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ABSTRACT

Terminal heat stress is one of the most important environmental factors threatening wheat production in Iran and
all across the world. In order to study the effectiveness of canopy temperature and Relative water content in
screening wheat lines for heat tolerant, ten wheat genotypes were evaluated in three separate randomized complete
block design experiments in two years (2015-16 and 2016-17) under non- stress and heat stress conditions at
Gonbad and Atrak research stations. Heat stress was applied through three methods including late sowing, plastic
greenhouse and field temperature. Canopy temperature, relative water content and grain yield of genotypes were
measured. All genotypes showed significant reductions in grain yield under heat stress. Based on grain yield under
stress and non-stress conditions, yield loss percentage and Fisher and Maurer susceptibility index, Kauz, Shiroudi
and N-92-7 were shown to be tolerant, while Bam and Verinak susceptible to heat stress. Although both canopy
temperature and relative water content had a significant correlation with grain yield under heat stress, canopy
temperature was significantly different between tolerant and sensitive genotypes, indicating its higher efficiency in
screening for heat tolerance.
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Table 1: The studied cultivars and lines and their pedigree

NO. Name Pedigree Origin
1 Kauz "KAUZ"S CIMMYT
2 Bam VEE"S"NAC//1-66-22 CIMMYT
3 Karim HAMMA4 ICARDA
4 Veenak VEE/NAC CIMMYT
5 kavir STM/3/KAL//\V/534/1T/716 CIMMYT
6 Shiroodi ATILLA(MC6358-Y4-M0-Y0-M8-Y0-ZP0) CIMMYT
7 Arta HD2206/HORK//BUL/6/CMH80A.253/4/M2A/... CIMMYT
8 Roshan HYS//DRC*2/7C/2*REH CIMMYT
9 N-92-7 SHAT7/VEE#5/5/VEE#8//JUP/BJY/3/F3.71/TRM/4/2*WEAVER/6/ CIMMYT

SKAUZ/PARUS//PARUS.
10 N-87-20 SABUF/7/ALTAR84/AE.SQUARROSA(224)//Y ACO/6/CROC CIMMYT
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Table 2- The Range of maximum temperature (°c) from flowering to physiological maturity in the
experiment locations.

Experiment Year Non-Stressed Heat-Stressed
Late sowing 2015 20.4-25.4 26.2-43.2
2016 20.8-23.3 31.4-43.4
Plastic greenhouse 2015 18.7-26.3 34-49
2016 22.8-26.2 35-50
Field temperature 2015 22.5-27.5 28.8-37
2016 21-28.5 27-37
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Table 3- Stress susceptibility index and yield loss percentage of wheat genotypes in the three heat stress
experiments during 2 years (2014-2015).

Genotypes Late sowing Greenhouse Field temperature
Yield(non-  Yield(stressed) SSI  Yield Yield(non- Yield(stressed(kg/h) SSI Yield Yield(non- Yield(stressed)(kg/h) SSI ield
stress)(kg/h)  (kg/h) loss(%) stress)(kg/h) loss(%) stress)(kg/h) loss(%)
Kauz 4738 3020 071 36 5088 2860 0.64 44 1748 827 112 53
Bam 4020 968 149 76 4412 702 124 84 1423 473 142 67
Karim 4492 2193 1 51 3428 915 108 73 993 733 056 26
Veenak 4053 827 156 80 4293 228 139 95 1485 633 122 57
Kavir 3463 1598 106 54 4790 1135 112 76 1505 618 125 59
Shiroodi 4302 2493 082 42 4545 1598 095 65 813 657 041 19
Arta 3580 1820 0.96 49 4205 940 114 78 1283 622 110 53
Roshan 4302 2007 105 53 3187 830 109 74 1448 823 092 43
N-92-7 4787 2518 0.93 47 5007 3193 0.53 36 930 520 0.94 44
N-87-20 4033 2915 054 28 4932 1498 102 70 1437 767 0.99 47
Stress 0.51 0.68 0.47
severity
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Table 4- Mean comparison of the yield of tolerant and sensitive genotypes under heat stress in three
experiments based on T test

Genotype Response Late sowing Plastic greenhouse Field temperature
Yeild(kg/h) Group mean Yeild(kg/h) Group mean Yeild(kg/h) Group mean

kauz tolerant 3020 2677 2860 2550" 827 668™
shirodi 2493 1598 657
N-92-7 2518 3193 520

Bam sensitive 928 1316 702 615 473 613
Veenak 827 228 633
Karim 2193 915 733

** and ns: significant at 1% probability level and not significant
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Table 5- Mean comparison of the canopy temperature of tolerant and sensitive genotypes under heat stress in
three experiments based on T test

Genotype Response Late sowing Plastic greenhouse Field temperature
Canopy Group mean Canopy Group mean Canopy Group mean
temperature temperature temperature
kauz tolerant 18.92 20.72" 26.95 27.49™ 29.73 30.67™
shirodi 21.32 27.88 31.43
N-92-7 21.93 27.63 30.85
Bam sensitive 23.88 24.28 30.72 30.27 30.33 31.58
Veenak 25.90 30.02 32.65
Karim 23.07 30.08 31L.75

* KKk
¢
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*** and ns: significant at 1 %and 5% probability levels and not significant
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Fig.1 Effect of heat stress on yield (a), canopy temperature (b) and relative water content (c) at late sowing
experiment, during 2 years (2014-2015). The black and white columns are non-stressed and stressed conditions,
respectively.

Table 6- Mean comparison of the relative water content of tolerant and sensitive genotypes under heat stress
in three experiments based on T test

Genotyp Respons Late sowing Plastic greenhouse Field temperature
e e Relative Group Relative Group Relative Group
water mean water mean water mean
content% content% content%
kauz tolerant 77.89 73.47" 89.20 85.48"™ 66.45 66.63
shirodi 70.93 79.87 68.11
N-92-7 72.40 87.38 65.34
Bam sensitive 52.89 62.63 77.21 82.39 47.23 54.02
Veenak 54.59 82.01 51.27
Karim 80.41 87.95 63.46

)lo@Mﬂ.éjmjoaJ&b!@ad)a)lo@“#;@:nsj*
* and ns: significant at 5% probability level and not significant
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Table 7- Mean comparisonof the yield, canopy temperature and relative water content in three different
experiments

Triats Late sowing Plastic greenhouse Field temperature
Non- stress stressed Non- stress stressed Non- stress stressed
Yield(kg/h) 4117 2037 4383 1390 1306 695
canopy 19.23 21.78" 23.87 27.96™ 25.03 31.13"
temperature(o)
Relative water 82.48 73.07” 94.48 84.61™ 59.83 59.81"
content%

* kK
‘

M foae jf 0000 9 ) Jleiml mhaw o s Jee i 5 4 NS
*** and ns: significant at 1 and 5% probability levels and not significant

Table 8- Correlation between canopy temperature and relative water content with yield in non-stressed and
stressed conditions in three experiments

Experiments Canopy temperature Relative water content
Non- stressed Non- stressed
stress stress
Sowing late 0.10™ 0717 0.39™ 0.64
Plastis greenhouse 0.31™ -0.43"™ 0.63" 0.49™
Field temperature 0.04"™ -0.27"™ -0.27"™ -0.12"

S8 e 900,00 5) Jl.oblc!a.w)a)bsmg.g)sgznsg*
* and ns: significant at 5% probability level and not significant
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Fig. 2- Effect of heat stress on yield (a), canopy temperature (b) and relative water content (c) at plastic
greenhouse experiment during 2 years (2014-2015). The black and white columns are non-stressed and stressed
conditions, respectively.
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Fig. 3- Effect of heat stress on yield (a), canopy temperature (b) and relative water content (c) at field

temperature experiment during 2 years (2014-2015). The black and white columns are non-stressed and stressed
conditions, respectively.
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