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Determination of Susceptibility of Developmental Stages in Bread Wheat to
Water Stress and Its Effect on Yield and Yield Components
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Table 1. Combined analysis of variance on yield, yield components and morphological and physiological traits of bread wheat
in two years (mean squares)

s 5 Shas s Ste il JEYEIIR 35wl sl R Jipudbala el el sl el g bdes
&5t G 4ils L Tl e 4 als e s asls e 3 A 53 ok s A
S OV g O Biological  Grainyield  Harvest Spike/m? Grain/ 1000 Kernel /spike  Spikelet/ Floret/ Floret/ Sced set
yield index spike KW weight spike spike spikelet  percentage
Year (V) Ju. 1 1332272.5™ 708892 757.3%* 6401.0 ™ 2348 * 1553.4 ** 780.0™ 248" 12508+ 11™ 135.6™
Rep (vear) (L) 55 4 115659.1 10992.0 10.6 15584.8 243 51.2 21313 4.4 43.4 0.2 Nn.7
Water stress{WS5) by A 6 BO7432.1*%* 2265163 *  3169%* 604998 * 3g29* 3536* 18467 8** 2.0 ** 35209%  13+% 584.0*
Year x WS N [ 451283 ™ 33164.9**  110.5™ 14271.7** 74.4 ** 67.1 *+ 3035™ 05" 1859 %+ 7%+ 100.7 *
Error a aghs 24 35005.4 35202 359 37117 12.3 98 553.7 05 386 0.1 323
Cultivar (C) ey 3 21569.8 ™ 175175.0%*  906.2%*  34993.8* 840.7 * 640.8 ** 10226,3%* 319+ 23508* 52* 2158™
Y=C % Ji 3 148224 ™ 50553 ™ 27.5™ 23611 330" 163™ 3319™ 49" 833™ 03 2041 ™
WS xC X g5 18 254224 *¥* 78803 ** 390 27699 % 37.3 =+ 19.0 ** 17157 #+ 2.5+ 662**% 2% 123.6 **
Y x WS xC b ox 18 115779 ™ 25447 ™ 116" 12219 ™ 42.6 ** 103" 3156™ 26 111.4 %% (3% 107.9 **
Error b b ks 84 13213.04 1578.47 21.07 2021.34 8.05 951 203.97 0.70 2391 01 37.78
C.V% 9.10 8.97 13.07 11.42 838 7.94 11.41 523 8.46 .07 10.43

ns, * and ** : Non significant, significant at 5% and 1% probability levels, respectively.
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Table 1. Continued Y Jgdor asls!
s g alie oSS 05y SSlap esll o35 Jsb a Jyb Jgk Gy 3lde b e, slda
I R e s 5 Gy ke JSihy, T ERR N ¥ P PSS B R
S.0.V. St o Spike weightat Spike harvest  Durationof  Plant Spike  Peduncle Days to Days to
’ anthesis index grain filling  height length length heading maturity
Year (Y) Ju 1 780.0 "™ 1™ 1326.1 ** 01" 7044 ™ 34™ 453.4 ** 33304 **
Rep (year) ABYES 4 2313 8.3 3.7 140.4 594.6 17.9 3.1 18
Water stress (WS) by i 6 18467.8 ** 42.8 ** 199 * 9729 % 17327 53.0™ 1.o™ 22™
Year x WS Ao Jl 6 3035™ 63™ 24 46.4 = 70.9 ™ 524 % 3.4+ 19.0 **
Errora a clhs 24 553.7 6.1 1.7 26.1 36.7 18.4 0.6 0.9
Cultivar (C) ey 3 10226.3 *# 563 #* 90.9 * 3362.4%F 6401 % 1705.5 ** 188" 143.5 **
Y=<C o x Jl 3 3319™ 1.7™ 44" 49.9 * 62.5™ 45" 11.3 *=* 4.3
WS C 2% AT 18 1715.7 ** 12.8 ** 63™ 2372 %% 741" 282 * 2.0™ 34™
Y x WS «C i AT K Ul 18 3156™ 347 4.5 ** 150" 54.5™ 113" 0.85* 5.9 %+
Errorb b ik 84 203.98 2.23 133 19.29 3911 820 0.45 0.82
C.V% 11.41 14.94 4.17 4.96 7.34 8.84 0.62 0.63

ns, * and ** ; Non significant, significant at 5% and 1% probability levels, respectively.
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Table 2. Effect of water stress on biological yield, grain yield, yield components and some morphological
and physiological traits of bread wheat cultivars

OB a8 a5l oS5 5 5 65 g 0 Dlio S 55 Sas sl cails 3 Shas S5 gm0 Sas sk s A5 5 T Jodr

* st BY' GY* HIP 5 TKW®  NK/SW’  NST/SP NFT/S® O NFT/ST' $SP" SWANT? SHIY  DGF“  PLH"
water  (kgha!) (kgha') (%) NSm NGS (g (/) @) mem’) (%) () (cm)
Stress
1931 14165¢  35400c 38.1c  431c¢ 359¢ 408¢ 124¢ 162 ¢ 585¢c l6c 622c 1469 ¢ 104¢ 285¢ 944 ¢
D2 14038 ¢ 5445¢ 387c 435¢ 38.1c 388¢ 136¢ 160 ¢ 604 ¢ l18¢ 634 ¢ 1416¢ 102 ¢ 277 ¢ 91.7 ¢
D3 14335¢  4995¢ 349c 420c¢ 37.2¢ 389c¢ 135¢ 159d 60.9 ¢ 38¢ 61.9¢c 146.1¢ 103 ¢ 285¢c 923 ¢
D4 13598¢c  4653c  343d 428¢ 362¢  407¢ 13.1¢ 15.4 ¢ 574¢ 3.7¢ 63.1c  1419¢ 106c 285¢ 9i.7c
D5 9903 e 3423e  347c  308d 276d  428¢ 19.1 a 16.1 ¢ 198 ¢ 304 559¢ 727¢  75e 268e T6R8e
D6 11760e 4175¢  355c 3%3¢ 320¢  393¢ 154b 16.2¢ 572¢ 35¢ 558¢ 10s4c 2 2704 828
D7 10678 2938c  275¢ 341d  301c  308¢  12.7c 163¢c  604c 37¢ s05¢  1420c  M8C 264 02
LSD(0.05) 1500 1286 3.8 84.4 6.1 58 2.6 0.3 42 0.3 7.1 123 1.8 1.1 48
LSD(0.01) 2274 1949 53 1279 9.2 8.8 40 0.41 5.9 0.52 10.7 18.7 27 1.7 73

* For legend of water stress treatments see English abstract.

a; higher than check at 1%, b: higher than check at 5%, ¢: the level of check, d: lower than check at 5%, e: lower than check at 1%
wliw 53 »ﬂnﬁu,t Al 53 ammbi sldad ,Q“E_uu\w Luu\bu»._.qu..lﬂhur.umhput_.u LN LT I P IR SR E R H EREI N S Al slaad (E2s 4 as bl calls u\.ﬂrh.n.ﬂwmuuumu?rﬂuu\ht..; FRV
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floret per spike, floret per spikelet, seed set percentage, spike weight at anthesis, spike harvest index, duration of grain filling, and plant height, respectively.

2,..., and 15: biological yield, grain yield, harvest index, spikes per square meter, grains per spike, thousand kernel weight, kernels per spike weight at anthests, spikelets per spike,
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Table 3. Interaction effect between water stress and cultivar on biological yield, grain yield, harvest index
and spike harvest index of bread wheat

*obes 654 4 > Slas abs 3 Shas il asls e Ctls  asls
TN Biological yield (kgha™) Grain yield (kgha™) Harvest index (%) Spike harvest index (%)
Water stress*

treatment C % C, C; C, C C» Cs Cs C . G G ¢ G GG
D1 14050 ¢ 14110c  14650c  13850c  4040c  5940¢  5990c 5630 ¢ 288¢ 421c¢ 409¢c 406c 9.0c 1l4c 94c¢ 119¢
D2 13520c  14530¢  13910c  14190c  4240c  5750c¢  6110c  5680¢ 314c 396c¢c 43.9¢ 400¢c 102¢ 102¢ 193¢ 10.1¢
D3 13880c  14710c¢  14200c 14550c  3810c  5260d 5460c 5450c¢  274c 358 e 38.5¢ 375¢ 6.8d 103c¢c 1402 100¢
D4 13180c  14590c  13730c 12890c 3530c  48%0e 4880e 3310c  268c 335e 35.5¢e 412¢ 88c 103¢ 125 108¢
D35 9710 e 9070 e 9520e  11310e  3090e 3i80e¢ 3490e 3930e 328¢ 35.1e 36.7d 347¢ T3¢ 7.6e B82¢ 7.0e
D6 [1590e  11760e 11710e 11980e 3440c  3820e 4430e 5010d 297c¢ 325¢ 378c 418c 78¢ 84d 102¢ 105¢
D7 10950 ¢ 9620 ¢ 10270e  11870c  2380e  2700e 2960e 3710e 21.7e¢ 281c ?288e 313e 87c 146a 136a 104¢

LSD(0.05) 1310 611 4.1 2.2

LSD(0.01) 1788 838 3.7 3.1

* For legend of water stress treatments see English abstract. Byl B g ol 6 sl e gl

** Cy, Gy, Cs and C, : Wheat cultivars Roshan, Ghods, Marvdasht and Chamran, respectively. g g Doy e i b g Pt sy Gy GGy ) **

A ﬂ.r\uu%r.up._\..rﬂ"n o ﬂr.i\.uﬁﬁb_uufm.”a cdald mha 53¢ 0 ﬂr&%tﬁ.b_\ﬁu&&, ﬂrl%#ﬁ..fﬂnﬁ
a: higher than check at 1%, b: higher than check at 5%, c: the level of check. d: lower than check at 5%, e: lower than check at 19 ,
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Table 4. Interaction effect between water stress and cultivar on number of spikes per square meter, number of grains per spike, thousand
kernel weight and seed set percentage of bread wheat

¥

EAF Ul £ ot o Fr A b Sl 7 ik

* b e o3 e sl b3 &ty sl ails 053 Moo 5530k A2
b AT Spikes / m™ Grains / spike 1000 KW (g) Seed set (%)
Water stress™*

treatment C** C, C; C, C, C, C; Cay < C, C; C, C, C, Cs Cy
D1 363¢  468c  444c  447c 308c¢ 359 4llc  357c  466¢ 385¢ 383¢ 39.7¢ 653 ¢ 622c¢ 603c 608 ¢
D2 410b  453c  432c¢  446c¢ 302¢ 415a 447a 360c  422e 375¢ 382¢ 372e 62.2d 664a 038D 61.0c
D3 38 c  435¢  442c¢  418¢ 309c¢ 393a 431b 355c  436e 3&35¢ 353 378¢ 649 ¢ 609c 60.1¢ 618¢c
D4 410b  429¢  426c  445¢c 29.1d 36.6¢c 4llc  379b  485a 370¢ 366¢ 408 b 569 645¢ 672a 636¢
D3 283¢  294e¢ 294e  339e 229e¢ 273e 293¢ 307e¢ 477b 414a 406a 413 a 498 ¢ 578¢ 55.6¢ 60.5¢
D6 342c  383c¢  413c¢  434c 256e 31.7e 354e 354c 448e 335e 348¢e 421a 518¢ 553e 3235e 635¢
D7 276¢  347e 344e 397d 227e¢ 309 30.0e 367c 375e 254 e 281e 320e 485¢ 483e 423¢ 628¢

LSD(0.03) 42.4 1.7 1.1 3.0

LSD{0.01) 58.1 24 14 4.0

* For legend of water stress treatments see English abstract. bl la gty g sl el g g1 ¥

%, C,, C; and C; : Wheat cultivars Roshan, Ghods, Marvdasht and Chamran, respectively. CO e g CSa g el D, q&w LU PRNC P O 4C;.ChiCy *#
A ﬂr\uu dals gl .S e i ﬂrl% daid 3 a8 d ,‘c,ﬁ.ﬂr\gu C e ﬂr\% FRERIEERE gV ﬂr&uu dals jl gn. @
a: higher than check at 1%, b: higher than check at 5%, ¢: the level of check, d: lower than check at 5%, ¢: lower than check at 1% .
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Table 5. Simple correlation coefficients matrix between yield components and effective morphological and physiological traits on grain
yield of bread wheat cultivars based on all data (n = 28)

1000 kw 1 2 3 4 5 6 7 8 9 10
1. Spikes/ m™ J012m
2. Harvest index -0.05™ 0.64%%
3. Tilier fertility coefficient 0.14™ 0.29% -0.08™
4. Plant height 0.29% 0.07™ - 0.55%# 0.15™
5. Days to heading 0.10™ -0.09" - 0.29™ - 0.18% 0.28™
6. Days to mturity - 0.02% -0.03™ 0.16™ - 0.48% 0.06™ 0.44%
7. Kernels/ spike -0.33™ 0.84%* 0.72%* . 0.01™ -0.18™ 0.04™ 0.23™
8. Seed set % 0.29™ 0.65%* 0.47* 0.03™ 0.16™ -0.15™ 0.04™ 0.63*%*
9. Spike weight at anthesis - 3.40% 0.78** 041* 031™ 0.11m 0.04™ 611" 0.77%% 0.39*
10. Kernels/ spike weight 0.29™ - 0.45% 0.08" - 0.5]%+* -0.41* -0.07" 0.13™ -0.25™ -0.01™ (.78
11. Grain yield 0.01™ 0.88** 0.84%* o.11™ -0.13™ -0.05™ 0.18™ 0.85%* 0.69** 0.69+* -0.26™

ns, * and ** : Non significant, significant at 5% and 1% probability level. respectively.
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