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Table 1. Soil characteristics of the location of experiment.
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——————————— (7)) —— (gem™) ---mg/Kg--- R — ds/m cm
Silty clay 40.0 46.0 14.0 1.33 145 538 0.07 1.34 7.44 2.71 0-30
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Table 2. Climatic conditions of the growing season of location of experiment in 2014 (Khuzestan province meteorological

department).
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Fig .1. Plant heat chamber apparatus located at Research Farm of Khuzestan Agricultural and Natural Resources

University.
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Table 3. Analysis of variance the effect of heat stress on physiological traits of spring wheat cultivars.

H2 15 0 o (p<0.048 51 =0.58) H1 s ;5 5y o
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poilsS Ay - J:w i ‘5540 .
o Maximum Effective ol Sy Leaf S ol 1459,
Ol il quantum yield quantum yield Chlorophyll Leaf water Relative water Stomatal
S.0.vV df (Fv/Fm) (®PPSID) loss rate potential content conductance
Sk 2 0.0001 0.00005 ™ 0.029 0.0007 ** 3.255m 0.0003 ™
Block
LF A5 0.032 ** 0.029 ** 0.669  0.0002° 215 0.006 **
Heat (H)
a glbs 4 0.00008 0.00009 0.026 0.000001 2.09 0.000002
Error a
™3 0.011™ 0.004 ** 0.84 ™ 0.009 ** 12.07 ™ 0111
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b sl 6 0.0009 0.0004 0.015 0.0013 1.92 0.0005
Error b
Pl S G 0.0022 0.0012 ** 0.13"  0.0001™  3.44° 0.0007 **
HxC
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() el o 2 1.61 175 4.96 0.56 132 0.15
C. V. (%)
Table 3. Continued alol.Y Jgoo
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S.0.V df thermostability Grain yield a b Total Carotenoids
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C. V. (%)
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** and * significant at one and five percent error of probability respectively, ns, none significant.
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Table 4. Mean comparison simple effect of the studied traits of wheat cultivars grown under heat stress near flowering
(H1), early grain set (H2) and non-heat stress (control) in the field.

pyiles S hos yiS1us F3o pgilsS 5 Slos Jadg IS il s S gt o Jomiliy
Maximum PSII Effective PSII quantum Chlorophyll loss rate Leaf water potential
quantum yield (Fv/Fm) yield (®PSII) (SPAD/day) (MPa)

Cultivar  Control H1 H2 Control H1 H2 Control H1 H2 Control H1 H2
Chamran  0.81*  0.79* 0.78* 0.74*  0.69* 0.69° 1.91®® 218 22* -1.1* -1.1* -1.13°
Maroon 0.81*  0.68° 0.68° 0.74* 0.62°¢ 0.62°¢ 1.95¢  2.81* 29* -12° -12% -121°
Arvand  0.80* 0.69° 0.68° 0.75*  0.65" 0.64> 1.85* 1.93¢ 2.1% -1.1* -1.1* -1.13®
Atrak 0.82*  0.75* 0.74> 0.73° 0.68* 0.68* 1.76°  1.89° 1.9° -12° -12° -1.16°
Mean 0.81 0.73  0.72 0.74 0.66 0.66 1.87 220 232 -1.15 -1.15 -1.16

Table 4. Continued alol F Jgus
Sy ol s lgimo ajgy Calus Sobw sbit 5ol

Leaf relative water content( Stomatal conductance Cell membrane thermostability
(cm/Sec) (%)
Cultivar Control H1 H2 Control H1 H2 Control H1 H2
Chamran 85.8% 82.3*  78.5a  2.28° 2.33¢ 2.31°¢ 48.7* 40.9° 36.0°
Maroon 85.0% 78.7¢ 747 2.50° 2.56* 2.552 41.0° 38.4° 35.7°
Arvand 86.3% 80.7®* 76.7a  2.50° 2.552 2.54% 42.0° 38.5° 36.8%
Atrak 84.3° 79.3%  78.0a  2.40° 2.40° 2.40° 50.3? 43.7% 39.12
Mean 85.4 80.3 77.0 2.42 2.46 2.45 45.5 40.4 36.9
Table 4. Continued. Aldl . Jgus
ails o ySlos a Jdg,ls b kg ls
Grain yield (gm™) Chlorophyll a (mg/g FW) Chlorophyll b (mg/g FW)
Cultivar Control H1 H2 Control H1 H2 Control H1 H2
Chamran 604* 4922 478 1.64° 1.66° 1.64° 1.04° 0.96° 0.99*
Maroon 508¢ 4124 414¢ 1.50¢ 1.50¢ 1.50°¢ 1.04° 0.94% 1.00*
Arvand 539° 439¢ 447° 1.67° 1.67° 1.68° 1.14* 1.08% 1.00?
Atrak 526 467°  466® 2.05* 2.00? 2.06* 1.00° 0.99* 1.01°
Mean 544 453 451 1.72 1.71 1.72 1.06 0.99 1.00
Table 4. Continued. Aoldl:f Jgos
J5 Rdgyls Suigid g 8 oy Ol g5l
Total Chlorophyll Carotenoids (mg/g FW) Ascorbate (unit/mg protein)
Cultivar Control H1 H2 Control H1 H2 Control H1 H2
Chamran 2.69¢ 2.62¢ 2.63° 0.35% 0.37%  0.37° 0.32° 0.43¢ 0.49°
Maroon 2.544 2.444 2.50¢ 0.332 0.26° 0.29% 0.32% 0.65¢ 0.54°
Arvand 2.81° 2.75% 2.68° 0.372 0.35° 0.372 0.32° 1.20° 0.60°
Atrak 3.05° 2.99% 3.06* 0.38* 0.422 0.39° 0.92° 2.50* 1.65°
Mean 2.77 2.70 2.72 0.36 0.35 0.35 0.47 1.19 0.82
Table 4. Continued. Alolf Jgus
M oSty 30 gouan S S | 3 g
Catalase Peroxidase Superoxide dismutase
(unit/mg protein) (m mol/g leaf FW) (unit/mg protein)
Cultivar  Control H1 H2 Control H1 H2 Control H1 H2
Chamran 0.09¢ 0.19¢ 0.19¢ 4.85% 8.94*  2.26° 773% 831¢ 890°
Maroon 0.18° 0.332 0.382 1.61° 403>  491° 786° 979° 853¢
Arvand 0.18° 0.24° 0.26° 2.64° 4,09 8.322 1209* 14032 11892
Atrak 0.27° 0.32° 0.30° 2.60° 3.60° 4.03° 754° 974° 1001°
Mean 0.18 0.27 0.28 2.92 5.16 4.88 880 1047 983
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Table 4. Continued.
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Hidrogen peroxide (mg/g FW)  Malon de aldehyde (mmol/g FW) Proline (mg/g FW)
Cultivar Control H1 H2 Control H1 H2 Control H1 H2
Chamran 146* 130* 132° 99° 100° 134° 21.9° 31.5°  36.0°
Maroon 136* 1212 1802 1132 116* 1502 19.0° 31.5>  31.5¢
Arvand 91.0° 55.3¢ 105¢ 71¢ 67.5¢ 75¢ 19.4° 31.5>  38.5°
Atrak 90.5° 97.7° 86.5¢ 96° 105° 110° 34.2¢ 63.5*  69.5*
Mean 116 101 126 94.6 97.1 117 23.6 39.5 43.9

WSSl g,y 4y do s my Jleisl e )8 (5518 gire Dglds S ie By > syl sla Sl e o 0
Means with similar letters in each column are not significantly different (Duncan < 0.05)
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Table 5. The contribution of factors 1, 2, 3, and 4 to the factor analysis of studied traits

o3y yolic Ul dar gl (cumd (el ylg ouh dazr g (roxd (pilylg
Ei o Relative variance explained Cumulative variance explained
igen values o o
(%) (%)
Fastor HI s H2 s HI s H2 s HI s H2 s
1 8.08 9.26 42.5 48.8 42.5 48.8
2 5.09 4.24 26.8 22.3 69.4 71.1
3 2.16 2.92 114 15.4 80.7 86.4
4 1.13 - 5.98 - 86.7 -

Sleio 395w b ((H1) (235 S35 Jlgio 59 duw o dy LojF (4 .0 )l pusS o] anllland 90 Wl gl ol & 3o # Jgar
el oo Jloe! acy 30 yo (H2) ails s glal jo

Table 6. Factor analysis for studied traits of spring wheat cultivars. Heat stress has been applied to the field for three
consecutive days near flowering (H1), or three consecutive days at the early seed formation (H2).

H1 s H2 o5

(oudid yo) Wlao  Jgl Jole pgo Jole pguw Jole o)l Jole (oudd yo) Wlao gl Jole  pgo Jole  pow Jole

Traits Factorl Factor2 Factor3 Factor4 Traits Reordered Factorl Factor2 Factor3
stab 0.97 0.00 -0.07 0.04 CovanY 0.96 0.26 0.06
CovanY 0.95 0.09 0.00 0.01 CovanEff 0.94 0.17 -0.27
RWC 0.91 0.03 -0.10 0.03 Y 0.89 0.25 -0.09
CovanEff 0.91 0.06 0.26 -0.09 RWC 0.80 0.10 0.06
Y 0.89 0.27 0.02 0.02 WP 0.77 -0.20 0.56
WP 0.78 -0.37 -0.34 -0.01 Cart 0.69 0.32 0.43
SOD -0.68 0.10 -0.46 -0.18 H202 -0.62 -0.54 -0.45
ChDestR -0.88 -0.34 0.29 -0.02 ChDestR -0.77 -0.39 -0.45
StomCond -0.94 -0.18 -0.23 -0.06 CAT -0.80 0.21 -0.29
Pro -0.30 0.90 0.11 -0.05 StomCond -0.90 -0.11 0.41
Cha 0.29 0.87 -0.29 0.02 APX 0.06 0.95 0.03
APX 0.07 0.84 -0.22 -0.20 Pro 0.27 0.92 0.03
ChT 0.30 0.83 -0.27 0.29 ChT 0.38 0.90 0.09
Cart 0.50 0.61 -0.31 -0.25 Cha 0.39 0.89 0.09
H202 -0.09 -0.71 0.66 0.06 Mstab 0.03 0.76 0.33
MdAld -0.08 -0.26 0.94 0.07 Chb -0.30 0.71 0.10
CAT 0.12 -0.23 0.55 -0.05 POX -0.50 -0.03 0.84
POX -0.01 0.04 -0.95 -0.05 SOD 0.09 0.27 0.79
Chb 0.06 -0.08 0.06 0.96 MdAld -0.21 -0.24 -0.92

Mstab: Membrane Thermostability, CovanY: Quantum Yield, RWC: Relative Water Content, CovanEff: Quantum Effective,
Y: Grain Yield, WP: Water Potential, SOD: Superoxide dismutase, ChDistR: Chlorophyll Destruction Rate, Stomatal
Conductance, Pro: Proline, Cha: Chlorophyll a, APX: Ascorbate peroxidase, ChT: Chlorophyll Total, Cart: Carotenoids, H202:
Hydrogen Peroxide, MdAld: Malon de aldehyde, CAT: Catalase, POX: Peroxidase, Chb: Chlorophyll b
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Abstract

In order to study the short duration of heat stress on grain yield and physiological characteristics of
wheat, a field study were laid out in a strip block design with three replicates at Khuzestan Agricultural
Sciences and Natural Resources University in 2014. Four wheat varieties were exposed to heat stress
(maximum 35 °C) during three days in the field with a portable purpose-built heat chamber in two
different stages, near heading (H1) and early grain set (H2). The results showed that there were
significant differences between heat stress levels and the traits of varieties. Short-term heat stress (H1
or H2) reduced grain yield of Chamran, Maroon, Arvand and Atrak varieties by 19.6%, 18.6%, 17.8%
and 11.2%, respectively compared to unheated control. Heat stress significantly caused to reduce
chlorophyll fluorescence, leaf relative water content and cell membrane thermostability whereas
stomatal conductance, chlorophyll destruction rate and proline content increased. There was a negative
correlation between grain yield and total chlorophyll concentration (r =-0.67 in H1 and r = -0.77 in H2).
The activity of catalase, peroxidase and superoxide dismutase increased significantly in response to H1
or H2. The results of the factor analysis showed that four factors explained 86.7% and three factors
explained 86.4% the variance among varieties in H1 and H2, respectively. Atrek, Chamran and Arvand
varieties tolerated heat stress than Maroon variety by more photosynthesis persistency, higher metabolite
content and more enzyme defense mechanism. It could be argued that cultivars with slower rate of leaf
senescence after heat exposure and more enzymatic protection could be more tolerant to heat stress.
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