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Effect of application of plant growth regulators on growth and grain
yield of bread wheat (Triticum aestivum L.) cultivars under terminal
drought stress conditions
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Table 1. Physico-chemical properties of soil in experimental site at 0-30 cm depth
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Table 2. Rainfall and mean temperature for first (1) (2014-15) and second (2) (2015-16) cropping seasons
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Fig. 1. The effect of PGRs on plant dry weight of wheat cultivars in second year (2015-16). Each point is the

mean of 5 observations. Error bars represent the range of SE for each mean.
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Fig. 2. The effect of PGRs on leaf area of wheat cultivars in second year (2015-16). Each point is the mean of 5

observations. Error bars represent the range of SE for each mean.
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Table 3. Mean comparison of plant characteristics of wheat cultivars in plant growth regulator application treatments
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Treatments <bsT cbayls  Plant hei%ht (cm) C:Spike.m'2 Grain.spike 1000 grain wt.(g)  Biological yield (kg.ha!) Harvest index (%) Grain yield (kg.ha)
Year Ju
2014-15 \rar-a¥ 76.2a 327.1b 29.6b 32.8a 8672b 38.6b 3349b
2015-16 1¥4F-40 76.5a 349.3a 31.8a 30.7b 9377a 41.3a 3873a
Irrigation @bt
Drought stress S E5 76.1a 318.6b 28.7b 30.1b 8023b 36.8b 2958b
Normal A5 O3 76.6a 337.5a 34.7a 33.5a 10049a 42.4a 4265a
Wheat cultivars plS a5 |
Chamran O o 77.1b 356.8a 27.5d 29.3d 9663a 37.1c 3585b
Shiroudi 39 72.4d 316.1d 31.7b 32.9b 7704c 42.0a 3236¢
Pishtaz Shiy 75.6¢ 338.8b 30.5¢ 33.6a 9103b 39.5b 3596b
Sirvan Ol o 80.3a 331.1c 33.0a 31.3c 9760a 41.2a 4028a
PGRs oS ala
Contorol Al 75.1c 316.3c 26.7c 29.3d 8213c 37.5¢ 3080c
Cycocel eSSl 71.6d 356.6a 32.7a 33.6a 9614a 42.3a 4067a
Salicylic acid Sl ! 78.2b 349.1a 31.7b 31.3c 9119b 40.1b 3658b
Brassinosteroeid g gl gl 80.5a 330.7b 31.7b 32.9b 9097b 40.0b 3639b
-U)'»US)‘J@MQ}LEM)J@JL@‘ »LSD Q)AJT‘JALA‘XGMJS‘)WJ}FS‘)IJSd‘h\;ﬁiﬂ?ﬁ‘o‘,‘.ﬂlﬁ)ﬁ

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test

o553 by SlaedS (s B glowe slajles Sy 53 ok 0l 45 p il oke A lie =F s
Table 4. Mean comparison of plant height of wheat cultivars in interaction effect of plant growth regulator application and cultivar treatments

Treatments alesT gla b Plant height (cm) G gl
Chamranx Control Aalax Ol pexr 76.7¢ef
Chamranx Cycocel o S Lx Ol e 73.2hi
Chamranx Salicylic acid Sl dealX Ol por 78.2de
Chamranx Brassinosteroeid Ao 9 il gl X Ol jar 80.1c
Shiroudix Control Aald X (639 0l 72.2i
Shiroudix Cycocel e Sl x 639 e 67.9j
Shiroudix Salicylic acid Sl sl X (639 125 74.2gh
Shiroudix Brassinosteroeid Ao 9 il el X (639 e 75.2fg
Pishtazx Control dals x jliy 73.1hi
Pishtazx Cycocel S oSl xSl 69.3]
Pishtazx Salicylic acid Sl ol X ity 78.0de
Pishtazx Brassinosteroeid A g el gl X Sty 82.1b
Sirvanx Control el Xl gy 78.6¢d
Sirvanx Cycocel e oSl X0l g o 75.7fg
Sirvanx Salicylic acid Sl dad X5l g o 82.5b
Sirvanx Brassinosteroeid A g ol gl g X Ol o 84.4a

Lyl (gl e D585 o33 s Jlaz! 35 LSD 00T Lolel p cditen &5 2 Cog o (61,13 57 oo S0k O gt 2 3
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 5. Mean comparison of plant characteristics of wheat cultivars in interaction effect of irrigation and plant growth regulator application treatments

(2014-15 and 2015-16)

cszﬁ)zd.:;.» a5 als als 518 03 55w 3 Shas Sils  jesls 615 5 Slas
Treatments b T la,les Spike.m Grain.spike? 1000 grain wt.(g)  Biological yield (kg.ha)  Harvest index (%) Grain yield (kg.ha't)
Normal irrigationx 2015 AFAY-AFx 55 O 330.0 31.7 34.2 9500ab 41.4b 3933b
Drought stress x 2015 IFAr-afx Sis i 314.2 27.6 315 7855¢ 35.2d 2765d
Normal irrigationx 2016 AFAF-A0X 55 s 345.0 33.8 329 11101a 43.3a 4596a
Drought stress x2016 IAF-aox Sis A 323.0 29.9 28.5 8015b 39.3c 3150c
Chamranx 2015 WAF_AFX Ol o 339.5 27.2d 32.2bc 9579ab 34.7 3326d
Shiroudix 2015 AFAF-AFX g5 5 298.8 29.9c 33.6a 7516d 41.4 3116e
Pishtazx2015 GBI 51" 315.7 29.9c 31.9¢c 8639cd 38.8 3352d
Sirvanx2015 ALCUSCU SR Py 312.2 31.5b 33.6a 9020bc 40.0 3608c
Chamranx2016 VFAF-ABX Ol e 374.2 27.9d 27.5e 998.7ab 385 3845b
Shiroudix2016 AYFAF-A0X g5 5 5 333.2 33.5a 31.9¢c 8235¢c 40.7 3360d
Pishtazx2016 AP0 jlat, 362.0 31.1bc 30.5d 9552b 40.2 3840b
Sirvanx2016 VFAF-A0X Ol s 350.1 34.6a 33.1a 10645a 42.5 4448a
Contorolx2015 AFAF-40x dals 313.3d 27.4d 30.7d 8371e 35.0f 2937e
Cycocelx2015 IFAF-a0x | Sl 338.2c 30.6¢ 34.3a 8906d 41.5b 3696¢
Salicylic acidx2015 IFAF-a0% ¢Sl o] 337.2c 30.4c 32.1bc 8573d 39.2de 3361d
Brassinosteroeidx2015 WWAF-A0X L 5l sl 319.7d 30.1c 34.2a 8813d 38.6e 3402d
Controlx2016 AFAF-40x dals 319.4d 25.9e 27.9e 8075¢ 39.9cd 3222e
Cycocelx2016 AFAF-A0% fuu 5SS L 375.0a 34.8a 32.9b 10299a 43.1a 4439a
Salicylic acidx2016 WAF-40x Sl sl 361.0b 33.0b 30.5d 9672b 40.9bc 3956b
Brassinosteroeidx2016 IFAF-AOX U 5 2l sl 341.8c 33.3b 31.6¢c 9362b 41.4b 3876hc

LI (613 e gl do )y gy Jozml o 53 LSD 0150 bl iz &5 e U g (6513 457 5o Kilie €0 g2 a3

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 6. Mean comparison of biological yield of wheat cultivars in interaction effect of irrigation and

plant growth regulator application treatments

595 > Shes
Treatments oleT glales Biological yield (kg.ha?)
Irrigation x Control dals X 55 Ol 1185.3d
Irrigation x Cycocel o sSol x 25 g 1366.8a
Irrigation x Salicylic acid Sl dal X 55 05 1238.9¢c
Irrigation x Brassinosteroeid A 5 ol ol y X 55 09 1290.5b
Water stress x Control Al x S i 953.0e
Water stress x Cycocel JosSolux Sas i 1168.1d
Water stress x Salicylic acid Sl el xS 2 1155.2d
Wiater stress x Brassinosteroeid A s el gl X Sas A5 1163.1d

Ll (5513 e 35 A3 gty Szl peba 55 LSD 0 3a5T (bl s i &5 20 U5 o (131 7 0o ile <0520 52 55
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test

1ol S e sy £ dm cpl O SCias5
Sl 568 T (gl gimms Laim b Jaes gla 2
(Jiriaie et al., 2009; Ashraf et al., 2010) s Cii
£9° =) Jlw js Cbls p et ld Ldolesls S
Cbls (U5 #/88) 65 oyl ol e 4 s
i sl 2158 4 015 oy 6 5850 o) Jdo &S
ls 5 Slas Shl3l 5 alius 55 413 3l ¢ m e 0 )
USRS W POCHUIN i S PP S 18 B
)‘J-EJJHJ}(M)D?Y)‘_QJ}J:.&V.;J).‘\L-&‘JJ{
Jods) deT Cws (o3 YV/Y) O e ! ol
P 53 s sy ol 53 edeT Ly slaaly (T
Lt Sl el e ]
sVl o5 ot s 2158 s L il
plel 5 4& gl 5 (Espindula et al., 2009) Ol Ko
&4l (Pirasteh Anoosheh and Emam, 2011)

s
A0 5AF ol ladle 55 als 5 Shas oy i

23 S S FERA 5 ¥7 A 5 5 ) Ol e o)
3o lesT Jle g3 53 als 5 Shes o 28 5 (LS
23 B ASTYF 5 ¥WE 55 0) @058 o)

U;.A\Sc_ogé_:a-guda\m\_x@u

—=) sladlw oo dls el Dls —ima
(U3 VN W/ 5 5 ) A0 5AF
Iy SoalS ol (0 Jsie) Ai Jgeme 6oL T b dns i
Sole 5 i 53 alls slaws JielS an Oly5 e
OLLSKen 5 Vgl L sls S Al 05
plel 5 4l gl iy s (Espindula et al., 2009)
@L:JJ-_:J(Pirasteh Anoosheh and Emam, 2011)
o 31 bzl S e AL Ty Sl a5y
3ol a5 oSist osle Lods U cddy laouS
Sl el 5 e Sl el sl G b
$lrodS o a5 oy 5).(EMam, 2011) 554 3 Slas
o2 Rl 1y U o it e Sl el
WO 5 5 a) A0 58F el cadle js Sl
Hlas 0lgs e 1 0T Ede S iy (Uos )3 AN
ails 3 Slas g baaliw 035 253 o sSSlo ot
FCC N N [P Wy W] W e PRIV
e bl iae Sl 8l S el do g il gl
Sl o e (il dald Gl b anslde js Sl

(0 Js) A_i.sjij odaliie LgiT s ()l ima


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.2.4.2
http://agrobreedjournal.ir/article-1-757-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-09 ]

[ DOR: 20.1001.1.15625540.1396.19.2.4.2 ]

"dsy slaeas S P "

2 05 Aile 5, Sas gl o La0T oo

0 Jgdz) sl i i 3 als sluss 5 als
P 53 s iy ol 53 edaT Ly slaasily
s Shes o Sl ey o Sl e
bl am b ok s 3158 s L el
5 ( Piraste Anoosheh and Emam, 2011) r\_ﬁl
< —las (Shekoofa and Emam, 2008) plLal 5 b S5

ol

S5 4o
e Sl eslinal a8 5ls 0L LSl s s
Cosly (Siat 25 Ll 5 5 Ll e Ay SlaelST
rﬁﬁjﬁd\ﬁ&‘ﬁ».bﬁ(.&f)ﬁa&)ﬁ
5 Skl bl o Sl iy slpon S
NUSYS L /2 BPR 7730 iV RS I PR WO JCO
> e Gl o 6t e 50 Ju Sl o
Al Sl 4 i Sl dewsl 36 5 Sils &l
s 5l 055 4o oy ol gl 2 SU 5 o po e o
SR 5 93 Al 5 (o 5P 50 (] 2 5 2 gdme
L5 s S S13 018 a5 ar 5 3500 Sihay Sl 5o
Slasbes adlate o oS5 815 ST sl o 4 4

b s 8IS 5 bl cbie

References

5 Shes 2alS Eel S 55 T S (G
Codl (0 Jgdm) Ao § mlasT Jlw g5 53 asls
LS ol er (S 25 Ll s ails > Sae
835 RS 5 Sbls el (85 5 g >, Shes
Pierre) 0L Kan 5 6 p o dow s alie tash 55 4l
030 JUAS! ¢ i 45 (gladkul 3 2alS” 4 (et al., 2008

s o

Qob))ﬁb\j_dj:—:ﬁm‘jﬂ_;)ﬁg&@
slaoas V'“Ja':' O 03 el ol 03l Lo Waads
02l s Shes o1y e Sl g ey o Sl el
YVIV 5 YOIA s 5 4m) Q0 58F 2,5 sladlw
o) e 36w 0lg e 1y 0T Sl &S Sils (Ao s
313 L s Gl 5 Laddin 059 2 S 5
Sr e Do 151 L Sl 05 (O su)
SISUNVIENT P PR g c g
T LR PLE P L
s (Piraste Anoosheh and Emam, 2011) tu 9 4b 4l
¢! L 5 (Shekoofa and Emam, 2008) plal 5 b S
Aol ¢ Sl 5 oyl Sl e
>, Sas p 6olsgme g ol sl 5 Skl
35 o= o ol e Dol e g i Als 4l
ails ;J_gl_u— il 5210 Jgd) i edaline S 5
1 05y Sl il 5 o Sl 13

ooliiwl 350 b

Abdollahi, M. and F. Shekari. 2013. Effects of priming by salicylic acid on wheat yield at different sowing
dates. Seed Res. 3(1): 23-36. (In Persian with English abstract).

Abdollahi, M. and F. Shekari. 2014. Physiological changes of wheat plants which seed pretreated by salicylic
acid under late sowing date. Appl. Biol. 45-62. (In Persian with English abstract).

Altenbach, S. B., F. M. DuPont, K. M. Kothari, R. Chan, E. L. Johnson and D. Lieu. 2003. Temperature,
water and fertilizer influence the timing of key events during grain development in US spring wheat. J.
Cereal Sci. 37: 9-20.

Ashraf, M., N. A. Akram, R. N. Arteca and M. R. Foolad. 2010. The physiological, biochemical and molecular
roles of brassinosteroids and salicylic acid in plant process and salt tolerance. Crit. Rev. Plant Sci. 29: 162-190.

Bahrami, K., H. Pirasten Anoosheh and Y. Emam. 2014. Yield and growth traits of barley cultivars as

VE¢


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.2.4.2
http://agrobreedjournal.ir/article-1-757-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-09 ]

[ DOR: 20.1001.1.15625540.1396.19.2.4.2 ]

WA Olsls oY ojlads o035 5 Al Mol el ool Aloea

affected by foliar application of different concentrations of cycocel in tillering stage in Fars province. Crop
Physiol. J. 6(2): 17-27. (In Persian with English abstract).

Bartels, D. and R. Sunkar. 2005. Drought and salt tolerance in plants. Crit. Rev. Plant Sci. 24: 23-58.

Emam, Y. and M. Dastfal. 1997. Above and below ground responses of winter barley plants to chlormequat in
moist and drying soil. Crop Res. 14: 457-470.

Emam, Y. and H. R. Karimi. 1996. Influence of chlormequat chloride on five winter barley cultivars. Iran.
Agric. Res. 15: 89-109.

Emam, Y. and G. R. Moaied. 2000. Effect of planting density and chlormequat chloride on morphological
characteristics of winter barley cultivar “Valfajr”. J. Agric. Sci. Technol. 2: 75-83.

Emam, Y. and M. J. Seghatoeslami. 2005. Crop Yield, Physiology and Processes. Shiraz University Press. (In
Persian).

Emam, Y. 2011. Cereal Crop Production. Shiraz University Press, Shiraz. (In Persian).

Espindula, M. C., V. S. Rocha, J. A. S. Grossi, M. A. Souza, L. T. Souza and L. F. Favaroto. 2009. Use of
growth retardants in wheat. Planta Daninha. 27(2): 379-387.

Hayat, S. and A. Ahmad. 2007. Salicylic Acid: Biosynthesis, Metabolism and Physiological Role in Plants. p
1-14., In: Hayat, S. and A. Ahmad (Eds.). Salicylic acid - A Plant Hormone. Springer, Netherlands.

Hayat, Q., S. Hayat, M. Irfan and A. Ahmad. 2009. Effect of exogenous salicylic acid under changing
environment. Environ. Exp. Bot. 134: 1-12.

Hussein, M. M., L. K. Balbaa and M. S. Gaballah. 2007. Salicylic acid and salinity effects on growth of
maize plants. Res. J. Agric. Biol. Sci. 3(4): 321-328.

Jiriaie, M., N. A. Sajedi, H. Madavi and M. Sheikhi. 2009. Effect of PGPR and water deficit on agronomical
traits of wheat (cv. Shahriar). New Findings in Agric. 3(4): 333-343. (In Persian with English abstract).

Luigi, C., F. Rizza, B. Farnaz, E. Mazzucotelli, A. M. Mastrangelo, E. Francia, C. Mare, T. Alessandro
and M. A. Stanca. 2008. Drought tolerance improvement in crop plants: An integrated view from breeding
to genomics. Field Crops Res. 105: 1- 14.

Maibangsa, S., M. Thangaraj and R. Stephen. 2000. Effect of brassinosteriod and salicylic acid on rice grown
under low irradiance condition. Indian. J. Agric. Res. 34: 258-260.

Mousavi, A., Kh. M. Kalantari, R. jafari, N. Hasibi and K. Mahdavian. 2009. Study of the effects of 24 —
epibrassinolide and water stress on some physiological parameters in canola (Brassica napus L.) seedlings.
Iran. J. Biol. 23 (2): 275 -286. (In Persian with English abstract).

Naghizadeh, M. and M. Gholami Tooran Poshti. 2014. Evaluation the effect of seed priming by salicylic acid
on yield and yield components of wheat under drought stress conditions. Agroecology, 6(1): 162-170. (In
Persian with English abstract).

Pessarakli, M. 2001. Handbook of Plant and Crop Physiology. 2nd Ed. Marcel Dekker, Inc. New York. USA.

V¢o


http://link.springer.com/chapter/10.1007/1-4020-5184-0_1
https://agry.um.ac.ir/index.php/agroecology/article/view/35683
https://agry.um.ac.ir/index.php/agroecology/article/view/35683
https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.2.4.2
http://agrobreedjournal.ir/article-1-757-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-09 ]

[ DOR: 20.1001.1.15625540.1396.19.2.4.2 ]

My glaodiS” @b SLdsloes 1"
Pierre, C. S., J. Petersona, A. Rossa, J. Ohma, M. Verhoerena, M. Larsona and B. Hoefera. 2008. White
wheat grain quality changes with genotype, nitrogen fertilization, and water stress. Agron. J. 100: 414-420.
Pirasteh Anoosheh, H. and Y. Emam. 2011. Yield and yield component responses of bread and durum wheat
to PGRs under drought stress conditions in field and greenhouse. Environ. Stresses. Crop. Sci. 5(1): 1-17. (In
Persian with English abstract).

Pirasteh Anoosheh, A. H., Y. Emam and A. Khalig. 2016. Response of cereals to cycocel application (Review
Article). Iran. Agric. Res. 35(1): 1-12. (In Persian with English abstract).

Rajala, A. and P. P. Sainio. 2001. Plant growth regulator effects on spring cereal root and shoot growth. Agron.
J. 93: 936-943.

Rajala, A. 2003. Plant growth regulators to manipulate cereal growth in Northern growing conditions. Doctoral
dissertation, University of Helsinki, Finland.

Rajala, A. 2004. Plant growth regulators to manipulate oat stands. Agric. Food Sci. Finland. 13: 186-197.

Shahbaz, M. and M. Ashraf. 2007. Influence of exogenous application of brassinosteroid on growth and
mineral nutrients of wheat (Triticum aestivum L.) under saline conditions. Pak. J. Bot. 39(2): 513-522.

Shekoofa, A. and Y. Emam. 2008. Effect of nitrogen fertilization and plant growth regulators (PGRs) on yield
of wheat (Triticum aestivum L.) cv. Shiraz. J. Agric. Sci. Technol. 10: 101-108.

Youssefian, S., G. E. M. Kirby and M. D. Gale. 1992. Pleiotropic effects of the GA-insensitive Rht dwarfing
genes in wheat. 2. Effects on leaf, stem, ear and floret growth. Field Crops Res. 28(3): 191-210.


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.2.4.2
http://agrobreedjournal.ir/article-1-757-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-09 ]

[ DOR: 20.1001.1.15625540.1396.19.2.4.2 ]

WA Olsls oY ojlads o035 5 Al Mol el ool Aloea

Effect of application of plant growth regulators on growth and grain yield
of bread wheat (Triticum aestivum L..) cultivars under terminal drought
stress conditions

Sedaghat, M. E.}, and Y. Emam?

ABSTRACT

Sedaghat, M. E., and Y. Emam. 2017. Effect of application of plant growth regulators on growth and grain yield of bread
wheat (Triticum aestivum L.) cultivars under terminal drought stress conditions. lranian Journal of Crop Sciences. 19(2):

132-147. (In Persian).

Plant growth regulators (PGRs) have been used to reduce losses of wheat grain yield under limited moisture
conditions. The effect of three PGRs including cycocel, salicylic acid and brassinoestroeid on growth and grain
yield of four bread wheat cultivars Chamran, Shiroudi, Pishtaz and Sirvan under normal and withholding
irrigation after flowering was examined. The experiment was carried out as factorial split plot arrangement in
randomized complete block design with three replications in 2014-15 and 2015-16 growing seasons. The results
showed that water stress significantly reduced number of grains per spike, grain weight per spike, thousand grain
weight, harvest index, biological yield and grain yield. However, water stress had the least effect on thousand
grain weight (11.2%) and the highest effect (25.2 %) was observed on biological yield. Furthermore, application
of PGRs, especially cycocel, increased spikes.m?, grains per spike, harvest index, thousand grain weight and
grain yield. Cycocel, salicylic acid and brassinoestroeid, had positive non-significant effect on grain yield
components. The highest grain yield was achieved from application of cycocel in both growing seasons (3696
and 4439 kg.ha't, respectively). Also, the highest grain yield was obtainted from Sirvan cultivar in both growing
season (3608 and 4448 kg.ha, respectively). According to these results, although water stress reduced yield and
its components, the alleviating effect of PGRs could compensate some proportions of water stress effect. The
compensatory effect of PGRs was 31.3, 23.5 and 23.2 percent for cycocel, salicylic acid and brassinoestroeid,
respectively. Therefore, application of PGRs can be considered as an alternative way to alleviate the effect of

terminal drought stress on grain yield of bread wheat cultivars.
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