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Abstract: One of the major challenges for agriculture related to climate change is drought. The
increasing temperatures and decreasing precipitation in many parts of the world have enhanced
the frequency and severity of drought events. Therefore, a detailed analysis is required in order
to determine the drought frequency and take the necessary precautions. In this study, the climatic
conditions in the agricultural region of Cukurova (Turkey) were analysed. Meteorological data
for the three provinces of Adana, Mersin, and Osmaniye were used. The aim was to calculate the
Standardized Precipitation Index (SPI) for each of the three provinces analysed, and to use these
values to detect drought during the different growth periods of maize. We also investigated whether
the SPI values for the last 30 years differ significantly between the provinces. Furthermore, indicators
such as the duration, magnitude, severity, recurrence, and drought frequency were also calculated.
Using linear regression analysis, we determined whether there were trends in the multi-year data
for the total precipitation and mean temperature. In addition, the water deficiency was determined
by examining the amount of water required by maize and the adequacy of the precipitation in
each development period. As a result, it was found that the Cukurova region is prone to droughts,
but they follow a mild course in most cases. However, no statistically significant differences were
observed between the SPI values in the three provinces. The calculated average approximate drought
recurrences (Tr) and expected intensities (Iave) were Tr ~ 1.036 years and Iave ~ 5.634 mm year‘1
in 3 years for Adana, Tr ~ 1.031 years and Iave ~ —0.312 mm year‘1 in 3 years for Mersin, and
Tr ~ 1.052 years and Iave ~ —0.084 mm year~! in 3 years Osmaniye. The research carried out in
this paper confirmed that maize cultivation in the Cukurova region is vulnerable to drought, and
adaptation actions should be taken immediately.

Keywords: drought; corn; water needs; SPI; climate analysis; maize growing periods

1. Introduction

The development of industry in recent years and the growth in the world’s population
mean that the human influence on nature is constantly increasing. People directly impact
the environment, e.g., through greenhouse gas emissions, excessive deforestation, or struc-
tural changes to the Earth’s surface. Greenhouse gas emissions contribute to increased air
temperature, rising water levels in the oceans, the disappearance of glaciers, and shrinking
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ice caps in the Arctic and Antarctic regions. The observed global warming increases the
risk and intensity of phenomena which are unfavourable to agriculture, such as drought,
heat waves, violent storms or temperature drops and snowstorms [1,2].

Research and forecasts indicate that a warmer and drier climate will affect agriculture
worldwide. A changing climate will make farming easier in Asia and worse in North
America, Europe and Africa. According to forecasts [3], global maize and soybean yields
could fall by 5% between 2050 and 2100 (and by up to 20% in some regions of the USA). The
European Environment Agency [4] also points out that yields of non-irrigated crops—such
as wheat, maize and sugar beet—are expected to decrease in southern Europe by up to 50%
by 2050. Turkey is one of the Mediterranean basin countries that will be most affected by the
climate change that can be seen due to global warming within its complex climate structure.
Naturally, different regions of Turkey will be affected by climate change to varying degrees
due to being surrounded by seas on three sides, and due to having a fragmented topography
and orographic characteristics [5]. A temperature increase of 2 °C in the Mediterranean
Basin will cause unexpected weather events, heat waves, and an increase in the number and
impact of forest fires, and thus loss of biodiversity and agricultural productivity, and most
importantly, drought. In Turkey, arid and semi-arid regions and semi-humid regions (South
East, Central Anatolia, Aegean and Mediterranean Regions) that do not have sufficient
water will be affected more by the increasing temperature [6]. The potential effects of
climate change in this country will be affected by the predicted negative aspects such as
irregular precipitation, especially the decrease in water resources, forest fires, drought,
desertification, and ecological deterioration [7].

Using the latest research and climate models on crop development, scientists have
shown that in a warming climate, it will become increasingly difficult to cultivate maize at
the expense of wheat, the range of which is expected to increase. As global temperatures rise,
it will be possible to grow it at ever higher latitudes, expanding the temperate climate [8].
However, temperature is not the only factor determining yields. To a certain extent, the
higher concentration of carbon dioxide in the atmosphere positively affects photosynthesis
and water retention, and increases yields, but this is at the expense of nutrient depletion in
the crop. With climate change, farmers will have to adapt to the coming environmental
changes and take more effective care of the soil and its capacity to retain water, carbon
and nutrients. This will force farmers to look for new solutions and production methods.
Therefore, the problem of adaptation to climate change is becoming one of the most
significant challenges for modern agriculture.

Due to climate change, drought is felt more every day. Drought is a worldwide threat
in dry and humid areas [9]. Drought is defined as a natural event that occurs as a result
of the region receiving less precipitation for a longer period than normal, or as a result of
the precipitation falling below the long annual average, which causes the land and water
resources to be adversely affected, and causes the hydrological balance to deteriorate. The
increasing temperatures and decreasing precipitation in many parts of the world due to
global climate change increase the frequency and severity of drought events. Decreases
in precipitation and drought are felt three times more in water resources. As a result,
agricultural production will be affected the most. Droughts can be broadly classified into
four types: meteorological, hydrological, agricultural and socioeconomic [10-12]. Meteo-
rological droughts are defined as periods of rainfall deficiency. Meteorological droughts
are also the starting point for hydrological droughts [13]. The next stage is agricultural
drought, defined as a significant decrease in soil moisture, leading to crop failure. Wors-
ening drought can lead to so-called socioeconomic drought. Its occurrence is related, for
example, to the fact that natural water reservoirs and systems created by human action
cannot satisfy the water demand [14]. Therefore, if the drought is not detected in time
and the necessary precautions are not taken, it will cause significant damage to countries’
economies. The correct estimation of drought characteristics is crucial for the planning of
efficient water resource use and agricultural production [15]. This is particularly important
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given that climate models indicate that the Mediterranean area is a hotspot for climate
change in the current century [16].

More than 100 drought indices—such as the SPI [17], Ering index [18], Percentage of
the normal index [19], Palmer drought severity index [20,21], and Exploration drought
index (RDI)—are used to determine drought in the world [22]. Among these indices, only
the SPI is preferred more because of its use of the fewest meteorological variables (precip-
itation) and ease and simplicity of calculation at different time intervals. In addition, it
allows the determination of both short-term and long-term meteorological and agricultural
droughts [23].

Global research has increasingly focused on the assessment of the impact of drought
on maize based on climate and agriculture data [24]. The impact of drought on maize crops
is dependent on the plant growth stage, the duration of prevalence, and the intensity of the
stress [25]. The drought occurrence during the milky-mature maize growth stage strongly
affects yield changes [26]. Other studies on the effect of drought on different stages of
maize development suggest that drought from the tasseling stage to the milk stage had
the strongest effect on yields. In contrast, drought occurring from the milk stage to the
physiological maturity stage was the least damaging [27]. It was also noted that an increase
in the severity of drought stress reduced the seed yield and harvest index. The greater
the drought stress, the greater the differences obtained in relation to the control plots [28].
Furthermore, it has been shown that drought-induced reductions in leaf, stalk, and plant
total dry matter, and in leaf and stalk water content have a positive exponential or linear
relationship with the water stress degree [29]. The measurements carried out to date show
that drought is a serious challenge for maize cultivation. It is therefore important to carry
out research and experiments in order to better understand this phenomenon, and to be
able to detect it quickly and predict its course and intensity. The analysis of drought in the
past will also make it possible to prevent the effects of future droughts more effectively.

In this study, the climatic conditions in the Cukurova region, one of Turkey’s agri-
cultural districts, were analysed. Daily temperature and precipitation values measured
at meteorological observation stations in three provinces (Adana, Mersin and Osmaniye)
of the Cukurova region were used. This study aimed to calculate the SPI values for each
of the three provinces analysed, and to use these values to detect drought in the different
maize growth periods. It was also hypothesized that the Adana, Mersin and Osmaniye
provinces were not statistically significantly different in terms of their SPI values during
the maize growth period in the last 30 years. In addition, linear regression analysis was
used to determine whether there are trends in the multi-year data for the total precipitation
and mean temperature. Furthermore, the water deficiency was determined by examining
the amount of water required by the plant and the adequacy of precipitation in each devel-
opment period. This research will help us to understand the course of the drought in the
agricultural region of Cukurova, Turkey. It will also indicate whether there is a need for
different anti-drought measures for maize cultivation in this area.

2. Materials and Methods
2.1. Study Area

The Cukurova region is located in the east of the Mediterranean region, and it includes
the provinces of Adana, Mersin and Osmaniye (Figure 1). The region has typical Mediter-
ranean climate characteristics. The winters are warm and rainy, and summers are hot and
dry. The overall average rainfall in the region is 647 mm. It rains, on average, 76 days
a year. In total, 51% of the precipitation falls in winter, 26% falls in spring, 18% falls in
autumn, and 5% falls in summer. Although the air is humid in the summer, there is no
precipitation in some years. With the effect of the climate and latitude, hot, humid weather
is seen in the region in summer. Although the average relative humidity is 66%, it rises
above 90% in the summer. The long annual average temperature is 18.7 °C. Because the
study area is hot, and because the climatic conditions are very different according to the
altitude and surface forms in the region, there are also changes in the precipitation in the
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region. Although it varies from province to province, it is a summer day approximately
195.6 days a year in the region. The highest average temperature is seen in Mersin and its
surroundings. While the average temperature of January is 15 °C, the average temperature
in July, which is the hottest month, is 28 °C. The annual precipitation average of Mersin
and its surroundings is higher than that of Adana and its surroundings, and the annual
precipitation is 1096 mm. The average number of rainy days in the region is 85 days [30-32].
This paper uses data from meteorological stations of the Cukurova region located in three
provinces: Adana (37°03'00.0” N, 35°21’00.0” E), Mersin (36°48'00.0” N, 34°38'00.0” E),
and Osmaniye (37°06'00.0” N, 36°15'00.0” E). These data included the daily temperature
(maximum, minimum and average) and precipitation (total, average, maximum and min-
imum) measured between 1950 and 2020. The main land use in the Cukurova region is
agriculture. As much as 38% of the area of this region is arable land [33]. In terms of the
soil texture class, this area has clay, clay loam, sandy clay loam, sandy loam, and loamy
sand [34]. The Cukurova plain is shaped by three main rivers: the Ceyhan, the Seyhan,
and the Berdan. The Cukurova Deltas contain precious wetlands containing numerous
plant taxa, including many endemic and endangered plants [35]. Part of Cukurova is
occupied by the Seyhan River Basin, with a predominantly Mediterranean climate, while
the upper central part has a Continental climate [36]. The land-use structure in this basin is
as follows: grassland (31.74%), dry cropland (22.22%), evergreen needleleaf forest (19.37%),
and irrigated cropland (15.21%). On the other hand, the annual water balance is shown
below: rainfall, 634 mm; evapotranspiration, 411.3 mm; runoff, 281.6 mm; and irrigation,
53.8 mm [37]. Most of the arable land of the Cukurova plain is irrigated by the Seyhan
Dam Lake [38]. The analysis of satellite images in summer for this plain showed that maize
occupies the largest area, at 76,778.5 ha, cotton occupies 20,499.6 ha, soybean occupies
17,796.7 ha, and watermelon occupies 6343.6 ha [39]. Furthermore, citrus plantations are
also popular crops in the Cukurova region.

Black Sea

TURKEY

Mediterranean Sea

Figure 1. The geographical location of the study area (the Cukurova region).

2.2. Methodology
2.2.1. Meteorological Data Analysis during the Maize Growing Period

The analysis of the meteorological data (precipitation and temperatures) in the Cukurova
region was carried out over the entire maize growth period. This period includes the
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following five growth stages: the germination, seedling-tassel emergence, tassel-cob, peak
formation-maturation, and harvest periods. The length of each maize development period,
its start and end dates, the average water requirement (Pbgi) and the necessary average
temperature are given in Table 1 [40-42]. The longest growing period of maize (60 days)
is seedling-tassel emergence; the shortest one is the harvest (7 days). The plant has the
highest daily water requirements during the tassel-cob phase, which is 8.13 mm-day !
or 243.9 mm throughout this growth phase. The lowest daily Pbgi values occur in the
germination period, at 2.03 mm-day !, and the required temperature is the lowest, at 10-11
°C. The highest average temperature values are needed during harvest, and are 28-30 °C.

Table 1. Average amount of water required by maize for each growing period (Pbgi) [40—42].

Average Daily Amount Average Amount of A T t
: . : . of Water Required by Water Required by Maize verage 'emperature
Growing Period Date of Period Length of Period [Days] Maize, in Period Required ligrcl\]/lalze, Tave
Pbgi [mm Day~1] [mm]
Germination 15 March and 3 April 20 2.03 40.60 10-11
Seedling-tassel emergence 4 April and 2 June 60 4.57 274.20 18.3
Tassel-Cob 3 June and 2 July 30 8.13 243.90 21.7
Peak
formation—maturation 3 July and 1 August 30 5.59 167.70 22.8
Harvest 2 August and 8 August 7 2.54 17.78 28-30
Total period 15 March and 8 August 147 5.06 744.18 18.3-22.8

2.2.2. Standardized Precipitation Index (SPI)

In this research, the Standardized Precipitation Index (SPI) was used to determine
the size, duration, severity and frequency of the drought in each growing period of maize
in three provinces (Adana, Mersin, and Osmaniye) of the Cukurova region. SPI is a
general meteorological drought index which was adopted by the World Meteorological
Organization (WMO) in 2009 in order to determine national or regional droughts. The index
uses long-term precipitation data. The index is used to calculate the dry and rainy periods
that occur when the precipitation observed (P;) in the region is below (P; < P’) or above
(P; > P’) the long annual average (P’), or when the region receives more or less precipitation
for longer than normal. SPIs calculated according to the cumulative probability value
are evaluated by transforming the precipitation data into a standard normal probability
distribution. In addition, past rainy (wet, humid) or drought periods can be determined on
anational or regional basis, as well as future projections (forecasts) [10,43-47]. The negative
value of the SPI value indicates the drought period, and the positive value indicates the
precipitation period. The advantage of SPI is that drought intensities and sizes can be
determined for different time intervals (1, 3, 6, 9, 12, 24 and 48 months) [48]. Bonaccorso
et al. [49] suggested that SPI is more effective in the determination of the drought affecting
short-term agricultural studies, such as 3 and 6 months, and in water resources, drought
studies conducted in long time intervals such as 12 and 24 months. Theoretically, the
probability distribution of SPI is the same as the normal (z) distribution used in statistics.
Normal distribution breakpoints are used to classify SPI [48]. In this study, the SPI values
were calculated for the different growth periods of maize in three provinces (Adana, Mersin,

Osmaniye) using a formula:

(Xi —X)

SPI = 1)

Here, x; is the data of the precipitation time series, X is the mean of the precipitation
time series, and o is the standard deviation of the precipitation time series [42,44,47,50,51].

The drought classification [52] presented in Table 2 was applied for the calculated
SPI values.
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Table 2. Standardized Precipitation Index (SPI) and the drought classification scale.
S SPI Limit Cumulative Probability Value Drought Color

Anomaly Direction Values Type Probability (%) Display

No —1.0<SPI<1.0 Normal Drought 0.159-0.841 68.2 White

—15<SPI<-1.0 Medium Drought 0.067-0.159 9.2 Yellow

Negative (-) —20<SPI<-15 Very Drought 0.023-0.067 44 Orange
Min < SPI < —2.0 Extreme Drought 0.000-0.023 2.3

2.2.3. Drought Duration (L) and Magnitude (M)

Besides the SPI values, the drought duration (L) was also calculated based on the
available meteorological data. It is the length of time between the beginning and the end of
the drought periods in which each successive dry period(s) occurs during the observation
period [43,50,51,53,54].

In this publication, the drought magnitude (M) was also estimated. It is defined as the
sum of the precipitation series data differences (drought), or the magnitude of the drought
event experienced in a period when the precipitation series data (x;) falls below the average
(%) of the long-term precipitation series data during the observation period. M is calculated
from the following formula:

M= —[} (SPD)] @)

Here, the drought duration of each dry period occurring in the observation period is
D, and SP]; is the SPI value at time i [43,50,51,53,54].

2.2.4. Drought Intensity /Severity (I)

Another calculated parameter was the drought severity (I). It is an indicator used to
determine the level of drought in dry periods [54]. It is obtained by dividing the cumulative
(cumulative) drought magnitude values obtained by summing the SPI values within each
dry period during the observation period with the duration of the dry periods. Ii is
calculated from the following formula:

L= 3)

M
L

Here, M is the drought size in period I, and L is the drought duration in period
i [43,48,50,51,53-55].

2.2.5. Drought Frequency (f)

This paper also estimates the drought frequency (f). This term is defined as the num-
ber of dry periods per period of drought occurring during the observation period [54],
or as the number of recurrences of each dry period (duration) occurring during the

observation period.

D
f= 100-— 4)

Here, D is the number of dry periods in the observation period, and T is the total
observation period [43,51,53,54,56].

2.2.6. Drought Recurrence (Tr)

The last drought-related parameter analysed was the drought recurrence. It is ex-
pressed as the repetition of any data in the observation series data, such as the hydrometeo-

rological data, at a certain time.

1
Ty = ﬁ (5)

Here, f is the frequency value (%) and T; is the recurrence (year) [57].
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2.3. Statistical Analysis

Several statistical analyses were also carried out in the study. They concerned the
obtained results of the drought indices and the meteorological conditions occurring in the
investigated provinces. Precipitation, one of the hydrometeorological variables, is one of
the elements in which the climate changes the most over time. This variability is the most
prominent feature of arid, semi-arid, or continental climates. Two methods are mainly used
to determine the precipitation change and variability. These are Linear Regression Analysis
(LRA) and Coefficient of Variation (CV), and were used in this study. LRA is expressed with
a mathematical model developed to estimate the value (x) of a dependent variable from
the value of an independent variable. In addition, the direction and size of the relationship
between the variables are determined. The linear regression equation is as follows:

y=pot+prxx+e (6)
Po=Y—p1 x% o
g, = Bl D) _ I i S
1 ):,Z\i1(xi_f)2

£y e ()

In the equation, y is the dependent variable, x is the independent variable, j is the
y-axis intercept, B; is the slope coefficient, € is the error term, and N is the number of
observation series data [57-63].

The second analysis carried out in this work involved the determination of the co-
efficient of variation (CV). Statistically, the hydrometeorological observation time-series
data (x;) is the percentage (%) of the change of the standard deviation concerning the mean
of the series; it is dimensionless (unitless). In addition, it is an appropriate measure to
compare the variability in different classified or grouped series.

(%
CV =100 x (§> @)
N W
Average; X = 72":15\};’ %)

Standard deviation; s =

Here, x; is the observation series data, o is the observation series standard devia-
tion, X is the observation series mean, and N is the number of observation series data.
Among the serial data, the fact that the CV approaches zero indicates that the homogene-
ity (variability) decreases, and that it is greater than 20% indicates that the serial data is
homogeneous [57,60,62—-64]. All of the above statistical characteristics were determined
using Microsoft Excel software.

The obtained SPI values were checked for potential differences between the provinces
studied as part of the study. For this purpose, appropriate statistical tests were carried out
in the R environment, more precisely in the program RStudio v1.2.5019. With the statistical
tests” help, the hypothesis that the SPI values calculated for the maize growth period from
1990 to 2020 do not differ significantly among the three provinces was verified.

3. Results
3.1. Meteorological Conditions in the Cukurova Region

Daily temperature and precipitation values measured (1950-2020) at the meteorologi-
cal observation stations of the Adana, Mersin and Osmaniye provinces in the study area
were used for the analyses conducted in this paper. The statistical characteristics of the long
annual total precipitation (Pt) and temperature (T, [°C]) values are given in Table 3. Besides
these, the extreme values (minimum and maximum), mean values (Ave) and standard
deviation values (s) are included.
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Table 3. Statistical characteristics of the annual total precipitation and temperature of meteoro-
logy stations.

. . . Temperature, T [°C] Total Precipitation, Pt [mm]
Province Growing Period Max Min Ave S Max Min Ave S
Germination 34.7 4.4 14.7 1.583 127.6 0.4 38.3 29.776
Seedling-tassel emergence 40.8 7.0 20.1 0.875 304.8 0.1 97.9 57.644
Tassel-Cob 444 16.2 25.9 0.644 125.3 0.0 17.8 23.243
Adana Peak formation-maturation 44.0 25.8 284 0784  55.08 0.0 6.7  13.439
Harvest 43.3 25.6 29.0 1.042 24.4 0.0 0.8 3.976
Total Period 444 4.4 22.6 0.606 417.2 38.3 161.6 73.722
Germination 31.5 5.8 14.9 1.533 119.7 0.0 29.6 29.079
Seedling-tassel emergence 36.6 17.2 23.6 1.050 130.8 0.5 55.7 32.703
. Tassel-Cob 38.2 17.3 25.2 1.000 51.0 0.0 8.6 11.556
Mersin Peak formation-maturation 37.3 21.2 279  1.043 618 0.0 69 15349
Harvest 37.5 234 28.6 1.269 20.4 0.0 1.3 4.079
Total Period 38.2 5.8 22.3 0.944 219.8 18.8 102.0 48.242
Germination 32.0 13.9 194 1.559 261.4 0.0 68.3 61.083
Seedling-tassel emergence 41.7 19.6 31.7 0.995 319.5 23.8 156.4 76.454
Osmaniye Tassel-Cob 42.6 25.5 33.2 0.710 189.2 0.0 35.1 41.595
Peak formation—-maturation 42.8 28.1 33.8 0.788 60.8 0.0 7.9 15.293
Harvest 43.6 28.9 32.6 1.139 9.8 0.0 0.8 2.517
Total Period 43.6 13.9 35.3 0.614 520.5 59.3 268.6 120.517

The highest temperature values of 44.4 °C were observed in the Adana province during
the tassel-cob period. The same region also recorded the lowest values over the germination
period (4.4 °C). Considering the average temperatures throughout the maize development
period, the highest value was observed in Osmaniye, at 35.3 °C. The other two provinces
achieved similar average temperature values for this period, at 22.3 °C for Mersin province
and 22.6 °C for Adana. As for precipitation, the average values over the whole period of
maize growth were the highest in the Osmaniye province (268.6 mm). Meanwhile, the
lowest Pt Ave values were recorded in Mersin (102 mm). It should be noted that they are,
at the same time, more than twice lower than those in the Osmaniye province. In the case
of Adana, this value was 161.6 mm. Graphical representations of the long-year annual total
precipitation (Pt) and average temperature (Tave) changes in each different growth period
during the total growing period of maize, and the Linear Regression Analysis (LRA) trend
equations are given in Figures S1-S3 in the supplementary materials (Supplementary S1).
The study also analysed the annual average temperature changes. The long-term average
temperature (Tave) changes required by maize in different development periods in the
Cukurova region are given in Figures S1-53 (Supplementary S1). Based on the LRA posted
on the graphs for each maize growth period, several relationships were observed. For
each growth period, an increasing trend was observed for Tave in all cases except for the
tassel-cob period in Osmaniye province (Figure S2c), where a slightly decreasing trend
was noted. When the total growing period of maize is examined, it can be determined that
there is an increasing trend in Mersin, Osmaniye and Adana (Figure S3d—f). Furthermore,
there has been a trend towards a significant increase in temperatures in the Mediterranean
region [65,66]. A comparison was also made between the temperature values recommended
for each maize development period in Table 1 and the temperature values of the provinces
in Table 3 using the graphs in Figures 51-53 (Supplementary S1). It was observed that there
are suitable average temperatures for maize cultivation in all of these periods. However,
temperature increases in the Cukurova region may adversely affect plant growth and
yield. Moreover, in order to determine the percentage change between the data in the
hydrometeorological observation series, the rate of change (RC) was calculated for each
development period, and for the total growing period of maize. The results are given
in Table 4.
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Table 4. Rates of change (RC) of the precipitation and temperature values for each development
period, and for the total growing period of maize.

Total Precipitation, Pt [mm] Average Temperature, Tave [°C]
Period Province Change Amount Rate of Change Change Amount Rate of Change
(mm) (%) (o) (%)

L Adana —48.425 77.695 +3.631 10.770
Germination Mersin —52.025 98.293 +4.225 10.287
Period Osmaniye +30.375 89.421 +3.684 11.238
Seedling-tassel Adana —173.150 58.859 +1.433 4.358
emergence Mersin —45.000 58.734 +1.722 5.314
Osmaniye +41.975 48.876 +1.030 5.077
Adana +17.750 130.646 +1.356 2.484
Tassel-Cob Mersin +13.875 134.084 +1.291 3.963
Osmaniye +55.300 118.629 +0.302 2.787
_ Adana +20.900 200.450 +1.980 2.764
Peak formation- Mersin +56.200 222.587 +1.602 3.734
maturation Osmaniye +52.100 192715 +0.519 2.806
Adana +23.100 476.795 +1.750 3.598
Harvest Mersin +18.600 322.768 +1.886 4.438
Osmaniye +9.600 298.673 +0.361 3.942
Total growing Adana —224.725 45.624 +1.843 2.674
od Mersin +81.075 44.277 +1.958 4.233
pero Osmaniye +129.000 44.873 +1.106 2.766

When Table 4 is examined, the average temperatures in each growth period varied
between 1.365 and 3.631 °C in Adana, 1.291 and 4.225 °C in Mersin, and 0.302 and 3.684 °C
in Osmaniye; the biggest change for the total growing period was +1.958 °C in Mersin, the
smallest change was determined to be in Osmaniye, with +1.106 °C. It was determined
that the changes in average temperatures tended to decrease between the germination and
tassel-cob periods, and to increase between the peak formation and maturation periods.
It was determined that the greatest average temperature change among the development
periods of maize occurred during the germination period. Analysing the changes in total
precipitation, it was observed that it varies between —173.150 and +56.200. Based on
provinces, it was between —173.150 and 23.100 mm in Adana, —52.025 and +56.200 mm
in Mersin, and +9.600 and +55.300 mm in Osmaniye. It was determined that the greatest
changes occurred in the germination and seedling-tassel emergence periods within the
development periods, while the greatest change in the total growing period was in Adana.
In contrast, the smallest change occurred in Osmaniye.

3.2. Drought Analysis—Standardized Precipitation Index (SPI)

As part of the conducted research, the calculated values of the standardized precip-
itation index for particular periods of maize growth in three provinces of the Cukurova
region were analyzed. The obtained results with the determined trends are presented
in Figures 2-4. The SPI was used to calculate the dry periods when a region receives
less precipitation than normal. For this purpose, for each development period of maize,
calculations with the SPI were made using the long annual total precipitation (Pt) values of
the provinces of the Cukurova region.
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Figure 2. Changes of the SPI values during (a) the germination period in Adana, (b) the germination

period in Mersin, (c) and the germination period in Osmaniye; (d) the seedling-tassel emergence

period in Adana, (e) the seedling-tassel emergence period in Mersin, and (f) the seedling-tassel

emergence period in Osmaniye.
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Figure 3. Changes of the SPI values during (a) the tassel-cob period in Adana, (b) the tassel-cob
period in Mersin, and (c) the tassel-Cob period in Osmaniye; and (d) the formation-maturation
period in Adana, (e) the formation—maturation period in Mersin, and (f) the formation-maturation
period in Osmaniye.
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Figure 4. Changes of the SPI values during (a) the harvest period in Adana, (b) the harvest period in

Mersin, and (c) the harvest period in Osmaniye; and (d) the total period of maize growth in Adana,

(e) the total period of maize growth in Mersin, and (f) the total period of maize growth in Osmaniye.

Analysing Figures 2—4, it can be observed that the SPI values show a decreasing trend
during the germination period in the Adana and Mersin provinces. In contrast, an increas-
ing trend was observed for the same period in Osmaniye. For the formation-maturation
period, a decreasing trend of SPI was recorded in all of the provinces. However, for the
other periods, an increasing trend can be observed, as evidenced by the linear regression
equations in the graphs. In general, it was determined that the size and severity of regional
droughts are increasing in the Cukurova region. This is confirmed by Figure 4d—f, in which
the whole period of maize growth is shown.
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3.2.1. Drought Duration (L), Magnitude (M), Intensity (I), Frequency (f) and Recurrence
Relationship (Rr)

Knowing the recurrence or frequency in terms of drought is important in revealing
how often the decrease in precipitation could have occurred in the past. In order to charac-
terize the drought, using the calculated SPI values and Table 2, the drought magnitudes,
duration(s), intensities and frequencies of the dry periods were calculated for each devel-
opment period and the total growing period. The calculated drought intensity (I) and the
frequencies (f) of dry periods are given in Figures 5-7.
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Figure 5. Drought intensity and frequency changes during (a) the germination period in Adana,
(b) the germination period in Mersin, and (c) the germination period in Osmaniye; and (d) the
seedling-tassel emergence period in Adana, (e) the seedling-tassel emergence period in Mersin, and
(f) the seedling-tassel emergence period in Osmaniye.
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Figure 6. Drought intensity and frequency changes during (a) the tassel-cob period in Adana,
(b) the tassel-cob period in Mersin, and (c) the tassel-cob period in Osmaniye; and (d) the formation—
maturation period in Adana, (e) the formation—-maturation period in Mersin, and (f) the formation—
maturation period in Osmaniye.

After analyzing Figures 5-7, it was observed that, in Adana, there is an increasing
trend of drought severity (I) during the periods of seedling emergence—tassel and tassel-
cob—and a decreasing trend during the other periods. It was determined that there is
a decreasing trend in the germination and harvest periods in Mersin, and an increasing
trend in other periods. On the other hand, in Osmaniye, there was a decreasing trend in
the periods of germination and seedling-tassel emergence, and an increasing trend in the
severity of drought in the other stages. During the harvest period, the drought severity (I)
in Adana ranged from —0.011 to —0.125, and showed a decreasing trend (Figure 7a). In
Mersin, a decrease was also observed from —0.025 to —0.225 in 2016, whereas afterwards,
an increase was noted until a value of —0.105 was reached in 2020 (Figure 7b). In Osmaniye,
on the other hand, there was a slight increase in the drought severity values during the
harvest period from 1986 (—0.032) to 2020, to a value of —0.025 (data not shown). Analysing
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the whole period of maize growth (Figure 7c—e), it can be observed that Adana and Mersin
showed a rising trend of drought severity, while Osmaniye showed a declining one.

Drought Severity () | [1=-0.0342xT +0.0271 Drought Severity (1) [ I = -0.0023xT - 0.452
Drought Frequency (f) | f=-16.901xT + 66.197 Drought Frequency (f) | f=-0.0692xT + 3.657
015 ¢ 70 9 _ 20 ¢ T8
< 0.10 A 60 2 TSR 73
> E E > E E
£ 005 £ AN 505 £ 10 ¢ \ A 0 &
2 000 + X {40 T 2 05 7 [ >z
£.0.05 £ 13038 e L /] N T AT -3
= E \ N E c = -05 7 el 3 O
@-0.10 + T 208 ®-1.0 - +25
=] F ; E 3 > E |HAN \uny \ E @
2-0.15 + = + 102 9 -15 ¢ N 13
5.020 + ~ ‘o3 S 0 + 1o2
o0 < n o NONSTOROTAIN AN D LOLROM WO =)
D o - o~ NMWNWOWWOWOWONNXONDDNDNDO OO o oo
a o o o DD DDA O OO O OO
- ~ o~ o~ R T e TR e TR o O TR TR B o o TR o I e B R e O o I o I o I o I o I o)
1=} h ©O ~ AT TOOMNDADOAMAD A DDA
wn [N} o - NWLWWOWWWONNOONONWODDNDO OO oo
& 2 Q 5] 2222222222 A22RRIRKRKRR
Drought Years Drought Years
(a) (d)
Drought Severity (1) | =-0.0288xT + 0.0261 Drought Severity (1) | 1 =0.0133xT - 0.7082
Drought Frequency (f) | | f=-4.9095xT +32.676 Drought Frequency (f) | [ - _0.1818T + 6.026
__ 015 ¢ 32 g 25 ¢ . —~ 9 o
S 010 = 1283 =20 ¢ \ JAVEE L
Z 005 + ~ EPY = 2130 1 l&
= E E S 1.0 == 3 =
g 000 ¢ ~ O 2032 T N ——— N 157
g-0.0S E ——— + 16 I $ 00 £ \ —H 143
2 -010 + + 128 e : VAN AN T /T3 38
= E E -g £ -05 = - 7 —7 =3 2
® -0.15 - +8 & w-1.0 £ ~ =20
8 -0.20 + N=< 4 3 315 - ML\ 113
S 025 o 3 S T T T s e g o e 03
™~ < fml ™ O o - -
© Q S =) = I R & &§ 8 8 8 38 8 8 3
3 3 S S S S o9 o9 o3 o8 g 9 9 4 § 4
2 & g 8 &g g 23283888388 8 8
Drought Years Drought Years
(b) (e)
Drought Severity (I) | [} = 0,0084xT - 0.4038
Drought Frequency (f)
f=-0.0203xT+ 3.6362 |
25 1y 10 o
= 20 +f 93
= 15 8 g
£ 10 ¢ 175
£ 05 ¢ 6
w 00 F4R e n -
£ -05 E T AV AV E 4
®-1.0 +F V 7\~ 3 8
o -15 ¢ { 7 \ \ 1 +2 2
S -2.0 i1 3
2.5 + 0
S NOVWOOOWLMAOAANNCHIEINSTS O O Wn o
N WO WWOIMNNNOWONOONDONDNDO OO dod o
222222222222 K
&u%gbobé&nirhéro‘wrﬁu‘:&uboba'g':'
GREER553R38ASSS88E
Drought Years
(0)

Figure 7. Drought intensity and frequency changes during (a) the harvest period in Adana and
(b) the harvest period in Mersin; and (c) the total period of maize growth in Adana, (d) the total
period of maize growth in Mersin, and (e) the total period of maize growth in Osmaniye.

Furthermore, the drought frequency (f) course can also be read from Figures 5-7. An
increasing trend of f during the germination period was observed only in Adana province,
and during seedling-tassel emergence only in Mersin. In contrast, during the tassel-cob and
harvest periods, an increase in drought intensity occurred only in the Osmaniye province,
and a decrease was recorded in the others. Kranz et al. [42] stated that the tassel-cob and
peak formation—-maturation periods are critical for fruit formation in maize cultivation.
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The water demand of the plant increases in July, August and June. In these periods, it is
emphasized that serious decreases in yield may occur if the plant is stressed due to drought.
For the formation—maturation period, an increasing trend of f was observed in Mersin and
Osmaniye. For the harvest period, a decreasing trend was noted in both Adana and Mersin
(Figure 7a,b). However, in the Osmaniye province, the f values increased between 1986 and
2020, from 45.71% to 51.43% (data not shown). In general, a decreasing trend of drought
frequency (f) was noticed in all three provinces during the whole maize growth period.
This is a positive development for maize cultivation in the Cukurova region. However,
the increasing trend during the critical tassel-cob periods in Osmaniye and during the
formation—-maturation period in Mersin and Osmaniye should not be forgotten.

For the total growing period of maize in the Cukurova region, using Figure 7c—e, the
annual average drought frequencies were as follows. The fave was calculated as ~3.443% in
Adana, ~2.965% in Mersin, and ~4.935% in Osmaniye. The average drought intensities (Ii)
were calculated using the calculated annual fave values and the equations in Figure 7d—{.
The calculated Ii values are as follows: Adana Iave, ~5.634 mm year’1 ; Mersin Iave,
~—0.312 mm year~!; and Osmaniye Iave, ~—0.084 mm year~'. The calculated fave values
were converted into the average drought recurrences (Tr) using Equation (5). Accordingly,
they were calculated as Tr ~ 1.036 years in 3 years for Adana, Tr ~ 1.031 years in 3 years for
Mersin, and Tr ~ 1.052 years in 3 years for Osmaniye.

3.2.2. Drought Classification and Statistical Analysis of the SPI Values for the Provinces

The SPI values calculated in this study were classified according to the commonly
used scale presented in Table 2. This scale is recommended by [46], and is used at the
European Drought Observatory. The SPI classification was performed for the growth period
of maize from 1950 to 2020, taking into account the distribution between the individual
developmental periods. The results obtained for each province of the Cukurova region are
presented in Table 5.

It has been determined that the droughts in the region in 1952, 1966 and 2004 were
very important. On a regional scale, normal seasons and moderate drought were found
in each development period and the total growing season of maize. Regarding drought
in the region, it was observed that starting from the tassel-cob period, it increased during
the crown formation and maturation periods, especially during the harvest period. It
was found that the occurrence of normal seasons and moderate drought intensified in
Adana, and was normal in Mersin and Osmaniye during the periods of germination, peak
formation and maturation of maize after 2009.

Furthermore, as part of the statistical analyses performed, the hypothesis that the
SPI values calculated for the entire maize growth period from 1990 to 2020 do not differ
significantly among the three provinces was also verified. Only records of the last 30 years
(1990-2020) were used for the analysis due to the lack of data for Osmaniye province from
1950 to 1985. The analyses were performed in the R environment. First, the assumption of
normality of the SPI distributions for the three provinces was checked using the Shapiro—
Wilk test. A significance level of « = 0.05 was used. The Shapiro-Wilk test obtained the
following results: for Adana, a p value of 0.3; for Mersin, a p value of 0.5799; and for
Osmaniye, a p value of 0.681. The p values for each of the three provinces were greater
than 0.05, and thus the assumption of normal distribution was met. The basic statistical
characteristics for the calculated SPI values over the period 1990-2020 for each province are
presented in Table 6.
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Table 5. Classification of the annual long drought (SPI) values of the maize plant.

Year

1950
1951

Growth Periods of the Maize Plant

Germination

Period

Seedling-Tassel

Emergence

Period

Tassel-Cob

Peak Formation—
Maturation

Harvest Period

Total Growth
Period

Adana
Mersin

1952
1953
1954

1955

1956

1957

1958

1959

1960
1961
1962

1963
1964
1965
1966
1967
1968
1969
1970
1971

1972

1973

1974

1975

1976

1977
1978
1979
1980
1981

1982
1983
1984
1985
1986

Osmaniye

Adana

Mersin

Osmaniye

Adana
Mersin
Osmaniye

Adana
Mersin
Osmaniye

Adana
Mersin
Osmaniye

1987
1988
1989

1990

1991

1992

1993

1994

1995
1996

Adana
Mersin
Osmaniye
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Table 5. Cont.

Growth Periods of the Maize Plant

Germination
Period

Seedling-Tassel
Emergence

Tassel-Cob

Peak Formation—
Maturation

Harvest Period

Total Growth
Period

Period

Year

Adana
Mersin
Osmaniye
Adana
Mersin
Osmaniye
Adana
Mersin
Osmaniye
Adana
Mersin
Osmaniye
Adana
Mersin
Osmaniye
Adana
Mersin
Osmaniye

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

LEGEND

Rainy

Moderate
Years

Normal

Very - Extreme

Table 6. Statistical characteristics of SPI during 1990-2020 for each province.

Missing
Data

Specification Province
Adana Mersin Osmaniye
Maximum 1.054 2.240 1.948
Minimum —1.550 —1.435 —1.573
Mean —0.114 0.054 0.041
Median —0.116 —0.007 —0.075
Standard deviation 0.601 0.943 0.917

The next stage was Bartlett’s test. It was intended to verify the hypothesis of variance
homogeneity. In this case, the significance level of « = 0.05 was also applied. As a result
of the analysis conducted in the R environment, a p value of 0.03528 < & was obtained.
The condition of homogeneity of variance was therefore not met. Therefore, the non-
parametric Kruskal Wallis test was applied for further analyses. It was used to verify—at
the significance level « = 0.05—the hypothesis HO: the SPI values calculated for the maize
growth period in 1990-2020 do not differ significantly among the three provinces. A p
value = 0.731 was obtained; therefore, at a significance level of 0.05, there are no grounds
to reject the HO hypothesis. Therefore, it can be concluded that the SPI values calculated
for the maize growth period for the last 30 years are not significantly different among the
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three provinces studied. Therefore, the provinces are characterized by similar conditions
concerning this drought index. The course of the SPI values for each province from 1990 to
2020 is shown in Figure 8.
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Figure 8. SPI values during the maize growth period in each province from 1990 to 2010.

Analyzing the course of the SPI values in the last thirty years in the Cukurova region,
it can be stated that they varied depending on the year considered. In six years (1990, 1994,
2004, 2008, 2010, and 2012), in all three provinces, the SPI was less than 0. The lowest values
were recorded in 2004, and were —1.550 in Adana, —1.205 in Mersin and —1.573 Osmaniye.
The highest SPI occurred in 2002, in the Mersin province, and reached 2.240. However, it
should be noted that there were small negative SPI values in Adana in the same year. In
1990-2020, only three years’ (1998, 2009, and 2011) SPI values were greater than 0 in all
three of the analysed provinces.

4. Discussion

Drought occurs in many climatic regions of the world. It causes significant losses
in agriculture manifested by crop yield reductions. Severe droughts have been recorded
over the past few decades, and will become more severe as climate change continues [67].
The researchers point out that climate analysis up to 2010 confirms the validity of models
which assume that severe and widespread droughts will occur over numerous land areas
over the next 30-90 years. These droughts will result from reduced precipitation and/or
increased evaporation [68]. Furthermore, droughts” frequency, intensity, and duration are
expected to increase in many important agricultural areas. This situation threatens food
production and regional or global security [69,70]. Climate change mainly affects cereal
crops. This is also noticeable in arid and semi-arid regions. The plants found in these
areas often face periods of water shortage, sometimes referred to as drought stress [71].
Drought stress primarily disrupts plant photosynthesis, affecting plant productivity [72].
Asnoted by researchers, the central, southern and south-eastern regions of Turkey are under
the influence of a semi-arid and dry climate, and face the risk of desertification [73,74].
According to pessimistic scenarios, this risk will increase soon, causing the climate of
Southern Turkey to become similar to the desert climate of Syria or Iraq [75]. Therefore,
current research on the phenomenon of drought, its extent, and attempts to assess it and its
impact on the economy are extremely important [76].
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Currently, drought is assessed using a variety of indicators. Based on these, it is
possible to determine its temporal and spatial extent, and its degree of severity [23]. In
order to assess the magnitude of drought, numerical values have been adopted, so-called
indices, which assimilate data from one or more indices characterising precipitation and
evapotranspiration into a single numerical value [77,78]. The adopted value provides
information on the magnitude and severity of the drought, and can be used to monitor
and implement recovery plans. Many drought indices are currently used, including the
Standardized Precipitation Index (SPI). The SPI is commonly applied as a meteorological
indicator of drought to determine a drought’s duration and/or severity. Its simplicity
and flexibility characterize it compared to other indices [79]. Therefore, the SPI index was
also used in this study. According to a commonly accepted scale, its calculated values
were taken to identify and classify droughts [52]. The SPI values classified as droughts for
the last 30 years (1990-2020) in the three provinces of the Cukurova region are shown in
Figure 9.

Analysing the results obtained, it can be observed that there were only normal seasons
for three of the five maize growth periods (tassel-cob, peak formation-maturation, harvest)
(Figure 9c—e). There were also medium droughts for the germination period and the
seedling-tassel emergence (Figure 9a,b). The highest number of average droughts (7)
occurred in Adana province during the germination period. Considering the whole period
of maize growth in the Adana and Osmaniye provinces, there was one year (2004) for
which the calculated SPI values were classified as a severe drought. Previous studies show
that maize is a very sensitive crop to drought. Depending on the plant’s development stage,
the occurrence of drought can result in a significant yield loss. Drought will majorly impact
yields by causing leaf drop and loss during the emergence period. Furthermore, if drought
is present for several growth stages of maize, it can lead to complete yield loss [80]. Severe
water stress during the vegetative growth phase results in the stunting of plant growth,
significantly reducing the leaf area and yield [81,82]. Maize leaf curl is the main symptom
of drought. The research conducted so far shows that the first sign of water shortage is
leaf rolling. The longer the leaf rolling, the greater the crop stress. It is assumed that yield
loss occurs when drought stress occurs for four consecutive days or more. However, it
should be noted that maize subjected to light water stress in the early development or
late grain-filling stages shows a certain level of tolerance to water deficit due to its low
water requirements at these stages [83]. The correct estimation of plant water needs is
crucial for the growing of a productive crop [84]. Moreover, plant water needs help to
determine whether irrigation systems are necessary. In the era of ongoing climate change,
this aspect is crucial, and is the focus of many scientific papers [85-88]. The compilation
of water needs and a detailed analysis of the meteorological data of the studied region
allows for the observance and determination of water deficit periods. The determination
of whether precipitation meets plant water needs is particularly important during plant
growth. This study presents graphical comparisons (Figure 10) of whether the precipitation
values during the growing season in the Cukurova region are sufficient regarding the
amount of water required for maize development (Table 1).
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Figure 9. Variation of the drought numbers in 1990-2020 during the maize growing periods:
(a) germination, (b) seddling-tassel emergence, (c) tassel-cob, (d) peak formation—-maturation,
(e) harvest, and (f) total growth.
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Figure 10. Variation of the long annual total precipitattion (Pbgi) and lack of precipitation (APbgi)
during maize growing periods: (a) Pbgi germination, (b) Pbgi seddling-tassel emergence, (c) Pbgi
tassel-cob, (d) Pbgi peak formation-maturation, (e) Pbgi harvest, and (f) Pbgi total growth; and
(g) APbgi germination, (h) APbgi seddling-tassel emergence, (i) APbgi tassel-cob, (j) APbgi peak
formation—-maturation, (k) APbgi harvest, and (1) APbgi total growth.

Analysing the course of changes in annual total precipitation (Pt), a decreasing trend
can be observed in the Adana and Mersin provinces during the germination and peak
formation-maturation periods. In the seedling-tassel emergence period, a decreasing trend
of Pt occurred in Adana, while an increasing trend of Pt was observed in Mersin. An
increasing trend was found in both Adana and Mersin during the tassel-cob and peak
formation-maturation periods (Figure 10a—f). In Osmaniye, on the other hand, it was deter-
mined that there was a tendency to increase in each cultivation period except germination.
This result is most likely influenced by the location of the province. It is thought that
Osmaniye may be between the Cukurova and Amanos mountainous areas, depending on
the geographical and climatic characteristics of Osmaniye, which was reported by [30-32].
When the total growing period of maize is examined, it is determined that there is a de-
creasing trend in Adana, and an increasing trend in Osmaniye and Mersin (Figure 10f).
The studies of [65,89] found that there is a decrease in total precipitation in the Eastern
Mediterranean coasts of Turkey, and [66] found that the provinces of the Mediterranean
region have determined that there are significant trends in decreasing precipitation (total,
daily maximum and average) values.

Besides a detailed analysis of the changes in precipitation, we also compared the water
needs of maize from Table 1. The difference between the precipitation and needs is shown in
Figure 10g-1 as lack of precipitation (APbgi). It was determined that the total precipitation
during the germination period may be almost sufficient. However, a little irrigation of
the plant may be needed. In other periods until the harvest period, it was emphasized
that the total precipitation was not sufficient; that is, the plant should be given increased
amounts of water so that the plant will not suffer from water stress during these periods.
Previous analyses of climatic conditions in Turkey assume that maize yields will be reduced
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and the growing season shortened due to increased temperatures and water stress [90].
Furthermore, an experiment conducted in Adana demonstrated that water stress reduces
the grain weight, grain quality yield, and crude oil, protein and ash yield of maize in Adana.
At the same time, some maize hybrids were shown to be less susceptible to this stress [91].
Insufficient available water in the soil impairs the metabolic activity of maize, leading to
reduced biomass accumulation and slower photosynthesis by reducing the chlorophyll
content of the leaves, with a consequent reduction in maize yield [92]. Previous scientific
studies show that progressive drought reduces the maize grain yield more when it occurs
in the reproductive phase than in the vegetative phase. Therefore, it can be concluded that
the application of irrigation in the reproductive phase is extremely important, and should
be an effective way to reduce the effects of drought [93]. On the other hand, concerning
episodic drought, a strong effect of this stress on photosynthesis, maize growth and leaf
morphological characteristics was observed during both the reproductive and vegetative
phases [94]. Maize is a sensitive crop, and is susceptible to drought damage. In many
countries, it is grown in areas where the rainfall is between 300 and 500 mm, close to or
below the critical level for good yields [95]. However, it is possible to obtain the optimum
maize yield through intensive irrigation during the flowering stage, even if the soil water
content is insufficient at the vegetative growth and grain-filling stages [96]. Researchers
point out that in water deficient areas, growing maize for grain is only justified if irrigation
is used. They also stress that a suitable system is drip irrigation, which is more beneficial in
the unit production effect obtained than sprinkler irrigation [97].

Researchers note that no single maize breeding strategy has been selected that is
most effective in increasing the drought tolerance of this crop [98]. One of the directions
taken is to research a variety of genotypes of this plant. The preliminary results show that
some genotypes can increase the yield as well as the tolerance to water stress [99]. The
application of genomic tools and the use of model plants also have potential in the search
for drought-adaptive measures [100]. Furthermore, the cultivation of drought-tolerant
maize hybrids may be future-proof, especially in water-limited areas [101]. Therefore,
it is important to continue research in this area in order to increase the knowledge and
development of this technology. Monitoring and testing crop performance under different
drought conditions and severities is also crucial. It has been noted that enzyme activity has
great potential to assess the drought tolerance of maize hybrids [102]. Furthermore, the
search for methods to identify and classify maize drought is also important. In this respect,
the great potential of deep-learning-based approaches has been noted [103].

In order to mitigate the adverse effects of climate change, scientists around the world
are developing various mechanisms to prevent temporary water shortages effectively. Their
work focuses on developing stress-tolerant and widely adapted crop varieties and improved
agronomic practices [104]. Extensive research is being conducted into evaporation-reducing
agents—antitranspirants—in agriculture. Previous experiments indicate a great potential
of chitosan, which is an antitranspirant, to reduce the negative effects of drought on
cereals [105]. Additionally, the introduction of maize varieties tolerant to periodic water
shortages or surpluses and resistant to diseases and insect pests may contribute to the
adaptation of maize for cultivation in many areas. Furthermore, in combination with
precision agriculture, sustainable water management can effectively reduce the impact of
adverse climate change. Scientists point out that proper water management is extremely
important in Turkey. The use of modern tools and technologies to ensure efficient water
use in agriculture, in compliance with environmental regulations, should be one of the
priority objectives for the country. It is also crucial to implement proper irrigation methods
that reduce water losses and excessive water use [106,107].

5. Conclusions

Maize is one of the most important crops grown globally [108]. It shows great potential
for grain [109] and fodder production [110]. In 2020, as many as one-third of the world’s
farms grew maize. Moreover, projections indicate that, by 2030, maize will overtake wheat
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as the most widely grown crop by area [111]. However, a major threat to the development
of maize and many other cereals is the occurrence of drought. Drought is a natural disaster
that is expected to be seen more frequently in the future due to global climate change,
causing serious problems for agriculture. Ensuring water resource management in both
rainy and dry periods will reduce the possibility of chronic drought problems such as water
crises in the future.

This paper analysed the drought occurrence in three provinces (Adana, Mersin, and
Osmaniye) in the Cukurova (Turkey) region during the maize growth period. The con-
ducted research demonstrated that the region is prone to droughts, but they are mostly
mild. Considering the whole maize growth period in the last 30 years (1990-2020), just
one year was classified suffering severe drought in terms of SPI values. Moreover, in only
three years was the SPI value greater than 0 for all three provinces. The statistical analysis
carried out for the SPI values in 1990-2020 showed no significant differences between the
three provinces. Thus, the entire Cukurova region is characterised by similar conditions
concerning this index. The calculated average approximate drought recurrence (Tr) pe-
riods were Tr ~ 1.036 years for Adana, Tr ~ 1.031 years for Mersin, and Tr ~ 1.052 years
for Osmaniye. Moreover, a detailed analysis of the meteorological conditions for the area
showed that, except for the germination period, the precipitation occurring could not
satisfy the water needs of maize. Furthermore, a decreasing trend in precipitation and an
increasing trend in average temperatures were observed for several growth phases. Due
to the lack of precipitation during the maize growth periods, an increase in the intensity
of meteorological drought has also been noted. As a result, the area is also vulnerable to
agricultural and hydrological drought.

In order to reduce the adverse effects of drought in the Cukurova region, several
actions should be taken. Agricultural activities could be modernized, a drought prevention
plan could be created, training could be given on the correct use of water, water resources
could be regulated, and activities such as protection, technological innovations and chang-
ing land use could be implemented. As a result, for the studies to be carried out against
drought in the study area to gain importance, such activities should be given priority, and
attention should be drawn to the issue.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/s5ul4063697/s1: Supplementary S1—Changes in long annual
total precipitation (Pt) and average temperature (Tave) during each maize growth period in the three
provinces (Adana, Mersin, and Osmaniye).
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