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ABSTRACT

Plant growth regulators are the most important factors that regulate crop production. Hence, this study was
conducted to evaluate the effect of some plant growth regulators on physiological traits, gas exchange
variables and grain yield quality and quantity of wheat in Razi university, Iran, in 2013-2014 crop year. A
factorial experiment based on randomized complete block design (RCBD) with three replications was used.
In this study, the first factor included 10 bread wheat cultivars (Zare, Parsi, Sivand, Pishtaz, Bahar, Azar
2, Bezostaya, Gaspard, Sirvan, and Marvdasht) and also the second factor at four levels included foliar
application of 50 uM concentration of cytokinin, auxin, gibberellin and lack of foliar application (control)
at flowering and booting stages of the spike. The results showed that there were significant differences
among cultivars in terms of agronomic and physiological traits. Sivand and Parsi cultivars had the highest
grain yield, biological yield, harvest index, number of grains per spike, thousand grain weight, hectoliter
weight, photosynthetic rate and chlorophyll a, but Azar 2 cultivar had the lowest of the above traits. The
results showed that application of plant growth regulators increased grain yield, biological yield, harvest
index, thousand grain weight, photosynthesis rate, soluble proteins content and crude protein. Among the
investigated plant growth regulators, the application of 50 uM of cytokinin caused the highest increase in
the rate of plant photosynthesis (18.4%).
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Figure 1. Average temperature and percipitation of the crop year 2014-2015 in Kermanshah region
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Table 1. Chemical and physical characteristics of the soil where the experiment was carried out

P K Cu Fe Zn Mn Organic Mater CaCO; Sand Silt Clay N H Soil
ppm % P Texture
18 360 18 45 048 14 0.99 28 10.7 439 454 0.09 7.8 Claysilty
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Table 2. Analysis of variance (mean of square) for effect of exogenous application treatment in flowering and booting
stages on grain yield and some traits connected it in different bread wheat cultivars in Kermanshah region.

Mean of square (MS)

Source of df  Grain Biological ~ Harvest Number 1000 grain Number Hectoliter ~ Plant
variation - - . of grains - of spikes . :
yield yield index per spike weight per m? weight heigh
Block 2 22857 2653 0.292" 371 431" 7460™ 581 118"
Cultivar (C) 9  26334™  184961™ 11.14™ 29.4™ 214" 113m 72317 794"
Exogenous
application 3 3112" 9862" 47.87 8.47m™ 5.90" 291 13.0 44.5™
(E)
CxE 27 236™ 402" 3.42™ 2.15™ 0.138™ 581" 1.50m 19.5™
Error 78 27.6 200 3.10 4.44 1.32 487 7.25 31.4
CV (%) - 2.3 1.6 3.53 5.27 2.78 10.6 3.80 6.54
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*

ns  ** *
<

*, ™ and " significant at 5 and 1% probability levels and non-significant, respectively.
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Table 3. Mean of comparison of grain yield and some traits connected it in different bread wheat cultivars on
exogenous application of plant growth regulators treatment in Kermanshah region.

Grain Biological  Harvest Number é?{gg Hectoliter Plant

Cultivar yield yield index of grains weight weight heigh

(kg/ha) (kg/ha) (%) per spike © (kg) (cm)

Azar2 6360 g 15050 f 42 e 319 36.7 f 64.8 f 102 a
Bahar 8890 e 17780 cde 50 bc 41 cd 39.8 cd 68.1 de 89.8¢
Pishtaz 9260d 18510 b 50 bc 43¢ 42.8b 74.1b 8l.le
Sivand 10940 b 20490 a 53 a 47 a 49.2a 81.9a 80.6 e
Parsi 11470 a 20990 a 54 a 45b 48.3a 80.6a 78.4¢e
Zare 8720 e 17550 de 49 bcd 37¢ 38.6¢ 705¢ 86.4 cd
Marvdasht 8840 ¢ 17640 def 50 bc 38e 38.8 de 66.5 ef 83.1de
Sirvan 8840 ¢ 17750 cd 49 bed 41 cd 40.2 ¢ 67.8 de 79.6 e
Gaspard 9920 ¢ 18920 ¢ 52 ab 35 f 40.1c 69.7 cd 78.8¢

Bezostaya 7590 f

16360 ef 46d

37e 38.8 de 64.8 f 95.9b

I e bl sire Sglis wopo ity Jloil e 55 (S0 95T bl 2 ailiie B9 (sl (SlaSilis g o 5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level based on Duncan test.
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Table 4. Mean of comparison for effect of exogenous application of plant growth regulators treatment on
grain yield and some traits connected it in different bread wheat cultivars in Kermanshah region

Exogenous application Grain yield Biological Harvest index 1000 grain
(kg/ha) yield (kg/ha) (%) weight (g)
Control 8960 c 11200 b 51.66 ¢ 40.7b
Gibberellic acid (GA) 9080 b 11300 ab 52.46 bc 41.4 a
Increase compared to control (%) +1.33 +1.99 +1.54 +1.72
Cytokinin (CK) 9200 a 11370 a 53.69a 418a
Increase compared to control (%) +2.67 +1.98 +3.29 +2.70
Indol acetic acid (1IAA) 9040 bc 11250 ab 52.7b 41.2ab
Increase compared to control (%) +0.89 +1.97 +2.01 +1.23

Q555 e bl re igli duoyo gty Jleisl mlans 5o 5SS ge5] el aslie g > sl sla i Sibe gt y2 50
Means in each column followed by similar letter(s) are not significantly different at 5% probability level based on Duncan test.
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Table 5. Correlation coefficients between yield and its components, physiological traits and gas exchange variables under exogenous application of plant growth

regulators treatment in different bread wheat cultivars in Kermanshah region

Traits GY BY HI HW NGPS TGW NSPM PH Pn gs Ci E TLeaf Fu/Fm Pi Chla Chlb ChlT Car WSP
BY 0.81** 1
HI 0.098 ** 0.69 ** 1
HW 0.81 ** 0.82 ** 0.74 ** 1
NGPS 0.74** 0.75** 0.69 ** 0.75** 1
TGW 0.83 ** 0.93 ** 0.74 ** 0.87 ** 0.80 ** 1
NSPM -0.11 -0.05 -0.12 -0.14 -0.15 -0.01 1
PH -0.70 ** -0.47**  -0.72**  -052*  -055**  -0.48** 0.14 1
Pn -0.03 0.04 -0.04 -0.01 -0.02 0.01 0.02 0.08 1
gs 0.12 0.03 0.15 0.17 0.09 0.08 0.08 -0.08 0.25 ** 1
Ci 0.11 0.03 0.12 0.12 0.15 0.09 0.13 0.01 -0.08 0.63 ** 1
E 0.20* 0.13 0.21* 0.24 ** 0.17 0.17 0.06 -0.20 * 0.32** 0.81** 0.52 ** 1
TLeaf -0.10 -0.10 -0.09 -0.09 -0.03 -0.14 -0.24 ** 0.02 -0.24**  -0.66**  -047**  -0557** 1
Fu/Fm -0.08 -0.03 -0.09 -0.09 -0.02 -0.04 0.05 0.08 0.12 0.07 0.03 0.19* -0.05 1
Pi -0.15 -0.10 -0.15 -0.15 -0.08 -0.10 0.07 0.21~* 0.07 0.06 -0.14 0.08 -0.06 0.53 ** 1
Chla 0.12 0.09 0.12 0.03 0.05 0.08 0.09 0.08 -0.01 0.14 0.03 0.06 -0.15 -0.01 -0.01 1
Chlb 0.14 0.17 0.13 0.06 0.09 0.12 0.10 0.02 -0.01 0.15 0.05 0.09 -0.18 0.06 -0.02 0.86 ** 1
ChlT 0.14 0.14 0.13 0.05 0.07 0.10 0.11 0.05 -0.01 0.15 0.04 0.08 -0.17 0.03 -0.01 096**  0.97** 1
Car 0.17 0.14 0.17 0.07 0.14 0.17 0.07 -0.01 -0.02 0.09 0.04 0.00 -0.16 -0.04 0.06 0.63**  029**  047** 1
WSP -0.14 -0.09 -0.14 -0.10 -0.17 -0.09 0.10 0.13 0.24 ** 0.10 -0.04 0.14 0.32 ** 0.05 0.00 -0.06 -0.09 -0.08 0.03 1
Cp 0.04 -0.01 0.04 0.07 -0.01 -0.06 -0.08 0.11 -0.01 -0.02 0.05 -0.04 -0.00 -0.12 -0.02 -0.04 -0.11 0.08 0.04 0.18

** *
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*and ** significant at 5 and 1% probability levels, respectively.
GY=Grain yield, BY=Biological yield, HI=Harvest index, HW=Hectoliter weight, NGPS=Number of grains per spike, TGW=Thousand grain weight, NSPM=Number of spikes per m?,
PH=Plant heigh, Pn=Photosynthetic rate, gs=Stomatal conductance, Ci=Sub-stomatal CO2, E=Transpiration rate, TLeaf=Leaf surface temperature, F./Fm=Chlorophyll fluorescence,

Pi=Performance index, Chl a=Chlorophyll a, Chl b=Chlorophyll b, Chl T=Total chlorophyll, Car=Carotenoids, WSP=Water soluble protein, Cp=Crude protein.
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Table 6. Analysis of variance (mean of square) for effect of exogenous application of plant growth regulators treatment on
some physiological traits and seed crude protein in different bread wheat cultivars in Kermanshah region.

: Sub- cot Leaf
I e
Block 2 21.76M 0.418" 50663™" 7.56™ 133" 0.002m 8.40m™
Cultivar (C) 9 64.6" 0.143m™ 1282m 6.89" 4.63m™ 0.003" 3.29™
Exogenous 3 113 0.047" 406" 9.12m 2.48™ 0.001" 0.496"
application (E)
CxE 27 27.4m 0.071™ 17538" 8.23™ 1.46M™ 0.004"s 5.21m™
Error 78 34.0 0.103 7368 83.51 13.05 2.87 67.1
CV (%) - 52.8 68.4 39.1 38.1 4.92 8.42 40.3
Continue the table 6 § Jgaz aslol
Source of variation df ChIorgphyII ChIorl())phyII Chl-cl)-?gglhyll Carotenoids Waggsg:gble pCEQtjgi?]
Block 2 24.7" 34.26" 116™ 183" 52.5™ 0.58™
Cultivar (C) 9 125° 12,34 46,5 725" 608™ 3.70"
Exogenou(sEa;pplication 3 5.36" 4.75M 19.4" 15,20 6132 0.70™
CxE 27 7.19™ 6.90" 26.1m™ 32.7m 127" 0.09ms
Error 78 5.6 6.64 41.1 31 132 0.11
CV (%) - 9.93 26.2 145 8.48 7.74 2.37

Sl sixe BWS] oy 5 2o )0 S g iy S Jleixl Zolaw (o o gae oS 34 NS el

*, ** and ns significant at 5 and 1% probability levels and non-significant, respectively.
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Table 7. Mean of comparison of some physiological traits in different bread wheat cultivars on exogenous application

of plant growth regulators treatment in Kermanshah region
Photosynthetic Chloro Water soluble

Crude protein

Cultivar rate r(#psql)COz (mg g-?r,]:yvl\ll)a Caméinl(:)\'/(\j,s) (mg proteig V\(/r)ng gt %
Azar2 177 ¢ 19.2b 425b 155 ab 143 a
Bahar 24.3 ab 20.7 a 43.7 a 158 a 13.6 bc
Pishtaz 20.8 abc 20.0a 478a 146 bced 13.2d
Sivand 22.2 abc 22.8a 52.9a 151 abc 126¢€
Parsi 255a 22.7a 56.1a 148 abcd 13.8b

Zare 18.7 bc 23.3a 524 a 144 cd 134cd
Marvdasht 20.2 abc 225a 53.2a 140d 138b
Sirvan 22.6 abc 20.3a 46.5a 140d 135¢c
Gaspard 22.8 abc 199a 451 ab 159 a 143a
Bezostaya 22.6 abc 19.8 ab 451 ab 143 cd 143a

25505 0 bl e Dgles aus o ity Jleil mhans [0 5510 fyge3T bl alie g slls slan Sl g y2 48
Means in each column followed by similar letter(s) are not significantly different at 5% probability level based on Duncan test.
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Table 8. Mean of comparison for effect of exogenous application of plant growth regulators treatment on some physiological
traits in different bread wheat cultivars in Kermanshah region.

Exogenous application ?S%tgls%rgr;ertr:_cz rsz;}};: Wate(rmsg I;tl)llgvp\)/r)otem Crude protein (%)
Control 195b 133d 135b
Gibberellic acid (GA) 22.1ab 151 b 138a
Increase (%) +11.76 +11.92 +2.17
Cytokinin (CK) 214 ab 167 a 138a
Increase (%) +8.87 +20.35 +2.17
Indol acetic acid (IAA) 239a 143 ¢ 138a
Increase (%) +18.41 +6.99 +2.17

555 0 bl e Dgles aus o iy Jledsl mhaes 10 S5l yge3] Gelsl p alie By > slls sla Sl (gt y2 40
Means in each column followed by similar letter(s) are not significantly different at 5% probability level based on Duncan test.
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Table 9. Percentage change of sub-stomatal CO, under the influence of cultivar and exogenous
application of plant growth regulators in different bread wheat cultivars in Kermanshah region

Exogenous

Cultivar o Sub-stomatal CO, (mmol m?s?) Changes (%)
application
Azar2 Control 260
GA 209 -19.61
CK 270 +3.84
I1AA 285 +9.61
Bahar Control 120
GA 255 +112.5
CK 174 +45.0
1AA 260 +116.6
Pishtaz Control 247
GA 280 +13.36
CK 168 -31.98
1AA 194 -21.45
Sivand Control 137
GA 156 +13.86
CK 229 +118.24
I1AA 260 +98.78
Parsi Control 275
GA 256 -6.90
CK 101 -63.27
1AA 131 -52.36
Zare Control 173
GA 273 +36.63
CK 253 +46.24
I1AA 130 -24.85
Marvdasht Control 157
GA 282 +79.61
CK 152 -3.18
1AA 125 -20.38
Sirvan Control 179
GA 274 +53.07
CK 202 +12.84
1AA 267 +49.16
Gaspard Control 104
GA 260 +150
CK 219 +110.57
1AA 124 +19.23
Bezostaya Control 308
GA 268 -12.98
CK 244 -20.77
1AA 197 -36.03

GA=Gibberellic acid, CK=Cytokinin, IAA=Indol acetic acid
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