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Comparison of Water-Yield Relations, Water Deficit Index,
and Crop Water Stress Index in Silage Maize (Zea mays L.)

and Sorghum (Sorghum bicolor L.)

M. Keten Gokkus'", and H. Degirme:nci2

ABSTRACT

In this study, water-yield relations, Crop Water Stress Index (CWSI), which is one of
the commonly used crops stress indicators, and the Water Deficit Index (WDI), which is a
new approach, were compared by applying deficit irrigation in 2018-2019 growing period
in Kahramanmaras, Turkey. Five irrigation levels were applied to silage maize and
sorghum plants. According to the results, yield was higher in silage maize than in silage
sorghum both in full irrigation (100%) and in water-deficit irrigation (treatment where
80%, 60%, 40%, 20% meeting water requirement of plant). However, when average yield
values of both years were examined, maize showed a decrease of 49 and 46%,
respectively, while sorghum showed a decrease of 33%, compared to treatment with 40
and 20% irrigation, respectively. Similarly, there was a decrease of 66-54% in maize for
20% treatment, while there was a decrease of 45-46% in sorghum. This showed that
sorghum maintained its yield potential better than maize in conditions of 60% or more
water constraint. When the average CWSI and WDI indices were examined mutually, it
was observed that rate of increase in stress and amount of decrease in productivity gave
more consistent results in WDI than in CWSI. It has been understood that CWSI, one of
crop stress determiners, is insufficient in determining stress compared to WDI, and WDI
gives more accurate results. Accordingly, complete and accurate results of WDI have
been obtained despite the shortcomings of CWSI method, which has been used in stress

determination until now. It is suggested to use WDI for crop water stress index.
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INTRODUCTION

Water scarcity, which has increased in
recent years, has become an important
problem all over the world. Since agriculture
is the main water user, it is necessary to
consume water effectively to protect this
restricted resource. Water use efficiency can
be increased through different strategies
(Farré and Faci, 2006). One of these
strategies is to select plants with effective
acceptable yields under deficit irrigation
(Zwart and Bastiaanssen, 2004); another is

to apply a deficit irrigation program.

Some crops use water more productively
than other crops (Gurian-Sherman, 2012).
For instance, sorghum consume less water
than maize to catch up (Colaizzi et al.,
2009). Silage maize is planted almost
anywhere in Turkey and production amounts
have doubled in the last decade (Tezel,
2018). However, maize 1is a water
demanding plant and sensitive to water
deficit (Farré and Faci, 2006). In those areas
where rainfall or irrigation is limited for
great silage yield, sorghum cultivation
should replace maize (Bean and Marsails,
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2012).

Sorghum, as opposed to maize, is a
drought-resistant crop (Camargo and
Hubbard, 1999). Drought resistance of
sorghum is because the stem, leaf sheath and
leaf blade are generally covered with a wax
layer, which minimizes amount of water to
be lost from the plant (Acar et al., 2001).
Sorghum species have great utilization
potential both in arid areas and in terms of
being an alternative to maize and other
cultivated plants in periods when water is
limited in irrigated farming areas (Yildiz et
al., 2014; Yilmaz and Kokten, 2021). Silage
sorghum has a potential yield similar to
maize, making it a substitute for maize in
fields where water supply is limited
(Getachew et al., 2016).

Many researchers use CWSI to measure
water stress and irrigation schedule
(Tanriverdi et al., 2017; Zhou et al., 2021,
Katimbo et al; 2022). However, CWSI has
some trouble gauging plant surface
Temperature (Ts). Whereas WDI is admitted
to both soil and crop canopy temperatures as
a Ts (El-Shirbeny et al., 2015), CWSI shows
only canopy temperature as Ts. For this
reason, some of datum are not beneficial to
establish fundamentals of CWSI for early
growing periods due to vegetation cover.
The CWSI is only workable in situations of
full vegetation cover, so Moran et al. (1994)
build up WDI that let the index be
forecasted for vegetation cover as well.
Under these cases, WDI was thought to be a
dependable index when compared with
CWSI (Tanriverdi et al., 2017). However,
the number of applied studies on this subject
is very few. The fact that there are very
limited studies on WDI will contribute to the
next scientific studies and more precise
determination of plant stress determiners
will be provided.

The objectives of this study were:

1) To determine whether a silage sorghum
plant grown under deficit irrigation
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conditions can be an alternative to maize for
silage in a semi-arid climate zone,

2) To compare the plant stress treatments
WDI and CWSI in both plants, to show
missing side of CWSI with field application
rather than theoretical,

3) To apply more appropriate
measurement method such as WDI and to
determine the differences between the two
Ccrops.

MATERIALS AND METHODS
Site, Soil, and Climate

This  study was  conducted in
Kahramanmaras, East Mediterranean
Turkey, in 2018 and 2019. While the texture
class of the soil was clay loam in 2018, it
was silty loam in 2019. Field capacity,
wilting point and available water holding
capacity were 288, 198, and 89 mm,
respectively, in 2018. Field capacity is 327
mm and wilting point is 189 mm, available
water holding capacity was 138 mm in 2019.
pH and EC values were not a problem for
plant growth. Average long annual
temperature values in 2018 and 2019 were
close to each other (Table 1). In case of
growing plants as second crops in the
region, plants need irrigation due to low
amount of rainfall during the growing
season.

Agronomic Studies

"Colonia" variety was used for silage
maize (Zea mays L.) and "Es Foehn" variety
was used for silage sorghum (Sorghum
bicolor L.). Silage maize and silage sorghum
were sown on 25 June 2018 and 22 June
2019. Sowing was 70 cm row spacing and
15 cm row top. 80 kg ha™ P and 80 kg ha' N
20-20-0 compound fertilizer were given to
the silage maize and sorghum during
planting (Okursoy, 2009). When crops
height were 40-50 cm, 100 kg ha” pure N
was applied. Nitrogen fertilizer was applied
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Table 1. Climatic data and long annual average values for the years.”

Plant growing periods

June July August September
;g?g 2018 2019 ;g?g 2018 2019 ;g?g 2018 2019 ;gig 2018 2019
T C) 319  38.6 434 356 41.6 394 360 41.1 428 325 405 39.1
Ton °C) 187 136 114 222 178 167 222 190 172 183 144 9.0
Tae (°C) 249 255 272 282 289 274 284 293 293 249 267 260
Py (mm) 8.6 170 52 27 22 0.2 22 0.4 - 104 0.8 1.0
Ws(ms') 28 1.9 1.7 33 2.3 1.9 2.9 2.1 1.7 21 1.9 1.5

* Tmax: Maximum Temperature, Tp,: Minimum Temperature, T,,: Average Temperature, Pt: Total

precipitation, Ws: Wind speed.

by irrigation. Also, trial plots of 8.0 m in
length and 3.5 m in width with 28 m* area
were used. To prevent irrigation treatments
from being affected by each other, the
distance between parcels was 2 and 3 m
distance between blocks. The total area of
the experiment was1,590 m’.

Irrigation and Crop Measurements

Drip irrigation system was used to irrigate
the plants. Since the length of the plot was 8
m and 5 rows of plants were grown in each
plot, a drip irrigation system was established
with one lateral for each plant row. In the
study, two different plants for silage Maize
(M) and silage Sorghum (S) and 5 different
irrigation levels (treatment where 100%,
80%, 60%, 40%, 20% meeting water
requirement of plant) were applied. The
control treatment was determined as 100%
irrigated treatment. The trial treatments were
arranged in a randomized complete block
factorial design with three replications. Each
of blocks had ten parcels, two plant types,
five irrigation levels, and totally was carried
out on 30 parcels. Irrigation levels depended
on completion of 0.9 m deep root zone to
field capacity when the soil moisture content
that determined gravimetric methods
decrease to 50% of available water holding
capacity (Tanriverdi, 2003; Kiziloglu et al.,
2009), this was defined as 100% irrigated
treatment; others were 20% (Mg and Sg),
40% (M60 and SGO); 60% (M40 and S40), 80%
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(My and Syp). Soil moisture was calculated
in percent dry weight and then converted to
depth. Irrigation started when the available
water holding capacity of the 100% irrigated
subject decreased to 50%. Irrigation was
started with reference to 100% irrigation in
other subjects (i.e., irrigation for 80, 60, 40,
and 20% was started when the soil moisture
of the 100% irrigated subject fell to 50% of
the available water holding capacity).
Irrigation started in 2018 when 50% of the
89 mm water holding capacity was
subtracted from the field capacity, that is,
when the soil moisture value reached 243
mm. In 2019, it was started with the same
method when the soil moisture reached 258
mm. 20, 40, 60, and 80% less of 100% (Mg
and S;o) was determined as Mg, and Sg,
M(,() and S60, M40 and S40, M20 and Szo,
respectively. Water budget equation was
used in calculation of plant water
consumption (Howell et al., 1986).

Crop Water Stress Index (CWSI)

Crop water stress index was determined
according to the empirical method suggested

by Idso et al. (1981).

CWSI = [(Tc—Ta)-LL] (1)
UL

Where, (Tc-Ta) is the differentiation
among canopy Temperature (Tc, °C) and air
Temperature (Ta, °C) for the actual case;
LL: Lower boundary Line, no water stress
treatment (the value of the transpiration limit
at potential); UL: Upper limit boundary
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Line, completely water stress (value of the
non-transpiration limit). While CWSI value
approaches 0 under full irrigation
conditions, it approaches 1 wunder dry
conditions. Canopy temperature was
measured by  infrared thermometer.
Measurements were made in three
repetitions from the four corners of each
plot, and average was taken. Measurements
were made between 11:00 and 14:00 hours.

Water Deficit Index (WDI)

When determining the WDI, a vegetation
cover (vegetation index) trapezoid is drawn
to represent the lower limit and upper limit,
as in the CWSI. There are two important
parameters in drawing this trapezoid. One of
them is vegetation cover; the other is the
temperature difference between Ts and Ta.
Ts was measured by thermometer.

The measured Ts and the difference in air
temperature (X-axis) (Ts-Ta) versus the
vegetation cover (Y-axis) value is drawn.
Thanks to these two parameters, vegetation
trapezium is obtained (Figure 1).

There are three main methods of
determining vegetation cover. These are,
respectively, ) Estimation, (i)
Measurement, and (iii) Theoretical methods.
In this study, vegetation cover was
determined by the measurement method. For
this, Photosynthetic Active Radiation (PAR)
meter instrument (Decagon  Sunfleck
Ceptometer, LP-80 PAR), with a probe

length of 80 cm was used. PAR instrument
measures light falling under plant (below
canopy) and over plant (above canopy) to
determine vegetation cover. By calculating
these values, a coefficient representing the
vegetation cover is determined for y-axis.
PAR measurements under vegetation were
made from the middle of a row of plants to
middle of a neighboring row, and 10
readings were made in each plot. Also, PAR
measurements above vegetation were made
so that the sensor level was in the same
direction as the lower readings (Neale,
1987). Then, the fraction (f) of the soil
surface covered with vegetation was
calculated according to Equation (2)

(Tanriverdi, 2003).

f_(VaV—;/b) @)

Where, Va: PAR value above Vegetation;
Vb: PAR value below Vegetation. Ts and Ta
values were measured with an infrared
thermometer. The trapezoid VIT connecting
the four lines point A of left line shows the
lines defining the possible (Ts-Ta) range for
full vegetation where water is not limited.
Similarly, point B defines the possible (Ts-Ta)
range for situations where there is no water
available. The possible (Ts-Ta) range for
complete vegetation is defined by the top line
between vertices 1 and 2. The expressions
shown in the form of a trapezoid are as
follows: (1) The treatment with full vegetation
irrigation, with the potential of full
transpiration, (2) The treatment under water
stress covered with full vegetation, where
measurable treatment is insignificant, (3) Bare

1
Welll- — . 2 Water stresses,
0.8 | pogorered maximum

- vegetation vegetation
20.6
2 C
8 0.4 A g
20
o
St
002 Saturated,

. bare soil 3 Dry, bare 3s{l 4

Ts-Ta, (°C)

Figure 1. Vegetation index and Ts-Ta temperature differences.
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and wet soil where evaporation is potential,
and (4) Dry and bare treatment, no water for
evaporation (Colaizzi et al., 2000). Moran et
al. (1994) stated that the trapezoidal shape
represents the actual (Ts-Ta) value and
vegetation (C) point. Accordingly, points A
and B can be linearly interpolated between
vertices 1 and 3 with 2 and 4, respectively,
while WDI is calculated. The energy balance
between the surface and the atmospheric
boundary layer (point C) is in equilibrium
for each of the four trapezoidal. The lower
limit of no water constraint (Ts-Ta) is at point
A according to the given vegetation value,
where there is water stress, and the upper limit
is at point B. Using the VIT trapezoid, it is
calculated according to WDI Equation (3).

WDI=2=¢ 3)
A-B

A treatment in non-limiting conditions for
evaporation and transpiration (well irrigated,
baseline), B is an upper limit where there is no
water (fully exposed to water stress, baseline)

C is the actual measure of plant condition
(Moran, 1994). The WDI range is similar to
the CWSI, that is, a value of 0 indicates no
water stress issue, while a value of 1 indicates
an issue with water stress.

Statistical Analysis

Variance analysis was conducted to
determine the level of differences between
the obtained data. Duncan's test was used to
classify the differences seen as a result of
variance analysis. SAS program was used
for statistical analysis.

RESULTS AND DISCUSSION
Irrigation-Crop Yield Relations

Parameter of irrigation water and
Evapotranspiration (ET) for all treatments in
the experimental years are given in Table 4.
During growing season of 2018, maize from
MIOO to M20 was 848.64 and 530.57 mm,
respectively. In 2019, applied water was

1407

between 935.87 and 502.49 mm. During
growing season of 2018, applied water to
sorghum was between 774.03 and 515.64
mm for the highest S, treatment and lowest
S,o treatment, respectively. In 2019, lowest
S, irrigation water, which gave highest Sy,
was applied as 882.65 and 491.85 mm,
respectively. Yolcu (2014) was applied 529
mm water to corn. Silage sorghum was
found 391.5 and 778.00 mm by Kaplan et al.
(2019).

Evapotranspiration (ET) of silage maize
varied from 859 mm in M, to 1,092 mm in
M, treatment in 2018 growing season; and
667 mm in My, to 928 mm in M, treatment
in 2019 growing season. These values in
silage sorghum varied from 856 mm in Sy
to 1,017 mm in S;y treatment in 2018
growing season; and 658 mm in Sy to 875
mm in Sjp treatment in 2019 growing
season (Table 2). For silage maize, the
amount was 578 mm (Farré and Faci, 20006),
and for silage sorghum it was 890.5 mm
(Kaplan et al., 2019). ET decreased with the
response of environment to climatic
conditions such as temperature and
humidity, as plants could not get enough
water from soil in deficit treatments. In both
years, plant water consumption was lower in
silage sorghum compared to silage maize, as
sorghum requires less water than maize.

Three groups were formed according to
two-year average results of different
irrigation treatments. While the highest
silage yield was determined as 67.03 t ha™ in
100% irrigated treatments, the lowest yield
was determined as 33.02 t ha’ in 20%
irrigated treatments (Table 3).

In both years and the average of the years,
maize was higher than  sorghum.
Considering these two-year average values,
yield value of 53.89 t ha’ in maize was
46.21 t ha' in sorghum (Table 3). In this
case, it was observed that more yield was
obtained from silage maize compared to
sorghum. However, when average yield
values of 2019 and both years were
examined, maize decreased by 49 and 46%,
respectively, in treatment with 40% and 20%
irrigation, while sorghum decreased by 33%.
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Similarly, while maize decreased by 66% to
54% in 20% irrigated treatment, there was a
45% to 46% decrease in sorghum. This
situation showed that sorghum preserves its
yield potential better than maize when there
is 60% or more water deficit. In previous
studies for silage maize, yield values were
found between 9.30 t ha” and 75.20 t ha’
(Mostafa and Derbala, 2013; Kaplan ef al.,
2016). Previous studies on sorghum found
yield between 23.96 and 94.70 t ha’
(Saghafi et al., 2013; Hussein and Alva.,
2014).

Crop Water Stress Index (CWSI)

In 2018 and 2019, the upper limit value
varied between -0.16 and 0.99°C (Figure 2).
This value Orta et al. (2003) found that -
1.0°C, Payero and Irmak (2006) 1.61°C, In
the study, lower limit value (assumed lower
limit without water stress) equations of

maize for silage were determined as Tc-Ta=
-1.0376VPD-0.2189 in 2018, and Tc-Ta= -
1.9761VPD-0.365 in 2019. The upper limit
value for silage sorghum varied between
0.34-1.13°C in 2018 and 2019 (Figure 2). In
the study, lower limit value (assumed lower
limit of water stress) equations for silage
sorghum was determined as Tc-Ta= -
1.44VPD+0.4095 in 2018, and Tc-Ta= -
1.51VPD-1.18 in 2019.

In both years, silage maize and sorghum
CWSI values were the lowest for M;o and
S100, and the highest for My and S,, (Figure
2). As Idso et al. (1981) stated, theoretically,
CWSI values range from 0 to 1. However, in
the study, it is seen that the treatments other
than the M,y and S;o have exceeded 1 in
some measurements during plant growth
period. It was thought that this value may
cause stress in the plant depending on soil
moisture and the air temperature of that day.
Alderfasi and Nielsen (2001) stated that, in
CWSI measurements, many observed values

Table 2. Irrigation and Evapotranspiration (ET) of silage maize and sorghum.

Years Maize Sorghum
Treatment Irrigation (mm) ET (mm)  Treatment  Irrigation (mm) ET (mm)
M0 848.64 1092 Si00 774.03 1017
Mg 769.13 1035 Sso 709.41 982
2018 Mg 689.61 975 Seo 644.82 937
My 610.9 918 S40 580.23 835
My 530.57 859 Sa0 515.64 856
Mo 935.87 928 S100 882.65 875
Mgy 827.53 879 Sso 784.95 825
2019 Mg 719.18 813 Seo 687.25 767
My 610.84 739 S40 589.55 720
M, 502.49 667 S20 491.85 658
Table 3. Yield (t ha™") of silage maize and sorghum in different treatments.
L. 2018 2019 Mean of 2 years
Irrigation 77 Sorghum  Mean Maize  Sorghum  Mean Maize  Sorghum Mean

%100  84.32 70.37 77.34° 63.01

%80  70.83 60.23 65.53 56.48

%60  68.10 56.16 62.13 49.31

%40  47.23 46.84 47.03° 32.14

%20  46.65 37.27 41.96° 20.83

50.41 56.71° 73.66 6039  67.03°
43.80 50.14"  63.66 52.02  57.84°
36.14 4272 587.1 46.15  52.43°
33.59 32.87°%  39.68 4022 39.95°
27.31 24.07° 33.74 3229 33.02°

Mean  63.43° 54.18°  58.80° 4436

38.25° 41.30° 53.89° 46.21°

1408


http://dx.doi.org/10.22034/jast.25.6.1403
https://jast.modares.ac.ir/article-23-62545-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-20 ]

[ DOI: 10.22034/jast.25.6.1403 |

Water-Yield Relations of Maize and Sorghum

JAST

y=-0,045x+0,995 y=-0,045x-0,163
3 R2=0,000 3 R?=0,000
A ’ A
2 4 A 2
. A , UL 1| 4 A
2 A A &0 UL
~0 A o Ny A
8 1 A A A -9 A A
£y y=-1.0376x-0.2189 g2 u
o2 o R=07367 &3
=3 o S 0 4 y=-1,976x-0365
3 o s 4 R*=0,735
0 6 Q
5 w| 7 T IL
£ -8
1.5 25 3.5 25 3 35
a) 2018 maize VPD b) 2019 maize VFD
4 y=-0.1161x+1.13
A .1 - 4 y=-02817x+034
R?=0.0066 e
) . R ) R?=0.0064
UL A
4 A YW
~0 : Ad A 00 ‘\‘_L
e = A Al
s 62 4 -
-2 y=-1.4457x+0.4095 & y=-1,512x-1,182
S o) R?=0.7651 -4 R?=0,797
[9) o ’
4 L % o
o IL
% -8
L5 2 25 3 35 4 2 2,5 3 35
c) 2018 sorghum VPD d) 2019 sorghum VPD

Figure 2. Upper and lower limit of silage maize and sorghum.

could be found outside this range.

In Figure 3 and from Mo to My, the
average CWSI values for silage maize
varied between 0.14 and 0.73 in 2018,
respectively, but it varied between 0.39 and
0.82 in 2019. For silage sorghum, average
CWSI values in 2018 varied from So to S,
respectively, between 0.27 and 0.67, while
in 2019 it varied between 0.32 and 0.72
(Figure 3). As can be seen from the figures,
CWSI values differed according to irrigation
treatments. In 2018 and 2019, My, and S;g
treatments were calculated as very small
values such as 0.14 and 0.39, 0.27, and 0.32,
respectively; M,y and S,y threads were
calculated at very large values such as 0.73
and 0.82, 0.67 and 0.72, respectively.
Approximately 38 to 47% decrease in
irrigation amount of silage maize caused an
increase of 2 to 5 times in plant water stress
index. A reduction of 34 to 45% applied to
silage sorghum irrigation resulted in a 2.5
fold increase in crop water stress index. The
2 to 5 fold increase in CWSI in silage maize
resulted in an approximately 3- fold
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decrease in yield, while this resulted in a 2-
fold decrease in yield in silage sorghum. In
both plants, CWSI values before irrigation
increased with the decrease in soil moisture.
Generally, silage maize CWSI value was
higher than sorghum. This situation showed
that maize silage plant was more sensitive to
water stress than silage sorghum. Fattahi et
al. (2018) found CWSI values between 0.12
and 0.46. In the sorghum, O'Shaughnessy et
al. (2012) found it to be 0.45.

Water Deficit Index (WDI)

In 2018 and 2019, as irrigation level
increased, the fraction (f) of the soil surface
covered with vegetation value increased to
higher values, while Ts-Ta value decreased,
as irrigation level decreased, the vegetation
decreased and the Ts-Ta value increased. In
both years, vegetation value changed
between 0 and 1. While the highest
vegetation value was 0.94 in 2018, this value
was 0.90 in 2019. As intersection point
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Figure 3. CWSI of silage maize and sorghum.

(point C) of vegetation cover and
temperature  difference values in the
trapezoid gets closer to maximum vegetation
value, the Ts-Ta (distance A-B) interval has
decreased (Figure 4). This situation showed
that points close to dry bare soil conditions
also have a wider Ts-Ta interval. Increasing
AB distance causes a decrease in WDI.
Therefore, if vegetation is dense and there is
no water stress, there is a narrow Ts-Ta
range, and if vegetation is sparse and water
stress is high, there is a wider Tc-Ta range.
When distribution of points is examined, it
is understood that My, has a narrower AB
distance compared to other treatments, AB
range increases with decrease in irrigation
level and the range is mostly seen in My,.
Similar results are reported by Tanriverdi
(2003) in maize.

In 2018 and 2019, as irrigation level
increased, vegetation (f) value increased to
higher values, while Ts-Ta value decreased,
and as irrigation level decreased, vegetation
decreased and Ts-Ta value increased. In
both years, vegetation value changed
between 0 and 1. While the highest
vegetation value was 0.92 in 2018, it was
0.90 in 2019. Results similar to silage maize
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were also seen in sorghum. It is understood
that S;o0 has a narrower AB distance
compared to other treatments, AB range
increases with decrease in irrigation level
and range is mostly seen in Sy, range. When
both plants were evaluated together, it was
concluded that maize had a higher
vegetation value. Comparison of vegetation
cover values for 2018 and 2019 revealed that
values for 2019 were low in both maize and
sorghum. This situation coincides with the
fact that green grass yield was lower in 2019
compared to 2018 (Figure 5).

The WDI values obtained by using the
slopes of equations of lines 1-2 and 2-4 of
the trapezoid are given in Figure 6. In 2018
and 2019, silage maize and sorghum WDI
values were lowest for Mjo and S;qo, and
highest for My, and S;p. WDI increased as
irrigation decreased. Although the WDI
values were very close to each other, they
had different sensitivity levels to water
stress (Figure 5).

WDI values for silage maize in 2018
varied between 0.18 and 045 for,
respectively, Myo and Mgy, while it varied
between 0.21 and 0.47 in 2019. The average
WDI values for silage sorghum ranged
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between 0.14 and 0.42 between S100 and
S20 in 2018, while they ranged between
0.20 and 0.46 in 2019. In 2018 and 2019,
Mo and S;(, treatments were calculated as
very small values such as 0.18 and 0.21,
0.14 and 0.20, respectively; M,y and Sy
treatments were calculated with higher
values such as 0.45 and 0 0.47, 0.42 and
0.46, respectively (Figure 5). Approximately
38 to 47% decrease in irrigation amount of
maize for silage resulted in a 2.5- to 3-fold
increase in water deficit index. The 34 to
45% reduction applied to silage sorghum
irrigation resulted in an approximately 2.5-
to 3-fold increase in crop water stress index.
While 2.5- to 3-fold increase in CWSI in
silage maize caused a 3-fold decrease in
yield, this resulted in a 2-fold decrease in
silage sorghum. As can be seen from tables
and figures, WDI values differed according
to irrigation treatments. Generally, silage
maize WDI value was higher than sorghum.
This situation showed that silage maize was
more sensitive to water stress than silage
sorghum.

When CWSI and WDI indexes were
examined mutually, it was seen that increase
in stress and amount of decrease in
efficiency gave more consistent results in
WDI compared to CWSI. CWSI, which
gives results about crop stress situation
based on crop temperature only, is
insufficient, it is necessary to evaluate crop,
soil and so on. As a result of this study, it
was understood that temperature data such
as (surface) representing whole environment
give more accurate results in evaluating
stress.

CONCLUSIONS

In this study, in fully (100%) irrigated
conditions, silage maize yield was higher
than sorghum yield. Maize and sorghum
responded differently to deficit irrigation.
Previous studies have mentioned physical
similarities and differences between the two
crops, but no one has studied WDI, CWSI in
both plants. WDI, which was generally

1412

mentioned theoretically in previous studies,
has been shown practically in this study. It
has been shown that the rate of increase in
stress and the amount of decrease in yield
give more consistent results in WDI than in
CWSL

While 100% irrigation is recommended to
ensure high efficiency for both plants, it is
recommended to use limited irrigation in
places where water supply is insufficient.
While maize decreased by 49 and 46%,
respectively, in 40% treatment, sorghum
decreased by 33% compared to 100%
irrigated area. Similarly, a decrease of 66 to
54% was observed in maize in 20% irrigated
area, while there was a decrease of 45-46%
in sorghum. This showed that sorghum
maintained its yield potential better than
maize in conditions of 60% or more water
shortage. It is suggested to grow sorghum in
places where there is a water deficit of 60%
or more.

Water stress and decrease in yield are
directly related to decrease in irrigation
water given to treatments . This is confirmed
by the high yield, low CWSI and WDI in
100% irrigated treatments and the low yield,
high CWSI and WDI in 20% irrigated
treatments. Water stress and yield reduction
were directly related. Relatively more
accurate results were obtained from the WDI
than from the CWSI, as a result of
associations based on the decrease or
increase of stress indices as a result of
proportional increase or decrease in yield.
Especially maize shows this situation better,
because 42.5% less water to maize made
CWSI value 3.5 while WDI value was 2.35.
An increase of 2.35 in WDI caused a 2.4
fold decrease in yield. Consistency of WDI
and vyield increase and decrease rates
showed that WDI gave more consistent
results than CWSI. It was understood that
CWSI, one of crop stress determiners, was
insufficient in determining stress compared
to WDI, and WDI gave more accurate
results. It is suggested to use WDI in
determining crop stress. In addition, this
study will contribute to future researchers
and producers due to its positive effect on
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sustainable use of water resources with
deficit irrigation application of crops (such
as maize and sorghum) grown in the face of
rapidly changing climatic conditions.
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