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ABSTRACT

This study has been conducted to recognize some of the physiological mechanisms related to the storage
in different wheat cultivars as a split-plot experiment in a randomized complete blocks design with three
replications at the experimental farm of Faculty of Agriculture and Natural Resources, University of Tehran,
in Karaj, during two crop years of 2014-2016. Experimental treatments consisted of 22 wheat cultivars as
the main plots and gibberellic acid (GA3) at two levels (0 mg/L (control) and 100 mg/L) as the sub plots.
Results showed that gibberellic acid spraying significantly increased stem dry and specific weights, leaf
area, chlorophyll and grain yield in different wheat cultivars in both experimental years. Among these
traits, the shoot dry weight had the highest response to gibberellic acid spraying. There was also a
significant positive correlation between stem dry and stem specific weights and remobilization in
different cultivars under gibberellic acid spraying condition. Shabrang and Dez cultivars had the highest
storage related traits (stem dry and specific weights) under gibberellic acid spraying condition which
resulted in higher grain yield. These cultivars had the highest grain yield due to higher stem reserves
remobilization capacity. In this study, exogenous application of gibberellic acid has generally
strengthened the stem storage capacity, source strength and yield in different wheat cultivars.

Keywords: Leaf area, leaf chlorophyll, seed yield, stem reserves remobilization, source strength.
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Table 1. Climatic information of the experimental site during two cropping years (2015-2016 and 2016-

2017)

June May April March February January December November October Year

12 81 41 34 0 0 1.01 24 7 2015-2016 Average Evaporation (mm)
11 75 34 0 0 0 0 39 6.1  2016-2017

75 2 473 1738 8.7 15.6 28.6 7.4 3.5 2015-2016 Average Rainfall (mm)

0 13 755 199 50.4 44 74 3.7 0 2016-2017

264 202 14 11.8 49 5.1 4.6 10.5 19.4  2015-2016 Average Air Temperature (C°)
242 199 12 7.6 1.9 4.4 3.2 13.1 18.2 2016-2017
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Table 2. Mean square of traits related to stem reserves and source strength of wheat plant

Degrees -
Source of Variation(SOV) o ggom \S(?;(é Remobilization S\t/?lr;gDh;y Lset:gt]h Stevrr\}esigfﬁ ial Leaf Area Chllo_reoapfhyll
Year 1 1564.18" 0.0024" 0.086"™  1225.93™ 0.00000154"™ 3199.09™  61.82"
Error(Year) 4 257.92" 0.190™ 0.060™  660.65" 0.0000035" 836.19™  11.43"™
Cultivar 21 291364.96™ 0.243™ 0.45™ 942.34™ 0.000051™ 871.12™  106.96™
Yearx Cultivar 21 21028.45™ 0.070"™ 0.069"  155.10"™ 0.0000054™ 11.18" 24.17"
Year(Errorx Cultivar) 84 1711.67™ 0.037m™ 0.029"™  311.33™ 0.0000035™ 146.89™ = 24.21™
Gibberellic Acid 1 262987.71" 0.363™ 6.093™ 51914.94™ 0.000034™ 11315.78™ 2490.12™
YearxGibberellic Acid 1 567.88™ 0.060" 0.000071™ 3536.87 0.00004™ 2163.76" 200.73™

Gibberellic Acidx Cultivar 21 7812.70" 0.104™
21 4734.32™ 0.055™

YearxGibberellic Acidx

0.094™  338.26™ 0.0000149™ 13350™  15.32"
0.032"™  178.75™ 0.0000051™ 10.39"™ 4.005"

Cultivar
Error 88 2001.4 0.048 0.037 251.49 0.0000046 146.61 14.48
CV(%) 8.75 43.36 16.10 15.67 17.86 17.49 7.63

Do )0 G gy Jledsl e (o lo g g lo pe oy

% NS

ns, * and **: non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 3. Mean Comparison of the interaction effects of Gibberellic acidx year xcultivar on yield of wheat

plant
First Year Second Year
Cultivar Control Gibberellic acid  Alteration Control Gibberellic acid  Alteration

Parsi 792.66 b-e 843.28 a-c 6 757.56 d-g 832.44 a-d 10
Dez 768.7 c-f 793.28 b-e 3 705.44 f-h 757.72 d-g 7
Shabrang 737.62 e-g 883.28 a 19 809.11 a-e 859.47 ab 6
Moghan3 610.43 j-n 649.95 j-i 6 533.78 n-s 627.83 j-k 17
Hamon 587.28 j-0 627.6 j-k 7 571.44 j-q 621.22 j-m 8.0
Zare 572.66 j-q 676.71 g-i 18 586.22 j-0 746.78 e-g 27
Chamran 565.33 j-q 693.79 f-i 22 512.56 o-u 638 j-i 24
Arta 537.68 I-s 573.28 j-q 6 589.89 j-0 624.44 j-1 6
Dena 513 0-t 573.34 j-q 11 451.44 s-A 527.71 n-t 17
Shosh 452.62 s-A 496.62 p-v 9 578.44 j-p 41511 w-E -28
Karim 441.95 t-A 491.98 p-v 11 378.22 y-H 459.22 s-7 21
Baharan 41357 w_E 488.62 g-w 18 391.56 x-H 449.44 s-B 15
Akbari 412.8 x-E 437.73 u-A 6 363.33 A- 470.44 r-x 29
Pishgam 407.41 w-F 511.8 o-t 25 408.22 w-F 547.11 k-r 34
Rasol 401 w-G 439.62 t-B 9 364 A-1 430.36 u-C 18
Marvdasht 39247 x-G 485.59 g-w 23 637.22 j-i 877.83 a 37
Mehrgan 383.66 x-H 426.28 w-D 11 317.56 J-L 370.87 z-1 16
Shiraz 331.84 E-L 364.02 A-I 9 267.22 KL 347.67 C-K 30
Zagros 321.07 F-L 338 D-L 5 276.56 J-L 323.11 F-L 16
Pishtaz 302.33 H-L 393.51 x-G 30 256.89 L 319.5F-L 24
Azar 2 289.55 I-L 334.65 E-L 15 450.75 s-A 313.17J-L -30
Bam 289.23 I-L 326.11 E-L 12 360 B-I 461.22 r-y 28

Bgy>) Ayl 5,00 cime B as 0 i mhaws 10 5 Sl (ol dials iz aesl bl 1 gt ,o 40 alie Bgy> glls slo 1 Sile

(n-g=nopq) Jleo ;ylgieds il ool ;0 adses

Means with the same letter in the same column are not significantly different at 5% level based on duncan multiple tests (The letters

are abbreviated, for example, n-g=nopq)
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Table 4. Correlation among studied trait in the experiment
- Leave Leaf Stem dry Stem Special dry A .

Variables area chiorophyll matter length weight Remobilization  Seed yield

Leave area 1

Chlorophyll 0.578 1
Stem dry matter 0.484 0.391 1

Stem length 0.481 0.478 0.489 1

Special dry weight 0.118 -0.005 0.630 -0.338 1

Remobilization 0.266 0.168 0.767 0.120 0.706 1

Seed yield 0.199 0.329 0.438 0.039 0.434 0.318 1

A3l e I gixe wo s mh s mhaw j8 Wiins 55, 5 oS sl 1Sl

Bold means are significance at 5% of probability level.
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Table 5. Mean comparison of the interaction effect of Gibberellic acidxCultivar on remobilization of stem
storage in normal and of gibberelic acid spraying conditions

Cultivar Control Gibberellic acid Alteration
(Percentage)
Dez 913a.0 0.826a-c -10
Rasol 650 a-i.0 0.757a-e 16
Shabrang 643a-j.0 0.727a-g 13
Dena 576b-1.0 0.483e-m -16
Moghan3 565b-1.0 0.337j-n -40
Pishgam 555b-1.0 0.686a-h 24
Karim 545b-m.0 0.624a-k 14
Pishtaz 508d-m.0 0.277I-n -45
Shiraz 483e-m.0 0.487e-n 1
Akbari 470e-n.0 0.830ab 77
Baharan 466e-n.0 0.438g-n -6
Mehregan 443f-n.0 0.3071-n -31
Azar2 442f-n.0 0.487e-n 10
Parsi 422h-m.0 0.806a-d 91
Arta 390h-n.0 0.517d-m 33
Zare 380i-n.0 0.393h-n 3
Hamon 378h-n.0 0.587b-1 55
Zagros 354i-n.0 0.372h-n 5
Shosh 341i-m.0 0.490g-n 44
Marvdasht 317k-n.0 0.752a-f 137
Bam 2771-n.0 0.232nm -16
Chamran 193n.0 0.527¢-m 173
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Means with the same letter in the column are not significantly different at 5% of probability level, based on duncan multiple tests

(The letters are abbreviated, for example, n-g=nopq)
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Figure 1. Interaction effect of yearx gibberelic acid on wheat cultivar stem lengths.
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Table 6. mean comparison of cultivar effect on stem length of wheat plant

Cultivars Means Rating
Azar2 123.60 a 1
Dena 114.02ab 2

Akbari 110.34a-c 3
Zare 109.66a-c 4
Shosh 108.28a-c 5
Rasol 106.29b-d 6
Mehregan 105.65b-d 7
Pishtaz 103.01b-d 8
Zagros 102.65b-d 9
Dez 102.4b-d 10
Bam 101.55b-e 11

Marvdasht 100.90b-e 12

Shabrang 99.86 b-e 13

Moghan3 99.52b-e 14

Chamran 94.71c-e 15
Shiraz 94.00c-e 16
Parsi 93.82d-e 17

Pishgam 93.36d-e 18
Baharan 93.17c-e 19
Karim 92.84c-e 20
Arta 90.42d-e 21
Hamon 85.08e 22
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Means with the same letter in the column are not significantly different at 5% of probability level, based on duncan multiple tests

(The letters are abbreviated, for example, n-q=nopq)
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Table 7. Mean comparison of the interaction effect of cultivarxgibberellic acid on stem dry weigth of

wheat plant

Cultivar Control Gibberellic acid Alteration (%)
Dez 1.47b-e 1.67ab 14
Rasol 1.38c-f 1.67ab 21
Dena 1.22e-k 1.40c-f 15
Shabrang 1.19f-m 1.78f-a 50
Akbari 1.16f-m 1.76a 52
Moghan3 1.15j-k 1.27e-j 10
Pishgam 1.1j-k 1.34d-g 22
Karim 1.094h-k 1.29d-h 18
Hamon 1.058h-0 1.40c-f 33
Arta 1.05h-0 1.32d-h 26
Mehregan 1.03j-k 1.19f-m 16
Azar2 1.02j-0 1.31d-h 28
Zare 1.015j-n 1.26e-j 25
Parsi 0.961-0 1.58a-c 65
Zagros 0.94m-o0 1.15f-m 22
Shosh 0.93m-o0 1.23e-k 32
Marvdasht 0.93m-o0 1.55a-d 67
Bam 0.92m-o0 0.991-0 8
Baharan 0.92m-o0 0.25e-k 36
Pishtaz 0.85n-p 0.86n-p 1
Shiraz 0.820p 1.1j-n 34
Chamran 0.65p 0.15f-m 77
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Means with the same letter in the column are not significantly different at 5% of probability level, based on duncan multiple tests

(The letters are abbreviated, for example, n-g=nopq).
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Table 8- Mean comparison of the interaction effect of cultivarxyear on stem dry weight of wheat plant

First year Second year

Cultivar cultivar*year Rating cultivar*year Rating
Dez 49a-d.1 65a.1 1
Rasol 46a-e.1 59ab.1 2
Shabrang 43a-f1 3 53a-c.l 3
Akbari 39b-g.1 4 53a-c.1 4
Marvdasht 31c-hl 5 179-k1 14
Dena 30c-h.1 6 3lc-hl 5
Parsi 23e-i.l 7 3lc-hl 6
Hamon 22e-il 8 23e-il 10
Moghan3 16g-k.1 9 26e-i.1 8
pishgam 15¢-k.1 10 28d-h.1 7
Arta 15g-k1 11 23e-il 11
Karim 14h-k1 12 24e-f1 9
Mehregan 13h-k.1 13 08h-k1 18
Pishtaz 13h-k1 14 59m.0 22
Azar 2 12 h-k1 15 21f-j1 12
Zare 1h-k1 16 17g-k1 13
shosh 07h-k 1 17 09h-k 1 17
baharan 02i-k1 18 15g-k1 15
Zagros 961k.0 19 13h-k1 16
Chamran 95lk.0 20 0.841 21
Shiraz 941k 0 21 0.97 jk 20
bam 93lk0 22 98jk0 19
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Means with the same letter in the column are not significantly different at 5% of probability level, based on duncan multiple tests

(The letters are abbreviated, for example, n-g=nopq).
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Table 9. Mean Comparison of the interaction effect of gbberellic acidxcultivar on special dry weight of
wheat cultivars

. . . . Alterations
Cultivar Normal Gibberellic Acid (Percentage)
Dez 0172 a.0 0141b-h.0 -18
Moghan3 0154a-c.0 0107i-1.0 -31
Pishgam 0148a-e.0 0125¢-h.0 -16
Rasol 0147a-e.0 0143a-g.0 -3
Hamon 0144a-9.0 0151a-d.0 5
Arta 0142a-9.0 0126d-h.0 -11
Karim 0139b-h.0 0125c¢-h.0 -10
Shabrang 0130d-h.0 0168ab.0 29
Parsi 0126d-h.0 0142b-h.0 13
Baharan 0123d-k.0 0115f-1.0 -7
Mehregan 0122d-k.0 0094k-m.0 -23
Dena 0118e-k.0 0114g-1.0 -3
Akbari 0118e-k.0 0144a-g.0 22
Zare 0108i-1.0 010i-m.0 -7
Shiraz 0106i-1.0 0101i-m.0 -5
Marvdasht 0104i-1.0 0145a-f.0 39
Zagros 01i-m.0 0105i-1.0 5
Bam 0099i-k.0 0093k-m.0 -6
Pishtaz 0098j-m.0 00719m.0 -27
Shosh 0093k-m.0 0112h-1.0 20
Chamran 0091Im.0 0099j-m.0 9
Azar2 009Im.0 01i-m.0 11
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Means with the same letter in the column are not significantly different at 5% of probability level, based on duncan multiple tests

(The letters are abbreviated, for example, n-g=nopq).
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Figure 2. Interaction effect of year:xgibberelic acid on stem special weight of wheat cultivars
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Table 10. Mean comparison of the cultivar simple effect on leaf area of wheat cultivar

Cultivar Means Rateing
Pishgam 94 a.84 1
Dena 58ab.80 2
Akbari 22ab.80 3
Parsi 25a-c.79 4
Shabrang 1a-d.76 5
Karim 08 a-d.76 6
Hamon 79a-e.74 7
Azar2 38b-f.72 8
Shiraz 3b-f.72 9
Shosh 25b-f.72 10
Bam 33 c-f.68 11
Rasol 08d-g.68 12
Baharn 99c-f.67 13
Arta 02d-g.65 14
Moghan3 00d-g. 65 15
Chamran 91e-9.63 16
Dez 12 e-9.63 17
Zare 99fg.62 18
Mehregan 15fg.62 19
Pishtaz 85gh.59 20
Zagros 71 gh.56 21
Marvdasht 91 h.50 22
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Means with the same letter in the column are not significantly different at 5% of probability level, based on duncan multiple tests

(The letters are abbreviated, for example, n-g=nopq).
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Figure 3. Interaction effect of yearxgibberellic acid on leaf area of wheat plant
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Table 11. Mean comparison of the cultivar effect on leave chlorophyll of wheat plant

Cultivar Means Rate
Shabrang 55.19a 1
Shosh 54.83a 2
Pishgam 54.35ab 3
Hamon 52.7 a-c 4
Dena 52.43a-d 5
Zare 51.48a-¢ 6
Chamran 51.36 a-e 7
Zagros 51.1a-e 8
Bam 50.9a-e 9
Karim 49.85b-e 10
Pishtaz 49.46¢c-e 11
Parsi 49.22c-e 12
Shiraz 49.09c-e 13
Dez 49.02c-e 14
Moghan3 48.48 c-f 15
Mehregan 48.45 c-f 16
Akbari 48.2c-e 17
Rasol 47.77d-f 18
Arta 47.77d-f 19
Marvdasht 46.87 ef 20
Baharan 44,15 21
Azar2 4412 f 22
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Means with the same letter in the column are not significantly different at 5% of probability level, based on duncan multiple tests

(The letters are abbreviated, for example, n-g=nopq).
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Figure 4. Mean comparison of the interaction effect of yearxgibberelic acid on stem chlorophyll of wheat
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