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The role of plant growth regulators in enhancing crop yield under saline
conditions: from theory to practice

Yc\.ﬁ\ L_s;:",’.ﬁ\‘\":‘j".‘ 4:..»‘}:.1 L;JUB

oS>

MY Ol (105 POl 435 Jos b 655 51653 a2 55 (o3 WS 5 Shas [l 315 i sloociS ol 25 ITAA Mol (S § 60 el 4il g

(F125 SBLET 5 los S910 SR b b o SB SRS 4 495 Gl S 5 0T o b s9d Wig) Wyl

9 B9 il Caditie (SLb A iU 90l BB Y3 diilu 0 yikie S 15 wlol 3 .ol 0 98 Ll 58
o391 (81 = (SR § Dyl SLASIC s 0 OB T S i 4 Ole 30 Sogh 4 OLS ozl 191 Sl 9
3 ooliimw! Ll (DL Al y (ST i 3 odliinl T I O 47 Sl ookl Slgidy s9d tulyd 38 (£155 OBLS & Ko
SLRouus” ot £1gi .oawl HY3 35k 1/Y 3900 OT 4Vl lg 59,8 9 ool ST 1AT aad I wdy Shonis” watid
3100 95 o0 51, 0olakul 350 Ay LS Al Olgiedy (oS § b S sk D Hgod 45 did Jlkd ook £g5 L d9us (Sl W)
B G yimasl gimasl 3 el 0 ST ¢ oaST (L g yra (LD g™ 955 L (S a1 4 195 0 Ay (SO S o33 5 o0
S i L0 Y 92 il 99Tl 5 bl 2505 95uT bl gl (J931 5929057 1 IS” D10 57 cohpl el
9 Jgmammo s 9 S 551 5590 53 (JI915 S A 8 0 Ll (AL Sy S g0sen 9 B meT b sl
otz 0 b g cpl CAEl bl (3510 3929 wby (Grouus” malid B pan F1 50 (1) OBLS 55 Gd 4 o Soug
il LS O (88 9l pue Eacl Eg0g0 ol 45 Sl 0ASPLR! Auy 5504 9 (40330 I Z ol Ll ) ol J s
0 AT b g dlyd 38 (8103 OBLS 3 et Sgag g My SBONS a5 By ST Alis o1 30 .l 0D B SB9 % oyl

Sl 4B 5 515wy D50 A0 Tty

(DU SO Ien 9 (Sogd i (o gy eyl g il srolg

WAALVAY Lo sk WWAVAYNG 13l 53 o
(h.pirasteh.a@gmail.com ¢ 5 S ) (oS a5180) Ol 53 0855518 95 3 sl «Dlidos Olajle (6558 Slisios o 55 0 bkl -
3 oty (65, 5LaS” 0aSlasls sl -

YAA


mailto:h.pirasteh.a@gmail.com
http://dx.doi.org/10.29252/abj.21.3.188
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.3.1.5
http://agrobreedjournal.ir/article-1-1054-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-18 ]

[ DOR: 20.1001.1.15625540.1398.21.3.1.5 ]

[ DOI: 10.29252/2hj.21.3.188 |

WA G2l o )l (0S5 5 oyl (010 2l psle 4 55"

il gLl S 0 S 5wy 5,8 CiS
e 9SS L glaeSa JialS o b 5l 1l
5,5 Pl Bl LaeS L ol Al ay g s 2T
SLoj a3 005 S s 458 glaeSTs ool
ol oz Sl 02 e (2T e 03 05
)3 ‘J_ii; & s | .(Pirasteh-Anosheh et al., 2014a)
J_gag,_?”.\_f.\_uuwct,;ougfﬁﬁ
o Ay Jramze pLE )1 31 015 0 (S5 VL ¢35
Jozeze o1 1 oslizal JSKin 5 S oslizal LiST (6l
S5 e ey £55 0358 o 2 S5l
4> .(Ranjbar and Pirasteh-Anosheh, 2017) &l
Ol L a5y gl OLals 51 (6ol 3) 5
oL551 el 655 4y Jammta pL5 1 45T ol 31
Ll e 55 ]l (s I gmnmms 5 il
(S 9—s Sdb 4 4w (Ranjbar et al., 2018)
LS s g3, 5 OS5 Oy e
«(Chenopodium quinoa) | ,.S" «(Salicornia spp.)
«(Atriplex spp.) S T «(Bassia spp.) L_s S~
LS g Cada LI, (Panicum antidotale) (s 350 O
Sosh il ol 53038 LIS ey, b als e gle
L (Pistacia vera) s b SLal& 31 oly5 s
15 (6588 4 gewd Jomw &5 (Eruca sativa) ol
c—iS (Ranjbar et al., 2018) s, S oslerul
Sesbiml g s an 55 851w OLalS
Ll s UYL 8 5he hils 8 ol slacs i)
GlacTe ssay Jds o imen 5 L BL il
oslawl .l d -l g0 Cudgdmes Loy o Hlus
(B8 B, el il ol ola s
gy s s S sl e Lo
@29 U cdal b a5 gl b gl S
=) OlalE s Shee 5 ad ) il ol an Al e
.(Ranjbar and Pirasteh-Anosheh, 2017) 1S ¢SS
03313355 54 38 oS OLaT (800, 51 S
9 Jems 5 sl o LS slaodS (’"E'Sj‘ oslazul

A4

doio

N s 5 A2l el g o S 3 (S Ol
Sl slaias s Sl ol §smd 50 $55LES
HLA)}JSJJJC,_.A\ dl_wb' >3J_>-3osﬁ
Cl 4 S0 5 0l S tag sy g 4 5 3550
Ol =) 548" (Ranjbar and Pirasteh-Anosheh, 2015)
S5 oS e 5 Uit bl o0 53 el 5 ]
e 0 Ol e bl 5l S S s Sl sl
o)u‘tgj_?-Lsujjb'dbﬁo-\.{\ﬁ)if..\ﬁ‘jb\ij
u&b&»rﬁ):b&@u’q,&bfaf
ol Cmyoli o e s 4 unds ol 55 o0
)}.&f@b) le.&d;\:- g)-\.é':)j.& C,.GL)@-L& .\;_.L;J
.(Ranjbar and Pirasteh-Anosheh, 2017) > 3% .

I3 b Lo Dyse 3 4 0LE wa ) (655
Eel O buesT 1Sl oS oYL cble . das
35 (Giemal (25) el ST OT iy s
(d’ﬁ.c"?‘”)"‘;@wﬂ’%‘A:fJ"Jii’djb
SN 558 el 5 pland s Dl ekl Lol &S
(Pirasteh-Anosheh et al., 2017) 544 s oLS >
o}ingup\_% 6\—'”03—1@’.'5;”)-’ S5 s soms
oS S e (sla 2S5 s IMest el
C».‘;JJJ‘)J DL;LS}Q_.A\ J:..J @\AJJ JHLSA
SOt s S 5 oy ader Sl GGl OLS 5
6ol (Ashraf et al., 2010) J—as asls!
23 Sl S oS 3 (655 S5 g 5
LS 55 AL GLa0 ey 38 O3l 55 53 et S
.(Ashraf and Foolad, 2005)

SLa ) ool Julse 5 )58 DAS 4w 5
J’{‘J“;JJJ}M”\‘:}}:))KJQSLQJ“L;"LW
5&6@’)}.&)).&35@)‘}0)@‘))}»)}5
Ol on ot sl b 51 il )i L 5 0055 UG
)L?)'LAJJEb)yc\.;)ob‘bﬂgbgu-é)ﬁ


http://dx.doi.org/10.29252/abj.21.3.188
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.3.1.5
http://agrobreedjournal.ir/article-1-1054-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-18 ]

[ DOR: 20.1001.1.15625540.1398.21.3.1.5 ]

[ DOI: 10.29252/2hj.21.3.188 |

"YAA-Y 4 (AT plal 5 a8 gl il g cpd Ay glooiS a5 B "

30l . o les 4 LadT 5l pldS” 2 chle 4 1 5 Sl ot Ll 8 53 ely5 OlalS Wl gt 58
J‘-’;&\ C_,_c\.v L.SP-}: qb“l..z )}LQ u\.&) Lg\.mu\.,fr.:la.: )‘ Lr"-j J_';l 4_“.5.6 u_ll)s (AShraf et al., 2010)
J}J@)}.&Jﬂi‘)_&))oul:f‘))u;}_ﬁ)}hd)u L;Q‘))QLAE?)J&F}M‘)J;MJL;LAGMNM
.(Ashraf et al., 2010; Pirasteh-Anosheh et al., 2013) slaobla )y ww godd &Il (608 i Lol 2 s
14y UJJ\M)LSLQ°'\"‘§V‘.?E‘JJ‘M°JW‘ )‘ﬁw‘)ﬁ-’)}-‘ﬁ)qﬁ@‘)‘ww‘&‘jg}“‘
JM}W\ﬁjj}@j}JJauj&Tééﬁf .@\4:5;
Ol 7o .(Rademacher, 2015) 5 4i s 033 331 LagT Ady SBoNLS ks
v~~rdu,;u,6uo.u§m_2;:@q¢q,m ()l}_;cc\_:u\_&)tg\_ao.x_zfmﬁ;:qq-j;jl:q
,;,uﬁdajuomjjlf\9/\/9&13;@5&,‘ u\.ja)d)‘)}@)é‘ﬁ@ﬂjé)ﬁ)\j&})&i
sl i)l el esle 5 I FYV 4 YA L S0l 4Bl 1 (g 9d AT el s OlelE
)\WMY'Y' JLAUS@‘OMLS.?&)@‘ "_‘f.TJﬁ)Jg;l—“:’.‘LSuJK))\—‘”JJ—:W)‘
(Moradl, 2016) u\:_.w‘) .,\_A‘? J:J“;_A aJLa J)‘J'JS Ob ‘v\_ni') Lthou\_.Sr.:E;: JLM'}S 6)}.& 4_: J&J ‘_gLE.S\
J)J‘ASMJL;AQL&;V'\O le.ad\.wﬂb‘bff)b'\- W@J@@\olﬁf&jﬁ)ﬁdawzaud‘-f;u
UL F/Y 550> alS as, oS’ (a5 5l Llods gluls 4esd8 55 ALS L sa 5o
0355 55 3,Ue V/Y 50 LOT a¥le 553 5 4V ol o:;j_él\_ho-\'.ﬂ.\_a:ﬁ@)..\_?cx_g&(\ Jsd>)
o) ST Cead s iy .(Rademacher, 2015) Col Jalw a8 Sl oals 0L Lo 2 g5 gl .l
3Lk s 51 i 1 LBL (ST 55,0 e e 355t B A S SRS Ll s oS sy
(Moradi, 2016) "l 03,5 5,57 » ,¥s ~1.(Ashraf and Foolad, 2005; Hayat et al., 2010)
oy gt 4o S Liyls 39 Jlad osle Fr 59l s LﬁwugTwwwwcdﬁﬁw

QLS T U 315 (ALS age slaismysn sk sws =) Uit

Table 1. Classification of the important plant hormones and their general effects on plants

Sl Grr A 3o AP SN Aols
Germination  Phenology  Flowering  Development Abscission Seed dormancy
Gibberellins  w.J . v v v v x x
Auxins oSl x v v v v M
Cytokinins s S mle v v v v x x
Ethylene St x x v v v M
Abscisic acid . 5T v x x x v v

Bari and Jones, 2009; Rademacher, 2015; Sade et al., 2017
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Table 2. Ranges of application concentration of plant growth regulators

cLle anls Cble als
PGR by oS 4l Concentration range (UM) PGR Loy oS 4o Concentration range (LM)
Abscisic acid Al S T 1300-2300 Indole acetic acid Al Szl J g 150-300
Brassinosteroids A5 5 sl gl 0.02-0.08 Indole butyric acid Al &S5 g J et 150-300
Salicylic acid U T ST [ 1000-2000 Naphthalene acetic acid Al Sl s 150-300
Chlormequat chloride Ll ol S i 15000-25000 Phenyl acetic acid Al Szl |5 200-350
Jasmonic acid el S5 ol 100-500 Kinetin el 50-500
Nitric oxide LSS s 100-300 Zeatin T 50-250
Strigolactones OSNE 5 1-10 Benzyl aminopurine Crosseel b5 50-150
Triacontanol s St 5 10-20 Gibberellic acid Al S o 1-3
Ascorbic acid Al S, ST 50-500

Ail o abd g CBE sme Loy ) g Wlosls Ol 22e T Calibes gla 2a g3 55 45T A LS ‘5‘.&5.&:5‘.__.]&.:3 Sl skl 3y 50 G Lle alals Jgd cpl )5 odd &1 sluel
The presented numbers in table are the range of PGRs concentrations that showed positive effects in different experiments and are not necessarily the
optimum concentrations
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The role of plant growth regulators in enhancing crop yield under saline
conditions: from theory to practice

Pirasteh-Anosheh, H. and Y. Emam?

ABSTRACT

Pirasteh-Anosheh, H. and Y. Emam. 2019. The role of plant growth regulators in enhancing crop yield under saline

conditions: from theory to practice. Iranian Journal of Crop Sciences. 21(3): 188-209. (In Persian).

Intensified salinization of water and soil resources has promoted interest for research and approaches of
improving crop Yyield under saline conditions. Reviewing the literature showed that the records on understanding
of different aspects of salt stress and enhanced salinity tolerance in the world goes back to more than a century.
Different approaches have been suggested to increase crop yield under saline conditions, among which one is
using plant growth regulators (PGRs). Application of PGRs has begun since 1930s and their global annual sales
are about US$ 1.2 billion. Nearly 40 active ingredients og PGRs are now in use, applied either as a single or
combined treatments, among which the most important are auxins, cytokinins, gibberellins, ethylene, abscisic
acid, brassinosteroids, salicylic acid, chlormequat chloride, paclobutrazol, jasmonic acid, ascorbic acid,
triacontanol, strigolactones, nitric oxide, polyamines and plant peptide hormones. There have been large body of
reports showing quantitative and quality improvement of crops as well as salinity tolerance as the consequences
of PGRs application.However, most of these studies were conducted under controlled conditions (i.e. out of field
conditions), as one season experiments, and this makes the results unreliable. In this paper, with having in mind

the applicability for the field conditions, crop yield improvement as the result of using PGRs has been reviewed.

Key words: Phytohormones, Salinity stress, Seed priming and Stress tolerance.
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