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I ntroduction high temperature during reproductive and grain
developmentstages(Gourdiji et al., 2013; Hussairet al.,
Bread wheat Triticum aestivumL.) is one of the 2016). Heat stress is thus one of the major constraints
leading cereal crops and staple for the masses across #féecting the wheat yield formatioin arid and servérid
globe (Liuet al.,2017). Durum wheafTfiticum turgidum  subtropics(Kosinaet al, 2007). High temperatures during
L. cv. durum) occupies the central position in rainfedgrain filling stage not only suppresses the grain yield but
regions of the Mediterranean environngetitis considered also deteriorate the grain quality (Kosigtaal.,2007; Joshi
as a gstategic crop and has a vital role in the economy anet al, 2007; Faroogt al, 2011; Sareent al.,2012). This
livelihood of third world countries (Abdipuet al., 2013;  demands thorough understanding of the influences of heat
Abdelaal et al, 2018). However, the wheat growth and stress on vyield formation in wheat so that management
yield formation are influenced by environmental strategies to cope with the issue may be developed.
conditions. In this regard, high temperatwstress is the This situation demands identification and development
most important factor and strongly affects the crop growtlof high yielding wheat vé@eties adaptive less than optimum
and development, resulting in substantial reduction in theonditions (AtKaraki, 2012). Development and/or
crop vyield (Hays et al.,, 2007; Farooget al, 2011; identification of early maturity genotypes would be
Moshatatiet al.,2012; Ahmed & Hassan, 2015; Barutcular effective to avoid the terminal heat stress (Sagteal,
et al.2016;Yildirim et al, 2018. 1995 Farooget al., 2011). Researcherare engaged in
Plant exposure to heat stress significantly effects thdeveloping strategies to cope witleat stressncluding
growth and vyield development, however, the extent obuite of management and husbandry practices, and
effect depends upon the stage of crop, and the intensity adévelopment of hedblerant genotypes (Farooet al.,
duration of the stress (Prasatl al, 2008; Farooget al,  2011;Hossain & Teixeira da Silva, 2012; Hossainal.,
2011). In suktropics, late planted wheat is often exposed ta2012). However, devemment of heat tolerant varieties is
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time demanding and longay option. Therefore, withila Ar ea s, three from Japan, one
breeding program, consecutivelyeattolerant traitsare Paki st an and thirty were coll
required to find out the appropriate genotypes tolerant td h e s ee if g Htt ywheat g eendo taytp eosp tw emn
heat stress for sustainable wheat producighan & ( Oct ober 1, 2015; <cool enviro
Kabir, 2014). In this regard, GGE biplot analysan be 1 , 2016 ; war mer environment ;
used to classify highyielding varieties for heat stress genot ypes pl anted at opti mal
environmentsKoutis et al.,2012. The biplot analysisisa exposed to optimum and high
suitable method to analyse the interaction of grainyield of e specti vely. weowi mg raatged i r
a group of gengpes grown undevariousenvironments and sub pl ots were allocated
(Frutoset al.,2013).
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Stress susceptibility Index: Heat stress susceptibility
index (HSSI) is determined the stress tolerance in term
of minimize the decrease production that caused by, ;
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Under the cool environment, grain mber was the most
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Table 1. Origin of bread wheat genotypes
No. Cultivars Origin No. Cultivars Origin
1. Adana 99 Turkey 30. I ng9%ab Paki st
2. Al i bey Turkey 31. Karac®&aj Turkey
3. Al t énbakak Turkey 32. Karatopak Turkey
4 . Al t én° zg Turkey 33. Kat-lea Bul gar
5. Apogee USA 34. Kayr a Turkey
6 . Ax e Austr a 35. Mace Austr a
7. Bal att il Tur key 36. Mi4dr Egypt
8. Basr-9bey Turkey 37. Mi 2r Egypt
9. Calingiri Austr a 38. Norin Japan
10. Ceyhan 99 Tur key 39. Nurkent Tur key
11. Chak-wal Paki st 40. Osmaniyem Tur key
12. Cha6n | CARDA 41. ¥zkan Turkey
13. Chug-aka Japan 42. Pandas Italy
14. Corack Austr a 43. Pinzon Spain
15. Cumhu+4/byet Tur key 44. Sagittario Tur key
16. ¢ukusfdyv a Tur key 45. Sakha Egypt
17. Din- Tur key 46. Sakfha Egypt
18. Doganlkent Tur key 47. Se2013 Tur key
19. Eagle Rock Austr a 48. Se8¢P Tur key
20. Efe Tur key 49. Seyi®dn Tur key
21. Evoy Austr a 50. Shanddweel Egypt
22. Faisal&bad Paki st 51. Shirogane K Japan
23. Far-eeéd Paki st 52. Sid8 Egypt
24. Gemini I'taly 53. Sungard Austr a
25. Gemmi9z a Egypt 54. Suntop Austra
26. Genr9-9 Turkey 55 V-3010 Paki st
27. Gi 44 Egypt 56 Verry | CARDA
28. Gidal Egypt 57 Yakamoz Turkey
29. G°%khan Turkey 58 Yeér e8oir Turkey

Table 2. Analysis of variance (ANOVA) of 58 bread wheat cultivars (C) under theool and warm environments (E).

Parameters CV % Environme Cultival E T C
Bi omas® (g m 9.7 * P P——
Grain yheld ( 7.2 X x . % . % %
Harvest i ndex 9.9 * % * ok * * % ok
Grain weight 5.9 * * * x * % %
Grai if)s (m 8.8 * ok ok * % * % %
Grainspilper 12.1 * ok ok * ok * x %
Spi kelepisk & pe 7.4 * ok * ok ok "
Plan®s (m 10. 6 * * x o -
Spiké)s 12. 2 * x * % % % %
Spilkeengt h (cm 8.5 ns * %k
Peduncle | enc 9.1 * * ok ok

Pl ant height 5.1 ns * % % *
Flag | edf are 11.5 * % x x * .
Fl ag | eaf wic 6.9 * ok * x % * %
*: p<0.05; ** p<0.01; *=*=* p<0.0001
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Tabl e 3. Mean performance of agronomic trait:s
cool and warm environments.
Parameters Cool envi War mnviron Heat eff Pl evel
Biomasd (g m 1891.0 1732.0 -8. 4 *
Grain yfHeld 704.0 465.0 -33. 9 ok X
Harvest inde 37.5 27.0 -28.0 *
Grain weight 36. 5 35.0 -4 . 3 *ox
Grai s (m 19372.0 13388.0 -:30. 9 *ox ok
Grai nspilper 29. 5 22.0 25. 3 * ok ok
Spi kelepkpskdnp 19.9 17. 2 -13.1 *ox
Pl anfs (m 404.0 388.0 4.0 *
Spi k #s 676.0 622.0 8.0 * %
Spilkeengt h (cn 9.30 9.69 4. 2 ns
Peduncle | en 37. 3 32.3 -13.5 *
Pl ant height 90. 9 83. 6 8.0 ns
Fl agard ea)f ( cm 37.7 29. 6 21.6 * %
Flag | eaf wi 1. 77 1.64 -7. 3 *ox
Tabl e 4. Regression of mean grain yield with the cor.
independent variables under cool and war
) Co@lnvironment Warm environmen
Traits > >
Sl ope I nterc R Sl ope I nterc R
Bi omaé#, g m 0.2752 183. 34 0.39ft 0.2173 88.995 0. 40:¢
Harvest inde:; 14.674 152. 88 0.367 13.473 101. 29 0. 39¢
Grain weight, 12.405 250.51 10.19% 7.1214 216. 42 0.10
Gr ai fis, m 0.0289 143.78 0.567 0.028 K90.073 0. 65¢
Grainspilper 12.974 320. 72 0.481 13.981 157.19 0.71¢C
Spikelseppkdépi9.3623 517.90 | 0.00 16.374 183.05 0.08
Pl ant s, m 0. 7352 406. 39 I .10 0.669 (R205. 48 0. 13.
Spi,k%rﬂ -0. 2248 855. 66 .05 -0.3319 671. 66 0.15:
Spilkeenght , cnm26.327 (458.94 | .05 22.439 247. 88 0.009

Peduncle I en¢ 10. 112 326.48 |
Pl ant height, 4. 4834 296. 28 |
Flag | edf ar(5.0579 512.91 .10 0.7371 443.57 0.00
Flag leaf wi137.330 461.02 I .05 12. K598 444.95 0.00
Stress susce|137.44 [ 567.45 0.07 -104.174 568.67 0.09

16! 7.2752 230.62 0.20C¢C
15 3.7698 150. 22 0. 24¢

*, ** and *** D0t &ED, ibg@ain@otancespecti vely

Table 5. Entered variables of stepwise regress
variables under <cool and warm envi
Traits Slope l ntercept R?
Cool environment
Grain nGmber, m 0.036 K -143.785 N 0.567**
Grain weight, mi 19.007 K 668.879 KN 0.992**
Stress suscepti] -12.499 N 667.902 N 0.993**
Warm environment
Grain number, pt 13.981 N 157.189 N 0.710**
Grain n@mber, m 0.014 N 87.555 N 3 0.770**
Grain weight, mi 13.902 K 479.175 N 0.991*"
Flag | edf area, 0.698 N -459.175 N 0.993**

* . ** and *** Denotes significance at p<0.05, p<0.01 a
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The biplot anal ysis is @o shet ehtelgd | sheotbheorda ntto (aHhSaSlly s«
the interaction beitaveeandvhwheatgne!l 0OpBbop ¢SS < 1 .0), |
genotypes growing under dGéhetrempitc emes pomsne ntt s . hdant tshti
research, yield traits of (giegot dpes Hweagrhe teexnpplearianteud eb ys
Principal Component Anal ygamsot(yhehs) 6tAdt emhz ¢ Imand Axdni®,

zone wi t h regard t o yielacd tdRagi temapi edsi aVvni | eHe nceeno
expl anati onenwaisr ovhameinetd (tFoi @Kaynadé were resistant to hea

The tested genotypes might be arranged into somé Shi r ogane Ka mu gli 466 6 a nwde r é C hruol
groups based on their performascmder stressand non r esi st ant to heat stresAs due
stress conditions. Principal Component Analysis PC1 andi g her HISldtweasll magir easlewmrsi t i vit
PC2 explained 51.99% and 59.42% of total variance fotr 0 a gi v endistfless f or wheat 0
cool and warm conditions respectively. The genotypes t r e s s &loonvde rt ii B8 ESseil reecd.i on b a
0 Mi-2s6r (37) produced hi ghoenr HgS$lel Juidrederf orcotoHe sel ec!
environment than otheregotypes, as well as, itis achievedgr ai n yi el d -§tGiYéssunamred rimiogh
high value in grain yield by the positive effects of the grains t r e s s clonnwda it | Zatnhisl ;( A% adesk, EI
number per area (GNM?2). While undsarm environment 20 18i) mi | ar t o stre&sSd )gesoepgpe
genotyp2é wdMssin the posiwive bewsetobér amee girmdex ( TOL
yield vectors indicating that it performed Wewing to under -psoones ®nVviHoosmmdemt s& Tei X
positive effects of the grain number per spike (Fig. 3). Silva, 20d@20H®Hhe@aitn genotypes

Genotypes tol erantastsoocsithi gher SSI and TOL values wel
with H88noit yepeswwHSEBI arewith | ower value of SSI and
in variable Theegencoyppdet( An&ki.tal2018¢t 28lilbgh
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