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Abstract: The long-term impact of atmospheric events is defined as climate.
Agricultural activities are more affected by climate change since they mostly rely
on nature. Agricultural activities may also induce climate change. Therefore, it is
valuable to know how agricultural activities are affected by climate change.
Therefore, this study was conducted to assess long-term changes in climate and
agricultural products and mutual relationships between them in the Susehri district
of Sivas province located in the Kelkit Basin. Climate (air temperature,
precipitation, and relative humidity) and yield (crops of wheat, dry bean, and
chickpea) data of the 1991 — 2017 period were used. Long-term temporal changes
were tested with the nonparametric Mann-Kendall trend test. Relationships were
analyzed with the use of the Cochrane-Orcutt estimation regression. The air
temperature showed increasing tendency both annually and seasonally, and also
had negative effects on wheat yield. Relative humidity showed a positive
relationship with the wheat yields both annually and seasonally. Any climate data
did not have a significant effect on chickpea and dry bean yields. If the temperature
increase continues in the future, negative effects of climate change on agricultural
products of the region will be inevitable. It is likely that agriculture in the region
will shift to higher altitudes in time. Present findings could be used for the entire
Kelkit Basin, which is located in the same climate and geographical zone as Sugehri
district.

Susehri Bolgesinde Bugday, Kuru Fasulye ve Nohut Uriin Verimlerinin Kiiresel Iklim
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Oz: Atmosferde meydana gelen olaylarin uzun vadeli etkisi iklim olarak
tanimlanmaktadir. Tarimsal faaliyetler dogaya bagli olmalar1 bakimindan iklim
degisikliginden daha fazla etkilenmektedir. Ayrica tarimsal faaliyetler, iklim
degisikliginden hem etkilenme hem de iklim degisikligini etkileme agisindan
onemli bir konumdadir. Bu nedenle, tarimsal faaliyetlerin iklim degisikliginden
nasil etkilendigini bilmek o6nemlidir. Bu ¢alismanin amaci, Tirkiye'nin Kelkit
Havzasi'ndaki Sivas Susehri'nde iklim ve tarimsal iiriin veriminin uzun vadede ki
degisimlerini ve birbirleriyle olan iligkilerini ortaya koymaktir. 1991-2017 yillar
arasinda ki iklim verileri (hava sicaklig1, yagis miktar1 ve bagil nem) ve tarimsal
iiriinlerin (bugday, kuru fasulye ve nohut) verimi kullanilmistir. Uzun siireli
zamansal degisiklikler parametrik olmayan Mann-Kendall trend testi ile test
edilmistir. iliski testleri ise Cochrane-Orcutt tahmin regresyonu ile analiz
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edilmistir. Hava sicakligt hem yillik hem de mevsimsel olarak artis egilimi
gosterirken bugday verimi {izerine de olumsuz etki gostermistir. Ayrica, bagil
nem, bugday ile hem yillik hem de mevsimsel olarak pozitif bir iliski gdstermistir.
Iklim verilerinin higbiri nohut ve kuru fasulye verimi iizerinde anlaml1 bir etki
gostermemistir. Eger gelecekte sicaklik artisi devam ederse, bolgedeki tarim
iirtinlerini olumsuz etkilenmesi kaginilmaz olacaktir. Bélgede yapilan tarimin ise
zamanla daha yiiksek rakimlara kaymasi muhtemeldir. Bu ¢alismada elde edilen
sonuglar, Susehri bolgesi de dahil olmak iizere ayni iklim ve cografi bolgede
bulunan tiim Kelkit Havzasinda kullanilabilir.

1. Introduction

Climate is defined as the long-term effect of atmospheric events and it is continuously changing
over the years (Tiirkes et al., 2000). Global climate change is defined as the increase in the average
surface temperature of the earth through increasing effects of greenhouse gases including CO; (carbon
dioxide), CH4 (methane), N>O (nitrous oxide), O3 (ozone), CFCs (chlorofluorocarbons), and H>O (water
vapor), which are encountered mostly as a result of human activities (Dellal and McCarl, 2007). The
surface air temperature in the world has increased by approximately 0.85°C and the air temperature will
be by an average of 1.8-4.0°C in 2100 even in the best circumstances if no action is taken (IPCC, 2014).
Human activity-induced increase in air temperature could warm up the atmosphere and oceans, change
the global water cycle, decrease the snow and glaciers, increase the sea level, change the precipitation
amount and pattern and increase the frequency and severity of natural disasters such as drought, flood,
hurricanes (Bayra¢ and Dogan, 2016). Agriculture is more influenced by climate change as compared
to the other sectors since it is totally on nature and natural conditions. On the other hand, agriculture is
also an important position in terms of both being affected and causing climate change. Agricultural
activities such as incorrect land use, excess chemical input (fertilizers, chemical pesticides, insecticides),
tillage and livestock operations may increase the release of greenhouse gases, hence inducing climate
change.

It is predicted that agricultural production will increase in medium and high latitudes, and yield
will decrease in tropical and subtropical regions as a result of increasing global warming (Khasnis and
Nettleman, 2005). Moreover, in the air temperature estimations made for 2100, it is thought that an
increase of 3°C will be the distribution of plant species to 300400 km north or 500 m higher altitudes
in temperate regions (Hughes, 2000). Plant species may have difficulties in responding to such changes
either by migration or by developing adaptation mechanisms. These troubles can limit the distribution
of species and even cause their extinction (Clarke, 2007). It is predicted that these conditions of global
climate change will destroy 15-37% of the species in the world by the year 2050 (Bakkenes et al., 2006;
Clarke, 2007).

In order to assess the effects of climate change on agriculture, several research have been
conducted on different products in many parts of the world. It was predicted that rain-fed dry-farming
lands will shift to the north, and a yield loss of between 10-50% will be seen (Rosenzweig and Iglesias,
1994; Rosenzweig and Hillel, 1998; McCarl et al., 2001). Climate change may facilitate the weak
development of cereals, increase the incidence of disease and pests, resulting in drying of vegetable
seedlings, loss of quality and yield, and delayed ripening of fruits (Ogunbameru et al., 2013). These
effects could also be encountered in Turkish agricultural fields, such as shortened growth periods, early
harvest times, shifting production regions to the central and northern regions, change in production
patterns of the regions, and decreased yield and quality (Kuntasal Oguz, 2012). In Turkey, it was
reported that the average yield of wheat, barley, maize, cotton, and sunflower decreased with the effects
of climate change (Dellal et al., 2011). Similarly, Giirkan et al. (2017) investigated the effects of climate
conditions on the agricultural products of Turkey and reported that the yield of sunflower (for oil) and
cotton (seed) decreased across the country. Global climate change will definitely be effective in all
regions of Turkey, but the effects of it are expected to vary depending on geographic factors, latitude,
and altitudes (Kanber, 2007). It is expected that the air temperature increase will be less in Aegean,
Marmara, and Black Sea, but higher in the Mediterranean, Southeastern, and Eastern Anatolia Regions.
It is also expected that the decline in precipitations will be higher in the Aegean and Mediterranean, but
will not change much in Marmara and Black Sea Regions (Sen, 2013).
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When the studies conducted in the world are evaluated, it was observed that impacts of global
climate change on agricultural products, growing conditions of the cultivated plant species varied
according to the latitude, elevation, and geographical position of the region to be cultivated.
Accordingly, the determination of the effects of climate change on agricultural products in different
regions will play a great role in climate change mitigation. Therefore, the present study was conducted
to assess long-term changes in climate and agricultural products and mutual relationships between them
in the Susehri district of Sivas province located in the Kelkit Basin. To this purpose, agricultural products
widely grown in the region that wheat, dry bean, and chickpea were selected. The long-term variation
of the production amount of these products per decare was investigated.

2. Material and Methods
2.1. Study area, climate, and agricultural data

The study area, Susehri district of Sivas province is located within the boundaries of the Eastern
Black Sea Region (38.09 E 40.16 N) of Turkey (Figure 1). The total surface area is 985 km? and the
altitude is approximately 1000 meters. The district has a transitional climate between the temperate
climate of the Black Sea Region and the continental climate of Central Anatolia.

Climate data covering the 1991 — 2017 period and including air temperature (AT), precipitation
(Pr), relative humidity (RH) were obtained from the Turkish State Meteorological Service
(https://mevbis.mgm.gov.tr/mevbis) for Susehri. Climate data were obtained as the monthly mean values
for each year, which means 12 values for each parameter of a year. Yields (kg/da) for wheat, dry bean,
and chickpea were obtained from the Turkish Statistical Institute (TUIK) (http://tuik.gov.tr) for Susehri
from January 1991 to December 2017. The selected plant species are commonly grown both in Turkey
and the research region. Although the sowing dates of these crops are different, growth, grain filling,
and harvest periods take place within the same period in the region.

In agricultural practices of the region, local genotypes are extensively used. However, during
the last 5-10 years, certified seeds were started to be used in wheat and chickpea cultivation. Fertilization
is carried out in a standard way without soil and leaf analysis. In the last 10 years, irrigation is carried
out in wheat, chickpea, and dry bean cultivation of the region (A. Siimbiil, unpublished data).
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Figure 1. General view of research area.
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2.2. Statistical analysis

Tests for trends in climate and agricultural data over the years were performed by means of a
nonparametric, nonseasonal Mann-Kendall Trend test (Hipel and McLeod, 1994). It has been widely
used to test for randomness against the trend in climatological time series (Zhang et al., 2001; Tiirkes et
al., 2009; Glimiis et al., 2017). In trend analyses, the Theil-Sen regression slope was used to predict the
regression constants based on the Mann-Kendall Trend test and the Kendall correlation coefficients
(Sen, 1968). The Mann-Kendall test is based on the calculation of Kendall's tau measure of association
between two samples, which itself is based on the ranks of the samples. The null hypothesis is set as
“data are independent and randomly ordered”. However, the existence of positive autocorrelation in the
data increases the probability of detecting trends when actually none exist or vice versa. The presence
of autocorrelation in the residuals of the regression models was tested using the Durbin-Watson test. A
modified non-parametric trend test that is suitable for autocorrelated data is proposed by Hamed and
Rao (1998). It was stated that the accuracy of the modified test in terms of its empirical significance
level was found to be superior to that of the original Mann-Kendall trend test without any loss of power.
When autocorrelation occurs in the data, the Hamed and Rao method was used for the Mann-Kendall
Trend test.

In order to determine the seasonal variations in climate data, the seasonal Mann-Kendall test,
not requiring normality of the time series, was used. This test tries to find the trend from one month to
another in the overall series rather than finding out whether there is a trend for 12-month seasonal data
for the overall series. For this test, all Kendall's tau are firstly calculated for each season. The variance
of the statistic is calculated assuming that the series are independent (eg values of one or two months
are independent) or dependent, which requires the calculation of a covariance. Seasons were classified
as winter (December, January, and February), spring (March, April, and May), summer (June, July, and
August), and Autumn (September, October, and November).

In many studies, the relationship between the yields of agricultural products and environmental
variables was mostly estimated by ordinary least square test (OLS), which is a traditional regression
technique (Zhang et al., 2010; Sarker et al., 2012; Culas and Timsina, 2019). However, the estimate of
the OLS technique is not sufficient in many cases, because autocorrelation between variables can violate
the assumption that observations are independent, which can lead to a biased estimate of the standard
errors of the model parameters and the misleading significance test (Thejll and Schmith, 2005). Such
regression models may inadvertently highlight some independent variables that have little or no effect
on the dependent variable. It is important to adjust autocorrelation in regression analysis to accurately
define the relationship between dependent and independent variables (Thejll and Schmith, 2005). In the
case of autocorrelation, the usual linear regression method is invalid because standard errors are not
neutral. The Cochrane-Orcutt (CO) estimation is a well-known statistical approach to take
autocorrelation into account in the error term of a linear model. The CO method specifically fixes the
effects of serially correlated residuals and yields more accurate regression coefficients than does OLS
(Thejll and Schmith, 2005). Therefore, the CO method was used to test the relationship between climate
data and agricultural yields. The yield of agricultural products has been tested both annually and
seasonally. The seasonal tests were conducted only for the spring and summer seasons. All statistical
tests were performed with the use of XLSTAT 2014.5.03 software (Addinsoft, NY, United States).

3. Results

The descriptive statistics for annual climate data and agricultural data (yields) of the Susehri
district between 1991 - 2017 are given in Table 1.

For 27-years period, mean annual air temperature, precipitation and relative humidity were
calculated as 10.36 °C, 35.33 kg m™ and 56.43%, respectively. Mean production area was calculated as
143469.2 decares for wheat and 9687.4 decares for bean and 1709.4 decares for chickpea. The average
yield was 23626.2 tons for wheat, 1239.1 tons for dry bean and 212.4 tons for chickpea. In addition,
mean annual yield for wheat, dry bean and chickpea was respectively calculated as as 171.84 kg da™',
128.82 kg da’and 119.92 kg da™'.
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Table 1. The descriptive statistics for climate and agricultural data

Climate Data Agricultural Products
Years Air Relative Precipitation Wheat Dry Bean Chickpea
Temperature Humidity (kg m?) (kg da!) (kg da™) (kg da™h)
O (%)
1991 9.78 63.60 40.52 223 200 140
1992 7.68 66.57 38.91 230 200 140
1993 8.81 57.80 39.05 173 99 121
1994 10.75 56.33 28.86 105 72 76
1995 10.12 61.17 41.55 153 99 80
1996 10.86 58.30 39.03 160 100 100
1997 9.57 58.90 28.79 144 102 105
1998 10.95 54.50 42.65 128 250 80
1999 10.86 54.70 34.56 149 100 133
2000 9.47 50.50 45.58 158 104 150
2001 11.25 46.60 31.90 149 103 180
2002 10.17 46.87 35.83 137 99 126
2003 9.91 50.50 41.56 147 107 126
2004 9.87 46.87 35.05 145 110 125
2005 10.26 51.27 36.39 148 110 125
2006 10.36 50.57 47.32 150 120 125
2007 10.75 48.70 32.81 121 150 140
2008 9.84 53.57 35.22 183 150 140
2009 10.53 64.03 46.83 175 160 145
2010 12.91 57.00 23.93 175 145 120
2011 9.44 61.37 30.05 237 155 125
2012 10.55 59.03 34.20 200 145 125
2013 10.85 55.10 22.50 225 110 120
2014 12.03 62.77 29.48 148 70 101
2015 10.73 57.50 34.28 246 110 105
2016 10.46 53.53 36.45 225 150 98
2017 11.08 53.87 20.53 206 158 86
Mean 10.36 56.43 35.33 171.85 128.81 119.89

The temporal variation in climatic data over the years are given Figure 2. The Durbin Watson
statistics showed no autocorrelation in the residuals of the regression for air temperature, precipitation
and relative humidity (p>0.05). Annual mean air temperature increased significantly (Kendall’s
tau=0.321, p=0.018, Sen’s slope=0.051) (Figure 2a) during 1991-2017 period.
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Figure 2. The temporal change in climatic data over the years (a: air temperature, b: precipitation and
c: relative humidity) (Black dotted lines are Theil-Sen trend line).
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Increase in annual mean air temperature was approximately 1 degree on average. This increase
may be due to the summer season because the mean air temperature in the summer season showed a
significant increase (Table 2). Although mean annual precipitation and relative humidity showed
decreasing trends, such decreases were not found to be significant (p>0.05) (Figure 2b and c).

Table 2. The Seasonal Mann-Kendall trend test results of the climatic data

Seasons Temperature Precipitation amount Humidity
Kendall's tau p Kendall's tau p Kendall's tau p
Winter 0.139 0.433 -0.314 0.041* -0.148 0.488
Spring 0.251 0.069 -0.148 0.311 -0.167 0.411
Summer 0.410 0.002* -0.092 0.578 -0.241 0.249
Autumn 0.202 0.144 -0.037 0.853 -0.028 0.928

*Significant at p<0.05.

Also, the seasonal variations in precipitation and relative humidity according to the Mann-
Kendall trend test results are given in Table 2. In terms of yields, mean annual wheat and dry bean yields
showed an increasing tendency that was not significant (p>0.05) (Figure 3), while the mean annual
chickpea yields showed a decreasing trend that was not significant (p>0.05) during the 1991-2017 period
(Figure 3).
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Figure 3. The temporal change in yields over the years (a: wheat, b: dry bean, and c: chickpea) (Black
dotted lines are Theil-Sen trend line).

The CO model regression indicated that annual mean dry bean and chickpea yields did not have
any significant relationships with any of climatic data over the years (see Table 3 for detail). In contrast,
it was found that the wheat yields showed significant relationships with the mean relative humidity and
annual mean air temperature (Table 3).

While annual wheat yield showed a positive relationship with relative humidity both annually
and seasonally (in spring and summer seasons), it showed a negative relationship with annual mean air
temperature over the years. The image of all significant relationships with a 95% confidence interval is
presented in Figure 4. In the multivariate effect of climatic data on agricultural product yields, the
chickpea and dry bean yields did not show a significant relationship neither annually nor seasonally
(P>0.05). In contrast, wheat yield showed a significant relationship both annually and seasonally (only
in spring). However, the model obtained could explain the wheat yield change at low rates (Adjusted
R%: 0.30, p=0.012 for annual, Adjusted R% 0.29, p=0.013 for spring season).
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Table 3. The relationships between climate and yield data in the Cochrane-Orcutt model regression (P
values of significant relationships are shown in bold)

Climate  Seasons Wheat Dry Bean Chickpea
Adjusted F P r Adjusted F p r Adjusted F p r
R? R? R?
g Annual 0.256 9.608 0.004 -0.23 -0.029 0.292 0.593 -0.16 0.004 1.102 0.304 -0.22
=
§ Spring 0.091 3.505  0.073  -0.16 -0.023 0.425 0.520 -0.16 0.040 2.054 0.164 -0.21
=
& Summer 0.095 3.623  0.069 -0.05 -0.016 0.598 0.446 0.13 0.005 1.124  0.299 -0.01
=
2 Annual -0.041 0.002 0960 -0.17 0.005 1.134  0.297 0.18 -0.040 0.039 0.844 0.21
o
_§ gn Spring 0.066 2.769  0.109 0.02 -0.041 0.001 0973 -0.09 0.042 2.104 0.159 0.14
g
=
§ Summer -0.008 0.799  0.380 0.17 -0.032 0.222  0.641 0.15 -0.008 0.801 0.379 -0.01
-9
>
= Annual 0.228 8.418  0.007 0.58 0.001 1.048 0316 0.28 0.006 1.168 0.290 -0.34
=
f g Spring 0.218 7.980  0.009 0.59 -0.007 0.820 0374 0.25 0.006 1.155 0.293 -0.34
2
s
E Summer 0.247 9.208  0.005 0.49 -0.008 0.795 0381 0.30 -0.041 0.001 0974 -0.23
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Figure 4. The relationship of wheat yield with relative humidity and annual air temperature (a: annual
humidity, b: spring humidity, c: summer humidity, and d: annual air temperature) (gray lines are
referred to 95% confidence interval, and black dotted lines are referred to model lines).
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4. Discussion and Conclusion

In climate data, air temperature tended to increase both annually and seasonally, especially in
summer. Although present findings were obtained for a single locality, significant increases were
reported in air temperatures in different parts of Turkey (Tiirkes et al., 2002; Tiirkes and Stimer, 2004;
Altin et al., 2012; Gumiis et al., 2017). In addition, decreasing long-term precipitation and relative
humidity were also reported in various parts of Turkey (Tiirkes and Erlat, 2005; Tiirkes et al., 2009;
Gilimiis et al., 2017). In the present study, decreasing relative humidity and precipitation values were
also obtained for the present research site.

The impact of global climate change on agricultural products such as wheat, barley, corn, rice,
cotton, and sunflower, etc. is being investigated in many regions of the world (Cline, 2007; Pathak and
Wassmann, 2007; Dellal et al., 2011). Most of these studies examined the effects of temperature,
precipitation, relative humidity, and CO intensity. In the present study, wheat yields showed a positive
relationship with relative humidity both annually and seasonally (in spring and summer seasons). Wheat
yields also showed negative relationships with annual air temperature.

In the Susehri district, high relative humidity, especially in the spring and summer seasons,
provided a high wheat yield. It is important that mean relative humidity should be around 60% during
the development periods of wheat (Siizer, 2007). The relative humidity affects the plant positively by
reducing the effect of transpiration and air temperature on the leaves of the plants. Low relative humidity
increases the plant transpiration rates, increasing water loss in the plant, and as a result, closes plant
stomata. The photosynthesis is prevented and the plant starts to wilt as a result of blocking the gas
exchange of the plant, which closes the stomata partially or completely. High relative humidity prevents
transpiration in the plant and, by closing the stomata in response, the plant restricts gas exchange (Mott
and Parkhurst, 1991; Friend, 1991). As a result, photosynthesis is negatively affected in the plant. In
fact, this shows that the relative humidity level below or above the desired limits adversely affects the
development of the plant. Ucak et al. (2010) reported that the decrease in the yield and quality of the
maize was caused by high temperature and high relative humidity or low temperature and low relative
humidity. On the other hand, relative humidity showed an insignificant influence on wheat yield in
Pakistan (Ali et al., 2017). Precipitation directly affects the yield during the periods of bolting and grain
filling where the development of wheat is fast. Oztiirk et al. (2018) stated that high precipitation and
relative humidity resulted in an increase in grain filling duration. In other words, the lack of precipitation
in bolting and grain filling periods from March to mid-May may cause large losses in yield rates (Soylu
and Sade, 2012). In a different perspective, it was estimated that a 1% increase in precipitation may
increase wheat yield as 0.20%, 0.12%, and 0.09% in slight, moderate, and severe drought regions of
Turkey, respectively (Dogan and Kan, 2019).

It is estimated that a 2°C temperature increase will cause about a 5% decrease in grain yield,
and a 4°C increase will cause a 10% decrease in grain yield worldwide (IPCC, 2007). Caldag (2009)
reported that there will be significant decreases in wheat yield especially when the air temperature
increases more than 3°C when combined with the decrease in precipitation. Valizadeh et al. (2014)
suggested that the wheat growth period will be shortened with increasing air temperature in Iran, and
there will be significant decreases in yield with decreasing rainfall. Yang et al. (2014) reported that the
growth periods of wheat in semi-arid regions of Australia will be shortened and yields will decrease as
a result of shorter growth times due to extreme air temperatures. Also, the maximum air temperature
showed a negative influence on wheat yield in Pakistan, based on a long-term study (Ali et al., 2017).
In contrast, the minimum air temperature showed a positive influence on wheat yield in Pakistan (Ali et
al., 2017). It was reported in the process-based crop model simulations that a 1°C increase in local
temperature will decrease wheat yield by 3.3% (Wilcox and Makowski, 2014). Similarly, it was
estimated that a 1% increase in air temperature may decrease wheat yield by 0.84%, 0.43%, and 0.48%
in the slight, moderate, and severe drought regions of Turkey, respectively (Dogan and Kan, 2019).
Also, Sayilgan (2016) reported that a 1°C increase during the wheat growth period in normal conditions
will result in a 5.7 kg da™ yield loss in summer wheat. High CO, concentration in wheat, which is in the
crop category of C3 plants, increases the process of photosynthesis and suppresses transpiration (Janjua
et al., 2014). However, the beneficial effect of CO; is balanced with the increase in air temperature
(Janjua et al., 2014).
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Although wheat yield was negatively affected by air temperature in present study, it did not
show any significant decreases during the 1991-2017 period. This indicates that the negative effect of
air temperature was tolerated by relative humidity, precipitation, or other complex environmental, or
meteorological factors, especially during the development period. Probably, the multiple joint effects of
climatic data are more effective on wheat yield. Because the multiple effects of climate data on wheat
yield were found to be significant in the annual and seasonal (especially in spring season) models in
multivariate regression analysis. However, these models could explain this effect by 30%. The factors
that most effective on wheat yield are fertilization and the use of certified seeds. However, 50% of the
increase in wheat yield is associated with fertilization (Saglam, 2012; Eryilmaz et al., 2017). Although
fertilization is widely used in the study region, the yield has tended to decrease. The decrease in wheat
yield may have been caused by the effect of the increasing temperature in the study region. In future
studies, it may be suggested to investigate the effect of other meteorological variables such as solar
radiation, soil temperature, CO; intensity on agricultural products of Susehri district. In addition, in the
face of global climate change, it is recommended to investigate how the changes in the sowing and
harvest dates of wheat according to the increasing trend in temperature and decrease trend in
precipitation and relative humidity influence agricultural products in the Susehri district.

The sowing dates of dry bean and chickpea vary according to regions in Turkey. It is
recommended to start the sowing process 5-10 days before the last frosts of spring months (Sehirali,
1988). This date coincides with the last days of March, which is the first month of the spring season in
Susehri. The optimum air temperature for germination is 15-20°C. Precipitation and high relative
humidity negatively affect the flowering period (Sehirali, 1988). Dry bean and chickpea yields did not
show a significant relationship with any climate data. After successfully surviving in germination and
flowering periods (most of which pass through the spring season), they may have not been affected by
the decreasing trend in rainfall and relative humidity and increased trend in air temperature at summer
season with the aid of irrigations made by growers.

Various biotic and abiotic factors limit the production potential of legumes. Especially
temperature stress is one of the most important factors that negatively influence legumes (Yavas and
Unay, 2018). It is known that fertilization has a positive effect on legumes (Altunkaynak and Ceyhan,
2017; Soysal and Erman, 2020). Fertilization and the other cultural maintenance carried out during the
cultivation period may have suppressed the effect of increasing temperature. In addition, the increase in
temperature may not have reached a level from which chickpea and bean yields are not negatively
influenced. As a matter of fact, chickpeas are known to resist dry conditions (Gtiler, 2011).

Especially in the last decade, irrigation systems have developed in the region and farmers have
been doing irrigation activities against water shortage. It is stated by various researchers that there is an
increase in the yield of irrigated products. Kayan (2011) reported that irrigation extended the duration
of phenological periods, increasing the plant height, the number of pods in the plant, and the grain yield.
In dry beans, it was reported that the drip irrigation method increased grain yield and yield parameters
in the Thrace region of Turkey (Sehirali et al., 2005). Sen (2009) predicted that the restrictions in
irrigation water will decrease 58% and 43.4%, in maize's first and second crop yields, respectively.
However, it is inevitable that in the future, both the increasingly negative impact of climate change on
the groundwater and water system and increasing air temperature and decreasing precipitation and
relative humidity will have negative effects on chickpea and dry bean yields of the region. Perhaps in
the future, these two agricultural products will have to be cultivated in higher altitudes of the region. It
was estimated that the increase of 3°C in air temperature will shift the distribution of plant species to
500 m higher altitudes in temperate regions (Hughes, 2000). In addition to the irrigation systems,
possibly CO, concentration may have a positive effect on dry bean and chickpea yields. It was stated
that the CO, concentration in the atmosphere will increase product yields by 10-50%, especially in
legumes (Cutforth et al., 2007) and the other plants (Siqueira et al., 2001; Song et al., 2009).
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