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ABSTRACT

Wheat is an important agricultural crop in Turkey's agricultural production system; however, recently drought stress is
one of the most important reasons for the decrease in yields in wheat production regions of Turkey. Therefore, it is
important to identify genotypes or cultivars that are less affected by drought stress. The aim of this study was to
determine the performance of ten wheat genotypes against water stress. Water stress was applied from seed emergence to
seed maturity accounting for 100% and 50% field capacity. Nine agro-morphologic traits were evaluated under semi-
controlled greenhouse conditions. The experiment was arranged in Randomized Complete Block design with four
replications. Data analysis were realized parameters such as the heading time, plant height, spike length, the number of
fertile spikelet/plant, the number of grains per spike, grain weight per plant, SPAD values at heading (51.06) and
flowering stages and protein ratio. Water stress reduced heading time (66.45 days), plant height (36.36 cm), spike length
(3.72 cm), the number of fertile spikelet/plant (9.99), the number of grains per spike (5.82), grain weight per plant (0.25
g). SPAD values at heading (51.06) and flowering stages (52.44) and protein ratio (23.07%) was increased under water-
stressed conditions. Anzele genotype was the highest tolerant to water stress for grain number spike™! (11.13) and grain
weight plant’ (0.48 g). Burgos genotype had the best performance for protein ratio (27.47%) under water stressed
conditions. The variations among cultivars for examined traits indicated that Anzele and Burgos cultivars could be
considered for breeding programs in future.
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INTRODUCTION that people who consume wheat will suffer from food
deficiency.

The food demands of the increasing human Drought = stress  can induce morphological,
population will be challenging to meet in the future since biochemical, physiological and molecular changes in
drought, brought about by global warming, causes serious crops; however, these effects can vary from crop to crop
yield losses in agricultural production. Unfortunately, the depending on drought severity. Durum wheat breeding
effects of heatwaves and drought stress on agricultural programs are intensive on agronomical, physiological and
production are predicted to become more intense and biochemical traits. To understand the effects of drought
widespread in the next years (Bezak and Mikos, 2020). on wheat yield, the time of drought occurrence, duration

Given the growing threat of drought to and severity are important. Water stress of wheat during
agriculture, it is critical to understand its impact on staple the germination, flowering, and grain-filling stages
crops like durum wheat (Triticum durum Desf.). The negatively affects wheat grain yield and yield-related
drought stress can reduce the production of wheat by an traits (Ali, 2019). At the early plant development stage,
average of 50-60% compared to under irrigated areas or drought can reduce plant height, leaf area and number of
rainfed conditions. Indeed, durum wheat is an essential fertile tillers. At reproduction stage, it can reduce yield-
food source including carbohydrates, dietary proteins, affected parameters of wheat cultivars such as pollen
fiber, energy etc. (Boukid ef al., 2019). If the drought abortion and sterile tillers (Qaseem et al., 2019), the
continues in wheat cultivation especially during the number of grains per spike, chlorophyll content

flowering and grain-filling period stages (Farooq et al. (Mehraban et al., 2019; Baser et al., 2024), grain weight,
2015; Hussain et al., 2016; Bassi et al., 2017), production ~ Plant height (Pour-Aboughadareh ef a/. 2020) and protein
will assume to decline. Therefore, it will be inevitable content (Javed ef al. 2022).
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Wheat production can be drastically affected by
drought stress that essential abiotic factor in arid and
semi-arid zones (Singh et al., 2024). The changes in
agronomical, physiological and biochemical traits cause
disruptions in wheat growth and reduce the final yield.
Therefore, steps to reduce wheat loss caused by
inadequate rainfall, which is among the negative effects
of climate change, on agricultural production must be
emergently applied (El-Hendawy et al., 2015).
Especially, the improvement of new cultivars with high
drought tolerance is significant for breeding research to
improve grain yield (Guerrini et al., 2020).

This study aimed to evaluate the drought
tolerance of various wheat genotypes by assessing key
agro-morphological traits under water stress conditions.
In the study, two drought-levels including 100% and 50%
field capacity were applied. The purpose of testing the
50% drought level was to investigate the impact of water
levels below the field capacity, which block healthy
growth and development of plants on plant performance.
Indeed, for healthy growth and development, irrigation
should be typically performed before the soil water level
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falls to half of the field capacity (Far Focus, 2010).
Therefore, the 50% field capacity drought level in our
study will serve as an important reference for evaluating
the performance of durum wheat.

MATERIALS AND METHODS

The experiment was carried out under semi-
controlled greenhouse conditions at Dicle University,
Agriculture Faculty, Department of Field Crops,
Diyarbakir, Turkey (37° N latitude, 40° 27°E longitude
and at an altitude of 675 meter above average sea level).
A set of 10-durum wheat genotypes were examined under
100% and 50% field capacity conditions in the 2023
growing season. Names, properties and origins of 10
durum wheat genotypes were given in Table 1.

Daily temperature and humidity data during the
growing season in the greenhouse is presented in Figure
1. In semi-controlled greenhouse conditions, the average
temperature during vegetation was 19.9 °C, and the
average humidity was 42.9% (Figure 1).

Table 1. Names, properties and origins of 10 durum wheat cultivars

Name Origins Properties
Firat-93 Turkey Tolerant Mid-earlier
Burgos Turkey Resistant Mid-earlier
YM-16 Turkey (local) Non-defined Mid-earlier
Anzele Turkey Non-defined Mid-earlier
Cyprus-2 Cyprus Non-defined Mid-earlier
Ovidio Turkey Non-defined Mid-earlier
Seckin-21 Turkey Non-defined Mid-earlier
Sena Turkey Non-defined Mid-earlier
Sham-1 Turkey Non-defined Mid-earlier
Svevo Turkey Non-defined Earlier
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Figure 1. Temperature and humidity data daily during growing season in greenhouse.
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The experimental soil was clay-loam textured
with pH 8.15. It was low in organic matter (0.77%),
nitrogen (0.10%), phosphor (P2Os, 14.80 kg/ha) and Ec
value (0.042 dS/cm), however, soil was rich in iron (8.86
ppm), potassium (K>O; 644.3 kg/ha), magnesium (637.58
ppm) and calcium content (9.37 ppm).

In the study, two drought-levels including 100%
field capacity and 50% field capacity were applied. Six-
litter pots were used in the experiment. The pots soil was
dried at 105°C for 24 hours and 6 kg of soil and sand
(2:1) was filled into pots. The water-holding capability of
the soil was calculated from the wet and dry weight
values. Pots were wholly saturated by water to determine
the field capacity; they were kept for 48 hours until water
infiltration finished. After 48 hours, the pots were
weighed to determine the wet soil weight. The difference
between the wet soil weight and the dry soil weight was
determined field capacity (Bilski and Foy, 1987).
Afterwards, 50% of the field capacity of pots was
calculated. 100% field capacity was 1865 litter, and field
capacity’s was 932 litter.

The experiment was conducted according to the
Randomized Completed Block design in split plots with
four replications accounting for the total number of pots
of 80 (4 replications/10 genotypes/2 treatments). The
experimental area was continuously controlled due to
semi-controlled greenhouse conditions. The grains were
kept in the fridge at +4 °C for one month to meet the
vernalization requirement before the sowing. Before
sowing, the grains were sterilized for 10 minutes with a
20% bleach solution washed three times with distilled
water and left to stand for 45 minutes in distilled water.
The grains were sterilized for 10 minutes with a 20%
bleach solution washed three times with distilled water
and left to stand for 45 minutes in distilled water, and
four grains were sown in each pot on October 26, 2023.
Fertilizers were treated 6 g m*> N and 6 g m? P (60 kg ha!
N+ 60 kg ha'!' P) at sowing and 6 g m?> N urea (60 kg ha’!
N) at stem elongation stage fertilized each pot.

All pots were irrigated until 90-95% all grains
germinated. Drought stress was started at germination
stage. Four pots for each genotype were irrigated at 100%
field capacity, and four pots for each genotype were
watered at 50% of field capacity until physiological
maturity. The pot weights were controlled at stress and
control group every day, and the amount of irrigation
water was completed at 100% and 50% field capacity
levels. 68+4 days were recorded on from number of days
after sowing to heading time (Zadoks growth scale/Z59),
and number of days from sowing to physiological
maturity was 99 days (Zadoks growth scale/Z92)
(Zadoks, 1974). irrigation was ended at physiological
maturity, plants were harvested on February 3, 2024.

In four plant samples of each cultivar and
treatment, the agro- morphological traits were record on
heading time, plant height, chlorophyll content, spike
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length, number of spikelet/plant, number of grains spike
I, grain weight plant! (Koc and Genc 1990) and protein
ratio (NIT System Infratec). Heading time was calculated
as the number of days from the emergence date until the
ears emerged from the flag leaf sheath. Plant height was
measured from the ground to the tip of the main spike of
the plant. Chlorophyll content (SPAD) in leaves of wheat
from the flag leaf was measured by minolta 502-SPAD
during heading and flowering stages between 11.00 a.m.
and 1.00 pm in sunny days. SPAD (chlorophyll content)
was measured only two times at the heading and
flowering stages. Spike length was measured from the
lowest node of the plant on the main spike axis to the tip
of the top spikelet (excluding the awn). The number of
spikelet/plant was counted the spikelet per plant, and the
number of grains spike-1 counted grains per spike. Grain
weight plant-1 was recorded by weighing the grains
obtained from the spike sample on a 0.01 g sensitive
scale. After the harvest 10 g grain samples collected from
each replication were homogenized and used for protein
analysis. Grain protein content (N x 5.7, DM) was
measured by NIT System Infratec 1241 Grain Analyzer
(Foss, Hillerod, Denmark).

Statistical Analysis: The analysis of variance was
performed using JMP-PRO 17 according to Randomized
Complete Block design under split-plot arrangement.
Heat map matrix based on pairwise correlation
coefficients of traits were performed in same software.
Means were compared by Fisher’s least significant
difference method (P<0.05 and P<0.01). Having the best
performance, cultivars determined biplot analysis
technique obtained from sector, polygon and mega
environments using Genstat 12" software. This technique
identified superior cultivars representing examined
parameters.

RESULTS

The effect of water stress on grain and some
yield parameters was examined for different durum wheat
cultivars. The results of variance analysis are presented in
Table 2, and mean values of durum wheat cultivars for
agro-morphological traits under non-stressed and water-
stressed conditions are given in Table 3. Effect of water
stress treatment on all traits was statistically significant,
also, cultivar and cultivar X treatment interaction were
statistically significant for all traits, except for SPAD
value (at heading stage) and spike length.

Heading time was significantly affected by
water stress (P<0.01). Water stress generally was cause
early heading of durum wheat cultivars. Under non-
stressed conditions, the latest heading time was in Firat-
93 (71.00 days), the earliest heading time was in Sena
(65.25 days), followed by Cyprus-2 (65.50 days). Under
water-stressed conditions, the latest heading time was
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recorded in Ovidio (72.50 days), the earliest heading time
was in Svevo and Sena with 64.50 days. According to
cultivar X treatment interaction, heading time was
delayed by water stress in Ovidio (72.50 days), followed
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by Firat-93 (71.00 days), in contrast to Svevo and Sena,
for which the earliest heading time (64.50 days) was
recorded under water-stressed conditions (Table 3).

Table 2. The results of variance analysis based on mean square of examined traits

Variance Sources DF Heading time SPAD value at SPAD value at Plant Spike
heading stage flowering stage height length
Cultivar 9 20.3278™ 33.6788™ 57.1729" 51.8939™ 0.36455
SEc 30 1.06667 3.18142 2.90479 2.79653 0.17308
Treatment 1 48.05™ 27.1445" 27.2611™ 3550.1* 17.3911™
Cultivar x Treatment 9  13.3833" 5.15811 18.9389™ 106.857" 0.37032
SE 30 1.88333 4.11275 2.4925 2.637 0.200450
CV (%) 2.04 4.01 3.04 3.77 10.69
Number of fertile  Grain number Grain weight plant- Protein
spikelet/plant spike! ! ratio
Cultivar 9 4.21155™ 74.6855™ 0.14169" 24.7332™
SEG 30  0.46928 0.6016 0.00277 0.0405
Treatment 1 63.729™ 2188.58™ 8.74668™ 1173.67"
Cultivar x Treatment 9  3.95218™ 87.7982™ 0.16783™ 14.8606™
SE 30 0.73123 74.6855™ 0.14169 24.7332
CV (%) 7.85 7.33 11.00 1.49

*, **; significant at P<0.05 and P<0.01 levels, respectively. SE; Standard error, SEg; Standard error of genotypes, CV; Coefficient of

variation.

Water  stress  significantly  affected on
chlorophyll content (SPAD) both heading and flowering
stages (P<0.01). Our results showed that, under non-
stressed conditions, chlorophyll content varied between
46.10 (Cyprus-2) and 52.92 (Ovidio). Under water-
stressed conditions, it was ranged from 46.15 (Cyprus-2)
to 53.17 (Seckin-21). As shown in Table 3, chlorophyll
content varied between 46.10 and 53.57 at the heading
stage for cultivar x treatment interaction. At the
flowering stage, under non-stressed conditions the
highest chlorophyll content was found in YM-16 (56.25),
followed by Anzele (55.35). In contrast, the lowest value
was recorded in Burgos and Cyprus-2 with 46.68 and
46.38, respectively. Under water-stressed conditions, the
maximum chlorophyll content was in Seckin-21 (56.60),
the minimum was in Cyprus-2 (47.00). As shown in
cultivar X treatment interaction, the highest chlorophyll
content was recorded in Seckin-21 (56.60) under water-
stressed, followed by YM-16 (56.25) under non-stressed
conditions. The lowest chlorophyll content was found in
Burgos (46.68) and Cyprus-2 (46.38) under non-stressed
conditions.

Plant height was significantly affected by water
stress (P<0.01). Under non-stressed conditions, the tallest
cultivars were Svevo (56.64 cm) and Ovidio (55.42 cm),
however, the shortest cultivar Sham-1 (41.94 ¢cm). Under
water-stressed conditions, plant height was remarkably
decreased in all cultivars. Among cultivars, Svevo was
recorded in the tallest cultivar with 40.19 cm. Plant
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height of Ovidio was decreased by almost half (28.75 cm)
under water-stressed conditions, and it was recorded as
the shortest cultivar. Cultivar x treatment interaction
showed that Svevo (56.64 cm) and Ovidio (55.42 cm)
had the highest plant height under non-stressed
conditions. Ovidio (28.75 cm) was the lowest value for
plant height under water stressed conditions (Table 3).

Spike length was reduced by water-stressed
(P<0.01). Under non-stressed conditions, spike length
ranged from 4.20 cm to 5.01 cm. However, spike length
was decreased under water-stressed conditions, and it was
varied between 3.38 cm and 4.23 c¢cm (Table 3). As shown
in Table 3, spike length ranged from 3.38 cm to 5.01 cm
for cultivar x treatment interaction. Our results showed
that, under the non-stressed condition, the maximum
number of fertile spikelet / plant was found in Ovidio
(13.00), followed by Burgos (12.96), YM-16 (12.75) and
Firat-93 (12.67). In contrast, the minimum counts were
recorded in Sena (8.92). Under the water-stressed
condition, the maximum number of fertile spikelet / plant
was counted in Burgos (11.00), in contrast, the lowest
number of fertile spikelet / plant (8.91) was in Firat-93
(Table 3). As shown in cultivar X treatment interaction,
the highest number of fertile spikelet / plant was recorded
in Ovidio (13.00) and Burgos (12.96) under non-stressed
conditions. However, the lowest counts were in Firat-93
(8.91) under water-stressed conditions, followed by Sena
(8.92) under non-stressed conditions.
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Table 3. Traits of durum wheat cultivars under non-stressed and water-stressed conditions.

Cultivars Heading time (days) SPAD value at heading stage SPAD value at flowering stage
Non-stress Water stress Non-stress Water stress Non-stress Water
Stress
Anzele 67.25 efg 66.50 fgh 49.70 50.65 55.35 ab 50.13 fg
Burgos 70.25 be 66.25 fgh 48.55 50.00 46.68 h 50.83 ef
Cyprus-2 65.50 h1 66.25 fgh 46.10 46.15 46.38 h 47.00 h
Firat-93 71.00 ab 65.50 h1 47.92 51.85 49.95 fg 52.65 de
Ovidio 69.00 cd 72.50 a 52.92 52.77 53.60 bed 53.80 bed
Seckin-21 67.75 def 66.75 fgh 52.82 53.57 50.98 ef 56.60 a
Sena 65.25 1 64.501 48.75 52.02 52.53 de 53.13 b-e
Sham-1 67.75 def 66.00 ghi 50.72 51.62 52.75 cde 53.38 bed
Svevo 68.50 de 64.501 48.62 50.62 48.35 gh 51.93 def
YM-16 67.75 def 65.75 ghi 52.90 514 56.25a 55.05abc
LSD (.05 CxT: 0.04™ CxT: ns CxT:0.06™
Plant height (cm) Spike length (cm) Number of fertile spikelet/plant
Non-stress Water stress Non-stress  Water stress Non-stress Water
stress
Anzele 49.89 ¢ 36.751j 4.20 3.38 10.83 de 9.25 gh
Burgos 4927 ¢ 33.06 k 4.96 3.56 12.96 a 11.00 cde
Cyprus-2 46.25d 37.00 hy 4.96 4.23 12.13 ab 10.35 ef
Firat-93 54.58 ab 3583y 5.01 3.60 12.67 ab 891h
Ovidio 5542 a 28.751 4.87 3.40 13.00 a 10.08 efg
Seckin-21 52.56b 35.44 4.65 3.81 11.81 bed 10.31 efg
Sena 41.56 ef 38.16 ghi 4.06 4.02 8.92h 10.20 efg
Sham-1 4194 ¢ 39.13 gh 4.67 4.00 10.63 ef 10.00 e-h
Svevo 56.64 a 40.19 efg 4.58 3.63 12.06 abc 10.13 efg
YM-16 48.73 ¢ 39.31 fgh 4.60 3.60 12.75 ab 9.66 fgh
LSD (0.05)  CxT:0.06™ CxT: ns CxT:0.03™
Grain number spike™! Grain weight plant™! (g) Protein ratio (%)
Non-stress Water stress Non-stress  Water stress Non-stress Water
stress
Anzele 15.03d 11.13 ¢ 0.85¢ 048 ¢ 12.05n 2296 ¢
Burgos 22.68 a 3.731 0.98d 0.15k 16.79 j 27.47 a
Cyprus-2 17.83 ¢ 8.63f 0.85¢ 0.40 h 15.81 k 18.06 h
Firat-93 19.94b 3.501 1.14b 0.18 jk 14.821 1938 ¢
Ovidio 1737 c 6.25 gh 1.07 be 0.16 k 17311 2296 ¢
Seckin-21 13.98d 525h 0.99 de 0.20 jk 15.151 2428 ¢
Sena 1198 ¢ 3.781 0.77 f 0.20 jk 15.161 23.95¢cd
Sham-1 3241 6.19 gh 0.34 lu 0.26 1j 1553k 23.70d
Svevo 17.35¢ 3.131 0.85¢ 0.18 jk 17.221 25.50Db
YM-16 2352 a 6.73 g 1.29a 0.32 1 1426 m 2243 f
LSD (0.05) CxT:0.03™ CxT:0.002™ CxT:0.0008™

CEECR
s s

Abbreviations: ns; non-significant. C; Cultivar, T; Treatment.

Number of grains per spike was strongly
affected by water-stress (P<0.01). Number of grains per
spike was remarkably decreased by water-stressed
compared to non-stressed conditions. Under non-stressed
conditions, number of grains per spike was maximized in
YM-16 (23.52), followed by Burgos (22.68). In contrast,
number of grains per spike was sharply decreased in
Sham-1, and this cultivar had produced minimum grains
per spike (3.24). Under water-stressed conditions,
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significant at P<0.05 and P<0.01 levels, respectively. Levels not connected by same letter are significantly different.

number of grains per spike was significantly decreased in
all cultivars (P<0.01). Anzele produced the highest
number of grains per spike (11.13), however, Sena had
the lowest counts (3.78), followed by Burgos (3.73),
Firat-93 (3.50) and Svevo (3.13), respectively. As shown
in cultivar x treatment interaction, the highest number of
grains per spike was in YM-16 (23.52) under non-
stressed conditions, followed by Burgos (22.68). The
lowest counts were recorded in Sena (3.78), Burgos
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(3.73), Firat-93 (3.50) and Svevo (3.13), respectively
(Table 3).

The grain weight was significantly affected by
water stress, and grain weight was significantly decreased
under water stress (P<0.01). Under non-stressed
conditions, the maximum grain weight was found in YM-
16 (1.29 g), in contrast, Sham-1 (0.34 g) exhibited the
minimum grain weight. Under water-stressed conditions,
the maximum grain weight was in Anzele (0.48 g),
however, the minimum values were in Burgos (0.15 g)
and Ovidio (0.16g), respectively. As shown in to cultivar
X treatment interaction, the highest grain weight was
recorded in YM-16 (1.29 g) under non-stressed
conditions, followed by Firat-93 (1.14 g) and Ovidio
(1.07 g), respectively. The lowest values were in Burgos
(0.15 g) and Ovidio (0.16g) under water-stressed
conditions (Table 3).

Under non-stressed conditions, protein ratio was
the lower than under water- stressed conditions. Our data
showed that Ovidio (17.31%) had the maximum protein
ratio under the non-stressed condition, followed by Svevo
(17.22%). However, Anzele (12.05%) showed minimum
protein ratio. Under water-stressed conditions, protein
ratio increased in all cultivars. The maximum protein
ratio was recorded in Burgos (27.47%), and minimum
value was in Cyprus-2 (18.06%). As shown in cultivar x
treatment interaction, the examined cultivars tended to
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significantly increase the protein ratio under water
stressed conditions, and this increase was well marked in
Burgos (27.47%), followed by Svevo (25.50%).
However, Anzele performed the lowest value for protein
ratio (12.05%) under non-stressed conditions (Table 3).

Relation between examined traits: We used two heat
maps depending on pairwise correlation to display the
effects of different field capacity conditions on the
relationships among the examined traits (Figure 4). In the
graph, red colors indicated high correlations and blue
colors indicate low correlations.

Grain weight was correlated positively with
heading time, plant height, number of spikelet/plant and
grain number spike!. Protein ratio was negatively
correlated with SPAD value at heading stage, while
correlated positively with spike length. Number of
spikelet/plant yield had significantly positive correlation
with heading time, plant height and spike length. Grain
number spike! correlated positively with heading time,
plant height and number of spikelet/plant. Spike length
positively correlated with heading time and plant height,
while correlated negatively with SPAD values. SPAD
value at heading stage was positively correlated with
SPAD at flowering stage under the non-stressed
condition.
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Figure 2. Heat map indicating the relation among examined traits based non-stressed and water—stressed
conditions. The size of each circle indicates the correlation intensity between two traits. Abbreviations:
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Grain weight strongly significant correlated with
grain weight. Protein ratio was positively significant
correlated with number of spikelet/plant, while correlated
negatively with grain number spike! and grain weight.
Plant height strongly negative correlated with heading
time. Spike length positively significant correlated with
plant height. SPAD value at flowering stage was
positively significant correlated with SPAD value at
heading stage under water-stressed conditions (Figure 2).

Identifying and clustering superior cultivars under
different field capacity: The biplot model supplies
breeders visually to assay the data by designing a biplot
constituted mean performance and stability (Yan and
Tinker, 2006; Yan and Holland 2010). Under non-
stressed conditions, the total variation of (PC1+PC2) was
68.90%, and PC1 and PC2 accounted for 43.83 and
25.07%, respectively. SPAD value at flowering stage
negatively correlated with other traits. Vectors
representing traits with narrow angles indicate positive
correlation between traits. Accordingly, as the angle of
view narrows, the correlation increases between traits.
The cultivar numbered 10 (YM-16) had the best mean for
SPAD value at flowering stage, while the -cultivar
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numbered 2 (Burgos) had the best mean for number of
spikelets spike™! and protein ratio. Additionally, cultivar
numbered 5 (Ovidio) performed the best mean for grain
weight plant™!, plant height, grain number spike™!, number
of spikelets spike™! and heading time (Figure 3).

Under water-stressed conditions, the total
variation of (PC1+PC2) was 66.44%, and PC1 and PC2
accounted for 40.40 and 26.04%, respectively. Grain
number spike™!, grain weight per plant™!, plant height and
spike length correlated negatively with other traits.
Heading time SPAD at heading and flowering stages,
protein ratio and number of spikelet/plant had a positive
correlation with each other. The cultivar numbered 5
(Ovidio) had the best mean for heading time, while the
cultivar numbered 6 (Seckin-21) SPAD values. The
cultivar numbered 7 (Sena) had the best performance for
number of spikelets spike™! and protein ratio. The cultivar
numbered 3 (Cyprus-2) had the best mean for plant
height and spike length, while cultivar 1 numbered
(Anzele) had the best mean for grain number spike™ and
grain weight plant! (Figure 3). The cultivars of Ovidio,
Seckin-21, Sena, Cyprus-2 and Anzele were tolerant to
water stress compared to other cultivars for related traits.

0.8

0.6

0.4 -

0.2

0.0 =7

PC2 -25.07%

-0.2 4

0.4

-0.6

PC1 -43.83%

PC2 - 26.04%

0.8+
osd | e,
044

0.2 4

0.0

0.2 4

04

PC1 - 40.40%

Figure 3. Principal component of PC1 and PC2 showing groupings of durum wheat cultivars depend on traits
under non-stressed and water-stressed conditions. a; 100% field capacity (non-stressed conditions), b;
50% field capacity (water stressed conditions), 1; Anzele, 2; Burgos, 3; Cyprus-2, 4; Firat-93, 5; Ovidio,
6; Seckin-21, 7; Sena, 8; Sham-1, 9; Svevo, 10; YM-16. HT; Heading time, SL; spike length, SPAD-HS;
SPAD value at heading stage, SPAD-FS; SPAD value at flowering stage, PH; Plant height, NS; Number
of spikelet/spike, GNS; Grain number spike!, GW; Grain weight plant™, PR; Protein ratio.
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According to cluster analysis, the durum wheat
cultivars were classified into two groups (Figure 4).
Under non-stressed conditions, the first group included
Anzele, Sena and Sham-1 cultivar, while the second
group included other cultivars. A slight similarity was
between cultivars in the first group for all traits. In the
second group, YM-16, Ovidio and Seckin-21 cultivars
showed similar values for SPAD value at heading and
flowering stages, and grain weight, while cultivars Firat-
93 and Burgos for heading time, number of spikelets
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spike!, protein ratio and spike length. Under water-
stressed conditions, cultivars Anzele and Cyprus-2 took
part in the first group, while the other cultivars took part
in the second group. Similar values for plant height and
spike length were in Cyprus-2, and grain number spike™!
and grain weight plant! were in Anzele cultivar. The
Ovidio and Burgos cultivars showed similar heading
time, while Seckin-21 and YM-16 showed similar SPAD
values. Sena, Sham-1 and Svevo cultivars had similar
number of spikelet/plant and protein ratio (Figure 4).

o 2 >
A I (4
Sena |
Sham-1 . ¢
= | % ‘.
3, ™.16
ﬂ*q_ oo o
i y
U : .
— ; ®
& e
% T @n
s .‘."
%,
Non-stressed conditions & >
] &
Anzele ?
Cyprus-2 % ¢
5 !
B : o,
3 —_ —— R .
P | Sockin 21 @==2eee" ... CaaC
o -
: LR
1 A
Cod %
@' 5
o »
’ ...
/e
S S
;e T
) H .%
.e %
Water-stressed conditions g

Figure 4. Dendrogram of the cluster analysis of 10 durum wheat cultivars based on examined traits under non-
stressed and water-stressed conditions using by Ward’s method.

DISCUSSION

Crops respond to water stress via morphological,
physiological, and biochemical changes (Mohiuddin et
al., 2021). However, the effect of stress is changed based
on its degree, duration, phase of crop development,
genotype, and their interaction (Ru et al., 2023). This
study results showed that stress was bring out significant
changes the measured traits. At heading and flowering
stages, stress was in general decreased the all parameters
recorded except for SPAD value and protein ratio (Table
3; Figure 2). These results were similar to the findings of
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some researchers who recorded the negative effect of
water stress on morphological and quality parameters
(Pandey et al., 2014). However, the response to stress
varied depending on the region where the cultivars were
grown (Chaouachi et al., 2023).

Our results revealed that Seckin-21, Svevo,
Burgos and Anzele were the most tolerant to water stress,
but Sena, Cyprus-2, Ovidio and Firat-93 were the most
sensitive cultivars for some traits such as heading time
(Table 3; Figure 2). Heading time was delayed by water
stress in Ovidio. Our findings were similar to the findings
of Dorrani-Nejad et al. (2022) who reported that drought
stress promoted early heading. Early heading is a



Yorulmaz et al.,

heritable trait, and the earliness trait is ensured high
yields in environments where drought stress occurs
(Dorrani-Nejad et al., 2022). Therefore, early-headed
cultivars could be used in breeding programs under
drought stress conditions.

At heading stage, chlorophyll content (SPAD)
value was high in Seckin-21 (56.60) under water stress
(Table 3; Figure 2). Javed et al. (2022) stated that the
chlorophyll index (SPAD) ranged from 50.0 to 54.0
under drought stress conditions. Some researchers also
noted that SPAD value was changed by drought stress,
drought stress that occurred at the time of heading, SPAD
was especially correlated with final yield (Akram et al.,
2014; Mohammadi et al., 2016). Indeed, plants can meet
their water requirement when the soil water level is the
closest to field capacity. However, if soil water level is
fall below field capacity, photosynthesis efficiency,
stomatal conductivity and chlorophyll content are
decreased.

Plant height was increase in Svevo under water
stress (Table 3; Figure 2). The capacity of tall wheat
cultivars for absorbing water from the soil is higher than
short cultivars, and this is a significant advantage to
stored dry matter in the stem of crops and grain yield at
terminal drought (Monneveux et al., 2012). Mkhabela et
al. (2019) and Tatar et al. (2020) stated that plant height
could be reduce under drought-stress conditions at differ
developmental stages of wheat, especially the grain-
filling stage.

Spike length was responded to water-stress, but
differences among cultivars were no significant (Table 3;
Figure 2). Although Ahmadizadeh ef al. (2011) noted that
effect of stress conditions on spike length was high,
Mkhabela et al. (2019) reported that the effect of drought
stress on spike length was not significant.

The number of fertile spikelet/plant was reduced
under water-stress conditions, and the highest number of
fertile spikelet/plant was in Burgos (Table 3; Figure 2).
Earlier researchers reported that drought stress was affect
the number of fertile spikelet/plant (Kilic and
Yagbasanlar, 2010). Vahamidis et al. (2019) reported that
when drought severity was increase, number of fertile
spikelet/spike was reduced. Eskandari and Kazemi (2010)
stated that effect of drought stress on number of fertile
spikelet/plant was no significant.

The number of grains per spike is sensible to
water stress (Ahmadizadeh er al., 2011) because of
decreased endosperm size and pericarp thickness under
drought stress (Kaur et al., 2011). Moreover, drought
stress significantly is blocked grain filling due to
insufficient germ development (Schmidt ef al., 2020). At
heading stage, drought was caused a great number of
flowers to abortion, but terminal drought, at last
development stage, is increased the number of small
grains per spike (Zahra et al., 2021). Zhao et al. (2020)
stated that the effects of severe and moderate drought
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stress on grain weight were about 23.22% and 14.28%
respectively.

Grain yield per plant loss after exposure to
drought stress is caused by drought response of cultivars
and yield-related parameters. The number of grains per
spike and grain weight was increase in Anzele cultivar
under water-stressed conditions compared to other
genotypes (Table 3; Figure 2). Similarly, Zhang et al.
(2022) stated that grain yield per plant loss after exposure
to drought stress is essentially detected by drought
tolerance of genotypes, and Zhoumai 18 had less yield
loss compared to 12-song and Yumai-14 varieties due to
its higher drought tolerance. In our study, the good
performance of the Anzele cultivar compared to other
cultivars might be due to high tolerance under water-
stressed conditions.

Protein ratio was increased under water-stressed
conditions, and the highest protein ratio was in Burgos
(Table 3; Figure 3). The earlier researchers reported that
the effect of drought at different plant growth stages on
the seed quality of wheat was important (Rekowski ef al.,
2021; Eser et al., 2024). Eser et al. (2024) noted that the
pre-heading stage drought was significantly affected
grain yield, but the post-heading stage drought was
affected the seed quality. Rekowski et al. (2021) also
stated that the protein ratio was significantly increased by
well-watered conditions, although it was a minor increase
under severe stress. In our research, the number of grains
per plant under drought was low, but the protein ratio was
high, which was similar to the findings of Zorb et al.
(20006).

Relationships among traits were significant
(Figure 4). Aisawi et al. (2015) reported that the positive
and significant correlation detected between number of
grains per spike and grain yield per plant. Ata et al.
(2014) noted that association of traits significantly
deviated in drought stress compared to normal
environment, and the maximum positive correlation
determined between grain yield per plant and plant
height.

Conclusion: Drought stress negatively impacted the
durum wheat cultivars tested, though the divergent
cultivars behaved differently. Water stress decreased
agro-morphological traits and also changed protein ratio
of durum wheat cultivars. Seckin-21 had the best
tolerance to water stress for SPAD value at the flowering
stage. Svevo was the tallest cultivar compared to other
cultivars. Burgos had high spikelet per spike and protein
ratio under water stress. Anzele had the high grain
number per plant and grain weight. Having the best
performance to water stress, cultivars for examined traits
could be considered for breeding programs in future.
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