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Effect of gibberllin application on sink strength and remobilization of wheat cultivars
under terminal drought stress
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ABSTRACT

Hormones play an important role in grain filling regulation (as reproductive sinks) and the demand for
assimilates from current photosynthesis and remobilization sources as well. The objective of this study was to
improve sink strength through GAs application, measuring remobilization and %ield under terminal drought
stress. Twenty wheat cultivars were cultivated in a split split plot arrangement based on RCBD design with
three replications, full irrigation and 40% of field capacity being main plots, GAs foliar application (60 pM)
and control (No GAs) were regarded as sub-plots and wheat cultivars were_sub-sub-plots. Grain yield,
biological yield, yield components and remobilization (by internodes) were estimated. Significant variation
among cultivars was observed under both full irrigation and stress treatments. However, the response of the
cultivars to the gibberellin application was almost the same. Drought stress reduced grain yield (33%),
biological yield ( 0%2), 1000-seed weight (14%), number of grains per spike (14%) and remobilization (8%),
but application of gibberellin increased these traits under both conditions. Gibberellin foliar application at the
wheat_pollination stage had a positive effect on sink strength and remobilization, especially under full
wngatlon conditions. Under drought stress conditions, the positive effect of gibberellin application on the
studied traits was less due to the reduction of grain filling period. Based on the results of present experiment,
foliar application of ﬁibberellin is not recommended under drought stress conditions.

Keywords: Gibberellic acid, photo assimilate remobilization, sink strengthen, terminal drought stress.
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Table 1. Names and properties of studied cultivars in experiment

Year of
Cultivar Cultivated area cultivar ~ Pedigree
release
1 Akbari Temperate 2006 1-63-31-/3/12300/Tob//Cno/Sx-0IRN
2 Ara Warm and humid 2006 HD2206/Hork//Bul/6/CMH80A.253/2/M2A/CML//....
3 Baharan Temperate 2014 KAUZ/PASTOR//PBW343
4  Bam Temperate 2006 Vee’S’/Nac//1-66-22
5 Chamran Hot and dry 1997 Attila (CM85836-50Y)
6 Dena Warm and temperate 2007 CIMMYT taroo- 3 from
7 Dez Hot and dry 2002 Kauz*2/Opata//Kauz
8 Hamoon Hot and dry 2002 Roshan*Falat
9 Marvdasht Temperate 1999 HD2172/Bloudan//Azd
10 Mehregan  Hotand dry 2014 OASIS/SKAUZ/I4*BCN/3/2*PASTOR
11  Moghan3 ~ Warm and humid 2006 Luan/3/V763.23/\/879.C8//Pvn/4/Picus 5/Opata
12 Parsi Temperate 2009 Dove’S’/Buc’S’//2*Darab
13 Pishgam Cold 2009 Bkt/90-Zhong87
14 Pishtaz Temperate 2002 Alvand//Aldan/las58
15 Rasul Warm and humid 1992 Veery’S’#7 = Kvz/Buho’S’/ /Kal/Bb
16 Shabrang  Hotand dry 2014 SORA/2*PLATA12
17  Shiraz Temperate 2002 Gv/D630//Ald’S’/3/Azd
18  Shoosh Hot and dry 2014 CBRD-3/STORKxDICOCCOIDES ICW99-0474-11AP-0AP-0AP-4AP-0AP
19  Zagros Warm and humid 1996 Tan”s”/vee”//opata
20 Zare Cold 2010 L1.11//F35.70/Mo73/4/Ymh/Tob//Mcd/3/Lira CIT925080-0SE-0YC-7YC-0YC-1YC-
0YC-3YC-0YC
WAFYA0 el); Jlo 5o GialesT sl e (owlisilsn cledlbl 50 =Y Jgo
Table 2. Some meteorological data of the expremental site during 2015-2016 growing season
Average October  November  December  January February March  April May June
Evaporation (mm) 7.0 24 1.0 0.0 0.0 34 34 75 11.0
Rainfall (mm) 35 77.4 28.6 15.6 8.7 178 473 2 0.0
Temperature (C°) 194 10.5 4.6 5.1 4.9 11.8 14 20.2 26.2

(O Jgoz) wog s Cglhas (gylal Ll o 1) &l
Y‘V’Udﬁ‘ao)ﬂa.coﬁijltw&m[jw S is S
S 5 adlhe 550 Bl ml D ws s

o &)l 3l o8] a8 5,50y 095 iglie o0y Jlos!

Sy90 B cr yo ails o Sloe Sl 5l g0l L EsS
(B Jguz) wb oy (Sis A3 4 gl )0 aslllas
5 AL 30 5 OB e o)l Sl iy L)

QJS'L“C u—‘)—‘-‘os (5)-5‘ 9 b)] ‘g;‘.;;u.)”n er.w) ‘bL‘B)‘



Yo VE-Y Sl ) 8L OF 6,90 ¢l 25 lalS asle

Slgm o 8es p PO.0D) Sz 55 5 03,
5She e S sl (1 Ja) 51 s sres
@ompe e p oS YV G (Shelen o Shee
S8 Cote 1 ols bl ae s ys a8 V)OY
AU Job 5 2ljaslis § Sz ool adgs o pd j>
5 (Raina et al., 2020) (Vigna radiata L.) _sle ,o
3 (Emongor, 2007) (Vigna unguiculata L.) s45

Gl 00l 5158
G5 5 o8y Mo 1 Sl anglis Jpar b
OVl Sl g (ol Bty (O e 2B (S
38ee (1 yeS 5pS1 g Cuidgpe Lyl g, o)l
Jsaz) wiogs Lls gl (55lul bl yo 1) (Soelen
SCTRPINC W PENSC S RNRE SO
ol jmels wse Yo U ui;iLc)'T Sl ey (Shedem
S 5 4 3 Soigleer 0,5k 6B sl
R ey 8505 5 ek s ST Bl o gl
assly lad |y (ae 0 0 B Fe 1) (S5edgm o Sles
b Gisd 5 Jomy copele plliny pB)1 )0 a5 Jb 0
ol Gaiz olis (jgla o Slos (SKis i3
ot Sohedam o Sles alS cde (O Jgux) ol
Bl s Al bYous Glg oo 1) (Sas s
S5, RS dadijy, paddin e (SiS S
3550 S demS 60 9gieS Al )0 gy S lig
Sl ogdise oS (5)lagSS sleanlyd 5wl lp 5L
@l Gl 5T L elyen g Cagb) 058 S0 B)b
b n ghw 8l 5 (S 5 SOk w20 S 2
Shoe ol S sole wdg Cales j0 g d9d o

(Lafitte, 2002)

OO L FY ) als o Slee als o i S5 b
Voobke 5 OB e pllan (e pB)l 5 (ao)o
(o, Yo Ve o) ails o,Slee ialS o taS
S A« SeSeln s il (0 Jeaz) wisls las
(gt S Pl g5 il s b 3
Sale Sy S (Sp om0 S
sshee Wl oSl 5 Sl
oeolS 5 by ldaxs (Manavalan et al., 2009)
Jad 1 Sas s bl o 1) pasS ails o )Sles
Ahmadi et al., 2009; Joudi, 2012; ) &iles,S" 5,155
3 SNed @l 3. (Mahmoudi et al., 2021
5 Sute (Sharon als o Shos sllas )l Ll
Lyl o Ll scisls alw o ails slass b (g lo sxe
g a0 ails slawd o ()l Sre (Sen (1S
ool L Glidl oS e ooy aid saslin o Slee
0095 ails olaw 5 Sl s Ll o aB,l o Shas
Gt @) o)l o1 58 (st 3Bl le 5 oSk
bolyd )0 oo S5 4 (o9d axxlye ails)lie 5
Ot SO Fgid Slge SgreS AT j0 g S
oS dls sl Bkl Sojelnsd wale 5 gt
a9 ol Al o euile Bl slaails g ol laas>
als oSles (A Jgaz) Wsdios 0055 Sy
9 Cudo (Scon dazme JUil b (St A5 bl
JLsl 4 YL Sen (A Jgoz) cuils g b goe
Cowl Jdo el 4 Yol Sis i byl s )0 s
g adle plad 4 i oS Sus s Lylyd o oS
Dgd oo dtmnly ails @ gyl saze s

3t S Kho

S 5 ool Sl Gubly ajes mls B
Fle Sl 5 08, 9 el (G2l Jslone (p=0.05)



9 L_;J)jjy)-d dade O3 L;J/.».o L;“’L’JBJ"“ )4‘ :Ql)lio.@ 9 3= VoY

bl o les cov P @alizee Dlas il )ly 45500 -V Jgo
Table 3. Analysis of variance for different traits of wheat cultivars under different treatments

Source of variation df Grain yield Biological yield  Grain number per spike 1000-seed weight
Rep (R) 2 3793 3224.2 154.43 57.39
Drought (A) 1 2080840.9" 3838465.7" 2671.27 2021.71™
Error a 2 42530.1 129403.1 177.05 11.7
GA application (B) 1 15227.5™ 15044.8™ 4.62™ 63.48™
AxB 1 947.6™ 315 0.001 1.01™
Error b 4 7.9 123.8 0.002 0.01
Cultivar (C) 19 251937™ 1318760.8™ 456.81™" 98.69™
AxC 19 24664.8™ 166151.9"" 117.14™ 81.41™
BxC 19 127.4 148.7 0.05 0.51
Ax BxC 19 447 70.3 0.02 0.23
Error 152 9636.1 30453.5 21.95 15.83
CV (%) 20.77 15.24 10.86 10.49
Rest of the Table 3. =Y g aalol

Source of variation  df Remobilization

Remobilization

Remobilization of ~ Remobilization Remobilization

of peduncle of penultimate lower internodes (Total) efficiency
Rep (R) 2 13471.5 500.7 59.71 12074.1 98.72
Drought (A) 1 3965.6 12852.6™ 30333.68" 104598.2" 897.53™
Errora 2 2383 14.6 446.14 5321.3 3.33
GA application (B) 1 1815.2™ 1473.6™ 998.94™ 12673.9" 16.477
AxB 1 46.4 337.8™ 332.67™ 1888™ 6.03"
Error b 4 7.5 7.01 13.55 76.1 0.47
Cultivar (C) 19 31349.6™ 53738.6™ 143539.03™ 484326.5™ 1280.79™
AxC 19 4025.4™ 2480.6™ 2918.33™ 14211 114.6™
BxC 19 22 21.2 21.12 185.7 0.94
Ax BxC 19 17.1 17.6 19.17 153.5 0.71
Error 152 453.8 391 1201.59 2543.7 20.71
CV (%) 21.56 13.69 13.69 10.06 14.12

“and ™ represent significant at 5% and 1% level
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Table 4. Mean comparison of interaction of GA application and cultivar on some traits of wheat

Drought stress

Normal irrigation

Traits

Control  GA application ~ %Variation Control GA application  %Variation
Grain yield (g/m?) 373.4¢ 385.3°¢ 3.19 555.6 P 57852 412
1000-seed weight (g) 34.64 355¢ 2.60 39.9° 4142 3.73
Remobilization of Penultimate (mg/stem) ~ 135.8 d 138.4°¢ 1.91 148.1° 155.4 2 4.93
Remobilization of Lower internodes 244.8 ¢ 246.5°¢ 0.69 264.9° 27142 2.45
Remobilization (Total) 476.1 9 485¢2 1.87 512.2b 532.42 3.94
Remobilization Efficiency (%) 3412 34.3¢ 0.59 29.9°¢ 30.7° 2.68

D515 Sl g3l bl (g lo cme DS wcys ) Ha 0 S ie B> s slanSile
Means that have a common letter in each row, are not significantly different together.
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Table 5. Mean comparison of interaction of drought x cultivar on grain yield, biological yield and 1000-seed weight, of

wheat

Grain yield (g/m?)

Biological yield (g/m?)

1000-seed weight ()

Cultivar Normal Stress %Variation Normal Stress %Variation Normal Stress %Variation
Arta 349.4™0 274.37t -21.5 776" 745m™° -4.0 43,74 31.6°" -27.7
Akbari 378.3" 175.6t -53.6 855'M 429° -49.8 4434 36.6M" -16.8
Bam 4221k 268.5t -36.4 1074 7670 -28.6 41.9>9 32,107 -23.4
Baharan 679.4>¢ 402.6° -40.7 1480% 967" -34.7 41.4%9 35.7° -13.8
Parsi 763.9% 374.6'° -51.0 1686 974" -42.2 38.8°% 35.7° -8.0
Pishtaz 649°f 474.8" -26.8 1375 1140" -17.1 36.7"m 38.8°% 5.7
Pishgam 837.4° 729.1%¢ -129 17617 1827° 3.7 48.4° 40.5% -16.3
Chamran 553.1" 340 -385 12419 865'™ -30.3 33.5™4 33.9' 1.2
Dez 726.5%¢ 511.3%% -29.6 1454 13649 -6.2 423" 39.54 -6.6
Dena 504.6"* 278.4°t -44.8 1080 844Im -21.9 34.8Kp 310 -10.9
Rasul 295.5%% 221.1"t -25.2 639"v 645M 0.9 45.4%° 31.1°7 -31.5
Zare 616.9%9 333.4™ -46.0 1588°* 923im -41.9 43.1°¢ 33m4 -234
Zagros 536.59 355.4™° -33.8 12220 892k -27.0 41.4%9 34.4%0 -16.9
Shabrang 808.2° 454.3™ -43.8 16581 1215%m -26.7 38.7°% 39.5% 2.1
Shoosh 496.3" 434,91 -12.4 1240%" 12429 0.2 36.4"" 38.1" 47
Shiraz 475} 243.19t -48.8 1107 7279 343 45.8® 29.5% -35.6
Marvdasht 328.1"" 215.3% -34.4 800" 59Qm-° -26.3 36+ 28" -22.2
Moghan 3 594.9°" 482.5" -18.9 1379 1246% 9.6 40.4% 37.49M -7.4
Mehregan 737.6%° 616.8%9 -16.4 1805% 1616° -105 42.9> 40.9°" -4.7
Hamoon 559.1 401.5%° -28.2 1208 1245% 31 41.3"9 33.5™4 -18.9
Average 565.6 379.4 -32.9 1271 1018 -19.8 40.8 35 -14.2

(20,0 0 Jle! mlas 48) 95,105 S5l (03] Lolal (5,15 gime WS oS pie G > (6l (sl Sileo
Means that have a common letter in each column, are not significantly different together.
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Table 6. Mean comparison of interaction of drought x cultivar on grain number, remobilization of peduncle and
penaltimate

Grain number per spike

Remobilization of Peduncle (mg/stem)

Remobilization of Penultimate (mg/stem)

Cultivar Normal Stress %Variation Normal Stress %Variation Normal Stress %Variation
Arta 35.3" 32.1 9.1 7450 36P" -51.4 107™ 82% -23.4
Akbari 36MP 35,1 2.5 1291 85/ -34.1 235 181 -23.0
Bam 445 42,2 -4.1 297 19s -345 36t 25t -30.6
Baharan 47.8% 40.89™ -14.6 52m 84 61.5 719 47st -33.8
Parsi 47.2¢f 36.3"7 231 92k 58mP -37.0 o o4 -4.1
Pishtaz 47.8°¢ 43 5¢1 9.0 367" 31's -13.9 60's 8404 40.0
Pishgam 57.6% 31.8% -44.8 141+ 1301 78 243 272 11.9
Chamran 49.7° 39.10" 213 407" 77%m 92.5 86" 32t -62.8
Dez 487 32.4m 325 127" 141 11.0 225% 235" 44
Dena 61.6° 56.1° -8.9 201 216° 75 250% 222 -11.2
Rasul 487 44.2% 7.9 143 67" -53.1 1821 147+ -19.2
Zare 49.5% 47 5.1 440+ 91+ 106.8 709 760 8.6
Zagros 44,95 3gkn -15.4 103" 97" 5.8 179" 1649 -8.4
Shabrang 58.5% 45.5¢h 222 190 156¢% -17.9 226% 211¢% -6.6
Shoosh 487 45.2¢ 5.8 32's 420 31.3 106™° 153 44.3
Shiraz 36.6" 33,109 -9.6 11591 85 -26.1 158" 125%m -20.9
Marvdasht ~ 40.17 37.9k° 55 122 1™ -25.4 193¢ 143" -25.9
Moghan 3 41.69" 40.2m 34 56 92k 64.3 123™m 134+ 8.9
Mehregan 39.9" 29° -27.3 171 210% 22.8 199¢f 1639 -18.1
Hamoon 47 5 46.1°9 -2.9 160% 87" -45.6 191¢ 153 -19.9
Average 465 39.8 144 103 95 7.8 152 137 99

(20,0 0 Jlezl mhas 48) 05,105 S5l (03] Loll 0 (5,15 gime WS oS pie B > (6l (sl Sileo
Means that have a common letter in each column, are not significantly different together.
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Table 7. Mean comparison of interaction of drought x cultivar on remobilization of lower internodes, total and
remobilization efficiency

Remobilization of lower internodes (mg/stem)

Remobilization (mg/stem)

Remobilization efficiency (%)

Cultivar Normal Stress %Variation Normal Stress %Variation Normal  Stress %Variation
Arta 2314 179m° 225 411%m 3007 -27.0 25.6%" 25.7%" 0.4
Akbari 164" 129ps 213 5271 398km -245 28.3"m 29.9" 5.7
Bam 205™ 214km 4.4 2704 2619 -3.3 19 18.8% -11
Baharan 246 253" 2.8 368™ 386" 49 24,9k 33.2N 33.3
Parsi 146 143°" -2.1 335" 299°7 -10.7 24,7 23.5m° -4.9
Pishtaz 215km 188™ -12.6 309°9 305°4 -13 23.5m° 26.8m 14.0
Pishgam 431° 403 -6.5 815% 808%° -0.9 39.79 54.6° 375
Chamran 11995 116" -2.5 244" 228° -6.6 18.7% 18.4° -1.6
Dez 2928 295 1.0 643 673° 4.7 40.1%9 50.1%¢ 24.9
Dena 331 28991 -12.7 782 729¢% -6.8 38.5¢ 39.4¢9 2.3
Rasul 273™ 2314 -15.4 598¢" 448* -251 28.71 24.7' -13.9
Zare 113™ 97t -14.2 226° 266%° 17.7 16.7° 21 25.7
Zagros 307" 3097 0.7 58991 574" -25 39.8% 45.1%¢ 13.3
Shabrang 431° 359% -16.7 8472 729% -13.9 39.7% 38.6¢ -2.8
Shoosh 149 74t -50.3 287°" 273%° -4.9 17.4° 18.4% 5.7
Shiraz 158 146 -7.6 4304 3590 -16.5 27.4m 27.4m 0.0
Marvdasht 3140 327%9 4.1 628" 5631 -10.4 36.4% 46.1% 26.6
Moghan 3 388 397°¢ 2.3 5671 626 10.4 32.3M 51.5% 59.4
Mehregan 371« 375% 1.1 741¢ 751« 1.3 35,99 44.9% 25.1
Hamoon 480* 391« -18.5 830% 6331 -23.7 48.6"¢ 45.4% -6.6
Average 268 246 -8.2 522 480 8.8 30.3 34.2 12.9

Means that have a common letter in each column, are not significantly different together.
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Table 8. The correlation coefficients between traits related to remobilization and yield in control and GA application

conditions
Yield (Y) Biological 1000-seed  Number of seed per Remobilization ~ Remobilization
Yield (B)  weight (TW) spike (NSS) (R) efficiency (RE)
Y 1
B 0.86™ 1
c | 0.08" 0.07™ 1
ontrol - \ss  051° 0.40 -0.26™ 1
R 0.24" 0.11m 0.21m 0.32" 1
Normal RE 0.25™ 0.12m 0.17m 0.23" 0.94" 1
Irrigation Y 1
B 0.85™ 1
GA TW 0.09ms 0.01" 1
Application NSS  0.60™ 0.39™ -0.30™ 1
R 0.22" 0.10m 0.28™ 0.32™ 1
RE 0.23" 0.09 0.14" 0.23™ 0.93™ 1
Y 1
B 0.88™ 1
| 0.81™ 077" 1
Control - \ss 028 022 0.28 1
R 0.63™ 0.38™ 0.46" -0.05m 1
Drought RE 0.58 0.39m 0.33™ -0.23 0.91" 1
Stress Y 1
B 0.9 1
GA TW  089™ 0.76™ 1
Application NSS -0.27 -0.08"™ -0.25"™ 1
R 0.44" 0.36™ 043" -0.07™ 1
RE 0.41" 0.34" 0.30™ -0.24™ 0.90™ 1
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Figure 1. Dendrogram of 20 wheat cultivars according to the evaluated traits using ward method in control treatment.
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Figure 2. Dendrogram of 20 wheat cultivars according to the evaluated traits using ward method drought stress.
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