on intensive data collection and data processing to guide
targeted actions that improve the efficiency, productivity, and sustainability of agricultural
activities”. Data collection and processing technologies [10] consist of a range of operators,
such as remote sensing technologies [11], mapping [12], and geographic information
systems [13].

These practices have very significant benefits for sustainable agriculture. For exam-
ple, they reduce farm expenditures by controlling agricultural inputs [14] and increase
production by increasing yield [15]. Moreover, they contribute to the protection of the
environment and human health through the controlled use of fertilizers and pesticides [16].
Therefore, adopting precision agriculture practices offers public benefits by improving soil,
water, and air quality [17].

Agricultural drones (AUAVs) represent a new branch of technological developments
in precision agriculture. AUAVSs can carry out a wide variety of agricultural operations
in support of precision agriculture, including soil health screening, irrigation program
planning, seed planting, fertilizer application, and weather analysis. With agricultural
unmanned aerial vehicles (AUAVs), agricultural lands can be sprayed faster in a more
effective, efficient, and cost-effective manner [18,19]. With their autonomous and spraying
capabilities, drones—which are employed to eradicate pests in agriculture—optimize input
consumption by using the quantity of fertilizer and pesticide that the plant requires.

Pesticides cause many diseases in humans, from respiratory disorders to cancer [20].
According to reports, farmers frequently have severe health issues as a result of excessive
exposure to pesticides [21,22]. In the traditional method, farmers are in the field while
spraying pesticides. Therefore, there is a high probability of drug exposure. The farmer
can continue to spray from an area outside the field with AUAVs. Thus, the side effects of
pesticides on farmers” health are minimized [23].

AUAVs reduce pesticide consumption by reducing the rate of water utilization when
compared to conventional spraying techniques [24]. Therefore, they reduce the impact of
chemical residues on nature and people compared to traditional spraying methods.

Overall, more widespread use of AUAVs by farmers will save time and costs by
reducing labor intensity and input use. Thus, water use is better managed, product quality
is improved, soil fertility is maintained, environmental sustainability is promoted, and
human health is not harmed [25-29].

In addition, cameras mounted on AUAVs can collect instant information on plant
health and water stress levels [30]. Moreover, they can create new job opportunities for
young people.

Despite all the advantages, studies show that the adoption rate of technological
applications in agriculture is quite slow [31-35].

AUAV technology is still a very new concept in Tiirkiye. In Tiirkiye, a cooperative
project has recently been launched involving TARNET, a technology company affiliated
with the Agricultural Credit Cooperatives, and the General Directorate of Agricultural
Research and Policies, a state institution. Within the scope of this protocol, different types
of orchards and a small area under paddy cultivation were sprayed using AUAVs. Despite
these small developments, there is a lack of information on how to ensure the widespread
use of AUAVs in Tiirkiye. The vast majority of farmers have little or no knowledge about
AUAVs. As an emerging technology, AUAVs represent a new method for farm spraying.
There are also many unknowns regarding technology adoption and use. Moreover, the
attitudes of farmers toward agricultural drone spraying are not well known.

The purpose of this article is to investigate the factors affecting the intentions of
farmers to adopt agricultural drones. The AUAV types under consideration in this study
are with a spraying feature. This study focuses on identifying the factors affecting the
acceptance of crop spraying with AUAVs, which is a precision agriculture practice, by
Turkish farmers. Thus, it makes important contributions to the literature. The information
obtained from this research not only provides new insights for decision-makers regarding
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the adoption of AUAV technology but also contributes to the preparation of the promotion
process for potential market actors.

2. The Literature Review

The literature is generally focused on the adoption of precision agriculture practices.
In general, research can be grouped as the effect of socio-demographic characteristics on
technology adoption, the effect of economic reasons on adoption, and the facilitating factors
that enable adoption. It can be stated that socio-demographic characteristics play a role
in the adoption of precision agriculture practices by farmers. Accordingly, a high level of
education [36-39], farm size [40], high labor intensity [41], and interest in technology [42—44]
positively contribute to the adoption of precision agriculture practices. On the other hand,
the age of farmers [45-47], experience [48], and small farm size [49,50] negatively contribute
to the adoption of precision agriculture practices.

Another important issue in the adoption of technology by farmers is economic consid-
erations. Accordingly, high investment cost [15,51-54] and perceived profitability [16] can
be significant barriers to adoption. AUAV technology has an initial cost of ownership of
around USD 15-25,000, according to the dealers selling AUAVs in Tiirkiye [55]. AUAVs
have the ability to spray. This can be a significant barrier to adoption by farmers. Therefore,
the farmers’ attitudes toward the factors that facilitate adoption should be monitored.

Previous studies show that facilitating factors play an important role in the adoption
of precision agriculture practices [7]. Studies suggest that financial subsidies can encourage
farmers to adopt a new technology [56]. Access to financial support, such as government
subsidies and loans on the condition of purchasing an AUAYV, can be listed as a facilitating
factor. In addition, another facilitating factor is infrastructural and organizational support
in access to technology [57]. In this context, the issue of renting an AUAV can be considered
as another facilitating factor. In such a case, how much the rental fee should be, who will
provide this service, and what the farmer’s expectations are may affect adoption.

While the issue of farmers’ adoption of precision agriculture practices covers a
large body of literature, there is a limited number of studies on farmers’ intentions to
adopt AUAVs. A group of studies emphasized the importance of sensory characteristics.
Michels et al. (2021) [58] investigated the factors influencing the intention of German
farmers to use agricultural UAVs utilizing the technology acceptance model. He found that
confidence in using drones increases acceptance. Several studies in China found that per-
ceived ease of use, perceived utility [22], leadership [59], and cooperative membership [60]
were positively associated with farmers” willingness to adopt agricultural UAVs. Skevas
and Kalaitzandonakes (2020) [61] emphasized future prospects for farmers, arguing that
specific information on environmental and economic benefits plays an important role in
encouraging American farmers to adopt agricultural UAVs.

Another group of researchers emphasized socioeconomic variables. Michels et al.
(2020) [62] analyzed a sample of German farmers. While farm size positively influenced the
adoption process, age had a negative effect. Another study conducted in Hungary reached
similar conclusions. Farm size, age, and education affect the acceptance process [63].
Another study conducted for Australian farmers found that higher education, a greater
need for water, farm capital, and a holistic farm structure positively contributed to the
adoption of AUAVs [64]. The consensus in some studies is that access to borrowing channels
positively affects the adoption of AUAVs [24,59,61].

In summary, the literature shows that the access that farmers have to the borrow-
ing channels, their interest in technology, and positive perceptions of the advantages of
equipment for their farm will have a positive impact on adoption.

To the best of our knowledge, there is no literature report that explores the factors that
influence Turkish farmers” adoption of AUAV technology in the application of pesticides. It
is important to empirically analyze farmers’ sentiments and aspirations in support of paying
for AUAYV technology, given its environmental and economic contributions to agriculture.

This study was designed to answer the following research questions:
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Do farmers want to buy an AUAV?

Do financial incentives influence the purchase decision?
Are farmers willing to lease the AUAV?

If so, how much are they willing to pay?

Are there variables that influence the leasing decision?

3. Material and Methods
3.1. Sample Selection

The sampling location of the survey was Aydin province in Tiirkiye. The basis of
economic life in this province is agriculture and agriculture-dependent industry. The
area is suitable for polyculture agriculture as a result of its soil, climate, tomographic
structure, and ecological characteristics. Aydin has an area of 368,336 hectares, of which
238,416 (64.7%) hectares are used for irrigated agriculture. Aydin ranks first in fig, olive, and
chestnut production, second in cotton and artichoke production, and third in strawberry
and okra production in Tiirkiye. It contains 93% of the floral diversity in Tiirkiye [65].

In addition, the first smart village project to be developed by Vodafone (an inter-
national communication company) is being carried out in a village in this region. In a
Vodafone Smart Village, sustainable production is realized by spreading digitalization
via Internet of Things applications, such as irrigation automation, greenhouse automa-
tion, fertilizer management automation, poultry house automation, frost automation, milk
automation, beekeeping automation, pedometers, and early warning systems.

As a result of these features, this province was selected for this study.

According to the information from the Chambers of Agriculture Information System, at
the time of this study, there were 130,686 registered farmers in the region. The proportional
sample volume formula was used to determine the number of farmers in the survey.

This formula is as follows [66]:

Np(1—p)

T IN=DeZ+p(l-p)

M

where 1 denotes the sample volume; N denotes the population volume (130,686), and P de-
notes the prediction rate, referring to the probability level confidence interval
(0p: 0.02552 from the equation, 1.96 0p: 0.05 for a 95% confidence interval, and a
0.05 margin of error). In the Formula (1), 1.96 is taken for the Z o5 statistic in the nor-
mal distribution table. For the 95% confidence interval, the error is 0.05. The variance ()
is obtained by the properties of the error to the z-statistic.

In this study, we aimed to reach the maximum sample size. The sample volume was
determined using a 95% confidence interval and a 5% margin of error.

As a result of the calculation, the sample volume was found to be 384. The sample
volume obtained was proportioned depending on the number of farmers carrying out
agricultural activities in Aydin. Briefly, the ratio is based on the number of farmers by
region. Different statistical test techniques were used in the analysis of the questionnaire
items, which were created in accordance with the objectives. The important items are
listed below.

3.2. Fuzzy Pairwise Comparison Method

The fuzzy pairwise comparison method is a decision-making technique. It transforms
the problem under consideration into a hierarchical structure and relies on pairwise com-
parisons. These comparisons are performed using actual measurement values for each pair
of criteria and options or using a scale that reflects the relative strength of judgments and
preferences. The resulting values are represented in matrices known as pairwise compar-
ison matrices. These matrices are then analyzed to determine which of the two criteria
is more important, preferable, or dominant. In this method, subjective judgments that
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cannot be directly expressed numerically can be easily analyzed. Therefore, this method
was selected.

Farmers were first informed of the cost and typical usage of AUAV technology before
being asked whether they would be open to purchasing this product. Then, in order to
determine whether different government subsidies affect the purchase and, therefore, the
adoption of this technological product, they were required to make a binary decision from
a number of criteria. Farmers were given the chance to compare all five options side by
side and then choose the one that, in their opinion, was more crucial. These borrowing in-
struments were constructed using current agricultural machinery and equipment subsidies.
The policy instruments that were compared were as follows: (1) grant support for 50% of
the cost of an AUAYV;, (2) interest-free loans for 75% of the cost of an AUAYV; (3) loans with
low-interest rates for the entire cost of an AUAYV; (4) extra premium support for products
grown by a farmer who has bought an AUAV. For the analysis of these criteria, the fuzzy
pairwise comparison method was used. In order to compare the specified policies, six
comparisons were presented to the farmers. For each of these comparisons, the farmers
were asked to assign a value between 0 and 1. The structure of this comparison was created
using a Likert-type scale, allowing the farmers to choose an intermediate value.

The steps used to carry out the method can be summarized as follows [67]: Pairwise
comparisons were presented to determine farmer preferences. The total distance in the
comparison was equal to 1. If Ggy = 0.5, then K ~ H; if Gxy > 0.5, then K > H; and
if Gk < 0.5, then K < H. A fuzzy paired representation was used to create comparisons
between K and H. It represents the degree of preference for K over H. The change in the
value was between 0 and 1 for each element. The number of paired comparisons of the
objectives (C) was determined as C = [(Z x (Z — 1))/2]. Z refers to the preferred number of
objectives in the formula. In this research, 6 comparisons (C) of 4 different policies (Z) were
presented to each farmer. For each pairwise comparison, G preference was obtained. The
measurement of the preference degree of r according to c can be expressed as G- = 1 — Gye. In the
second step, a fuzzy matrix was created. Then, the fuzzy preference matrix was generated.

[0 ife=rVer=1,....n
Gcr{gcr ifc#Frver=1,....n 2

In this research, a 4 x 4 fuzzy preference matrix was created for each individual, as
seen below (G):
811 812 813 K14
G— 821 &2 823 & 3)
831 832 833 8§34
841 842 843 844

Separately, the preferred density of each objective () was obtained using the
following equation:

w=1- (Y G&/(n—1))" @)

The value of y; ranges between 0 and 1.

3.3. Conditional Valuation Method and Lower Bound Mean

The conditional evaluation method was used to reveal the attitude regarding the
desire to finance various proposed projects. This method can be used in markets that have
not yet experienced significant growth [68]. Therefore, this method was adopted in this
study to determine the price that farmers were willing to pay for the lease of an AUAV.
Farmers were told about the advantages of using an AUAV and then asked whether they
were willing to adopt this technology through a lease. From the farmers who were willing
to lease, the final price they were willing to pay was requested. The obtained fees were
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minimized by the lower bound meaning (LBM) method and converted into the farmers’
willingness to pay to lease an AUAV [69]. The following formula was used:

LBM = moPo+ Y, n(Pi - Pi_l) ®)

T = the cumulative percentage of respondents willing to pay the initial or smallest
finite amount;

Py = smallest finite amount;

Ko = number for the subsequent amount.

3.4. VIKOR Technique

The VIKOR technique was proposed by Opricovic and Tzeng (2004) [70]. It is applica-
ble to multi-criteria decision-making problems. The VIKOR technique allows conflicting
criteria to be ranked with a common assumption and the most appropriate criterion to be
selected. This method was used in our study to determine the best arrangement for farmers
to purchase an AUAV service via a lease. The criteria used as the basis for the evaluation
were as follows: C1: price; C2: delivery on time; C3: satisfaction with the work performed;
C4: technological competence of the organization; C5: satisfaction with the personnel;
Cé6: quality of the products used; C7: guarantee of the work performed. In Tiirkiye, in the
near future, there will be 4 different types of institutions that can offer AUAV rental services:
private sector enterprises; agricultural cooperatives; agricultural unions; and agricultural
province/district centers (official state institutions). Farmers were asked to assign points
for the criteria for the 4 different institutions separately. While determining the weight
values of the criteria, farmers were asked to compare the criteria by giving a score between
1 and 100. Criteria weights were determined with the help of the values obtained as a result
of this comparison. In brief, the application of this method was as follows:

Creating the decision matrix: A decision matrix was created with the alternatives,
criteria, and the values of each alternative according to the criteria. Then, the best ( fj*) and

worst ( fj*) score values were determined for each criterion;

Normalization process and creation of normalized decision matrix: where R is the
normalized decision matrix; Xij is the decision matrix element, and rij values for each
alternative were calculated as follows:

/i ©)

Tij " -
i~

Weighting the normalized decision matrix: the weighting for each alternative was
calculated using the formula vj; = r;; x w;, where w; represents the criteria weights;

Calculation of average group benefit (S;) and biggest regret (R;) Values: S; is the
average group score for alternative i and represents the average group benefit, and R; is
the worst group score for alternative i and represents the biggest regret. The Q; value was
calculated as follows:

Qi=(qx 6 —59/(6" =59+ (1 —q xR —R)/(R™ - R) @)

where the value of q denotes the weight of the strategy that provides the maximum group
benefit, and (1 — q) denotes the weight of the minimum regret of the dissenters. This value
can be taken as (q = 0.5). The smallest values of S;, R;, and Q; denote the best alternative.
The test was evaluated according to the DQ parameter. The alternative (m) was found using
the formula DQ = 1/(m — 1). The difference between the 1st and the 2nd best alternative
must be greater than DQ.
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3.5. Probit Model

The probit model was used to measure the factors affecting the farmers” willingness to
adopt the AUAV technology. The dependent variable of willingness to adopt was binary
(willing or unwilling). Therefore, this method was selected. If Y; = 1, then the farmer was
willing to adopt the AUAV technology through leasing, and if Y; = 0, then the farmer was
unwilling to adopt it. The responses of the 259 farmers who answered “no” were coded
as “0” and the responses of the 125 farmers who answered “yes” were coded as “1”. This
method can be defined briefly as follows:

Pr (Y; = 1IX;) = Pr (Y; > 1IXy) = Pr (i > —X;RIX;) = 9(Xi) 9)

where Y; is the farmer’s acceptance, and X; is a vector of all independent variables. The
factors affecting technological adoption in agriculture were analyzed under the guidance
of the relevant literature.

4. Findings
4.1. Description of this Study’s Population

Table 1 shows certain selected demographic and socioeconomic characteristics of
the farmers surveyed. The average age of the respondents was approximately 52 years,
and their work experience was 29 years. Approximately 67% of them had primary-level
education. The average household size was four, and 63.3% of the farmers had more than
one person in their family that was involved in farming. Of the farmers surveyed, 28.9% of
the respondents stated that they intensively engaged in vineyard agriculture and 71.1% in
field agriculture. Approximately 81% of the respondents stated that their most profitable
land type was on the plain, while 19% of them had sloping land. The average land size of
the surveyed farmers was approximately 9.83 hectares, and their income was TRY 250,000.

Table 1. Sociodemographic characteristics of farmers (n = 384).

Variable Category  Frequency Percent Mean Variable Category  Frequency Percent Mean
Primary 256 66.7 <42 98 255
education
High 94 245 42-53 114 29.7
. school Age
Education - (year) 51.52
Associate e
18 47 5461 84 21.9
degree
Licence 16 42 61< 88 229
<95,000 127 33.1 <3.1 128 333
* Annual 95,000 Land si
agricultural 200,000 127 33.1 250,106 fln size 3.1-8.0 129 33.6 9.83
income , (hectare)
>200,000 130 33.9 8.0< 127 33.1
Land plain 310 80.7 <21 99 25.8
structure slope 74 19.3 Experienced 21-30 115 29.9
29.47
Help with No 141 36.7 (year) 3140 101 26.3
family -
chores Yes 243 633 40< 69 18.0
ée?f)‘fv 251 65.4 Horticulture 111 28.9
}I:Iuml;erlgf 3.94 Land type B
ousenolds i
5and 133 34.6 Field 273 71.1
above agriculture

* (Research period: TRY 1 = USD 0.053).
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4.2. Opinions on the Use of Technology

7

At this stage of the research, using factor analysis, item dimensions related to farmers
attitudes toward technology adaptation were created. The data in this study were obtained
with a five-point Likert-type scale (a Likert scale in which 1 denoted strongly disagree and
5 strongly agree). In the preparation of the items, 16 items were created for the questionnaire
by reviewing the relevant literature, and this was reduced to 7 items with the help of factor
analysis. In Table 2, information about these items, which constitutes the attitude of farmers
toward technology adoption, is given. Exploratory factor analysis was used to transform
inter-related data structures into independent and other new data structures. Farmers’
attitudes toward technology adoption were grouped into a single dimension. Bartlett’s test
results showed that the items were consistent, and the Kaiser-Maher-Olkin (KMO) test
results showed that the sample was adequate (KMO = 0.843; Bartlett’s Test of Sphericity
x? =107.754; p = 0.000 < 0.05). The ratio of eigenvalues explaining the total variance was
51.90%, and the Cronbach Alpha value showing the reliability of the data was 0.837. The
factor loadings of the items in the dimension varied between 0.84 and 0.51. Accordingly,
the attitudes of the farmers participating in the survey toward technology adoption can be
summed up by the following statements: “I feel uneasy when using a new technological
tool”; “I find myself old to learn technological developments”; “Learning the use of a
new technological tool is troublesome”; “The use of technology always challenges me”;
“Learning technological developments is an extra burden for me”; “Using technological

i

elements while farming scares me”; “I think technology is useful while farming”.

Table 2. Farmer adoption of technology (factor analysis summary).

Std Factor Cronbach’s
Behavioural Statements Mean . . . Alpha If Item
Deviation Loading
Deleted
* I feel uneasy when using a new technological tool 3.54 0.99 0.84 0.794
* I find myself too old to learn about technological developments 3.51 1.28 0.80 0.797
* Learning the use of a new technological tool is troublesome 3.21 1.08 0.76 0.808
* The use of technology always challenges me 3.38 1.02 0.73 0.813
* Learning technological developments is an extra burden for me 3.67 0.92 0.68 0.820
* Using technological elements while farming scares me 3.00 1.33 0.66 0.829
* I think technology is useful while farming 3.92 0.94 0.51 0.841

Likert scale, where 1 = strongly disagree and 5 = strongly agree. * Scoring is reverse calculated (KMO = 0.843;
Bartlett’s Test of Sphericity x2 = 107.754; p = 0.000 < 0.01; Cronbach’s Alpha 0.837).

4.3. Farmers’ Attitudes toward Traditional Spraying Methods

Table 3 presents farmers’ attitudes toward traditional spraying methods. Half of the
farmers thought that the traditional spraying methods that they used were not efficient
(47.6%). However, more than half of the farmers thought that spraying with a pulverizer
was very costly and damaging to their health (53.4%). On the other hand, a significant
number of farmers expressed uncertainty about whether spraying with conventional
spraying methods leaves residues, is harmful to the environment, and is the best way to
spray. Overall, the farmers’ viewpoints were complex, comprising part satisfaction and
part concern about current pesticide spraying methods.
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Table 3. Attitudes of farmers toward traditional spraying methods.

Behavioural Statements 1 2 3 4 5 Mean Defi;dt.ion
Frequency (f) 50 133 117 67 17
I think traditional spraying is efficient 2.6563 1.05046
Percent (p) 13 346 305 174 44
Frequency (f) 18 61 103 147 55
I think the cost of conventional spraying is high 3.4167 1.06368
Percent (p) 47 159 268 383 143
C tional ; 1 t h Frequency (f) 15 46 141 158 24
or:.ve.(r; 10na}dspray1ng can leave too muc 33385 0.90832
pesticide residue Percent (p) 39 120 367 411 63
I think traditional spraying is harmful to my Frequency () 16 52 a1 46
3.4349 1.00439
own health Percent (p) 42 135 289 414 120
I think traditional spraying is harmful to the Frequency () 10 63 135 148 33 3.3281 0.93755
environment Percent (p) 26 164 352 372 86 ' '
I think traditional ing is th t f Frequency (f) 27 83 176 75 23
ink tradi 1§n3 spraying is the most accurate 29583 0.96591
spraying metho Percent (p) 70 216 458 195 6.0

Choices: strongly agree = 5; agree = 4; neutral = 3; disagree = 2; strongly disagree = 1.

4.4. Farmers’ Intention to Purchase Agricultural Drones

4.4.1. Farmers’ Attitude toward AUAV Technology

At this stage, the farmers were given a general introduction to AUAV technology and
the advantages it could provide for the farm. Then, the general expectations and attitudes
of the farmers concerning AUAV technology were determined (Table 4). The vast majority
of farmers agreed that AUAVs could reduce the spraying time on the farm compared to
a pulverizer and reduce diesel oil expenditure. Moreover, more than half of the farmers
thought that AUAVs would not harm their health. However, the majority stated that the
initial purchase cost was high (67.2%). On the other hand, they were hesitant about the
ease of spraying and whether it would be possible to spray everywhere on their land. In
addition, few farmers thought that they would be able to fly the drone even if they attended

a course.

Table 4. Attitude of farmers toward agricultural drones.

Behavioural Statements 1 2 3 4 5 Mean S.D.
I think the agricultural drone will provide convenience in spraying f 2 94 170 88 30 313 0.89
compared to the traditional method p 05 245 443 229 7.8 ’ ’
I think that the agricultural drone will spray in a shorter time than d 6 35 75 175 923 381 095
the traditional method P 1.6 9.1 195 456 242 ' '
f 1 14 113 156 100
I can save a lot of diesel using an agricultural drone 3.88 0.84
p 0.3 36 294 406 260
f 3 92 115 134 40
I can increase the yield of my field using agricultural drone 3.30 0.97
P 08 240 299 349 104
f 4 35 87 123 135
I think the purchasing cost of an agricultural drone is high 3.91 1.01
P 1.0 91 227 320 352
Thanks to agricultural drones, I think I can spray at f 21 130 125 94 14 286 0.99
every point of my land P 55 339 326 245 36 i .
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Table 4. Cont.

Behavioural Statements

1 2 3 4 5 Mean S.D.

f 149 81 78 48 28

If I attend a course, I will be able to fly an agricultural drone 228 1.29
P 388 21.1 203 125 7.3
f 15 104 124 113 28

I can save labor using an agricultural drone 3.09 1.00
P 3.9 271 323 294 7.3

I think that spraying with an agricultural drone will harm f 135 139 53 37 20 213 115

my health p 352 362 138 96 52 ' '

Choices: strongly agree = 5; agree = 4; neutral = 3; disagree = 2; strongly disagree = 1.

4.4.2. The Effect of Borrowing Channels on the Purchasing Attitude for AUAV Technology

Farmers were presented with prices for different models (USD 15,000-25,000). Farmers
were asked about their preferences concerning purchasing this product. Only 12 farmers
(3.12%) indicated that they would consider purchasing it. In Tiirkiye, various borrowing
channels exist for farmers to purchase agricultural machinery. Farmers’ financing oppor-
tunities are supported by the government. The government uses the Agricultural Bank,
a state agricultural bank, to realize subsidies. The subsidies available vary according to
the price of the equipment to be purchased. These can range from grants to long-term,
low-interest, or interest-free loans. Drones have yet to be included within the scope of the
support provided by the state. In the survey, farmers were asked whether the inclusion of
AUAVs in such support would affect their purchase decision. After considering this, the
number of farmers who stated that they would like to purchase an AUAV increased to 41.
This represents 10.67% of the farmers surveyed. Thanks to the provided support, 10.67% of
the surveyed farmers tended to buy AUAVs. The findings show that a possible support
policy would have a positive impact on the purchase of AUAV technology (Wilcoxon test,
Z_3983 p <0.01).

4.4.3. Preference for Borrowing Channels

Farmers want borrowing channels to be accessible and advantageous. Therefore, the
identification of the most suitable borrowing channel positively favors the purchase of
AUAV technology. Therefore, the priority preferences concerning the borrowing channels
of the farmers who wanted to purchase AUAVs through subsidies were determined. For
this, the fuzzy pairwise comparison method was used. The farmers (n = 41-10.67%) were
asked to make paired comparisons between options for agricultural support policies. They
were each presented with four alternative policy instruments for comparison and asked to
indicate which one they preferred in order of importance. These borrowing instruments
were constructed using current agricultural machinery and equipment subsidies. The
policy instruments that were compared were as follows: (1) grant support for 50% of the
cost of an AUAV; (2) interest-free loans for 75% of the cost of an AUAV; (3) loans with
low-interest rates for the entire cost of an AUAV; (4) extra premium support for products
grown by a farmer who has bought an AUAV. Descriptive statistics of the fuzzy pairwise
comparison (FPC) model showing farmer borrowing channel preferences are given in
Table 5. Farmers’ policy preferences were ranked from most preferred to least preferred.
Within the scope of tool and equipment support, the most desired support for AUAVs was
the provision of interest-free loans for 75% of the price. This was followed by a low-rate
loan for the entire price of an AUAV and grant support for 50% of the price. Grant support
for agricultural machinery in Tiirkiye is only provided for one piece of equipment and is
determined by lottery. Due to the lottery system, the rate of benefiting from the support
of farmers is low. The least preferred type of support was additional premium support
for their products. The Friedman test was used to assess whether there was a difference
between preferences. Accordingly, there was a difference. Kendall’s W test was used to
measure the degree of compliance (Table 5).
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Table 5. Farmer borrowing channel preference (FPC method).
Criteria Mean S.td'. Preference Farmer Mean Z Hyp
Deviation Feature

[f the government gives a 75% 0.878 0.069 1 Land Size (da)  181.85 ~3499**  Rejection
interest-free loan

; 0 Annual
If the government gives 50% of the loan 0.846 0.048 2 Agricultural 439535  —3.604**  Rejection
with normal interest

Income (TRY)

If the government lends all of the money 0765 0.081 3 Experienced 29.34 _0.072 Acceptance
at low interest (years)
[fthe state provides additional premium 0.746 0.115 4 Age (years) 49.60 —1.029 Acceptance

support

Significance level at *** < 0.01.

4.4.4. Demographic Variables That Are Influential in the Purchase of an AUAV

In addition, various demographic characteristics of farmers who were willing to
purchase an AUAV and farmers who were not willing to purchase an AUAV were compared
(Table 5). The Mann-Whitney U test was performed to determine the differences between
groups. It was determined that the land size and agricultural income of the farmers who
were in favor of purchasing an AUAV were statistically different from the farmers who did
not want to purchase one. A higher agricultural income and land size had a positive effect
on the attitude toward purchasing an AUAV. Therefore, it can be said that farmers who
owned large enterprises were more willing to purchase an AUAV. On the other hand, no
statistical difference was found between the groups for age and work experience (Table 5).

4.5. Farmers’ Attitude to Agricultural Drone Rental
4.5.1. Willingness to Pay

As an alternative, the contingent valuation method (CVM) was used to determine the
preference of farmers to lease an AUAV for their own use and to determine the price they
would be willing to pay for it. The advantages of using an AUAV on the farm were again
stated. Then, farmers were asked how much they would be willing to pay per hectare to
rent an AUAV if there was a healthy market for doing so in Tiirkiye. Farmers indicated the
amount they would be willing to pay for the rental service. In total, 67.4% of the farmers
(259 farmers) were reluctant to rent an AUAV. On the other hand, 32.6% (125 farmers) of
the surveyed farmers were willing to rent an AUAV.

The lowest price farmers were willing to pay for rental services was TRY 10, and the
highest was TRY 80 per hectare. The amount of money farmers were willing to pay for the
AUAV rental services was converted into an overall payment trend using a lower bound
mean (LBM) estimate. Those who did not want to rent services were not included in the
calculation. The findings obtained from the LBM method indicated that farmers were
willing to pay TRY 287.54 per hectare for the AUAV rental service (Table 6).

Table 6. Willingness to pay for AUAV rental services using the contingent valuation method (CVM).

Willingness to Pay (WTP) Frequency Percentage (I:’:fcl:rl::;igv:
800 5 4.0 4.0
750 1 0.8 4.8
600 1 0.8 5.6
500 6 4.8 10.4
450 6 4.8 15.2
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Table 6. Cont.

Willingness to Pay (WTP) Frequency Percentage (I:’:i::rll:;g:
400 9 7.2 224

350 8 6.4 28.8

300 41 32.8 61.6

250 22 17.6 79.2

200 20 16.0 95.2

150 1 0.8 96

100 5 4.0 100
Total respondents 125 100

LBM = TRY 287.54 (amount agreed to be paid per hectare); TRY 1 = USD 0.053.

4.5.2. Procurement of Services for AUAV Leasing

In addition to the above, we also assessed from whom farmers would like to receive the
service if there was a regular market for renting AUAVs. In terms of agriculture in Ttirkiye,
there are four different structures that can purchase AUAVs and provide technical staff
employment. These are private sector enterprises, agricultural cooperatives, chambers of
agriculture, and agricultural province/district centers. The VIKOR technique was utilized
to determine which of these institutions stood out in the provision of rental services from
the farmers’ perspective. The scores obtained in the evaluation of alternatives reflect the
expectations of the farmers based on their experiences since there is no market for the
service yet.

The farmers that wanted to purchase AUAV services for their farms were asked to
evaluate four institutions (private sector enterprises, agricultural cooperatives, chambers of
agriculture, and agricultural province/district centers) as alternatives (Table 6). The criteria
used in the evaluation of alternatives were as follows: C1: price advantage; C2: delivery of
work on time; C3: satisfaction with the work performed; C4: technological competence;
C5: satisfaction with personnel; C6: professional competence; C7: quality of materials used;
C8: guarantee for unsatisfied work. All criteria were calculated according to the maximum
values. These criteria were created according to the literature and were weighted by the
farmers. The weighting of the criteria was as follows: C1 20%; C2 13%; C3 10%; C4 10%;
C5 10%; C6 10%; C7 12%; C8 15% (Table 7).

Table 7. AUAV rental service selection, result of VIKOR analysis.

«  Direction of Criterion Max. Max. Max. Max. Max. Max. Max. Max.
.*g Criterion C1 C2 C3 C4 C5 Cé c7 C8
© Weight of Criterion 20% 13% 10% 10% 10% 10% 12% 15%
»  Private sector institutions 47.031 80912  80.651  63.997  95.326 50.138 65.352  83.307
;:% Agricultural cooperative 72724 75469 74232 73854  75.156 74.815 82.370  74.023
g Agriculture chambers 61.281 64.818 66.198 60917  64.466 65.078 49.662  63.268
< Government personnel 83451 50417 51510 83.581  53.672 83.555 78.138  51.380
f*  The best point 83.451 80912 80.651 83.581  95.326 83.555 82.370  83.307
f~  Worst point 47.031 50417 51510 60917  53.672 50.138 49.662  51.380
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Table 7. Cont.

Weighted Normalized Decision Matrix

9 Private sector institutions 0.200 0.000 0.000 0.086 0.000 0.100 0.062 0.000
-% Agricultural cooperative 0.059 0.023 0.022 0.043 0.048 0.026 0.000 0.044
g Agriculture chambers 0.105 0.069 0.050 0.100 0.074 0.055 0.120 0.094
fﬁ: Government personnel 0.000 0.130 0.100 0.000 0.100 0.000 0.016 0.150
Si Ri Qi Row DQ Order of preference
Private sector institutions 0.449 0.200 0.728 A3 3
Agricultural cooperative 0.265 0.059 0.000 Al 0.333 1
Agriculture chambers 0.683 0.120 0.737 A4 4
Government personnel 0.496 0.130 0.539 A2 2

When the scores of the private sector were evaluated, it was observed that the highest
scores were for delivery of work on time, guarantee of work, satisfaction with the work
performed, and satisfaction with personnel, but the lowest scores were for the price and
professional competence expectation criteria. For the government assessment, the rental
price of the service and the professional and technological competence scores were high,
but the delivery of work on time, the guarantee of work, and satisfaction with work scores
were low. For cooperatives, the overall scores had ideal averages, while for chambers of
agriculture, there were no criteria with the highest scores at all. The results of the VIKOR
analysis are presented in Table 7. The agricultural cooperative alternative, which ranked
first in terms of the smallest value in the Q ranking, also ranked first in terms of the smallest
value in both the S and R rankings. Moreover, in the Q ranking, the difference between the
score of the agricultural cooperative alternative (A1) in the first place and the provision
of service from the state (A2) in the second place was greater than DQ (0.539-0.333 > 0).
Because this meets the two stability conditions, it can be stated that the findings are reliable.
Accordingly, farmers would prefer to receive the service from cooperatives provided that
there is a stable market for AUAV leasing (Table 7).

4.5.3. Factors Affecting the Desire to Rent a Drone

Factors affecting farmers’ willingness to rent drones were analyzed with the probit
model (Table 8). According to the loglikelihood value, the null hypothesis was rejected,
and it was decided that the model was usable. The classification ratio shows that the
number of correctly predicted observations in the model is 78.6%. The rate of explaining
the dependent variable of the independent variables in the model is 15.42% (R? = 15.42).
The model results exhibited a statistical fit. In general, when the tests are evaluated, it can
be stated that the model is interpretable (Table 8).

Table 8. Factors affecting the desire to rent a drone according to the probit model results.

Coefficient Std. Error Z Statistic p-Value Marginal Effect
Constant term —1.23714 0.632878 —1.955 0.0506 *
Farmer adoption of technology 0.06854 0.014719 4.657 3.21 x 1076 *** 0.0236339
Agricultural income 0.31996 0.119542 2.677 0.0074 *** 0.110318
Land type —0.33653 0.169345 —1.987 0.0469 ** —0.116031
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Table 8. Cont.
Coefficient Std. Error Z Statistic p-Value Marginal Effect
Age —0.02267 0.010939 —2.073 0.0382 ** —0.00781861
Land size 0.00086 0.000721 1.203 0.2289 0.000299095
Experienced 0.00659 0.009385 0.703 0.4821 0.00227491
Education level —0.09857 0.097592 —1.010 0.3125 —0.0339866

Notes: Numbers in parentheses are Z-statistics. Significance level at * < 0.10; ** < 0.05; *** < 0.01. Loglikelihood = 204.911;
R? = 15.42; classification ratio = 0.768; Akaike criterion = 425.822.

The variables consisted of personal characteristics, production characteristics, and
farmer’s attitude. These characteristics were selected based on the literature on technology
adoption among farmers.

The dependent variable of this model was the response received from the following
statement: “I would rent an AUAV”. The response of the 259 farmers who said no was
coded as “0”, and the response of the 125 farmers who said yes was coded as “1”. The
attitude toward technology was included in the model as the average of the statements
described in the section “Opinions on the use of technology”. These attitudes proved to
be consistent with the exploratory factor analysis. Age and land size were included in the
model as open-ended, while income and land type were included categorically. Variable
definitions were made in Tables 1 and 2. In light of these data, explanations were formed.
Farm income and a farmer’s positive attitude toward the technology positively affected the
willingness to rent an AUAV, while age had a negative effect. Horticulture farmers were
more likely to rent an AUAV than field crops farmers. Land size, education, and experience
were statistically insignificant. According to the slope values (marginal effect), when the
age of the farmer increased by 10 years, the desire to rent an AUAV decreased by 7.81%. In
each income category, the willingness to rent an AUAV increased by 11.03% compared to
the previous category. For horticulture farmers, the desire to rent an AUAV increased by
11.60% compared to those engaged in field farming.

5. Discussion and Conclusions

By contributing to environmental sustainability, unmanned aerial vehicle technology
offers unique opportunities for farmers to both increase crop yields and reduce farm costs.
Therefore, understanding the conditions that influence the adoption of drone technology is
critical for developing new policies and initiatives.

Therefore, in this study, the factors affecting the intentions of farmers to adopt drones
for agricultural work were investigated. In this research, the adoption of drone technology
by farmers has been extensively studied with the help of many advanced and different
testing techniques. The results obtained in this research were determined according to the
information obtained from the face-to-face surveys with 368 farmers using the proportional
sample volume formula. Farmers’ willingness to purchase the product and some influential
variables were tested with hypothesis tests. The priority of borrowing channels that
farmers can use when choosing to purchase agricultural unmanned aerial vehicles has
been determined using the fuzzy paired comparison method. In the research, in addition
to the farmers’ tendency to buy agricultural drones, the attitudes toward renting them
were also examined. Factors affecting farmers” willingness to rent agricultural drones were
analyzed using the probit model. The willingness of farmers to pay for agricultural drone
rental was determined using the conditional valuation method. The rental cost for farmers
was calculated using the lower-bound mean method. Answers to the question of which
institution the farmers would like to receive rental services from were determined using
the VIKOR technique.

The empirical analyses developed provide new evidence and significant contributions
to the literature on the farmers’ behavior toward adopting drone technologies.
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The results showed a very low propensity to purchase AUAVs (3.12%). A significant
proportion of farmers shared the view that the initial investment cost of AUAVs is high
(67.2%). These results support those in the literature that examine the negative impact
of acquisition costs on farmers’ adoption of agricultural technologies [15,53,54]. When
farmers were given the option of government support, their willingness to buy AUAVs
increased almost three times (10.70%). Various borrowing channels had a positive impact
on the purchase of AUAVs. In fact, a range of agricultural equipment and machines are
within the scope of government subsidies in Tiirkiye, but AUAVs have yet to be included.
The results show that if AUAV technology were included in the scope of support, attitudes
toward purchasing agricultural drones would improve. Our results are in line with those
of previous studies [24,59,61].

However, which borrowing channels are preferable for Turkish farmers? Farmers
want support to be accessible and advantageous. Identifying the most suitable borrowing
channel is essential to supporting the purchase of AUAVs. The empirical results show
that, from the government-supported borrowing channels assessed, farmers preferred
interest-free loans. Inflation rates in Tiirkiye are quite high. Thus, the purchase of an AUAV
with an interest-free loan would reduce the price in the face of rising inflation, making it
more advantageous for farmers. Therefore, it seems quite rational for farmers to incline
toward this type of support. Grant support, on the other hand, has historically been a
very unpopular source of credit for farmers. In fact, the grant is a no-payback alternative;
however, it was their third choice. This may be due to the fact that this type of support in
Ttiirkiye is given once a year via a lottery method, and very few people benefit from it. In
summary, farmers’ choice of borrowing channels may differ depending on the country’s
structure. Policymakers can increase adoption by providing access to the most suitable
borrowing channels. The existing literature will benefit from new research that concentrates
on these concerns.

The research also considered the idea of leasing AUAVSs as an alternative approach in
addition to the option of buying them. In developing countries such as Tiirkiye, in partic-
ular, leasing can be an important method for adoption. In this regard, many arguments
that provide possible market flows were examined in detail from the farmers’ perspective.
According to the empirical results, the desire to rent was higher among farmers than the
desire to buy (32.6%). Farmers agreed to pay an average of TRY 287.54 per hectare for
the AUAV rental service. This amount can serve as a reference for actors who want to
participate in this market.

In Tiirkiye, there are various actors who can purchase AUAVs and offer rental services
to farmers. Various private entrepreneurs, agricultural cooperatives, chambers of agricul-
ture, and government personnel have the financial means and knowledge to actively offer
this service. If such a market emerges, these four organizations will create the supply, while
farmers will create the demand. Therefore, the opinions of the farmers are important.

According to the empirical analysis, farmers feel that agricultural cooperatives can
deliver this service best. Cooperatives play an important role in the development of rural
areas by providing consolidation for small- and medium-sized farmers. Cooperatives can
use farmers’ funds to purchase and lease AUAVs. This could greatly accelerate the adoption
of AUAV technology by farmers.

The farmers’ second choice for service procurement was government personnel. How-
ever, the number of government personnel may be insufficient to carry out this service.
The farmers believed that private entrepreneurs would be more disadvantageous in terms
of price compared to other service providers. In this context, what the farmers saw as a
reasonable price for the service was determined as 287.54 TRY /hectare. Entrepreneurs can
shape their promotion policies according to their desire to pay. In addition, agricultural
income and the farmer’s attitude toward technology were positively associated with the
willingness to acquire an AUAV [24,63]. The age variable had no effect on the purchase
of an AUAV but had an effect on the leasing trend. There was a negative relationship
between willingness to rent and age. In addition, land size had a positive effect on pur-
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chase. Our results support those from various other studies [59]. There was a positive
but statistically insignificant effect on renting. Education and experience were statistically
insignificant. These results were in contradiction with certain studies [60,64] and over-
lapped with others [24,62]. This is because the sociodemographic characteristics in rural
areas across countries differ. The results obtained in this study support the research of
Groher et al. (2020) [71]. In general, farmers who are young, interested in technology, and
have high agricultural incomes make up the profile of those who will spearhead Tiirkiye’s
adoption of AUAVs.

Encouraging the use of AUAVs as a complement to precision agriculture tools will
accelerate agricultural modernization and have a beneficial impact on human and environ-
mental health. This research provides new information that can be used by policy-makers
and industry representatives to promote the adoption of AUAV technology.

First, government agricultural reforms could be used to facilitate farmers’ access to
large economies and to encourage the adoption of AUAV technology. For example, cur-
rently, farmers can obtain a certificate for flying agricultural aircraft obtained from private
institutions in Tiirkiye by participating in short-term courses. In order for unmanned aerial
vehicle systems to be used in plant protection, product applications within the scope of
agricultural difficulties, necessary permits regarding flight conditions, and permits within
the scope of legislation regarding unmanned aerial vehicle systems must be obtained from
the General Directorate of Civil Aviation [72]. Legal arrangements can be made to facil-
itate the use of drones by farmers. Agricultural extension services can be capitalized in
this regard.

Secondly, the creation of an efficient market for AUAV rental, especially for Turkish
farmers, will contribute to sustainable development and pave the way for the formation of
new commercial sectors.

Third, agricultural cooperatives should be supported to ensure that all groups of
farmers have access to the service. Farmers may have trouble obtaining certification and
training. Therefore, we suggest that agricultural cooperatives develop rental processes
by introducing expert personnel. Thus, a new employment area can be developed. Ex-
perienced people in the field of agriculture can support farmers who need assistance in
flying drones, for a fee, through cooperatives by obtaining the necessary certificates. New
scientific studies should combine the goals of legislation, certification, and job creation with
regard to agricultural drones.

Finally, access to the right borrowing channels will accelerate adoption, and it should,
therefore, be encouraged.

Although this study has an empirical perspective, some limitations should be men-
tioned. This research analyzes a market that is not yet fully completed and is open to
development. Therefore, responses from the farmers reflect current attitudes, and the
behavioral tendencies of farmers may differ. In addition, this study has a geographical
limitation: it only includes farmers operating in Tiirkiye. Based on the limitations of this
study, it is recommended to be replicated in more countries while it is still in its early stages.
In this way, the adoption process of AUAVs by farmers can be better understood, and the
adoption can be accelerated.
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