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ABSTRACT

Objective: This study aims to assess producers' perceptions of climate change
and identify the adaptation strategies adopted by them.

Material and Methods: Stratified sampling was used to determine sample size,
with the Neyman method used to allocate participants by strata, resulting in a total
of 116 respondents. Analytical techniques including proportional distributions, chi-
square tests and multiple correspondence analysis were used.

Results: Results indicate an average producer age of 46 years, with 56.1%
having attained high school or higher education, and an average farming
experience of 22 years. The majority (90.5%) reported declining wheat/barley
yields, attributing this trend predominantly to climate change effects, notably
increased temperature (92.2%) and drought (95.7%), alongside decreased rainfall
(100%) and water resources (95.7%). Forecasts suggest these trends will persist,
with over 70% agreement. To address these challenges, most producers have
adjusted autumn tilling dates (82.8%), fertilizer application (83.6%), sowing dates
(88.8%), and wheat and barley harvesting schedules (69%).

Conclusion: Awareness campaigns are recommended to improve the perception
of producers and strengthen their adaptation to climate change risks. The study’'s
findings will provide policymakers with the insights needed to design and
implement targeted training programs that address gaps in producers' perceptions
and adaptation strategies.

0z

Amag: Bu calismanin amaci Ureticilerin iklim degisikligine yonelik algilarini 6lgmek
ve Ureticilerin uyguladiklari uyum énlemlerini ortaya koymaktir.

Materyal ve Yéntem: Ornek hacminin belilenmesinde tabakali érnekleme yéntemi
kullanilmig, 6rnek hacminin tabakalara dagiliminda ise Neyman yontemi
kullanilarak toplam 116 kisi ile anket yapimigtir. Toplanan verilerin analizinde
oransal dagilimlar, khi-kare ve ¢oklu uyum analizleri kullaniimistir.

Aragtirma Bulgulari: Sonuglar, ortalama Uretici yaginin 46 oldugunu, %56.1'inin
lise veya daha ylksek egitime sahip oldugunu ve ortalama ¢iftgilik deneyiminin 22
yil oldugunu gostermektedir. Cogu (Uretici (%90.5) bugday/arpa verimlerinin
azaldigini bildirmis ve bu egilimi agirlikli olarak iklim degisikligi etkilerine, dzellikle
artan sicaklida (%92.2) ve kurakliga (%95.7) ve azalan yagisa (%100) ve su
kaynaklarina (%95.7) baglamistir. Tahminler, bu egilimlerin %70'in Uzerinde bir
mutabakatla devam edecegini géstermektedir. Iklim degisikliginin stirekli etkileriyle
basa ¢ikmak icin, Ureticilerin gogunlugu sonbaharda topra@i strim tarihini (%82.8),
guibre uygulamasini (%83.6), ekim tarihini (%88.8) ve bugday ve arpanin hasat
tarihini (%69) degistimistir.

Sonug: Ureticilerin algisini geligtirmek ve iklim degisikligi risklerine uyumlarini
guglendirmek igin farkindalik calismalari yapilmasi Onerilmektedir. Calismanin
bulgular, politika yapicilara Ureticilerin algilari ve uyum stratejilerindeki eksiklikleri
ele alacak hedefli egitim programlarini tasarlamak ve uygulamak igin gerekli bilgileri
saglayacaktir.
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INTRODUCTION

The concepts of climate and climate change have been frequently discussed in recent years, with
various definitions found across different sources. Climate is defined as the average of meteorological
events such as temperature, precipitation, and wind over a specific period (TOB, 2021). Climate change
can be described based on numerous sources as the disruptions in the global atmospheric composition
caused directly or indirectly by global warming resulting from human or natural greenhouse gas emissions
(Fujisawa et al., 2015; Dogan & Karakas, 2018; Tsuijii & Giiltekin, 2018). These changes manifest over
the years as drought, altered precipitation patterns, and increased temperatures (Yang et al., 2022).
Drought occurs following extended periods without rainfall, leading to significant crop losses in agriculture
(Djellouli et al., 2019). Reduced precipitation increases the water demand of plants, thereby intensifying
water stress (Assi, 2022). The rise in global temperatures deteriorates soil health, exacerbates adverse
impacts on agricultural products, and results in large-scale crop losses (Krishnan et al., 2011; Korres et
al., 2017). All these negative effects on agricultural production exert pressure on food security, particularly
affecting food production and accessibility (IPCC, 2022).

Like many countries, Turkiye's agricultural sector is under threat from the impacts of climate
change (Akyuz & Atis, 2022). Wheat and barley, which are rain-fed cereals, are particularly vulnerable to
changes in temperature and precipitation, affecting their area and vyield (Tsujii & Gultekin, 2018).
According to TUIK (2023), the production areas for wheat and barley in several regions of Tiirkiye have
declined in recent years. Consequently, despite the adverse effects of climate change, measures must be
taken to ensure that producers can continue growing wheat and barley. Numerous scientific studies have
analyzed the behaviors and adaptation measures of producers in Tirkiye in response to climate change
threats (Polat & Dellal, 2016; Akyuz & Atig, 2022; Bolat & Bakirci, 2022; Korkmaz & $ahin, 2023). For
instance, Polat & Dellal (2016), analyzed the perceptions of producers who practice good agricultural
practices regarding climate change and its impacts. Bolat & Bakirci (2022), assessed the knowledge and
perception levels of agricultural producers in the Erbaa plain concerning climate change. Korkmaz &
Sahin (2023), determined the level of perception of climate change concerns by the respondents. Akyiz
& Atis (2022), explored the environmental attitudes of producers in the “Kicik Menderes” basin
regarding climate change adaptation.

Considering that each region has its unique climate and soil structure, resulting in differences in the
crops produced, these studies are understood to be conducted at a regional level. However, no previous
study has been found regarding the perception of climate change in the Isparta region and Yalvag¢ district.
This study aims to provide critical data for decision-makers to develop agriculture and address issues in
the region by examining the perceptions of climate change and adaptation measures implemented by
producers in Yalvag district. Turkiye's Mediterranean region, including Yalvagc district, experiences a faster
temperature rise compared to other regions. Projections for 2070 predict a 6°C increase in summer
temperatures and almost a 20% decrease in winter precipitation. Over the past 100 years, the number of
hot days and nights in the Mediterranean region has increased by more than 15 days, leading to reduced
summer crop Yyields even with irrigation. In 2008, low rainfall in Isparta province (including Yalvag district)
resulted in poor grain yields and made harvesting with combine harvesters challenging, ultimately leading
to insufficient hay supply for livestock farms. Additionally, rising temperatures due to climate change have
decreased the water volume in the region's lakes (Cevre ve Sehircilik Bakanhgi, 2020). Under these
conditions, wheat and barley producers must implement multiple measures to cope with the direct or
indirect effects of climate change.

MATERIALS and METHODS

This research was approved by the ethics committee of Isparta University of Applied Sciences with
document number E.62155, dated 10.24.2022.
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Perceptions of climate change and adaptation measures among wheat and barley producers

This research utilized primary data collected through face-to-face surveys with wheat and barley
producers in Yalvag district.

The Yalvag district in Isparta province was selected as the research area because it is the largest
producer of wheat and barley, with the highest nhumber of producers. This district is representative of the
Isparta region both socially and economically in terms of wheat and barley production. The sample size
was determined based on the area planted with wheat, considering that wheat producers also cultivate
barley. Farms registered in the Farmer Registration System for the 2022 production season were taken
as the main population (N=2247). The Stratified Sampling Method (Yamane, 2018) was used to
determine the sample size, and the Neyman Method was applied for the distribution of the sample size
across strata (Cicek & Erkan, 1996).

_ % (NaSw)? (1)
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In the equation above: n: represents the sample size, N: denotes the total number of units, Nh: is
the number of units in the h-th stratum, Sh: is the standard deviation of the h-th stratum, D: is defined as
d/z, d: is the deviation from the mean, z: is the value from the z-distribution table corresponding to (N-1)
degrees of freedom at a 95% confidence level and a 5% margin of error.
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In the calculation, the sample size was determined to be 116 (Table 1). The following formula was
used to determine the number of producers in each stratum (Cicek & Erkan, 1996).
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Table 1. Sample size

Cizelge 1. Ornekleme hacmi

Stratum margins Stratum Sample

Stratum (da) Average Nn Sh NrSh Number
| 1.00-20.00 10.39 1121 6.50 7281.51 44
Il 20.01-50.00 32.03 793 6.73 5341.31 32
1} 50.01-100.00 68.16 233 13.22 3082.54 18
\ 100.00 + 134.18 100 36.46 3646.59 22
Total 30.09 2247 19352 116

The Likert scale was used to measure the producers' perceptions of climate change. For data
analysis, Multiple Correspondence Analysis (MCA), Chi-square tests, and proportional distributions were
employed. Multiple Correspondence Analysis is a method for interpreting categorical data. This graphical
approach highlights the similarities, differences, and relationships between row and column variables in
cross-tabulations. It also allows for the observation of their simultaneous changes in a reduced-
dimensional space (Siner & Celikoglu, 2010). The Chi-square test was used to analyze the relationship
between two variables.

RESULTS and DISCUSSION
Socio-economic characteristics of producers

The majority of the producers surveyed are male (96.6%) with an average age of 46 years. The
youngest participant is 26 and the oldest is 72 years old. According to Shahbaz (2018) and Tokgdz
(2022), agricultural farms are predominantly managed by men. Yizbasioglu (2019), noted that women
have less influence in agricultural operations and generally work as family labor, which explains the low
representation of women in the sample. Similar results were found by Karakas (2022), which revealed
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that most wheat producers in Corum province are male (95%) with an average age of 47 years. Naseri
(2015) found the average age of wheat producers in Usak province to be 51 years. In terms of education,
most producers have completed high school (39.7%), followed by elementary school (21.6%), middle
school (20.7%), and university (16.4%). These results indicate that a majority of the producers have at
least a high school education, suggesting a higher level of awareness about agricultural practices and a
better ability to comprehend and express perceptions related to climate change. Producers with higher
education levels are more likely to change their behavior in response to the impacts of climate change
compared to those with lower education levels. Producers in Yalva¢ have an average of 22 years of
experience in wheat or barley production. A Chi-square analysis showed a statistically significant
relationship (p<0.000) between the producers' age and years of experience, indicating that older
producers have more experience. This relationship can be attributed to the fact that older producers have
had more time to accumulate practical farming knowledge and experience. According to Arimi et al.
(2020), producers with more agricultural experience tend to have better skills to cope with the effects of
climate change. The survey revealed that 42.2% of the producers engage in activities other than
agriculture. Among these, the highest proportions are government employees (38.8%) and self-employed
individuals (34.7%), including drivers, shopkeepers, and traders. These findings indicate a diversity of
income-generating activities among participants, which can have positive effects on the economic
resilience of producers, particularly in the context of climate change challenges. Diversifying income
sources can contribute to greater financial stability amidst climate and market fluctuations. Additionally,
adopting effective measures in the face of climate change can enable producers to invest their surplus
earnings into improving their agricultural operations. In Yalvag district, the majority of producers (42.2%)
produce wheat on owned land, followed by those who farm on rented land (34.5%) and those using a
combination of owned and rented land (20.7%). Similar results were found in Usak province, where the
majority (59%) of land used for wheat production is owned (Naseri, 2015). In Isparta Yalva¢ district, both
barley and wheat are produced on owned, rented and shared lands. However, barley production is more
commonly conducted on rented land (40.7%), followed by owned land (34.3%).

Producers' perception on the effects of climate change on wheat/barley production

Between 2012 and 2022, the majority of Yalva¢ producers (90.5%) observed changes, such as
yield reductions, in wheat and barley production. Furthermore, 52.4% of the producers stated that the
decrease in wheat or barley yields between 2017 and 2022 was due to drought and lack of rainfall. More
than 50% of the producers indicated that the decline in wheat or barley yields over the past decade was
caused by drought, insufficient rainfall and frost (Table 2). These statements clearly demonstrate that
producers are strongly affected by the impacts of climate on wheat and barley production.

Table 2. Reasons for the decline in wheat and barley yields according to producers

Cizelge 2. Ureticilere gére bugday ve arpa verimindeki diisiisiin nedenleri

Number %

Reasons for yield decline between 2017 and 2022
Insufficient rainfall, drought 55 52.4
Seasonal shifts, change of precipitation times 36 34.3
Not using fertilizer, insufficient use (price increase) 7 6.6
Frost, hail, excessive rainfall 7 6.6
Total 105 100

Reasons for yield decline between 2012 and 2022
Insufficient rainfall, drought, frost 65 61.9
Temperature rise, global warming 34 32.4
High fertilizer prices, poor quality seed 6 5.7
Total 105 100
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According to Kaya (2021), the decrease in wheat yields in Turkiye is primarily due to extreme
temperatures (above 30°C) and insufficient rainfall (below 40 mm) occurring in May and June. The
recurrence of these climatic events (extreme heat and low precipitation) over several years suggests that
many winter wheat varieties will be unable to withstand the effects of climate change. Geren & Geren
(2008), noted that inadequate rainfall between February and March, during the heading period,
significantly reduces wheat yields in Turkiye. High temperatures and low rainfall in May are key climatic
factors impacting wheat yields in the coastal regions of the Aegean in Turkiye. Similarly, a study
conducted in Nigeria found that delayed rains and high temperatures are the most critical climate factors
that significantly reduce crop yields in many farms (Chukwu et al., 2023).

All producers (100%) expressed concerns about the impacts of climate change. Their worries
include reductions in wheat and barley yields, which they believe will lead to significant decreases in food
supply in the coming years. Therefore, it is indicated that issues of food insecurity are fundamentally
linked to climate change. Consequently, there is widespread awareness among producers about the
potential risks of climate change to food security. Additionally, 20.7% of the producers are specifically
worried that climate change will cause global warming and drought (Table 3). According to a study by the
Ministry of Agriculture and Forestry, 76% of producers indicated that the effects of climate change would
lead to severe famine (TOB, 2021).

Table 3. Producers' concerns about the impacts of climate change
Cizelge 3. Ureticilerin iklim degisikliginin etkileri hakkindaki endiseleri

Producers' worries about the impacts of climate change Number %

Decreases in yield 38 32.8
Problems in food supply 27 23.3
Drought, decreasing rainfall and rising temperatures 24 20.7
Shift of precipitation to summer due to climate change 9 7.8
Lack of water (water shortage) 8 6.9
Reduced income 4 3.4
Degradation of ecology 3 2.6
Natural disasters, increase in diseases and pests, pollution problems 3 2.6

Total 116 100

While all producers are concerned about climate change, the level of concern varies among
individuals. Specifically, 38.8% of producers are very worried about the effects of climate change. In
contrast, 35.3% are neutral, neither worried nor unworried, and 25.9% are simply concerned about climate
change. These findings indicate widespread concern among producers, though the degree of individual
concern varies. Some producers may express higher levels of concern due to personal experiences or the
direct impact of climate change on wheat and barley production. These data can be useful in developing
differentiated awareness strategies and adaptation measures based on the producers' levels of concern. In
the Wushen Banner region of China, a study by Zhang et al. (2020), found that 41% of producers were very
worried about climate change, 51% were neutral, and 4% were not concerned about climate change.
Similarly, a study by the TOB (2021), reported that the majority of producers believe the climate is
constantly changing, with 92% expressing concerns about the impacts of climate change.

Perceptions of wheat and barley producers on climate change

To assess producers' perceptions on changes in specific weather indicators, a three-level Likert
scale (1- decreased, 2- no change, 3- increased) was employed. According to the results, wheat and
barley producers in Yalvag district noted increases in average summer temperatures (95.7%), average
winter temperatures (87.1%), drought intensity (85.3%), and soil degradation (68.1%). These findings
align with Zhang et al. (2020), where the majority of producers in China's Wushen Banner region (95%)
reported increases in annual temperature and drought. Producers in Punjab, India, have observed a rise
in temperature in recent years (Kumar & Sidana, 2018), as have producers in Burundi (Batungwanayo et
al., 2023). Similar observations have been made by producers in Pakistan, who reported temperature
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increases during both summer and winter months (Abid et al., 2015). All wheat and barley producers in
Yalvag district (100%) reported a decrease in average annual rainfall over the past decade. Producers
also indicated declines in average spring rainfall (99.1%), average summer rainfall (85.3%), average
autumn rainfall (98.3%), average winter rainfall (92.2%), the number of rainy days annually (94%), and
available water resources (95.7%). These findings reflect growing concerns about climate change,
particularly changes in rainfall patterns that significantly affect agriculture. Reduced rainfall can have a
substantial impact on wheat and barley production, which heavily depend on climatic conditions.
Furthermore, these results underscore the need to adapt agricultural practices and implement strategies
to mitigate the potential effects of climate change. These results are consistent with other studies. In
Wushen Banner, China, 95% of surveyed producers reported a decline in annual rainfall (Zhang et al.,
2020). In Punjab, India, most producers have observed a decrease in seasonal rainfall in recent years
(Kumar & Sidana, 2018). According to Kizmaz (2020), participants in various villages in Elazig, Turkiye,
noted a reduction in water resources. In Pakistan, producers reported decreases in rainfall during both
summer and winter months (Abid et al., 2015).

According to multiple correspondence analysis, the relationship between farm size, agricultural
experience, and producer opinions on annual temperature changes is presented in Figure 1. Producers
with farms smaller than 20 decares and 21 to 30 years of agricultural experience believe there has been a
greater increase in average annual temperature over the past decade. This finding suggests that
producers with smaller farms may be more sensitive to climate change due to the more vulnerable nature
of their operations. Additionally, extensive agricultural experience may heighten awareness of even small
changes in climate conditions over the years.

Joint Plot of Category Points

¥ Stratum
A Temp
-+ YExper
2
Stratum Il
&
1=10[
¥
P 4[31 +
c
o
g increased
a
® g [21-301
E Stratum I\:’I’rS\t N +|'
ratum
o 01 -200 gpreatum
+ =
K]
no change
decreased A
A
-2
-2 -1 o 1 2 3
Dimension 1

Variable Principal Normalization.

AAverage annual temperature

*(.Stratum

+ Years of experience

1. decreased

1. Stratum | (1.00-20.00) da

1.1 10]

2. no change 2. Stratum Il (20.01-50.00) da 2.[11 20]
3. increased 3. Stratum lll, (50.01-100.00) da 3. [21-30]
4. Stratum 1V, (100.00 +) da 4. {31+]

Figure 1. Relationship between strata, years of experience and mean annual temperature.
Sekil 1. Tabakalar, deneyim yillari ve ortalama yillik sicaklik arasindaki iliski.

The perceptions of producers regarding future climate variables (next ten years) were assessed using
a three-level Likert scale (1. decrease, 2. no change, 3. increase). Producers believe that in the next decade,
there will be an increase in annual average temperature (93.1%) and drought (86.2%). Similarly, they
anticipate increases in irregular rainfall (76.7%), frost (64.9%), and hot winds (63.8%). However, producers
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also expect a decrease in annual average precipitation (94.8%) and in available water resources (87.1%)
over the next decade. These findings highlight the importance of planning and adaptation to overcome
potential challenges of climate change in the agricultural sector of Yalva¢ district. According to Zhang et al.
(2020), producers are in consensus about the future impact of climate change on their regions.

A five-level Likert scale (1. strongly disagree, 2. disagree, 3. neutral, 4. agree, 5. strongly agree) was
used to measure producers' perceptions of climate change adaptation. According to the results, 97% of the
surveyed producers agree that climate is changing; 98% agree that temperature and drought are increasing
due to climate change; approximately 98% agree that rainfall is decreasing or becoming irregular because of
climate change. Additionally, 97% of producers agree that climate change affects agricultural activities. For
instance, 87% believe that declines in wheat and barley yields are linked to the effects of climate change,
while those who remain neutral attribute yield declines to economic crises and high input costs. Therefore,
87% of producers associate high agricultural production costs with the effects of climate change, which in
turn has led to increased food prices. Consequently, 83% of producers strongly agree that adjusting wheat or
barley planting dates to later in the season is necessary to mitigate the impacts of climate change, which
would consequently shift harvest dates. More than 40% of producers strongly agree that transitioning to dry
farming, with lower water usage, is necessary due to water scarcity, although approximately 28% are
undecided about transitioning to dry farming. Moreover, 80% of producers attribute plant diseases, pests,
ecosystem degradation, and soil fertility decline to the effects of climate change. Producers also strongly
agree (82%) that increased frost duration is due to climate change. About 65% of respondents remained
neutral when asked if irrigation periods or amounts had changed, likely because a majority do not irrigate
wheat or barley. Additionally, over 90% of producers agree that climate change affects agriculture, and 83%
believe that adopting adaptation measures can reduce its effects. However, producers acknowledge the
limitations of human capacity alone in coping with the impacts of climate change, given the high costs
associated with managing these effects. Furthermore, 80% of producers agree that their knowledge about
climate change is limited. According to Zhang et al. (2020), 97% of producers believe that climate change
affects agricultural activities, and 79% attribute declines in crop and livestock yields to climate change. In
China, 74% of producers believe that increases in production costs are due to climate change, and 87%
believe that appropriate measures must be taken to combat the effects of climate change. In the Wushen
Banner region of China, 79% of surveyed producers believe that the cost of adapting to climate change is
high, and 65% believe that human capacity is limited in addressing the effects of climate change. Similarly,
80% of respondents in the survey by Zhang et al. (2020), believe that the costs of implementing adaptation
measures are high. According to TOB (2021), 90% of respondents in a survey believe that climate change
will be a significant issue for agricultural production. The majority (83%) believe that measures to prevent
climate change will be effective.

Measures and behaviors of producers against the effects of climate change

Table 4 presents the reasons why producers change their planting schedules. Subsequently, Table 5
illustrates different periods when planting activities were conducted between 2012 and 2022.

According to Tables 4 & 5, in response to the impacts of climate change, 83% of the surveyed
producers reported changing the date of soil plowing in the fall. This adjustment is attributed to various
reasons, such as the delayed onset of fall rains (41.7%) and changes in rainfall patterns (30.2%). In 2012, the
majority of producers (85%) conducted soil plowing in October. However, due to the effects of climate
change, 76% of producers carried out fall plowing in November in 2022, despite using the same cultivation
techniques. Thus, over ten years, the date for fall soil plowing in most farms in Yalvag shifted by one month,
from October to November. This shift from October to November reflects a strategic adaptation by producers
to account for changing rainfall patterns and the delayed arrival of fall rains. These adjustments in the timing
of agricultural activities highlight the flexibility of producers in adapting to changing climate conditions, which
iS necessary to optimize yields and maintain the viability of their operations in the face of climate challenges.
According to the chi-square test results, there is a significant relationship between the annual average fall
rainfall and the producers' decision to change the date of soil plowing in the fall (x2=9.77; p=0.02). This

69



Gassi & Celik Ates

analysis indicates that annual average fall rainfall has a statistically significant effect on the producers'
preference to change the soil plowing date.

Table 4. Various practices of producers in wheat and barley production in relation to climate change and their reasons
Cizelge 4. Ureticilerin iklim degisimiyle ilgili olarak bugday ve arpa iretiminde gesitli uygulamalari ve nedenleri

Number %
Date of soil plowing in the fall
Changed 96 82.8
Unchanged 20 17.2
Total 116 100
Why has it changed?
Climatic shift and change in rainfall regime 29 30.2
Late arrival of fall rains 40 41.7
Drought 27 28.1
Total 96 100
Base Fertilization time
Changed 97 83.6
Unchanged 19 16.4
Total 116 100
Why has it changed?
Delaying sowing 7 7.2
Climatic shift and change in rainfall regime 27 27.8
Late arrival of rainfall 37 38.1
Drought 26 26.8
Total 97 100
Sowing date
Changed 103 88.8
Unchanged 13 11.2
Total 116 100
Why has it changed?
Climatic shift and change in rainfall regime 25 24.3
Late arrival of fall rains 47 45.6
Drought 31 30.1
Total 103 100
Surface fertilization
Changed 85 73.3
Unchanged 31 26.7
Total 116 100
Why has it changed?
Climatic shift and rainfall regime change 28 32.9
Irregular spring rainfall 11 12.9
Drought, no rainfall 46 54.1
Total 85 100
Changes in spraying
Changed 68 58.6
Unchanged 45 38.8
No spraying 3 2.6
Total 116 100
Why has it changed?
Climatic shift, rainfall regime change, irregularity in rainfall 28 41.2
Drought 40 58.8
Total 68 100
Harvest time
Changed 80 69
Unchanged 36 31
Total 116 100
Why has it changed?
Harvest time varies according to temperature 15 18.8
Climatic shift and rainfall regime change 41 51.2
Drought 24 30.0
Total 80 100
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Table 5. Changes in producers' practices in wheat and barley production in 2012-2022
Cizelge 5. Ureticilerin bugday ve arpa (iretiminde 2012-2022 yillarindaki uygulamalarindaki degigiklikler

Date of soil plowing in the fall

Date of soil plowing in the fall 2022 Date of soil plowing in the fall 2012
September October November September October November
Number 1 26 89 16 99 1
% 0.9 22.4 76.7 13.8 85.3 0.9
Base Fertilization time
Base Fertilization time 2022 Base Fertilization time 2012
October November December September October November6
Number 20 95 1 9 100 7
% 17.2 81.9 0.9 7.8 86.2 6
Sowing date
Sowing date 2022 Sowing date 2012
October November December September October November
Number 18 93 5 10 100 6
% 155 80.2 4.3 8.6 86.2 5.2
Surface fertilization
Surface fertilization 2022 Surface fertilization 2012
January February = March April February March April
Number 1 4 21 90 2 23 91
% 0,9 3,4 18,1 77,6 1,7 19,8 78,4
Changes in spraying
Change in spraying 2022 Change in spraying 2012
January March April May February = March | April May
Number 2 4 100 7 2 6 100 5
% 1.8 35 88.5 6.2 1.8 5.3 88.5 4.4
Harvest time
Harvest time 2022 Harvest time 2012
July August June July
Number 111 5 15 101
% 95.7 4.3 12.9 87.1

This finding underscores the direct impact of rainfall conditions on producers' operational decisions.
Facing increasingly unpredictable weather conditions, producers may need to adjust their plowing practices
based on changes in fall rainfall. The timing of basal fertilization was changed by 84% of the surveyed
producers. The reasons for this change include delayed rains (38.1%), changing rain seasons (27.8%), and
drought (26.8%). In 2012, 86% of producers applied basal fertilizer in October. By contrast, in 2022, the same
producers performed basal fertilization in November. This change in practice indicates that producers are
attempting to minimize the negative impact of changing climate conditions on wheat/barley production and
optimize the use of available resources. According to the chi-square test, there is a significant relationship
between changes in the annual average spring rainfall and the timing of basal fertilizer application (x2 =5.15;
p=0.02). This finding shows that changes in the annual average spring rainfall have a statistically significant
effect on the timing of basal fertilizer application. This illustrates that for sustainable agriculture, producers are
making changes in their agricultural practices to adapt to climate changes. Producers (89%) changed their
sowing dates between 2012 and 2022 due to the delayed onset of fall rains (45.6%), drought (30.1%), and
changes in rainfall patterns (24.3%). Therefore, in 2012, most farms (86%) sowed wheat or barley in October.
However, by 2022, due to the effects of climate change, the majority of producers (80%) sowed wheat or
barley in November. Like the fall soil plowing date, the effects of climate change have caused a one-month
shift in wheat or barley sowing activities. The shift of sowing activities from October to November represents
a strategic adaptation aimed at optimizing crop growing conditions in light of new climatic realities. According
to the chi-square test results, there is a significant relationship between changes in the annual average spring
rainfall and the producers' decision to change the wheat/barley sowing date (x2 =7.99; p=0.005). Adjusting
the sowing date in response to changes in spring rainfall demonstrates the producers' sensitivity to specific
weather conditions affecting the germination, growth, and development of wheat and barley. By adjusting the
sowing time, producers aim to minimize risks associated with unpredictable weather conditions while
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maximizing the use of available resources. Surface fertilization is applied as early as possible during the
tillering stage of wheat or barley. 73% of producers have changed their Surface fertilization dates. The
primary reasons for this change between 2012 and 2022 are drought and reduced rainfall (54.1%), as well as
climatic shifts and changes in rainfall patterns (33%). In both 2012 and 2022, the majority of producers (78%)
applied Surface fertilization in April. However, in 2012, Surface fertilization was applied at the beginning of
April, while in 2022, this application took place towards the end of April. This monthly shift demonstrates a
strategic adaptation to optimize the efficiency of surface fertilization under changing weather conditions.
Thus, producers exhibit the ability to take flexible measures and optimize agricultural practices to maintain
productivity under variable weather conditions. According to the chi-square test results, there is a significant
relationship between windy days and the application of Surface fertilization by wheat/barley producers (x2 =
6.74; p = 0.03). This significant relationship indicates that weather conditions, particularly wind, impact
agricultural practices related to fertilization. Producers adjust their fertilization methods to windy conditions to
minimize losses and maximize input efficiency. Strong winds can cause uneven distribution of fertilizers,
affecting the uniform distribution of nutrients in the soil. Spraying dates were changed by 58% of the surveyed
producers. About 2.6% of the surveyed producers indicated that they did not perform any spraying. The
reasons given for changing spraying dates included drought, insufficient and irregular rainfall. In both 2012
and 2022, the majority of producers carried out spraying activities in April. Between 2012 and 2022, 69% of
producers changed their wheat or barley harvest dates. The main reasons for this change in harvest dates
were changes in rainfall patterns (51.2%) and drought (30%). In 2012, wheat or barley harvest began in June
and ended in July. However, in 2022, the harvest began in late July and ended in August. This adaptation
likely aims to optimize crop quality and yield despite the challenges posed by climate change. According to
the chi-square test results, there is a significant relationship between annual average temperature changes
and changes in wheat/barley harvest dates (x2 = 6.60; p = 0.03). This indicates that annual average
temperature changes influence producers' decisions to change harvest dates. Overall, annual average
temperature changes have a direct impact on producers' preferences regarding the timing of wheat or barley
harvests. 20% of surveyed producers reported knowing measures to counteract the adverse effects of
climate change but not implementing them. Irrigation, cover crops, mulching, and early warning systems are
the main measures producers are aware of but do not practice. 61% of producers cited the high costs of
purchasing and installing equipment as the reason for not taking measures to combat the effects of climate
change. Thus, there is a need for financially accessible solutions to encourage the adoption of adaptation
measures. Other barriers to implementing precautionary measures against the effects of climate change, as
cited by producers, include insufficient water resources and lack of land ownership (Table 6).

Table 6. Adaptation measures known to producers

Cizelge 6. Ureticiler tarafindan bilinen uyum énlemleri

Number %

Knowing but not practicing 23 19.8
Does not know 93 80.2
Total 116 100

If they are aware, what are they?

Number %

Irrigation 10 43.5
Early warning systems 3 13.0
Cover crops and mulching 4 174
Insurance 1 4.3
Irrigation and other (roof, green manure etc.) 5 21.7
Total 23 100

(If you are aware, why haven't you implemented them?

Number %

Water shortage 4 174
Cost, mistrust of insurance 16 69.6
Not his own land 3 13.0
Total 23 100.0

72



Perceptions of climate change and adaptation measures among wheat and barley producers

CONCLUSION

In recent years, climate changes have negatively impacted the agricultural sector in various regions
of Tlrkiye, particularly in the Yalvag district. Wheat and barley producers in this district are acutely aware
of the climate shifts and are experiencing the effects intensely. The most notable perceptions are the
decrease in precipitation and the increase in temperatures in recent years. Producers have attributed the
decline in wheat and barley yields to drought, lack of rainfall, frost, and rising temperatures. To continue
producing wheat and barley and to ensure sustainable agriculture, producers have adopted a series of
measures to adapt to the impacts of climate change. These measures include changes in sowing dates,
fertilization, and harvesting. There is a need for the support of Provincial/District Agriculture Directorates
to address the producers' knowledge gaps and assist them in adapting to climate change. These
directorates should plan and implement new training and extension programs aimed at enhancing the
capacity and resilience of producers to adapt to climate change, in collaboration with local stakeholders.
Efforts should focus on disseminating best practices and successful applications, addressing emerging
issues during adaptation, and providing education and extension activities in these areas. Organize
participatory training workshops where producers can share their experiences and learn from one another
about the impacts of climate change. These workshops should include testimonies from producers who
have successfully implemented adaptation measures. Establish demonstration plots where producers can
observe the positive effects of climate-adapted agricultural practices, such as the use of resistant crop
varieties or water management techniques, in real-time. Collaborate with local radio stations,
newspapers, and other community media to regularly disseminate information about climate change and
its impact on agriculture. Working with research institutes and climate change experts to plan and
implement region-specific and locally tailored special training programs will also provide significant
benefits. Research and development efforts on climate-resilient varieties should be accelerated. These
programs can be tailored to the specific needs of producers and cover topics such as best sustainable
agricultural practices, water management, energy-efficient irrigation techniques, and other climate
adaptation strategies. Such extension activities will enable producers to continue producing wheat and
barley amid climatic changes and ensure the sustainability of agriculture. The government should take the
necessary measures and accelerate new incentive and support policies regarding financial assistance.
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