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Fig 1. Average monthly max temperature, relative humidity and total precipition during the barley growth season in
year 2012-2013. (a= 19 Feb Time of Heading in normal condition, b=9 Apr Time of Heading in stress condition).
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Table 1. Result of combined analysis for morpho-phenological and yield components traits in normal and terminal
heat stress condition

Source Days Days Plant Peduncel  Spike Spikelets  Grain lOQO Biological Harvest Grain
of of to to height length  length per per grain yield index  vyield

variation heading maturity spike Spike weight
_ 1 21774157 3332327 28577.71° 1138.22" 20.45 474337 2324.427 156.82° 3272.74" 12224 54.62°

Enviroment (heat)

Block x Enviroment 4 2.33 3.17 49.82 5.45 0.29 3.52 40.08 2.25 11.23 102  0.16
Genotype 9 616.83" 1237.11" 42762 4506~ 6.647 61.847 633.817 21.50" 43.08" 270.31" 4.93"
Enviroment x Genotype 9 81.19™  474.04™  193.32"  16.32" 0.38™ 8.14" 58.27° 446~  47.46™ 20.88" 0.86"
Error 36 237 3.28 23.24 5.14 0.43 3.98 27.53 0.91 14.29 6.9 0.18
CV (%) 1.9 1.58 6.98 1158 719 1312 18.19 2.24 17.81 7 12.1

** and *: significant at 1% and 5% probability levels, respectively, ns
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Table 2. Mean comparison of the environmental factors and genotype for measured traits

Experi Days Days Plant  Peduncel Spike Spikelets Grain 1090 Biological Harvest  Grain
xperimental - grain - - -
factors to_ to _ height  length  Length per per weight yield index yield
heading maturity  (cm) (cm) (cm) spike spike @) (ton. ha'®) (%) (ton. ha'™)
Environment (heat)
normal condition (S;)  100.23a 137.90a 91.96a 24.3a 5.62a 18.03a 35.07a 44.1a 28.61a 39.12a 4.5a
stress condition (S;) 62.13b 90.76b 48.32b 15.6b 443b  124b 22.62b 40.9b 13.83b 36.27h  2.6b
Genotype
Mahour 71.83e 102.33e 61.28d 1953bc 57a  18.95a  18.72c 42.32c  18.9hc 39.69bcd 3.6b
Yousef 78.17d 111.33e 77.38ab 223ab  43b  13.63bcd 40.2a 44.13a 20.52ab  43.87a  4.04ab
Reyhan 03 79.33d 11lc 82.36a 23.87a 351b 12.28d 31.78b 44.02ab 22.71ab  4257ab 4.4a
Izeh 785d 11167c 79ab  20.7bc  4.21b 12.67cd 37.1ab 42.78bc 24.83a 39cde 3.6b
Nimrooz 73.67e 104.67d 69.45c 20.77bc 6.43a 19.75a 19.25¢c 43.27abc 15.21c 36.14e 2.7c
Jounob 85.33c 112.83c 62.25d 19.14c 57a  14.63bc 39.28a 39.3d 2257ab  40.97abc 4.3a
Zahak 78.67d 1105c 7541b 189c 4.15b 12.8cd 36.75ab 43.7ab  22.56ab 40.34bc  4ab
Abidar 106.33a 1525a 56.39d 1363d 6.35a 15.63b 13.75c 38.77d 22.93ab  19.91f  1.3d
Nosrat 87.17b 120.83b 69.24c 21.6labc 4.29b 12.97cd 33.93ab 42.98abc 20.4ab 36.44de  3.9ab
Khoram 72.83e 105.67d 68.66c 19.03c 5.74a 19.93a 17.65c 43.43ab 21.6ab 38.1cde 3.5b
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Similar letters in each column shows non- significant difference according to Duncan multiple range test at 5% level.
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Table 3. Mean of condition x genotype effects for measured traits (S1, normal condition and S, stress condition)

Days Days Plant Peduncel Spike Spikelets Grain Biological Harvest Grain

Genotypes Condition  to to height  length length per per vgéflﬂt yield index yield
heading maturity  (cm cm cm spike  spike 9 ton. ha* % ton. ha
(9n

Mahour S;  91.33ef 122f 80.le 23.23bd 6.38abc 23.6a 23.23ef 43.2de 22.89de 40.83a-d 4.7bc
S,  52.33m 82.67k 42.46jk 15.82efg 5.03cde 14.3cd 14.2ghi 41.43fg 14.91fg 38.53cde 2.5f-i

Yousef Sy 96.33c 134.33c 105.43a 29.43a 5de 16.07bc 47.73a 46.77a 30.49a-d 43.3lab 5.a
Sz 60j  88.33i 49.32h-j 15.16efg 3.6hi 11.20de 32.67cd 41.5fy 10.54g 44.38a  2.6f-i

Reyhan03 S;  98.67cd 133c 106.9a 29.1a 3.85f-i 13.77cd 38.4bc 45.87ab 32.11ab 42.23abc 5.3ab
Sz 60j 89i 57.82fg 18.66e 3.17i 8.8e 25.17de 42.17ef 13.31fg 42.9lab 3.4de

Izeh Si 98.67cd 134.33c 102.52a 25.32bc 4.7d-g 15.10bc 44.53ab 44.3cd 35.34a 38.2cde 4.8ab
S, 58.33jk 89  55.49gh 16.06efg 3.73ghi 10.23e 29.67de 41.27fgh 14.32fg 39.79b-e 2.3hij

Nimrooz S1 91.67e 125.67e 93.61bc 24.96bc 7.22i 23.2a 22.30efg 44.6bcd 17.71ef 36.51de  3.3ef
S, 55.671 83.67k 45.30i-k 16.58efg 5.65bcd 16.3bc 16.20f-i 41.93ef 12.71fg 35.76ef  2.2ij

Jounob S1 99.33¢c 127e¢ 84.17de 23.78bc 6.65ab 17.6b 51.02a 39.8hi 31.46abc 42.37abc 5.2ab
S, 71.33h 97.67h 40.33k  14fg 4.75d-g 11.47cde 27.53de 38.8ij 13.69fg 39.57b-e 3.4de

Zahak S 98.67cd 134.33c 100.42ab 23.78bc 4.35e-h 15.3bc 43.77ab 45.63abc 31.98ab 43.13ab 5.0lab
S, 58.67) 86.67ij 50.39g-i 14.19fg 3.93f-i 10.3e 29.73de 41.77ef 13.14fg 37.57de 2.9e-h

Abidar S;  134.33a 200.33a 63.71f 14.19fg 6.63abc 15.8bc 14.83ghi 39.5ij 31.3la-d 24.05g 1.7j
s, 7833y 104679 49.1h 13079 6.07bc 1547bc 1267i 3803] 1454fg 1577h 098k

Nosrat S 104.33b 141.67b 90.1cd 25.95ab 4.85def 16.33bc 43.13ab 44.47bcd 25.82cd 40.85a-d 5.3ab
S 70i 100h  48.4h-j 17.28ef 3.73ghi 9.6e 24.73de 41.5fg 14.99fg 32.02f 2.4f-i

Khoram Sy 89f 126.33e 92.72bc 22.85cd 6.6abc 23.5a 21.70e-h 46.73a 26.97bcd 39.72b-e  4cd
Sz 56.67kl 85jk  44.6i-k 15.20efg 4.9df 16.37bc 13.6hi 40.13gi 16.22fg 36.41f 2.5efg
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Similar letters in each column shows non- significant difference according to Duncan multiple range test at 5% level.
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Table 4. Mean of different morpho-phenological and yield components traits and orthogonal contrast between 2 and
6- rowed barley genotypes in normal and terminal heat stress condition (S;, normal condition and S,, stress condition)

Days Days Plant Peduncel Spike Spikelets Grain 100.0 Biological Harvest Grain
Barley - . - . .

tvDe Condition  to to height length length  per Per  eiaht yield index  vyield
P heading maturity (cm)  (cm) (cm) spike  spike (g?) (ton.hal) (%) (ton. ha™)

6- rowed Si 99.33 13411 9525 2630 49 1569 4476 4447 31.20 4168 520

2- rowed S; 10158 14358 8253 2130 6.7 2153 2052 4351 2473 3528 344

6- rowed S, 63.06 9194 5029 1587 3.82 10.27 2825 41.17 1333 3937 287

2- rowed S 60.75 89 4536 1545 541 1561 1417 4038 14.60 31.62 2.16

Orthogonal contrast ~ S;  493.937 1543.117 531.39" 53.04™ 4.25" 4459 515.80" 20.13" 83.26" 98.32" 4.24™
Orthogonal contrast S, 204.09™ 173.04™ 89.55" 8.34™ 2.78" 2539™ 126.28™ 592" 7.28™ 19287 1.55"

SIS e E S 10,3 B g ds ) ) Lot | mhas )0 lo e o 3 4y sk g e
**and *: significant at 1% and 5% probability levels, respectively, ns: Non-significant.
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Table 5. Correlation analysis between evaluated traits with yield in barley genotypes (n=30)

Days Days Spikelets Grain 1000
to to per per  grain
heading maturity spike  spike weight

Plant Peduncel Spike
height length  length

Biological Harvest
yield index

Grain yield in normal conditions 059" -0.68" 063" 080" -050° -0.20™ 079" 044 014™ 091"

Grain yield in stress conditions -0.32™ 044" 013™ 0417 -035 -0.30™ 049" 027" 034™ 077

SIS cxe e 118 Aoy B g do ) N Jlaisl s (o lo g oS 5 4y
**and *: significant at 1% and 5% probability levels, respectively, ns: Non-significant.
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ABSTRACT

Terminal heat stress is the most widespread heat stress in the world. In order to evaluate the effect of heat
stress on yield, yield component, and mopho-phenological traits of barley, 10 barley genotypes including
the 2-row genotypes: Mahour, Khoram, Nimrooz, Abidar and 6-row genotypes: Yousef, Rihan 03, Izeh,
Zahak, Nosrat, Jonoub were tested under normal (optimum sowing date) and heat stress (late sowing date)
conditions in experimental field of Shahid Chamran University of Ahvaz. The experiment in each
condition was arranged in a randomized complete block design. Terminal heat stress caused significant
reduction in days from sowing to heading (38%), days from sowing to maturity (34%), plant height
(47%), peduncle length (36%), biological yield (52%), spike length without awn (21%), number of
spikelet per spike (31%), number of kernels per spike (36%), 1000 kernel weight (7%), harvest index
(7%) and grain yield (42%). According to the results, in normal condition Yousef with 5.4 t/ha and in
stress condition Rihan 03 and Jonoub with 3.4 t/ha have the maximum grain yield. Abider in both
conditions showed the minimum yield. Based on the results, the maximum correlation coefficient was
observed between harvest index and grain yield in both conditions, heat stress (r=0.77, p <0.01) and
normal (r=0.91, p <0.01), suggesting the considerable role of this trait for evaluating the barley genotypes
in heat stress experiments. 6-row barley genotype had superiority for most of traits in compare to 2-row
genotypes and finally gave more grain yield in both conditions.

Keywords: Heat stress, heat tolerance, 2-row barley, 6-row barley.
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