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Abstract. The Kucuk Menderes Basin is important for plant production and today, many temper-
ate fruit species, vegetables and field crops are cultivated commercially in this region. Due to the
increase in temperature and the decrease in rainfall, it is likely that the species grown will change.
In this study, downscaling models based on artificial neural networks have been established for the
average and maximum temperature total precipitation projections of meteorological stations in the
basin. These models indicate the possibility that changes in the pattern of the crops that are being
cultivated today are compulsory. Some parts of the basin, in which certain vegetables and field crops
may have problems growing, will be able to grow these crops without any problems. Conversely, it
will not be possible to grow a number of the fruit species that are currently in production.
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AIMS AND BACKGROUND

There is a substantial body of evidence that shows that the Earth has warmed since
the middle of the 19th century'. Over the past 100 years, the global average tem-
perature has increased by approximately 0.6 °C and the temperature is projected
to continue to rise at a rapid rate. Climate change can result from natural causes
and human activities, with the latter responsible for changing the Earth climate,
and this has an impact on all ecosystems. As temperatures increase globally, the
delicately balanced system begins to fall into ecological disarray. The planet is
warming and higher temperatures are disrupting our very seasons and turning their
key indicators upside down?. The expected changes in the climate will alter regional
agricultural systems, with consequences for food production. The specifics of this

* For correspondence.
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impact will depend on how the effects of climate change translate into factors that
determine the viability and utility of ecosystems?.

Carbon dioxide (CO,) levels in the atmosphere have increased from about
284 ppm in 1832 to 397 ppm in 2013 (Ref. 4) and reached 407.96 ppm in March
2018 (Ref. 5). There is a theoretical link between the levels of such ‘greenhouse’
gases in the atmosphere and global warming.

Climate change is expected to bring warmer temperatures, changes to rainfall
regimes, and increased frequency, and perhaps also severity, of extreme weather.
According to Solomon et al.® by the end of 21st century, the global mean tem-
perature could be 1.8 to 4.0°C warmer than at the end of the previous century*.

Agricultural crop distribution and production is largely dependent on the
geographical distribution of thermal and humidity regimes. Although many tech-
nological and biological innovations have been developed in agriculture, it is still
dependent on climate conditions’. Plants are subjected throughout their life cycles
to different stresses; some can tolerate these stresses in different ways depending
on the plant species and the type of stress®. Due to the changing climate condi-
tions, it is highly probable that changes will occur in agricultural products, both
animal- and plant-based, and in all parts of the world. The effects of global warming
and increased atmospheric carbon concentrations will result in improved growing
conditions in some areas, and thus crop production may increase, whilst in other
areas may have problems in growing and it will not be possible to grow some of
the species that are currently in production.

In this research, the Kucuk Menderes Basin (Turkey), which is important
in terms of agricultural production, was chosen as the study area. This basin has
fertile soils and many plant crops are currently grown there. The study aimed to
generate temperature and precipitation projections under different climate change
scenarios and to present predictions regarding the possible effects of temperature
and precipitation changes on the agricultural activities.

EXPERIMENTAL

The Kucuk Menderes Basin (KMB) is located the western part of Turkey; in the
Aegean region; it is 110 km in length and has a variable width at 15-50 km, with
an average of 30 km. In the middle part of the Kucuk Menderes River Basin there
is a flat plain which is used mostly for agriculture. It has a fertile soil sand product
diversity in which agricultural activity is intensive.

The lands of KMB are among the important production areas of Turkey. Most
crops have higher yields, a greater number of crop varieties have been introduced,
and more one crop a year can be grown in some places. Districts of KMB are
Menderes, Bayindir, Torbali, Tire, Odemis, Selcuk, Kiraz, and Beydag. Beydag
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and Kiraz are located in the eastern part and Menderes and Selcuk are located in
the western part of the basin. Other areas are located in the middle of the region.

The monthly average and maximum temperature and precipitation data were
obtained from the Odemis, Seferihisar and Selcuk meteorological stations that are
located in the basin for the period January 1981 to 2010. The observed monthly
average and maximum temperatures and precipitation were used for the statisti-
cal downscaling exercise and were provided by the Turkish State Meteorological
Service (MGM). These data from each station for the period from January 1981 to
December 2010 were considered as the predictor, whereas NCEP/NCAR (National
Centres for Environmental Prediction/National Centre for Atmospheric Research)
monthly reanalysis data were selected as potential predictor variables for the ob-
servation period. The All Possible Regression method (APREG) was employed in
which the assessment of subset regression combinations can be based on the root
mean squared error (RMSE) and the Mallows Cp coefficient’.

RESULTS AND DISCUSSION

CURRENT PLANT CROP PATTERN OF THE KUCUK MENDERES BASIN

The most important field crop in the basin is corn, followed by potato, alfalfa,
and wheat. Other crops of economic importance are barley, rye, oat, sorghum,
and tobacco!®.

Many fruits and vegetables are currently produced in the basin; according to
the statistical data of 2017, in the basin, 1 146 000 t of vegetables were produced
in 1450 ha. According to the same data, 169 159 t of fruit, 67 701 t of citrus fruits,
59 567 t of grapes, and 172 847 t of olives were also produced. White and red
cabbage, celery, lettuces, spinach, leek, squash, cucumber and pickled cucumber,
okra, tomatoes and processing tomatoes, green, bell and processing peppers, melon,
watermelon, green bean, green cowpea, green pea, green calavence, green broad
beans, green garlic and onions, radish, red beet, cauliflower, and broccoli are
among the important potential vegetable species in the basin. The Torbali district
has the highest production, with 444 000 t of vegetables, followed by the Odemis
(261 000 t), Tire (198 500 t), and Bayindir districts (156 500 t)'.

Today, summer vegetables are grown with some quality and quantity losses
because of the high temperatures while winter vegetables can be grown without
any problems across the entire basin.

One of the most important plant production activities in KMB is olive cultiva-
tion and a large part of this production is dedicated to the cultivation of table olives.
Citrus cultivation takes second place, and mainly constitutes mandarins. Peaches
and nectarines rank first among the fruit species and in second place are figs fol-
lowed by sweet cherries. The district with the highest level of fruit production is
Selcuk, followed by the Torbali and Bayindir districts. Torbali and Bayindir are
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also very important in terms of olive production. Citrus production mostly takes
place in the Menderes and Selcuk districts'.

EXPECTATIONS OF CLIMATE CHANGE ON THE KUCUK MENDERES BASIN

The precipitation area of the basin is 6907 km?, of which nearly 39% is agricultural
area on which maize, cotton, grape, citrus, various fruits, and vegetables are the
main crops.

The monthly average and maximum temperature and precipitation data ob-
tained from the Odemis, Seferihisar and Selcuk meteorological stations cover the
period January 1981 to 2010. For the same period, the mean annual temperatures
are 16.7, 16.9, and 16.7°C, the maximum temperatures are 23.9, 22.3, and 23.5°C,
and the total annual precipitations are about 549, 613, and 654 mm, respectively
(Fig. 1). Maximum temperatures are observed in July and the great majority of
precipitation is observed generally in the winter, whereas the summer is much drier.
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Fig. 1. Predicted changes in annual precipitation (mm) values between 2020 and 2100 for Kucuk
Menderes Basin (KMB)

Estimations of the changes in precipitation and temperature conditions in the
Kucuk Menderes Basin (KMB) until the end of the present century are given in Figs
1 and 2. It is expected that the impact of climate change on the basin will increase,
as is the case all over the world. It is projected that the maximum temperature values
in the basin will increase by 5-6°C towards 2100 and the annual total rainfall will
decrease by 230480 mm (40%) (Ref. 11). The increase in temperature and decrease
in precipitation are expected to be slightly higher in Odemis in comparison to the
other regions. Depending on the decline in rainfall, underground and surface water
resources will decrease, and as a result of this lower rainfall in the winter, the soil
salinity is expected to increase (Fig. 2). Soil salinity will threaten the cultivation
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in the basin due to increasing maximum temperature values'?, decreasing total
precipitation (drought threat), and precipitation irregularities'>.

According to these evaluations, soil salinity will increase dramatically, espe-
cially in the Selcuk, Menderes, and Torbali locations. In these locations, the soil
salinity value of 0—-60 cm depth is expected to reach at least 4.1-4.2 dS/m.
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Fig. 2. Predicted changes in average temperature (°C) values between 2020 and 2100 for Kucuk
Menderes Basin (KMB)

AGRICULTURAL CROP PATTERN COMPATIBLE WITH CHANGING CLIMATE
CONDITIONS

Crops are grouped in to two: field crops and horticulture.

Field crops. Due to climate changes, it is estimated that the pattern of field crops
grown in the basin will change over the years. Figure 3 shows the estimation for the
adaptation duration of the main field crops due to the changing climate in KMB. In
the graph, dashed and dotted bars indicate winter and summer crops, respectively.
Both bars show adaptation with current agricultural practices and attached white
bars indicate possible improvement in adaptation with new techniques and cultivars.

According to the predictions, winter cereals are more adaptive to the chang-
ing climate than summer and irrigated crops in the basin (Fig. 3). Wheat, which is
the most important staple crops in the basin, could be cultivated with traditional
agricultural techniques until the end of 2050s. Especially, wheat production is
very dependent on the total amount of rain and its distribution during the growth
period!*. More than 70% of the precipitations are received during the autumn and
winter periods whereas there is limited rainfall between April and June, which
frequently causes drought stress in wheat!>. Breeding tolerant and high yielding
genotypes and improving agronomic water use efficiency!¢ could be two main
strategies to give a longer adaptation period to the changing climate. However,
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barley which is a relatively more tolerant winter crop than wheat'’ is predicted
to be the better option for the basin with improved management techniques and
cultivars until late 2070s. On the other hand, rye is expected to be more tolerant
winter crop to most of the lands of the basin due to the lack of water, salinity, etc.
until the end of the 2080s.

Fig. 3.Estimation on adaptation duration of main field crops to changing climate in Kucuk Menderes
Basin (KMB)

Price- and cost-based competition between maize and cotton production is
predicted to continue for the next two decades in KMB. However, cotton will gain
an advantage over maize due to its ability to extract water from the soil via its
deeper root system. Therefore, cotton is seen as a better option than maize for the
last decade, until 2050 (Fig. 3). However, the higher temperatures have negative
effects on cotton yield, especially during flowering and early ball development!s.
Therefore, improving heat tolerant varieties and efficient water management ap-
plication should be adapted primarily for cotton production.

Potato is often considered as a drought and heat stress sensitive crop*®. How-
ever, the seasonal and altitudinal distribution of potato production in the basin
is expected to improve its adaptation capacity to changing climate with better
management and new cultivars during the next 2—3 decades (Fig. 3). Although
oriental tobacco grown in KMB needs relatively dry and limited soil conditions
to produce secondary metabolites, which are important as a quality characteristic
in the market, extreme temperatures are not desirable because of losses in yield
and quality. Therefore, summer crops with fewer demands, such as tobacco, are
predicted to have longer periods of adaption than high-demand crops such as alfalfa
in the basin (Fig. 3). On the other hand, crops which are currently not grown in
the basin, such as sorghum, could be better options for the coming decades. After
the second half of the century, increasing temperatures may also mean that these
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