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ABSTRACT

Water and nitrogen stress are among the most important factors that reduce wheat yield. To study the effect
of water and nitrogen stress on some morphological traits, grain yield and yield components of wheat
(Triticum aestivum L.) and barley (Hordeum vulgare L.) and determination the effective traits on yield, a
split-plot factorial field experiment was carried out at Research Field of the School of Agricultural and
Natural Resources University of Tehran, Karaj, in 2016-2017, in a randomized complete blocks design with
3 replications.The main factor was water stress at two levels, (No water stress and 40% of water
requirement) and the sub factors included the combination of nitrogen fertilizer at two levels (0 and 200
kgha-1 of N) and wheat (Sivand and Pishtaz) and barley (Fajr 30) cultivars. Water and nitrogen stress
reduced all traits such as 50 percent reduction in grain yield. In terms of water stress, the highest correlation
was observed between grain yield and biological yield, peduncle length, number of grain per spike, spike
dry weight and plant (more than 75%). Stepwise regression showed 5 and 3 varialbles significantly explain
the variation of yield under normal irrigation stress conditions, respectively. Results of factor analysis
revealed that factors justified 98.4% and 99.5% of total variance variation under normal and stress
conditions, respectively .According to the results, biological yield was the most effective variable on grain
yield under water and non-stress conditions; therefore, it could be used as a marker for yield.
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Figure 1. Mean temperature and total rainfall on a monthly scale during 2016-2017 at Research Farm of
the Faculty of Agriculture and Natural Resources, University of Tehran, Karaj.
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Table 1. Physico-chemical properties of the experimental site soil.

NH,* NO;s oC BD PWP FC SAT EC H Silt  Clay Sand Soil Depth

(mg-kg?) (mg-kg™) % (g-cm®) % % % (dSm-1) P % % % texture (cm)

1.66 72 1.38 1.35 20.6 357 476 2.77 84 39 33 28 Clay loam 0-30

251 54 0.4 1.38 20.6 35 45 3.01 83 40 34 26 Clay loam 30-60

1.46 48 0.2 1.19 20.5 348 443 1.54 84 40 34 26 Clay loam 60-90
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Table 2. Variance analysis of theplant height and yield components of wheat and barley in irrigation &
nitrogen treatments

(Mean Squares)
Plant Peduncle Flag leaf Spike Awn .
SOV df height length length length length Flag leaf weight
Block 2 166.10ns 0.50ns 231 1.03ns 1.77ns 0.26ns
Irrigation (1) 1 3228.89** 75.69** 46.69** 39.64** 21.45%* 186.94**

First error 2 211.83 0.77 181 0.164 1.58 8.11
Nitrogen (N) 1 2022.90** 67.78** 19.36** 23.71** 12.68** 207.91**
Cultivar (C) 2 251.23** 72.97** 34.61** 33.90** 10** 409.40**

I x N 1 149.08ns 2.05ns 2.05ns 6.84ns 2.39ns 2.68ns
IxC 2 197.79ns 0.09ns 2ns 1.64ns 0.42ns 10.49ns
Nx C 2 81.32ns 0.03ns 1.27ns 0.11ns 1.42ns 4.64ns
IxNxC 2 28.65ns 0.65ns 2.55* 0.07ns 1.35ns 0.84ns
Second error 20 52.59 0.89 0.61 0.82 1.24 4.42
aalolY Jgoo
(Mean Squares)
Number Number of Numl_Jer of Number of Number of Spike dry 1000-
S.ov df - - grains/ - 2 . 2 . Grain
of fertile fertile . grains/m spikes/m weight .
spike weight
Block 2 0.067ns 6580.19ns 14.11ns 2117523.3ns 2825.85ns 3189.61ns 96.42ns
'”'%Ia)“o” 1 306  208662.25%%  191.36**  525895504.8**  229158.47*%  200694.20%*  770.98**
Firsterror 2 0.0008 80.08 5.44 3133586.8 497.84 559.81 15.29
N't(ﬁ?e” 1 173%  169606.60**  132.25%*  305628424**  131608.11%*  339721.80%*  494.32%*
CUItivar *k Kk Kk *xk *xk *k *k

© 2 4.322 421753.36 206.69 40177834 109158.67 80926.74 104.96
I x N 1 0.302ns 29526.69ns 23.36ns 4077283.1ns 182.74ns 1697.44ns 3.61ns
IxC 2 0.002ns 248.08ns 2.52ns 5988391.6ns 1657.92ns 6450.22ns 5.84ns
Nx C 2 0.0019ns 191.19ns 3.08ns 3021740.6ns 100.13ns 5371.38ns 1.42ns

IxNxC 2 0.0008ns 82.69ns 0.36ns 126347.9ns 298.86ns 2521.35ns 3ns
S:rcr‘c’)r;d 20 0042 4182.77 757 5631985 1975.99 2863.92 13.91
aslolY Jgo
(Mean Squares)
. . . Days to
S0V df G_raln B|0I_og|ca| Harvest Physiological Days Fo Lgaf area
yield yield index : Flowering index
maturity
Block 2 32095.175ns 1900.408ns 0.583ns 0.08ns 1.08** 0.001ns
'”'%f‘)“"” 1 1249227.210%*  313488.01**  140.027** 53.77** 58.77** 18.49%*
First error 2 5379.311 2439.905 11.36 0.86 0.027 0.020
N't(r,fl’ge” 1 956100.137**  250522.321%*  96.69** Bax 49*+ 14.84%*
Cultivar (C) 2 254046.065** 31486.754** 21ns 225.75** 612.75** 2.86**
I x N 1 194.928ns 8.027ns 3.36 0.000ns 0.11ns 0.10ns

IxC 2 13023.227ns 377.903ns 40.44* 1.027ns 0.86ns 0.32ns
Nx C 2 5587.503ns 727.607ns 19.11ns 0.08ns 0.08ns 0.35ns

I xNxC 2 3122.686ns 620.047ns 10.11ns 0.25ns 0.19ns 0.09ns
Second 55 go02.493 1235.302 10.372 0.60 0.15 0.19

error

B3 TP R PR WY SEPRE Wiy  PCES PN SIS NS TR L T P2

** * and ns: significant at 1% and 5% of probability levels and non-significant, respectively.
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Table 3. Mean comparison of the yield and yield components of wheat and barley affected by irrigation
and nitrogen stresses

Plant height Pfgnugrlf]le F::gg'g? f Spike length Awn length F\:Vagi(;ﬁ?f
(Cm) (cm) (cm) (Cm) (Cm) (g/mZ)
Irrigation
No water stress 97.17a 22.96a 20.67a 11.49a 9.15a 26.83a
Water stress 78.23b 20.06b 18.39%b 9.39b 7.61a 22.27b
Nitrogen
No nitrogen stress 95.20a 22.88a 20.26a 11.25a 8.97a 26.95a
Nitrogen stress 80.20b 20.14b 18.80b 9.63b 7.79 22.15b
Cultivar
Pishtaz 92a 22.31b 19.42b 10.95b 7.77b 26.71b
Sivand 88.1b 23.48a 21.28a 11.80a 7.94b 29
Fajr 30 82.9c 18.75¢ 17.89c 8.56¢ 9.43a 17.94c
aalolY Jgu
Number -
Nuf::kt)ﬁ; of Nug?ﬁ; of o_f Number ozf Nu_mber ozf Se\,”gizgtry 1009- Grain
tillersloush ~ tillers/m? gsrsi'li‘:’ grains/m®  spikes/m @m?y  Weioht(g)
Irrigation
No water stress 2.23a 697.94a 30.77a 23078.7a 754.75a 838.08a 39.25a
Water stress 1.65b 515.77b 26.16b 15434.6b 595.18b 655.60b 30b
Nitrogen
No nitrogen stress 2.16a 675.50a 30.38a 22170.3a 735.43a 843.99% 38.33a
Nitrogen stress 1.72b 538.22b 26.55b 16342.9b 614.51b 649.71b 30.92b
Cultivar
Pishtaz 1.55b 487.17b 29.75a 17825.4b 587.96¢ 769.38b 34.79a
Sivand 1.63b 510.50b 31.83a 21318.3a 660b 815.35a 37.5a
Fajr 30 2.63a 822.92a 23.83b 18626.2b 776.9a 655.81c 31.59b
aololY Jgux
Grain Biological Harvest Leaf area Days to Days to
yield (g/m?) yield (g/m?) index index Flowering Phy5|olo_g|cal
maturity
Irrigation
No water stress 643.42a 1586.42a 40.22a 5.77a 185.44a 217.55a
Water stress 456.79b 1213.85b 36.27b 4.34b 182.88b 215.11b
Nitrogen
No nitrogen stress 635.01a 1563.1a 39.88a 5.70a 185.33a 217.66a
Nitrogen stress 465.20b 1237.1b 36.61b 4.41b 183b 215b
Cultivar
Pishtaz 553.2b 1433.5b 37.25a 4.49b 188.41a 218.58a
Sivand 599.6a 1526a 37.75a 5.32a 188.16a 219.08a
Fajr 30 497.3c 1240.8¢c 39.75a 5.36a 175.91b 211.33b
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In each column, means followed by similar letter(s) are not significantly different at 5% of probability level, based on Duncan test.
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Figure 1. Leaf area index changes at flowering stage in different treatments. ( In each column, means
followed by similar letters are not significantly different at 5% of probability level, based on duncan test).
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Table 4- Traits change percentages affected by water and nitrogen stress

Mean
Traits . Decrease (%)
No stress Water & nitrogen stress

Biological yield (g/m?) 1747.06 1048.55 -39.71
Grain yield (g/m?) 728.80 372.36 -48.94
Harvest index 41.39 34.55 -15.38
Peduncle length (cm) 24.10 18.45 -23.39
Spike length (cm) 12.74 9.01 -29.81
Awn length (cm) 9.49 6.76 -28.88
Flag leaf length (cm) 21.64 17.9 -17.39
Plant height (cm) 106.71 72.77 -30.38
Flag leaf weight(g/m?) 29.51 20.14 -33.36
Number of fertile tillers/m? 795.14 475.69 -41.19
Number of grains/ spike 31.85 23.23 -26.61
Number of spikes/m? 812.96 532.46 -34.61
Number of grains/m? 25655.87 12184.24 -52

Spike dry weight (g/m?) 942.10 565.33 -39.59
1000- grain weight 43.28 26.61 -38.52
LAl at flowering 6.47 2.92 -34.08
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Table 5. Simple correlation coefficients between grain yield and yield components of wheat & barley in non-stress conditions.
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18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
1 Biological yield (g/m2)
1 .893™ Grain yield (g/m2)
1 199 -.170 Harvest index
1 -.360 7157 .826™ Peduncle length (cm)
1 765" -231 787" .813” Spike length (cm)
1 -.390 -.135 582" 114 -.129 Awn length (cm)
1 -.088 7617 807" -.102 818"  .825™ Flag leaf length (cm)
1 536" 215 463 .500" .045 .590™ 530" Plant height (cm)
1 499" 691" -057 718" 832"  -311  .757"  .806™  Flag leaf weight (g/m2)
- - Number of fertile
1 -.308 .097 -.108 .600 -.140 -.401 .818 210 -.100 tillers/m2
1 -576" 64T 318 462 -.378 651" 734" -.504" 427 .595™ Number of grains/ spike
1 -.343 .766™ -.197 .146 221 .393 .154 -.145 552" .352 .156 Number of spikes/m?
1 443 .688™ .025 468 .388 .606™ -.071 .736™ 581" -.075 667" .684™ Number of grains/m?
1 .709™ .126 .645™ -.099 827 513* .760™ -.200 873" .786™ -.228 8777 951" Spike dry weight (g/m2)
1 .808™ 582" .154 494" .071 7517 464 .603™ -.004 .801™ 746" .049 .845™ 784" 1000- grain weight (g)
1 470" .367 .509" 7727 -.076 707 .186 .299 376 428 .369 .106 602 633" 324 LAl at flowering
1 -.253 .588™ 726" .361 -.499" .780™ .656*" .856™ .389 .616™ -.422 687" .869™ -.604™ 524" 724" Days to flowering
1 973" -008 639" 835"  471°  -351 777"  -552° 885" 421 707"  -401 778" 880"  -512° 655" g5 Daystophysiological

maturity

** * and ns: significant at 1% and 5% of probability levels and non-significant, respectively.
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Table6- Simple correlation coefficients between grain yield and yield components of wheat and barley in stress condition.
18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
1 Biological yield
(g/m2)
1 .932™ Grain yield (g/m2)
1 .730™ 454 Harvest index
1 499" 878"  .873™  Peduncle length (cm)
1 .816™ 412 636™ 603" Spike length (cm)
1 -.510" -.025 -.052 174 .255 Awn length (cm)
1 -364 8317 7327 .288 579* 574" Flag leaf length (cm)
1 614™ 274 .568" 8477 566" 928" 916" Plant height (cm)
“ - . - - - Flag leaf weight
1 605" 784"  -336  .862 867 188 623" .699 @m2)
1 668  -154  -577° 632" -772" -519° 002  -147  -153 Number of fertile
tillers/m2
1 -460 853"  .804™ 701" 056 714~ 912" 309  .787" 832" N“mbigﬁfegra'”y
1 -.097 .853™ -.403 .253 -279 6597  -478" -.170 .255 218 .188 Number of spikes/m?
1 654~ 687 265 362 796" 329 508" 213 572" 399 767" 786  Number of grains/m?
1 767" 186 .809™  -170  .628™ 862" 533" 314 560" 817" 3556 863"  .945™ Sp'ke(:/%;")’e'ght
1 522" 523" 131 563" -.127 518" 684”308 175 428 618 297 599" s 000 923')” weight
1 378 579" 7517 621" 379 351 258 566" 302 411 178 449 374 628" 620" LAI at flowering
1 -486° 419 532" 130  -631"  759”  -8757  912° 506" 742"  -461 920~ 814" 197 538" 576" Days to flowering
1 964  -308 422 670" 284  -485° 819"  -789"  905” 643" 800" -332 939" 901" 318 682~ 700~ Daystophysiological

maturity

** *_and ns: significant at 1% and 5% of probability levels and non-significant, respectively.
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Table 7. Stepwise regression coefficients of wheat and barley grain yield at non-stress conditions.

Logged traits

Std Regression coefficient

Standard error Parcial R? R?

(Beta)
Biological yield (g/m?) 0.89 0.047 797 797
LAl at flowering 0.38 5.65 132 .929
Harvest index (%) 0.20 2.37 .20 .949
Flag leaf weight (g/m?) 0.28 1.49 .26 .975
Spike length (cm) 0.17 3.85 .008 .983
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Table 8. Stepwise regression coefficients of wheat and barley grain yield under stress conditions.

Logged traits Std Regression coefficient (Beta) Standard error Parcial R2 R?
Biological yield (g/m2) 0.93 0.046 .869 86.9
Harvest index (%) 0.38 0.81 119 98.8
Number of grain/spike 0.12 0.96 .005 99.3
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Table 9. Factor analysis after varimax rotation of wheat and barley cultivars under non-stress conditions.

Factors
Traits Factor 1 Factor 2 Factor 3
Biological yield (g/m?) 931 .167 .000
Grain yield (g/m?) .843 490 .089
Harvest index (%) -.320 796 .164
Peduncle length(cm) 923 -114 .154
Spike length(cm) 903 110 -.288
Awn length(cm) -.238 _616 584
Flag leaf length(cm) 832 .203 .010
Plant height (cm) _.564 .290 407
Flag leaf weight(g/m?) 893 -.073 .296
Number of fertile tillers/m? -.291 915 .019
Number of grain/spike 769 -.355 -.159
Number of spikes/m? -.026 881 -.356
Number of grains/m? 711 .325 -.445
Spike dry weight (g/m?) 941 157 -.081
1000- grains weight 815 .291 .064
LAl at flowering .255 924 -.127
Days to flowering _.860 -.467 .165
Days to physiological maturity 923 -.327 .089
Special amount 9.60 4.49 1.14
% Variance ratio 53.33 24.98 6.37
% Cumulative variance 53.33 78.32 84.70
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Table 9. Factor analysis after varimax rotation of wheat and barley variety under stress condition.

Factors
Traits Factor 1 Factor 2 Factor 3
Biological yield (g/m?) 906 .335 -.099
Grain yield (g/m?) _.898 341 217
Harvest index (%) .488 .258 _T177
Peduncle length(cm) 977 .025 -.013
Spike length(cm) 851 -.443 .180
Awn length(cm) -.061 _.820 _.407
Flag leaf length(cm) 788 -.279 .109
Plant height (cm) .880 .368 .023
Flag leaf weight(g/m?) 880 -.328 -.155
Number of fertile tillers/m? -.495 _.830 077
Number of grain/spike 923 .022 -.223
Number of spikes/m? -.110 .952 114
Number of grains/m? 631 706 -.082
Spike dry weight (g/m?) 853 331 -.189
1000- grains weight 637 237 -.159
LAl at flowering .480 664 .108
Days to flowering 818 -.551 -.092
Days to physiological maturity _.904 -.388 -.028
Special amount 10.07 4.64 1.05
% Variance ratio 55.96 25.78 5.84
% Cumulative variance 55.96 81.74 87.59
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