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Drought  is  a rapidly  rising  environmental  issue  that  can  cause  hardly  repaired  or unrepaired  damages
to the  nature  and  socio-economy.  This  is  especially  true for  a  region  that  features  arid/semi-arid  cli-
mate,  including  the Turkey’s  most  important  agricultural  district  —  Southeast  Anatolia.  In this  area,  we
examined  the  uncertainties  of  applying  Landsat  8 Operational  Land  Imager  (OLI)  NDVI  data  to  estimate
meteorological  drought  –  Standardized  Precipitation  Index  (SPI)  — measured  from  31  in-situ  agro-
meteorological  monitoring  stations  during  spring  and  summer  of  2013 and 2014.  Our  analysis  was
designed  to  address  two  important,  yet  under-examined  questions:  (i)  how  does  the  co-existence  of
rainfed  and irrigated  agriculture  affect  remote  sensing  drought  monitoring  in  an  arid/semi-arid  region?
(ii) What  is  the  role  of spatial  scale  in  drought  monitoring  using  a GEOBIA  (geographic  object-based
image  analysis)  framework?  Results  show  that spatial  scale  exerted  a higher  impact  on  drought  monitor-
ing  especially  in  the  drier  year  2013,  during  which  small  scales  were  found  to outperform  large  scales  in
general.  In  addition,  consideration  of  irrigated  and  rainfed  areas  separately  ensured  a  better  performance

in drought  analysis.  Compared  to  the positive  correlations  between  SPI  and  NDVI  over  the  rainfed  areas,
negative  correlations  were  determined  over  the  irrigated  agricultural  areas.  Finally,  the  time  lag  effect
was  evident  in the  study,  i.e., strong  correlations  between  spring  SPI  and  summer  NDVI  in both  2013  and
2014.  This  reflects  the fact that  spring  watering  is  crucial  for the  growth  and yield  of  the major  crops  (i.e.,
winter  wheat,  barley  and  lentil)  cultivated  in  the  region.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Drought is an environmental disaster typically defined as an
nusual deficiency in water supply for an extended period (Mishra
nd Singh, 2010; Vyas et al., 2015). Due to the accelerated cli-
ate change, global drought events have dramatically increased in

ecent years (Mu  et al., 2013). It is likely that those events will have
 more detrimental impact on the regions that were arid or semi-
rid, for example the southeast Anatolia of Turkey (Sensoy, 2003;
ensoy et al., 2008b; Tayanç et al., 2009). Bordered by Syria to the
outh and Iraq to the southeast, the southeast Anatolia of Turkey

as been historically dominated by intensive agricultural practices.
ccording to Turkey’s Ministry of Development, the total area of the
egion is 7.5 million hectares where 3.2 million hectares (11.4% of

∗ Corresponding author. Fax: +90 212 285 7501.
E-mail address: emreozelkan@itu.edu.tr (E. Ozelkan).

ttp://dx.doi.org/10.1016/j.jag.2015.08.003
303-2434/© 2015 Elsevier B.V. All rights reserved.
Turkey’s agriculture area) are suitable for agriculture with the rest
being covered by pasturelands, shrubberies and forests (Turkish
Ministry of Development, 2015). The region’s agricultural products
for export account for almost 6% of the entire export market of
Turkey (Turkish Ministry of Development, 2015). More than half
of its population is involved in cultivation related activities (Genc,
2003). However, the employment in agriculture has been consis-
tently decreasing by 8% over the last decade mainly caused by the
strengthened drought in the region, which has significantly affected
the productivity of crops (Turkish Statistical Institute, 2015). Offi-
cially declared by the Government of Turkey, one of the most
destructive effects of drought over the southeast Anatolia has been
seen since 2008, reducing crop yield by 28% and increasing the
national consumer price index inflation rate by almost 2% com-
pared to previous years (Turkish Ministry of Economy, 2015a,b;

Union of Turkish Agricultural Chambers, 2015; Turkish Statistical
Institute, 2015).

dx.doi.org/10.1016/j.jag.2015.08.003
http://www.sciencedirect.com/science/journal/03032434
http://www.elsevier.com/locate/jag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jag.2015.08.003&domain=pdf
mailto:emreozelkan@itu.edu.tr
dx.doi.org/10.1016/j.jag.2015.08.003
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Large-scale projects, such as the Southeastern Anatolian Project
GAP) and the Agricultural Monitoring and Information System
TARBIL), have been in progress to mitigate the impact of drought
nd desertification on the loss in agriculture while maximizing
egional socio-economic benefits (Yuksel, 2012; Yurekli, 2015;
ARBIL, 2015). Especially for TARBIL, one of the emphases was  to
stablish a large network of in-situ meteorological stations in both
ainfed (i.e., farming practices solely relying on rainfall for water)
nd irrigated agricultural lands, with a goal to understand the fine-
cale impact of microclimate on crop yield. And since 2013, such
etwork has successfully covered the southeast Anatolia of Turkey,
here our study area was located.

Monitoring meteorological drought and assessing its impact on
rops are essential for effective agricultural management (e.g., crop
onitoring, yield estimation, and economic planning). Tradition-

lly, such objective is achieved by directly using meteorological
rought indices, e.g., the Standardized Precipitation Index (SPI)
McKee et al., 1993), which are computed from the in-situ obser-
ation data (e.g., precipitation) collected at a limited number
f meteorological stations (Caccamo et al., 2011, Ji and Peters
003). While those indices are accurate, they lack the ability to
rovide spatially-explicit drought estimates mainly due to the
eographic and economic constraints when establishing in-situ sta-
ions (Ozelkan et al., 2014). As a viable solution, remote sensing
an provide a wall-to-wall drought estimation by linking field-
easured drought indices (e.g., SPI) with a variety of spectral

ndices, such as Normalized Difference Vegetation Index (NDVI)
Tucker, 1979), Simple Ratio Index (SR) (Tucker, 1979), Vegeta-
ion Condition Index (VCI) (Kogan and Sullivan, 1993), Temperature
ondition Index (TCI) (Kogan, 1995), Normalized Difference Water

ndex (NDWI) (Gao, 1996), and Normalized Difference Drought
ndex (NDDI) (Gu et al., 2007).

Among these indices, NDVI has proven itself a relatively accurate
nd consistent representation of vegetation vigor, percentage green
over, live biomass, and canopy photosynthetic activity (Tucker,
979; Ji and Peters, 2003; Anyamba and Tucker, 2005; Rulinda et al.,
012; Mu et al., 2013; Gopinath et al., 2015). The hypothesis for a
obust SPI-NDVI relationship over agricultural lands is that the lack
f precipitation often leads to vegetation stress or even mortal-

ty, with crops exhibiting decreased near-infrared reflectance and
ncreased red reflectance (Ji and Peters, 2003; Caccamo et al., 2011;

ang et al., 2015). Accordingly, NDVI decreases within the range
0, 1). However, the uneven development of agricultural infras-
ructure (e.g., availability of water suppliers or irrigation systems)
nd complex microclimates (e.g., spatially varying meteorologi-
al parameters such as precipitation, temperature and others) are
bserved in many regions of the world (Ç elik and Gülersoy, 2013;
adaser-Celik et al., 2008; Ozelkan et al., 2015). This is also true

n the southeast Anatolia of Turkey, where both rainfed and irri-
ated lands co-exist. The uncertainty of remote sensing drought
onitoring is possibly introduced by human irrigation practices.
hile difficult to predict, the frequency of irrigation is often corre-

ated with the severity and length of drought events (Dadaser-Celik
t al., 2008). Remote sensing observations over irrigated crops may
eflect meteorological drought to some extent, although their rela-
ionship is likely to be different from that obtained in rainfed lands.
cientists have also reported that the response of vegetation to
rought may  exhibit a time lag effect, because drought is a grad-
al process altering soil moisture (Wang et al., 2003; Gao et al.,
008; Dhakar et al., 2013; Nichol and Abbas, 2015). Similarly, irri-
ation during one growing season has the potential to significantly
ffect crop growth and yields in the succeeding seasons (Greene

nd Kirkham, 1980; Dadaser-Celik et al., 2008; Salmon et al., 2015).
sing remote sensing to estimate drought in a region covered by
oth rainfed and irrigated lands may  cause unexpected errors with-
ut considering those crucial yet well-studied effects.
bservation and Geoinformation 44 (2016) 159–170

While climate is typically considered as a large-scale phe-
nomenon, there has been an increasing need for understanding
how small-scale crop lands are influenced by microclimate in pre-
cision agriculture (Mbow et al., 2014). The best spatial scale at
which SPI and NDVI are correlated can vary across the area of
interest attributing to the changing topography and land cover
(Briner et al., 2012). Traditionally, image pixels acquired from satel-
lite sensors (e.g., Landsat) are directly used in drought monitoring
(Ghulam et al., 2007; Nichol and Abbas, 2015). Some researchers
further employed square kernels/windows (e.g., 3-by-3 or 5-by-5
pixels) to take into consideration of the neighborhood character-
istics (Caccamo et al., 2011; Ozelkan et al., 2015). However, such
practices neglect the fact that the natural environment is not appro-
priate to be arbitrarily divided into small grids of the same size
and shape (Blaschke et al., 2014). Geographic object-based image
analysis (GEOBIA) appears to be an ideal solution to address such
challenge, because it can extract meaningful geographic objects of
varying sizes and shapes and apply these internally homogenous
objects as the basic study units in drought monitoring (Chen et al.,
2012). GEOBIA further facilitates an investigation of the best spa-
tial scales to achieve desired model accuracy through its unique
multiscale analysis (Addink et al., 2007; Chen et al., 2011).

Based upon the above considerations, in this research we used
the southeast Anatolia of Turkey as the case study area to address
two important, but still under-examined questions: (i) how does
the co-existence of rainfed and irrigated agriculture affect remote
sensing drought monitoring in an arid/semi-arid region? (ii) What
is the role of spatial scale in drought monitoring using a GEOBIA
framework?

2. Data and Methodology

2.1. Study Area

The study area is located in the heart of the southeastern
Anatolia of Turkey between 37◦15′–39◦37′ eastern meridians and
36◦38′–37◦56′ northern parallels, north of the Turkey–Syria bor-
der covering an area of 36,500 km2 (Fig. 1). The elevation of the
area ranges from 2667 m in the northwest to 67 m in the southeast
with variable geographic and microclimatic conditions. Generally,
the region’s climate is named southeastern Anatolia continen-
tal climate, featuring hot and dry summer with air temperature
above 30 ◦C, and mild spring and autumn with extreme temper-
ature anomalies occurring more frequently over the last decade
(Sensoy, 2003; Sensoy et al., 2008a). The area’s long-term annual
average temperature is 16.4 ◦C, and its annual average precipitation
is 565.8 mm that varies through space and time between 350 and
800 mm (Sensoy, 2003; Sensoy et al., 2008a). The annual relative
humidity is averaged at 53.6%. Such low humidity increases evap-
oration that strengthens the drought in summer especially when
the precipitation is very low (Sensoy, 2003; Sensoy et al., 2008a).
Consequently, the southeastern Anatolia is often considered as the
driest region in Turkey (Sensoy, 2003; Sensoy et al., 2008a).

According to the current climatic conditions, there are
two agricultural growing seasons per year, i.e., early season
(autumn–summer) and late season (spring–autumn) (Alganci et al.,
2014; GAP Regional Development Administration, 2015). Winter
wheat and barley are the major crops in the study area, typically
cultivated in the early season (Alganci et al., 2014; GAP Regional
Development Administration, 2015). The general agricultural prac-
tices for wheat and barley have four stages: (i) tillage, seeding

and fertilization in autumn; (ii) pest control, weeding and fertiliza-
tion between winter and the beginning of spring; (iii) irrigation in
spring; and (iv) harvesting in summer (GAP Regional Development
Administration, 2015). The third major crop of the region is lentil
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Fig. 1. Study area and agro-meteorological stations with Digital Elevation Model (DEM) and a Landsat 8 Operational Land Imager (OLI) true color image as backdrop.
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Table 1
Drought classes and corresponding SPI values (Caccamo et al., 2011).

Drought Class Range of SPI Value

Extremely wet >2.00
Severely wet 1.5 to 1.99
Moderately wet  1.0 to 1.49
Mildly wet  0.99 to 0
Mild drought 0 to -0.99
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hat has similar growing stages as winter wheat and barley, except
hat irrigation is not conducted because of its nature of high tol-
rance to drought. For this study, we emphasized on spring and
ummer seasons, based on the considerations that both seasons
re the crucial periods for the development of wheat and barley,
nd their phenological variation can be well captured using remote
ensing.

.2. Field data and pre-processing

Field data from 31 agro-meteorological monitoring stations
ere acquired for two years of 2013 and 2014, as part of a new

arge-scale agricultural management initiative TARBIL (Fig. 1). The
tations comprise almost all types of microclimates over the agri-
ultural fields in the study area (TARBIL, 2015). Records of each
tation include crop type, irrigation status (i.e., rainfed versus irri-
ated), and precipitation. The irrigation status was used to classify
he stations into rainfed (12 stations) and irrigated agriculture (19
tations). Compared to previous studies, one of the most important
dvantages of this study is that all the stations are within the agri-
ultural areas directly reflecting drought and irrigation conditions.

A widely-used probability index, SPI (Standardized Precipita-
ion Index) was calculated to represent meteorological drought as
ollows:

PIi = Xi − Xmean

�
(1)

here Xi is the precipitation of an investigated (i) period, and Xmean

nd � are the long-term mean and standard deviation of the mea-
ured precipitation, respectively (McKee et al., 1993; Dhakar et al.,
013). Note that long term data was obtained from the closest and
eographically similar climate stations of Turkish State Meteoro-
ogical Service. SPI ranges from 2.00 and above (extremely wet) to
2.00 and less (extremely dry) with mild conditions ranging from
.99 to −0.99 (Table 1) (Caccamo et al., 2011). Compared to other

n-situ drought measurements, SPI has several advantages such as
implicity, statistical consistency, robustness, dimensionality, and
emporal flexibility (Dhakar et al., 2013; Du et al., 2013). Here, we
alculated 3-month SPI values for the purpose of assessing the sea-
onal variation of drought. Fig. 2 shows all the stations’ SPI values
or the spring and summer of 2013 and 2014. The average SPI values
f the spring in 2013 and 2014 were −1.33 and −1.33 (moderate
rought) with standard deviation of 0.76 and 0.71, respectively. The
verage SPI values of the summer were −0.21 (mild drought) and
.43 (mild wet) with standard deviation of 0.25 and 0.64, respec-
ively. The variation of SPI amongst the monitoring stations reflects
ariable microclimatic conditions in the study area.

.3. Remote sensing data and pre-processing

The study area coincided with the extent of one Landsat image

cene (path/row: 173/34). A total of 13 Landsat 8 Operational Land
mager (OLI) images over the area were downloaded from the USGS
ata portal (USGS, 2014). To ensure a proper representation of the
easons we studied, the images were acquired monthly from spring
Fig. 2. Seasonal average SPI values measured from 31 agro-meteorological moni-
toring stations.

and summer of 2013 and 2014. All the images were atmospherically
and geometrically corrected by the vendor, with pixel values repre-
senting surface reflectance. NDVI was  calculated as follows (Tucker,
1979):

NDVI = (�NIR + �RED)
(�NIR − �RED)

(2)

where �RED and �NIR are the reflectance at the red and near infrared
spectral ranges, respectively. As a classic vegetation index, NDVI
correlates well with vegetation photosynthetic activity, primary
productivity, water stress, and drought response (Tucker, 1979).
NDVI of vegetation often has values more than 0.2, and it increases
towards 1.0 in the areas covered by healthy and abundant plants
with high leaf water content. In this study, NDVI was  calculated for
each Landsat image scene and then aggregated into two seasons
of two years, i.e., spring 2013, summer 2013, spring 2014, summer
2014 (Fig. 3).

2.4. Data analysis

The relationship between remote sensing NDVI imagery and
in-situ SPI data was analyzed in two major steps: (i) generat-
ing multiple spatial scales using GEOBIA segmentation, and (ii)
assessing the relationship between NDVI and SPI in rainfed versus
irrigated agriculture using statistical analysis. Specifically,

(i) Each of the four NDVI images was  segmented to derive image-
objects, i.e., homogenous pixel clusters of varying sizes and
shapes (Blaschke and Hay, 2001). However, such homogene-
ity is a relative concept. An image-object may represent a small
cluster of plants or a large patch of agricultural land. Hence, a
total of 12 spatial scales (a representation of 12 mean object
sizes) were extracted from the small pixel level of 0.0009 km2

to the large object level of 1.0396 km2 (a simulation of the 1 km
spatial resolution MODIS data). Fig. 4 shows the corresponding
scale parameters from 0 to 220 used in eCognition Developer 8
(Trimble Navigation, Sunnyvale, California). For the purpose of
consistency, the same set of parameters (shape: 0.1, and com-
pactness: 0.5) were employed in segmentation at each scale
(Chen et al., 2014). Finally, all the NDVI pixel values were aggre-
gated within objects.

(ii) Because the 31 agro-meteorological monitoring stations were
separately located in rainfed (12 stations) and irrigated lands
(19 stations), the Pearson’s correlation coefficients (r) between

NDVI and SPI were calculated and compared for three cate-
gories, including the rainfed, the irrigated, and the combined
without distinguishing irrigation policy. For each category, we
analyzed the NDVI-SPI relationship at all the 12 spatial scales.
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Fig. 3. NDVI images calculated for (a) spring 2013, (b) sum
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To understand the time lag effect, we not only compared NDVI
and SPI of the same season in spring and summer, but also cor-
related spring SPI with summer NDVI of the same year, with
the purpose to analyze whether drought and irrigation have a
long-term impact on crop growth and health. In all cases, we
also calculated and reported the significance F (SF), which is a
significance probability of ANOVA (Analysis of Variance).

3. Results and discussion

3.1. Impact of spatial scale on drought monitoring

Spatial scale was discovered to have varying impacts on the
relationship between SPI and NDVI. Specifically, for the year of

2013, smaller scales were likely to have a more positive impact
on the SPI-NDVI correlation for the rainfed, the irrigated and all
the areas combined (Figs. 5 and 6). With the increase of scale,
their correlations decreased for all the three types of agricultural
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and classification. One exception occurred in the spring SPI versus
ummer NDVI of 2013, during which the correlations were increas-
ng with the increasing scales for irrigated and combined areas. In
pring SPI versus spring NDVI, the correlations were already weak
−0.1 < r < 0.1) and scale was  not able to show a noticeable impact. In
ontrast, spatial scale was found to have minimized influence over
he relationship between SPI and NDVI in all the seasonal com-
arisons for the rainfed, the irrigated and all the areas combined
Figs. 5 and 6). Because 2013 was drier than 2014 (Fig. 2), it is pos-

ible that the lack of precipitation in 2013 may  have introduced high
patial variation in features of agriculture areas such as soil mois-
ure, crop vigor and canopy (Ji and Peters, 2003; Gopinath et al., in
VI across spatial scales for the rainfed, the irrigated and all the areas combined.

press). Consequently, small scales performed slightly better than
large scales in capturing such variation in general (Figs. 5 and 6).
However, when rainfall was  relatively abundant in 2014, soil may
have had a higher homogeneity in water content. Microclimate and
local topography did not unveil a significant impact on crop health
and growth.

3.2. Same-season SPI-NDVI correlation over rainfed, irrigated and

all areas

Generally, no significant relationship was discovered between
spring SPI and spring NDVI for any of the three irrigation sta-
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Fig. 6. The distribution of significance F (SF) values between SPI and NDV

uses, i.e., the rainfed, the irrigated and all the areas combined
Figs. 5 and 6). Even for the best result, the SPI-NDVI correlation was
ound to be close to 0, with SF over 0.67 (Fig. 7). However, the sum-

er  SPI values were found to better correlate with summer NDVI
Figs. 5 and 6). Specifically, the correlations in the rainfed lands
ere positive and superior to those obtained from the irrigated

ands. The results for the combined lands without distinguish-
ng irrigation types were found in the middle. This suggests that
rrigation did have a negative impact on remote sensing drought
apping by introducing uncertainties and errors. The findings are
onsistent with several previous studies of the similar topic (Dhakar
t al., 2013; Ezzine et al., 2014).
ss spatial scales for the rainfed, the irrigated and all the areas combined.

We further noticed that the correlation between SPI and
NDVI was even negative in summer 2014 over irrigated areas
(Figs. 5, 7 and 8). It is possible that irrigation practices were rein-
forced in the areas with relative water deficit leading a negative
correlation. Because such correlation was  weak, it may be also
caused by the complex local environment and microclimate. In
either case, we suggest that fine-scale drought monitoring should
take into the consideration of the difference in irrigation policy. To
improve the accuracy of remote sensing based drought monitor-

ing, it is imperative that irrigated and rainfed agricultural lands are
separately modelled and analyzed. Hence, a prerequisite step may



166 E. Ozelkan et al. / International Journal of Applied Earth Observation and Geoinformation 44 (2016) 159–170

f 2013

i
t

3

o
s
(
S
−
(

Fig. 7. The best correlations between spring SPI and spring NDVI o

nvolve an accurate mapping of these two types of agriculture, if
he local irrigation policy was not known.

.3. Evaluation of time lag effect

Our results revealed a noticeable time lag effect for both years
f 2013 and 2014. For year 2013, the best correlations between
pring SPI and summer NDVI were 0.829 (SF = 0.001) and −0.580

SF = 0.009) for the rainfed and irrigated lands, respectively (Fig. 9).
imilarly, for 2014 the correlations were 0.806 (SF = 0.002) and
0.622 (SF = 0.004) for the rainfed and irrigated lands, respectively

Fig. 9). This finding is compatible with the phenological develop-
 and 2014 for the rainfed, the irrigated and all the areas combined.

ment of the major crops (wheat and barley) cultivated in our study
area, because they need sufficient water in spring more than the
other seasons to ensure a healthy growth (Greene and Kirkham,
1980; Ozkan and Akcaoz 2002; Dadaser-Celik et al., 2008). More
specifically, in an arid or semi-arid region, crop growth and yield
could vary prominently from year to year attributing to high vari-
ation in precipitation (Morell et al., 2011). For many crop types,
even if rainfall or irrigation occurred in one growing season (e.g.,

during spring flowering and ripening), crop yields in the harvest-
ing season could be significantly higher than those without early
season rainfall or irrigation (Greene and Kirkham, 1980; Dadaser-
Celik et al., 2008; Morell et al., 2011; Amossé et al., 2013; Salmon
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Fig. 8. The best correlations between summer SPI and summer NDVI

t al., 2015). This may  explain the relatively strong correlations
etween spring SPI and summer NDVI. Compared to the positive
orrelation over the lands watered by natural rainfall (i.e., rain-
ed areas), a negative SPI-NDVI correlation was discovered in the

gricultural lands benefiting from human irrigation (i.e., irrigated
reas). Finally, the correlations considering the time lag effect were
ound stronger than those using remote sensing to estimate mete-
rological drought of the same/present season.
3 and 2014 for the rainfed, the irrigated and all the areas combined.

4. Conclusions

This study analyzed the uncertainties of applying Landsat 8 OLI
imagery to estimate meteorological drought in the heart of the

Southeast Anatolia of Turkey, an arid/semi-arid region experienc-
ing strengthened drought over the past decade. We  evaluated the
impact of season (spring versus summer), and spatial scale (12
scales from small pixel level of 0.0009 km2 to large stand level
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Fig. 9. The best correlations between spring SPI and summer NDVI o

f 1.0396 km2) on the SPI-NDVI relationship in rainfed and irri-
ated agricultural lands, respectively. Results include three main
oints:
) In an arid/semi-arid region, spatial scale may  exert a high impact
on remote sensing drought monitoring especially in a dry sea-
son/year, during which small scales were found to outperform
large scales in general.
3 and 2014 for the rainfed, the irrigated and all the areas combined.

) Irrigated and rainfed areas should be separated in drought
monitoring to ensure a better performance in remote sensing
modeling. Compared to the positive correlations between SPI
and NDVI over the rainfed areas, negative correlations were dis-

covered over the irrigated agricultural areas.

c) The time lag effect was  evident in our study area. The best cor-
relations were obtained between spring SPI and summer NDVI,
reflecting the crucial influence of spring watering on crop growth
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and summer yield in the region. Such relationship was even
strong and significant for the irrigated lands.

As one of the major developing countries, Turkey has a signif-
cant agriculture sector that is crucial for the nation’s economic
evelopment. Remote sensing can be of great benefits for the
reas (especially the arid and semi-arid) facing severe drought
nd desertification. These regions, e.g., Southeast Anatolia – the
riest area of Turkey, often feature small-scale uneven develop-
ent of agriculture infrastructure. Spatially-explicit and accurate

rought mapping can assist in consistent and effective farmland
anagement, reducing the chance to cause serious problems such

s waterlogging, salinization, and decrease in yield (Mukhtarov
t al., 2014).
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