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Abstract. Two year (2013/14 and 2014/15 growing seasons) field experiments were carried out to study
the effect of soil water deficit on some physiological traits and grain yield of durum (Triticum durum
Desf.) and bread wheat (Triticum aestivum L.) genotypes. Drought stress led to adaptive changes in
physiological traits of wheat genotypes. Gas exchange parameters decreased significantly in response to
water deficit. A reduction in relative water content was not strong. Genotypic differences in reducing the
content of pigments, the relative stability of carotenocids to water stress were revealed. The leaf
assimilation area of durum wheat genotypes exceeds that of bread wheat genotypes. Water stress caused
acceleration of leaf senescence, inhibited an increase in the area of stem and spike. Adaptive changes in
the distribution of assimilation area between leaves and stem were revealed. Unlike leaf assimilation area,
stem assimilation area increased to stage of kernels watery ripe. Water stress caused an increase in proline
content. Generally, grain yield was higher in genotypes of bread wheat than that of durum wheat, but a
decrease in grain yield was over expressed in durum wheat. Grain yield less correlated with physiological
traits. The decrease in the physiological parameters, as well as grain yield, was more expressed in
2013/14 growing season.

Keywords: Triticum durum Desf., Triticum aestivum L., drought, gas exchange, relative water content,
chlorophyll, proline, grain yield

Introduction

Water deficit during growth and development of plants results in adaptive changes in
the physiological and biochemical processes and morphological traits that allow the
survival of the plants and formation of the yield. Wheat grain yield is significantly
reduced in the arid and semi-arid regions of the world, where lack of water is also
accompanied by high temperatures and high radiation levels. Wheat (Triticum spp.) is
one of the first domesticated food crops and for 8000 years has been the basic staple
food of major civilizations of Europe, West Asia, and North Africa (Monneveux et al.,
2012). In parts of northern Africa and in the Caucasus region, annual consumption of
wheat products per person is highest being at around 200 kg (Pingali, 1999). About 33%
of wheat fields in the world and about 55% in the developing countries suffer from
drought stress (Aghanejad et al., 2015). Wheat is one of the most important crops in
Azerbaijan, where almost half of wheat growing areas are under rainfed conditions.
Increasing wheat productivity is a national target in Azerbaijan to fill the gap between
consumption and production.

Over the years, many physiological, morphological, and developmental traits have
been suggested to be useful in improving drought tolerance (Quarrie et al., 1999; Wright
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and Rachaputi, 2004). Recent studies suggest that selection of physiological traits has
the potential to improve wheat grain yield under drought (Reynolds et al., 2002; Condon
et al., 2004).

The limitation of plant growth imposed by low water availability is mainly due to
reductions of plant carbon balance, which is largely dependent on photosynthesis
(Flexas et al., 2009). Photosynthetic responses to water stress have been the subject of
studies and debates for decades, in particular, concerning which are the most limiting
factors (stomatal or mesophyll limitations, photochemical and/or biochemical reactions)
for photosynthesis under water stress (Flexas and Medrano, 2002; Lawlor and Cornic,
2002). The foliar photosynthetic rate of higher plants is known to decrease as the
relative water content and leaf water potential decrease (Lawlor and Cornic, 2002). The
decline of transpiration rate was mainly affected by stomatal conductance and the
decline in photosynthesis rate was affected by non-stomatal factors (Changhai et al.,
2010). Water deficit reduced leaf gas exchange and relative water content of durum
wheat genotypes at anthesis and grain filling (Bogale et al., 2011). Morphophysiological
traits can be used as indirect selection criteria for grain yield; however, their
effectiveness depends on correlations with grain yield under drought and the degree to
which each trait is genetically controlled (Nachit and Elouafi, 2004). Identifying wheat
genotypes with suitable agronomical, morphological and physiological traits under
water stress conditions is a main goal of wheat researchers.

The relationships between physiological traits and grain yield have not been
identified clearly yet. We aimed to study adaptive changes in some physiological traits
of wheat genotypes under drought stress, identify relations between physiological traits
and grain yield.

Materials and methods
Plant material and growth conditions

Field experiments were conducted during the 2013/14 and 2014/15 growing seasons
at the Research Institute of Crop Husbandry, located in the Apsheron peninsula, Baku.
Plant materials consisted of 8 durum wheat (Triticum durum Desf.) genotypes
Garagylchyg 2, Vugar, Shiraslan 23, Barakatli 95, Alinja 84, Tartar, Sharg, Gyrmyzy
bugda and 14 bread wheat (Triticum aestivum L.) genotypes Nurlu 99, Gobustan,
Akinchi 84, Giymatli 2\17, Gyrmyzy gul 1, Azamatli 95, Tale 38, Ruzi 84, Pirshahin 1,
12"FAWWONNe97, 4"FEFWSNNe50, Gunashli, Dagdash, Saratovskaya 29. Sowing
was performed in the third decade of October, at an average density of 400 seeds/m?
with mechanical planter in 1 x 10 m plots, consisting of 7 rows placed 15 cm apart.
Genotypes were grown in irrigated and rainfed plots with three replications. Irrigated
plots were watered after the appearance of seedlings, at the stem elongation, anthesis
and grain filling stages. Rainfed plots were not watered during ontogeny. Soil moisture
content was determined at 0-20, 20-40 and 40-60 cm depths and was an average 60% in
irrigated and 30% in rainfed plots at the grain formation stage.

Measurements

Gas exchange parameters (photosynthesis rate- P, stomatal conductance- g,
intercellular CO, concentration- C; and transpiration rate- E) were measured using LI-
COR 6400XT Portable Photosynthesis System (LI-COR Biosciences, Lincoln, NE,
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USA). Gas exchange measurements were conducted at the booting (Feekes Stage 10),
anthesis (Feekes 10.5.1) and kernels watery ripe (Feekes Stage 10.5.4) stages.
Measurements were carried out between 10:00 and 12:00 a.m. Data logging started after
45 s of the insertion of leaves into chamber. The measurements of pigment-contents and
relative water content were conducted at the kernels watery ripe stage. Leaf Chl a, b and
Car (x + c) contents were determined following the method of Lichtenthaler (1987),
with little modifications. About 0.1 g of fresh leaves were ground in 96% ethanol for the
extraction of chlorophyll and carotenoids. Absorbance of the supernatant was recorded
at 664, 648, and 470 nm, spectrophotometrically (Genesys 20, Thermo Scientific,
USA). Pigment contents were calculated using the following formulas.

Chla =(13.36- Ay, —5.19- A, )-25/ DW; Chlb = (27.43- A, —8.12- A, )-25/ DW;
Chl-(a+b)=(5.24-A, +22.24 -A,,)-25/ DW;
Car(x+¢)=(4.785- A, +3.657- A, —12.76- A, )-25/DW

Leaf area per stem (LAS), also projected area of stem multiplied by 3.14 according
to Kvét and Marshall (1971), and spike multiplied by 2 according to Alvaro et al. (2008)
were measured with an area meter (AAC-400, Hayashi Denkon Co, LTD, Japan). The
flag leaf RWC was determined gravimetrically. RWC was calculated using the
following formula: RWC(%)=(FW-DW)/(TW-DW) x 100, where FW-fresh mass, DW-
dry mass, TW-turgid mass. Proline content was determined following the method of
Bates et al. (1973), with little modifications. About 0.5 g of leaves were homogenized in
a pre-chilled pestle and mortar with 5 ml of 3% sulphosalicylic acid. Then, the
homogenate was centrifuged at 3500 g (HERMLEZ 400K, Germany) for 15 min at 4°C.
The supernatant (0.2 ml) was transferred to a plastic tube containing 3% ninhydrin (0.4
ml), and 0.2 ml of 96% acetic acid and 0.2 ml of 3% sulphosalicylic acid were added.
Tubes were incubated for 1 h at 96°C in a water-bath and 2 ml of toluene was added to
each tube, then stirred, and centrifuged at 3500 g for 15 min at 4°C. The absorbance of
the upper phase was measured at 520 nm. The determination of proline was carried out
with a calibration curve, constructed for a concentration range of 0.01-0.2 mM proline.

Statistical analysis
Correlations between traits were calculated using SPSS 16 software.

Results

Water deficit caused a decline in P, (Figs. 1 and 2), especially a big difference was
detected between irrigated and exposed to drought plants at the anthesis stage. The P, of
the genotypes Garagylchyg 2, Vugar, Barakatli 95, Nurlu 99, Gobustan, Akinchi 84,
Azamatli 95, 12""FAWWONNe97 and Saratovskaya 29 was susceptible to water deficit
in both years, while the P, of the genotypes Sharg, Gyrmyzy bugda, Gyrmyzy gul 1,
Dagdash was resistant. The gs of irrigated and rainfed plants was higher at the heading
stage (Figs. 3 and 4), when the water status of leaves was relatively higher.
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Figure 1. Effect of drought stress on photosynthesis rate- P, (2013/14). Each value represents
mean of 7-9 replicates.
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Figure 2. Effect of drought stress on photosynthesis rate- P, (2014/15). Each value represents
mean of 7-9 replicates.
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Figure 3. Effect of drought stress on stomatal conductance-gs (2013/14). Each value represents
mean of 7-9 replicates.
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Figure 4. Effect of drought stress on stomatal conductance-gs (2014/15). Each value represents
mean of 7-9 replicates.
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The gs of wheat genotypes declined sharply in response to water deficit. Drought stress
caused a decline in C; at the booting stage in most genotypes. However, as the drought
stress strengthened at following stages, the C; increased. The E was higher at the
heading stage. Drought stress caused a strong reduction of E, especially in the
genotypes Alinja 84, Tartar, Gobustan, Akinchi 84, Giymatli 2/17, and Tale 38.

The rate of photosynthesis and stomatal conductance were higher in 2014/15
growing season than that in 2013/14.

Genotypic variations in RWC of flag leaves were revealed (Fig. 5). It was also found
that the RWC of the leaves was higher in the 2014/15 growing season. A decrease in
RWC of flag leaf was not strict and was about 4-10% (2013/14) and 2-8% (2014/15) in
most wheat genotypes. A significant decline in RWC was found in the genotypes
Barakatli-95 (10%), Nurlu 99 (12%), and Gunashli (26%) in 2013/14, in the genotypes
Gobustan (12%), Tale 38 (10%) and Azamatli 95 (26%) in 2014/15. A slight decrease
in RWC was assumed to be associated with a profound reduction in gsand accumulation
of osmotically active compounds.
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Figure 5. Effect of drought stress on flag leaf relative water content. Each value represents
mean of 3 replicates.

The contents of Chl(a+b) and Car(x+c) was higher in the 2014/15 growing season
than in the 2013/14 growing season (Tables 1 and 2). A higher content of pigments was
found under irrigation in the genotypes Garagylchyg 2, Tartar, Barakatli 95, Gobustan,
Giymatli 2/17, Gyrmyzy gul 1, Tale 38, 4"FEFWSNNe50, Saratovskaya 29, whereas
low levels of pigments were found in the genotypes Shiraslan 23, Nurlu 99, Azamatli
95. Water shortage greatly affected the pigment content of the genotypes Garagylchyg
2, Tartar, Gobustan, Akinchi 84, Gunashli, whereas a slight decrease was detected in
genotypes Vugar, Gyrmyzy gul 1, Tale 38, Azamatli 95 and Saratovskaya 29. An
increase in the Chl a/b ratio in half of all genotypes was identified. Reducing the
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Chi(a + b)/Car(x + c) ratio was identified in the majority of genotypes, indicating a
relative resistance of carotenoids to water shortage.

Table 1. Effect of drought stress on flag leaf photosynthetic pigments content (2013/14).
Each value represents mean of 3 replicates.

Chl
Chla | Chlb Car (x+c
Genotypes Growth (a+b) (x+0) Chi a/b | Chl (@+b)/Kar
P condition (x+c)
mg g™ dry mass
Triticum durum Desf.
Irrigated 6.34 2.56 8.9 1.48 2.47 6.01
Garagylchyg 2 .
Rainfed 3.08 1.75 4.83 0.63 1.77 7.66
Vuaar Irrigated 6.29 2.70 8.98 1.33 2.33 6.75
g Rainfed 6.04 2.70 8.74 1.40 2.23 6.24
. Irrigated 5.54 2.82 8.36 1.02 1.96 8.23
Shiraslan 23 -
Rainfed 4.16 2.15 6.31 1.01 1.93 6.27
Barakatli 95 Irrigated 6.85 291 9.75 1.53 2.36 6.37
Rainfed 5.36 2.40 7.76 1.15 2.23 6.75
. Irrigated 5.68 2.67 8.36 1.24 2.13 6.73
Alinja 84 .
Rainfed 4,72 2.35 7.06 0.98 2.01 7.16
Tartar Irrigated 10.04 3.99 14.02 2.08 2.52 6.74
Rainfed 4.57 1.83 6.40 1.09 2.50 5.87
Shar Irrigated 5.16 1.93 7.08 1.46 2.67 4.84
g Rainfed | 3.97 | 147 | 544 | 136 | 2.69 4.01
Gvrmvay buada Irrigated 5.84 2.07 7.91 1.47 2.81 5.38
yrmyzy bug Rainfed | 504 | 179 | 683 | 149 | 281 457
Triticum aestivum L.
Irrigated 6.06 2.42 8.48 1.45 2.51 5.83
Nurlu 99 :
Rainfed 3.12 1.21 4.33 1.03 2.59 4.22
Irrigated 7.82 3.04 10.85 1.65 2.57 6.57
Gobustan :
Rainfed 3.23 1.35 4.58 0.82 2.40 5.56
Akinchi 84 Irrigated 7.98 3.12 11.10 1.87 2.55 5.92
Rainfed 477 1.90 6.67 143 251 4.67
. . Irrigated 6.63 2.87 9.50 1.37 2.31 6.93
Giymatli 2/17 .
Rainfed 497 1.78 6.75 1.18 2.78 5.74
Gvim Ul Irrigated 8.02 3.10 11.12 1.70 2.59 6.54
yrmyzy g Rainfed | 599 | 232 | 83L | 133 | 259 6.24
Azamatli 95 Irrigated 5.88 2.37 8.25 1.29 2.48 6.39
Rainfed 5.17 2.17 7.34 1.34 2.39 5.48
Tale 38 Irrigated 7.52 3.01 10.53 1.58 2.50 6.65
Rainfed 5.86 2.26 8.12 1.44 2.59 5.62
RuZi 84 Irrigated 5.92 2.23 8.15 1.60 2.66 5.09
Rainfed 4.23 1.72 5.95 1.25 2.47 4,75
Pirshahin 1 Irrigated 5.31 2.56 7.87 1.21 2.08 6.50
Rainfed 3.58 1.49 5.07 131 241 4.48
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nd Irrigated 6.48 2.86 9.34 1.40 2.27 6.68
12""FAWWONN97 5
Rainfed 5.25 2.24 7.49 1.41 2.34 5.30
i Irrigated 6.97 2.94 9.90 1.61 2.37 6.16
4"FEFWSNNe50 .
Rainfed 5.42 2.18 7.60 1.41 2.48 5.40
. . Irrigated 6.46 2.44 8.90 1.59 2.64 5.60
Giinashli .
Rainfed 3.13 1.16 4.28 1.25 2.70 3.42
Irrigated 7.34 2.77 10.11 1.73 2.65 5.83
Dagdash .
Rainfed 6.35 2.38 8.73 1.87 2.66 4.66
Irrigated 7.20 2.73 9.93 1.71 2.64 5.82
Saratovskaya 29 .
Rainfed 6.79 2.59 9.38 1.65 2.62 5.67

Table 2. Effect of drought stress on flag leaf photosynthetic pigments content (2014/15).
Each value represents mean of 3 replicates.

Chl
Chla | Chlb Car (x+c) Chl
+b
Genotypes Groyv_th (a+b) Chla/b | (at+b)/Kar
condition
1 (x+c)
mg g~ dry mass
Triticum durum Desf.
Irrigated 7.51 2.65 10.16 2.29 2.84 4.43
Garagylchyg 2 -
Rainfed 4.89 1.88 6.77 1.73 2.60 3.92
\ugar Irrigated 6.82 2.38 9.20 2.16 2.87 4.26
J Rainfed | 587 | 204 | 791 | 171 | 288 4.63
. Irrigated 5.23 1.92 7.15 1.47 2.73 4.86
Shiraslan 23 -
Rainfed 5.15 1.77 6.92 1.65 2.91 4.19
. Irrigated 7.16 2.65 9.81 2.02 2.70 4.85
Barakatli 95 -
Rainfed 6.60 2.52 9.12 1.87 2.62 4.87
- Irrigated 6.59 2.47 9.06 1,87 2,66 4,85
Alinja 84 5
Rainfed 5.41 1.89 7.29 1.65 2.86 4.43
Tartar Irrigated 7.48 2.93 10.41 2.16 2.55 4.83
Rainfed 5.98 2.38 8.36 1.78 2.52 4.69
Shar Irrigated 6.52 2.34 8.86 1.90 2.78 4.66
g Rainfed | 509 | 166 | 675 | 163 | 3.07 415
Gvrmvay buada Irrigated 7.63 2.54 10.17 2.14 3.01 4.76
yrmyzy brg Rainfed | 6.06 | 205 | 811 | 177 | 296 457
Triticum aestivum L.
Irrigated 4.32 1.62 5.94 1.27 2.67 4.69
Nurlu 99 -
Rainfed 4,14 1.53 5.67 1.16 2.70 491
Irrigated 7.82 2.80 10.62 2.15 2.79 4.94
Gobustan -
Rainfed 4.85 1.61 6.45 1.41 3.01 4.58
L Irrigated 6.51 2.43 8.95 1.95 2.68 4.60
Akinchi 84 -
Rainfed 4,78 1.81 6.59 0.74 2.65 8.92
. . Irrigated 7.78 2.72 10.50 2.24 2.86 4.70
Giymatli 2/17 :
Rainfed 6.18 2.19 8.37 1.72 2.82 4.87
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Gvim ull Irrigated 7.96 2.96 10.92 2.26 2.69 4.84
yrmyzy g Rainfed 7.71 2.84 10.55 2.25 2.72 4.67
Irrigated 4.87 2.09 6.95 1.34 2.33 5.20
Azamatli 95 |g
Rainfed 5.23 1.95 7.18 1.46 2.67 4.92
Tale 38 Irrigated 7.22 2.57 9.79 2.07 2.81 4.73
Rainfed 6.56 2.48 9.03 1.90 2.65 4.75
Ruzi 84 Irrigated 6.76 2.36 9.12 1.93 2.86 4.73
Rainfed 5.58 1.95 7.54 1.58 2.86 4.77
. . Irrigated 7.01 2.54 9.55 2.01 2.76 4.76
Pirshahin 1 .
Rainfed 6.31 2.25 8.56 1.88 2.80 4.55
nd Irrigated 6.97 2.51 9.48 2.04 2.77 4.64
12"FAWWONN97 .
Rainfed 6.12 2.43 8.55 1.72 2.52 4.97
th Irrigated 7.68 2.78 10.46 2.23 2.76 4.70
4"FEFWSNNe50 .
Rainfed 6.17 2.29 8.45 1.88 2.70 4.50
. . Irrigated 7.26 2.72 9.98 1.92 2.67 5.20
Giinashli -
Rainfed 5.08 1.95 7.03 1.44 2.61 4.87
Irrigated 6.39 2.14 8.52 1.99 2.99 4.28
Dagdash -
Rainfed 5.66 2.00 7.66 1.93 2.83 3.97
Irrigated 7.80 2.97 10.78 2.06 2.62 5.24
Saratovskaya 29 .
Rainfed 7.00 2.53 9.53 2.05 2.77 4.66

Durum wheat genotypes formed a greater leaf area per stem compared to bread
wheat genotypes until the heading stage (Figs. 6 and 7). The largest area of leaves per
stem was formed in genotypes of durum wheat Vugar, Alinja 84, Tartar and in bread
wheat Giymatli 2/17. The genotypes Giymatli 2/17, Gyrmyzy gul 1 and Tale 38 are also
characterized by higher leaf area index (data are not shown). Water shortage caused a
reduction in assimilation area of leaves. A decrease in leaf area at following growth
stages occurred both in irrigated and rainfed plants, but water deficit accelerated leaf
senescence. An increase in stem assimilation area of stem was detected in some
genotypes under water deficit, which can be explained as a compensation of leaf area
reduction (Fig. 8). In most genotypes an increase in stem assimilation area continued
until the kernels watery ripe stage in the favorable 2014/15 growing season (Fig. 9). A
high assimilation area of stem was revealed in the taller genotypes Sharg, Gyrmyzy
bugda, and in the genotypes Akinchi 84 and Giymatli 2/17 whereas a low assimilation
area of stem was revealed in genotypes Gyrmyzy gul 1, 12""FAWWONNe97 and
Gunashli. Water deficit slowed an increase in stem assimilation area. A large decrease
in the assimilation area of stem was found to kernels watery ripe stage in the genotypes
Tartar, Gyrmyzy bugda, Akinchi 84, Ruzi-84, 4"FEFWSNNe50 and Dagdash. The
assimilation area of spike was relatively greater in most genotypes of durum wheat than
that of bread wheat (data are not shown). Under the condition of water scarcity a great
delay in the formation of the assimilation area of spike was observed in the genotypes
Gyrmyzy gul 1, Azamatli 95, Tale 38, 12"™"FAWWONNe97 and Dagdash.

Proline content increased under drought conditions, especially in the genotypes
Tartar, Giymatli 2/17, Azamatli 95, Tale 38 (Fig. 10). The substantial content of proline
in irrigated plants is probably associated with the senescense of leaves.
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Figure 6. Effect of drought stress on leaf area per stem (2013/14). Each value represent mean
of 7 replicates. I-irrigated, R-rainfed.
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Figure 7. Effect of drought stress on leaf area per stem (2014/15). Each value represent mean
of 7 replicates. I-irrigated, R-rainfed.
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Figure 8. Effect of drought stress on stem assimilation area (2013/14). Each value represent
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Figure 9. Effect of drought stress on stem assimilation area (2014/15). Each value represent
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Figure 10. Effect of drought stress on proline content (2014/15). Each value represent mean of
3 replicates.

The grain yield of the majority of genotypes was higher in the 2013/14 growing
season than that in the 2014-2015 growing season under irrigation (Fig. 11). However
the grain yield of most genotypes was relatively higher in the 2014/15 growing season
under rainfed condition. A relatively strong reduction in grain yield of genotypes
occurred in the 2013/14 growing season. An average grain yield of durum and bread
wheat genotypes was 588.6 g/m? and 670 g/m? under irrigation, 357.4 g/m? and
451.5 g/m* under rainfed condition in the 2013/14 growing season. An average grain
yield of durum and bread wheat genotypes was 539.3 and 558.4 g/m? under irrigation,
and 382.8 and 443.2 g/m? under rainfed condition in the 2014/15 growing season.
Reduction of grain yield was 39% for durum wheat, 33% for bread wheat in the
2013/14 growing season and 29% for durum wheat, 21% for bread wheat in the 2014/15
growing season, respectively. A potential productivity of genotypes Garagylchyg 2,
Barakatli 95, Tartar, Giymatli 2/17, Gyrmyzy gul 1, Tale 38, Pirshahin 1,
4"FEFWSNNe50 were higher under irrigation in the studied years. Genotypes Vugar,
Sharg, Gyrmyzy bugda, Nurlu 99, Gobustan, Ruzi 84, 12""FAWWONN97, Gunashli,
Saratovskaya 29 formed stable grain yield under irrigated and rainfed conditions in the
studied years. P, was found to correlate positively and significantly with gs, E and
assimilation area of leaf, stem and spike and leaf area index under rainfed (Table 3).
The RWC positively correlated with Chl(a + b) and Car(x + c¢) contents. The highest
positive correlations were detected between P, and gs, as well as between Chl(a + b) and
Car(x+c) contents. Correlations between grain yield and physiological traits (P,, RWC,
LAA, SAA, SPAA) were negative under both irrigated and rainfed conditions. These
correlations mean that grain yield is less associated with physiological parameters.
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Figure 11. Effect of drought stress on grain yield. Each value represent mean of 3 replicates

Table 3. Correlations between grain yield and physiological traits (2014/15 growing season).

Traits Pn Os E RWC |Chl(a+b) |Car(x+c)| LAA LAI SAA | SPAA |(Proline| GY
Pn 1 0.284 | 0.270 | 0.394 | -0.153 | 0.008 |0.677"| 0.444" | 0.708™ | 0.584™ | 0.029 | -0.436"

gs |0.653"| 1 ]09657| 0.202 | -0.525" | -0.322 | 0.122 | -0.337 | 0.214 | 0.333 | -0.154 | -0.309

E 0.660 09517 | 1 0.122 | 0532° | 0.371 | 0.081 | -0.314 | 0.200 | 0.216 | -0.024 | -0.186
A | RWC | 0.049 | 0123 | -0.275 1 0.247 | 0.444" | 0.469" | 0.372 | 0.410 | 0.389 |-0.429"|-0.768"
& | Chi(at+b)| -0.408 | -0.310 | -0.291 | 0.305 1 0.803" | 0.069 | 0.381 | -0.075 | -0.176 | -0.136 | -0.137
5 Car(x+c)| -0.277 | -0.277 | -0.232 | 0.378 | 0.929™ 1 0.158 | 0.347 | 0.193 | 0.005 | -0.345 | -0.330
E LAA |0.5977| 0.297 | 0.272 | 0.484" | 0.198 | 0.324 1 ]0.7347]0.5617|0.790™ | -0.019 | -0.428"
| LAl | 0394|0155 | 0.076 | 0.450" | 0.262 | 0.383 [0.736™| 1 0.251 | 0.264 | 0.005 | -0.146
SAA | 0.406 | -0.009 | 0.021 | 05617 | 0.053 | 0.167 |[0.717" | 0.473" 1 0.526" | -0.101 | -0.499"
SPAA | 0.419 | 0.204 | 0.151 | 0.416 | 0.039 | 0.142 |0.728™| 0.292 [0.548™| 1 -0.076 | -0.496"
Proline | 0.007 | 0.330 | 0.410 | -0.285 | -0.123 | -0.033 | -0.014 | -0.161 | -0.005 | -0.059 | 1 0.309
GY |-0.134|-0.009 | -0.124 | -0.241 | -0.235 | -0.249 | -0.162 | 0.171 | -0.392 | -0.135 | -0.226 1

d34d-NiIvd

“Correlation is significant at the 0.01 level; "Correlation is significant at the 0.05 level. P,- photosynthesis rate, gs-stomatal

conductance, E-transpiration rate, RWC-relative water content, Chl- chlorophyl, Car-carotenoids, LAA-leaf assimilation area per
stem, LAI-leaf area index, SAA-stem assimilation area, SPAA-spike assimilation area, GY -grain yield

Discussion

It was reported that water stress decreased Pn, gs, E values of wheat genotypes at
different growth stages (Hassan, 2006; Shan et al., 2012). In the present study, soil
water deficit caused a decrease in P, gs, and E values. Limitation of P, is related to the
decrease in gs and mesophyll conductance (gm) (Allahverdiyev et al., 2015). The P, had
a positive and significant correlation with gm, negative and significant correlation with
Ci under both irrigated and rainfed field conditions. C; had a positive, significant
correlation with gs, negative and significant correlation with gn. Flexas et al. (2009)
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showed that P, and C; had a strong correlation with gs in both field-grown and potted
grape wine plants. An increase in C; indicates predominance of limitation through
mesophyll conductance. Under drought condition, the Ci/Cyratio (Cs;-ambient CO,
concentration) was also increased (unpublished dates). After watering of irrigated plots
there was a competition between CO, and water vapor in the passage through stomata in
favor of transpiration. Our results showed that the wheat genotypes Shiraslan 23, Tartar,
Sharg, Giymatli 2/17, Tale 38, 4"FEFWSNNe50, Dagdash revealed a higher P, both
under irrigated and drought stress conditions. There are inconsistent reports about the
relationship between gas exchange characteristics and growth or yield of different
cultivars (Ashraf and Harris, 2013). Our results showed that high gas exchange
characteristics (Pn, gs, E) of the genotypes Tartar, Sharg, Giymatli 2/17, Tale 38,
4"FEFWSNNe50, Dagdash positively associated with assimilation area formation and
dry mass accumulation. A positive association of gas exchange characteristics with
grain yield was not strongly fixed. No significant correlation was found between leaf
gas exchange parameters and grain yield (Bogale et al., 2011). The absence of
correlation between photosynthetic parameters and grain yield is caused by biotic and
abiotic factros whose limiting effect can be noticed during the phase of assimilate
transport from the source (green photosynthetic organ) to the sink (spike, grain)
(Sharkey et al., 1995).

Despite the fact that the gas exchange parameters were strongly influenced by
drought, RWC remained relatively higher, especially in the taller genotypes Sharg,
Gyrmyzy bugda, Dagdash, and Saratovskaya 29. A decrease in the RWC in response to
drought stress was noted in wheat genotypes (Wu et al., 2014). In fact, although
components of plant water relations are affected by reduced availability of water,
stomatal opening and closing are more strongly affected (Anjum et al., 2011). In our
opinion, a strong reduction of gs allows keeping the RWC at a high level. Under drought
stress proline content increased about sevenfold in some genotypes. Proline is
osmotically active and contributes to membrane stability, also acts as a signaling
regulatory molecule able to activate multiple responses that are components of the
adaptation process (Maggio et al., 2002). We revealed a positive correlation between
proline content and grain yield under drought condition. Water deficit caused a decrease
in Chl a, b and Car(x + ¢) contents of wheat genotypes, that is in consistent with results
of other authors (Chandrasekar et al., 2000). Saving large leaf area per stem under
conditions of water scarcity is a good indicator, allowing greater accumulation of
photoassimilates transported to the ear. In addition, relatively higher tillering capacity of
bread wheat genotypes increased the leaf area index, contributed to greater
accumulation of photoassimilates in a unit of assimilating area. Nonleaf organs (stem,
spike, leaf sheath) are resistant to water deficit, and are important source of
photosynthetic carbon assimilation under drought condition during the grain filling
phase (Inoue et al., 2004) A large assimilation area of stem is linked with higher plant
height or larger diameter of stem of the studied wheat genotypes. Grain vyield is a
result of many physiological processes (photosynthesis, respiration etc.), agronomical
and yield traits that are under influence of environment. Our results showed that
genotypes of bread wheat are more productive than that of durum wheat. Drought stress
more affected on grain yield of durum wheat genotypes. Our results showed that grain
yield of wheat genotypes is more related to yield components: spike number per unit
area, biological yield, and harvest index under rainfed condition (Allahverdiyev, 2016).
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