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Effects of Jasmonic acid and abscisic acid on metabolism of strawberry under
NaCl stress
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ABSTRACT

The aim of this research was to evaluate the effect of application of exogenous jasmonic acid (JA) and abscisic acid
(ABA) at different salinity regimes, on primary and secondary metabolic changes of 'Kurdistan' and 'Queen Elisa’
strawberry leaves. The reduction of adverse effects of sudden salt stress and gradual salt stress regime by increasing
total phenolic content and total antioxidant capacity, has been confirmed in 'Kurdistan' and 'Queen Elisa' after
application of JA and ABA. The presence of the two hormones under non-saline conditions significantly increased
total soluble protein content but less than 10 mM L™ of sudden salt stress adverse effects were noticed. Abscisic acid
and JA caused a clear increase in total soluble proteins of '‘Kurdistan' leaves at both gradual salt stress and non-saline
conditions. The role of JA and ABA in aspartic acid increment at gradual salt regime was notable. Salt stress induced
tyrosine increase and both hormones enhanced asparagine, alanine, histidine, and GABA contents, respectively. The
study reveals that JA and ABA are important plant stress hormones and application of ABA accompanied by different
JA concentrations activated the protective mechanism of the strawberry plant against NaCl stress.

Keywords: Abscisic acid, Jasmonic acid, primary metabolites, salinity, secondary metabolites, strawberry.

* Corresponding author E-mail: salmajamalian@gmail.com



il S plaa] Sl 5 Sigaler Sl 0 )5 o 2 10l lex 04s

&b (Keutgen & Pawelzik 2008 a,b) sls zsl33l |,
5 LS Slagyge,gn b o (5)0d i 4 plalS
8 oS gl 9 90l SG lasl (Sbgonslar Lo alox
.(Yoon et al., 2009; Parida & Das, 2005) »,.5
3,5 a5 WS 5155 (2008) Kempa et al.
4l yne NACl s (Vb cale 5 apl G L]
Sl w0 e S o 1 S peedplie
e b Shs ol ol Lo 5 Sisenl>
5 o) SRS b )l ol wleS 5 5l g axils
(Wasternach & Hause, 2003) siiws g ),ué
Seigonlz Sl 45 53,5 3,155 (2012) Qui et al.
ST T (sl T e Gl S5 ol
3 50 9ot 91T LS 5 Cale Gl g
Cliblons (5)00 GBI ol 0 paiS (glaJlydls
S Jolss it e Slasl Lol B S e
o (Tuteja, 2007) Cewl (5 joml Ceaglie sl g oL
5 Sigemlz desl 5 So bl dsl (50598 90 oo
el 00 3 SbLs,l «gyed A5 4 Caeslie
2 Sy ladshe cadlnl Gadgal 5 Sy a,
Gk 3l ey (i gl 31 Jsb yo ©)3 slacass)
Sl 4 Gl sl § Sdgomle el lo i
GiSeny (3, 3l (Shahzad, 2011) cwl oo,
4 oS slagul «Splalidl b Segenl> ol
g ol 00 a3 gl | ol o T sla is

Gl 00l Cdb 90,90 90 ol m (Sloduzy Sl
(o5 slecygayee 1 LI (Ollas et al, 2015)

63y Soplunl a5 Siganls aul ogasa
s S0y e b Sy el Sis
dslio o JLST j5bas NaCl b (5,98 (25 Cumdg
Sl Sl b g oais aallls 556 0 b
L olpl (e olgS 59, 08, S ‘Qt’w’*);’ D15 399
QL.M:).Q,‘.» )d aS el u9> w.bjj u5>95 LgL‘bow
o)..f(_,,_a S clS 050 Gliws S ol o N
Lol 5o o8 sl (oo e oligS5g, 03, “1dlondsS”
)‘)5 AT S50 Q‘f‘ 29 el o0l L;)M 9 C)Lo‘
5 2 )l g solaidl Cueal 4 4z b 0y o
Pyl S con ol o gyen i il

LV S V-1

e el rptere Gl So 69
6)5....: w..u u.w‘)ﬂ‘ sl UYM A.J}J oq.:.:5.>5m
SLoes y0m 3l ezge ©5,sleS sl o
0 155 9 Camess (3,8 Janlgl B 70« l5eas oS LB
YL slaclile (Mahajan & Tuteja, 2005) <ol
S9y ol Sl (ol Ol L S e S
S OBLS (595 S92 10 )ls ol il
(S ey 88 18 ey ol S cdale a
Ll g Vb glos aloz l e Jelge 5 b5 sl
Hassanuzzaman et al., 2013; Ivanov, ) s,ls (s,
e (6)sd S A Cad (5,805 oLS (2010
alizee a8yl s Sl 51 olacsglas Ll ol

Ay S5y Sopd O el SIS sl sgzg
Sl 0 i35 Calizee Silalllas 10 0400 0 Sos 0lS
Keutgen & Pawelzik., 2009; D’ Anna et al., 2003; )
Joere Salin slazal 51 S (Kaya et al., 2002
Slge oz (HlalS 5 ol 10 5y A5 pln 0
Wsle Slge cal il o5 J5Sho 039 b sl T
Ugw b ol Jopas) (b slalh
ool 5 (o b Jotmsnl) ol sladlh
o (Jouyban, 2012) wigh oo Jels |, arul
b ity LS & ol 5o il o 5 oy b
Muthukumarasamy et al., 5gi oo Wl g yué
Gt sl o s L lude il53l (2000
Parida ) el saalive LB (g e i (ial3dl b ol
s eadylail 31 (2013) Radi et al. (& Das, 2005
oS aBl 53 oads Wil Jord SloS 5 o 59, 59
S9a )3 lagie (6,98 a5 ST (B)IS 1 Ll
oS o il el 1) Jsoideo B
Keutgen & ) o5 oo “Usyss” o8, 1o Jsib Jlaie
YL cdale o el sais 515 (Pawelzik, 2007
Sate rels el olae Jalore o muaay IS S
Sedor NP0y Sy 3 Jole uF9n S
Gulen ) ols oles 2l T,y colled a5 Js o
g Fo lmeds sy IS oYL cdale (et al., 2006
Ozt g el SpsSl 2y Jgedee A
Ol 5 3l (o Jol ST el (sl



Ay VWAA 5l ¥ 8Les B0 5,90 ool SLEL psle

G e el jghitedy ol oS il e
o dssidee Vo oy 0 OLS (ST (550
O &5 @ D9 S syl w85l NaCl
pll aian o b aw b jles coled odly ol (5,98
WS Lo )3 Sl g 5l s pTol sl g 0B
ool IS o a atas o b S oad et Jb g0 O
3555 5 2l 050aS Sl Sl pslaieas Sl ol
S50 gob ;o PB s NaCl S il (g5, yiien
Sgomlzanl 5 S plaolaal b (lalS (5,58 Lo
o Sl b obLS el wad gy
S8 Gy ) 1 U sl B L glacdal
OllS ples Sigemlr ael Sl omyn sl
(Sajpbol sl 2 2 Jg09,5Le ¥ 5 vl (slaloc)
Sel d p JoegSen Vo9 1 b wald polaw L
5 70 Jobl b sals jblS wiad ey Sogeml>
plol 3l am aan Jlo ol Jlas /0L Y oo
(78 5 SSU jsbas NaCl L (gysd (25 jles
loz sl elgl 5l plS o 5l Sy 59) S
Sl LSS el diges plyieds (e g Jawgie
Cod g mle i 9,5 a8lal b ladiges pled ol
51 oslitl b Wadiges e 50,09 3 i s
(Retsch-MM 400, Germany) 43 iy lowl olKiws
59 5T el jglaeds g wisds s oy Jlemw i3 4,
Sis Sy sbdige wd gl 56 sl
o 50 ST g Bl o8, e KA
FodAe st fdile V) s las Jone
Sy g0 sanl il N 5 Ol ) e
sy & 5 Wl uf.o.b VO cas a0 (IYF
I oam wad i sl e 8 pme b Saedl
50 a2Bo Vo Saedy WWeer X0 O508 b 5euiy siile
sy 4 g9, Jolore S il ax o F gles
Gk S e Jlade b i o
RSN STIC RN SRR
gl 8 sz S (Singleton & Rossi, 1965)
Yoo VO ) e ld o) Sgline clacdale ) el b
slodsbre 51 (SHE ol 5 G35 05 2 OYsS!
O bl jelaieds el Cowsds a0 lasbew!

B o8 Sl adlas (e cpl bl
iz slaes, o Soplaslocl § Sisanslzal
2 gl g adgl slacdplie Sl p g 90 S

o 18] ] slacs

g5 9 3lge

;I (Fragaria x ananassa Duch.) S 3og blS
P S Syenr lossST g fobaes,ST o)
Sl bolie soie 7 59 (Seidly slaplals
So R e g Wb 4B (1)) CpsSeS
VY alié Jsbre il s Y80 b pats jsbay
Sl yolic o Lol wilSgn
sid 1 p,S V)0 Y NHH,PO,
Sud pp, S V)V KNO3
2 5 p)S YYEN O LCa(NO3),.4H,0
S 5 a )5 YEFIFY MgS0,.7H,0
1950 yolic
Sd 2 a5 TIVYA KCI
sl 5 o5 VIOFF HiBOs
sl s p,5 IAEO MNSO, H,0
) 5,510 ZnSO,.7TH,0
Sid 52 p, 501N Y0 (CUSO,5H,0
) 5 a,5 01+ HaM0oO,H,0
sid 51 p,SAUY) FEEDDHA

sloo L glalxls o dolay ojgea LS
AT s sy 0T il az s YONF wai s,
I8 Sl el VY by, el VY Lals o VO
aw) Solai MlS =, B o slesl cpl s 3
5 el Soplal Sl i85 lap); it
9 ke 2 50 LSS dw b (Sdgemlzasl lojlass
O Gl sl plonil 4 ST e 50 olS an
e Joloee 4 NaCl) oy, IS Sad o590
Vo Sl B oy (g i Hleyd ol adlsl
iJol wde 0l Jlosl atie iy Jobo 30 5 2 Joo e
Ay Jgeshee ¥ ipgs atin NaCl i Jgo oo *
aae NaCl  =J 5 Jge o ¥ oipgu azan NaCl
wy aie g NaCl o o Joedeo A ip)lex
5 BlS s oz NaCl s 5 Jsoieo



il S plaa] Sl 5 Sigaler Sl 0 )5 o 2 10l lex A9A

oesell s sl L BiORA i g 5l soli
Bradford, ) oi esie ojlliul lscas (BSA)
(1976
ol o1 anal  slaasul (g Sejlul (gl
1) s e ol il oS bl
o555 o, slas, ;o GABA (@minobutyric acid
Y e s sladiges 5l plaS o 5l e 5 Lo VYO I3l
Ao dee N SeSgeee ol Gl e
o3l b badiges 1o ,Shsls 5l am ol (g uSojlac
Edmund Buhler, KL-2, ) 4ads ¥+ Soea Sl )
Goad il @ids o e Voo L (Germany
\e+eexg &,08 L (Eppendorf, 5804 R, Germany)
a5y Jslome (Ol 5l 5 el aids Yo ey
et ol b i gidoke O sl
Jsloee 5 )15 axdo ¥ Sl o el b (5 50 jlae
Aol (0 SBSN b 5 0l (5 y5laen diged o 5l g,
Sk 00 pz 4 2 e o) Sl 0
LSl olSws jo dado Yo Soedy o g S,
L jls sl beolae (8,8 |18 aads o j90 A &,a8
045 pm, Milipore, Merck, ) ilsbs (sluc
yokaieds oaliBlo o)lac Wul ools g (Germany
S8 oolatal 8,90 aisal slaowl cdale o E5 e
odd 3.8, wlaiw «(Herbert et al., 2000) cé 5
& aigei o 5l s See Ve 5,55 b anel (slannd
osSan 365 Y o Shac b ol 31, 55ileg S ol
i S 5l eslitul L (RP-HPLC)
«LiChroCART 4-4 Purospher Star RP-18 5 pm)
250-3 Purospher ) ocucSlas g SO ol ponay
SS@ 55086 31 STAR RP-185 pm LiChroCART
O+ 5l eolazwl L HPLC oKiws b (gilwlas wiuls
9 (A Pl) ¥ aoel b massbial Bl 51 ) e
A Pl oz i 28,5 550 (B ) s
SbelF S5l o 5 0s YA 4 VY B P
S Sdets (A 4 Ve pem> Cani b g (b
lr sl oged penSle 935 oo (595 4d3 VO
2 oebygld SLubs Syl eslinal b aelagnd o
AD atie yiegl EX 330/ EM 450 slazge Job
25 9 4o ks IO oz e b gl

Jolome 5 il Seo BV b wiges o 5l s Seo
P Sdedy g 0b bl i) e oIV oty S
Sl ladie 235 )15 olalesl ol sles yo aids
Anigos jsbopmon 5 ot Jolona 31 25 Soo Yo+
ool g s s CHE jteglh VYF zge Job 4o
Sl 5 039 25 OWST 2 A 2 Joaidee
sy 3l oslised b S oI 5T by o ol

2,2-azino-bis-3-ethylbenzothiazoline-6-)ABTS
Jdo s s (sulfonic acid diammonium salt
oSl pbay soupl 45 0g o] ABTS bl
{(HRP, Sigma Aldrich, Ec 1.11.1.17) ¢S50y
e g WS (oo Jeten |y 9y aenSTy b (ASTy
Gl Ssbise STy (ABTSY) 5w Jpame slsi &
Hewlett Packard ) yiegigly Sl 3, 51 [iaSTy
Fosil VY 7o Jobo o (Agilent 8453, Germany
o laliwl poie Al ools askii aids O Ooed
wal ooty 05 ooyt S lawaST il cod b

Juls STy bsle sl s ) (slagsS 5o
VOO ABTS 6,3l Jslwe 5l yidsSee A
J55 e b HRP 2l So Ve 5 HiO, il Seo
Bl Qi S a4 o, 9 ABTS I, 08
Oglite sledale 51 2 98 Vo ol 5l ey B ool
Sy SeygSelinnd G Jyoe /A B 1)
A adlal o lastinl g SG 4y o,

sba olS cél Jeilie ojlac 3l g Ko 00
g adlsl 2oy bgle 4y S jeSelognl (slas st
ool p @l b had ABTS o), e &
SanpgSslanal 3 039 255 Vs ST 2 2y Jsaisles
!y (Maksimovic & Zivanovic, 2012) 40,5 Lo
odle 5l o8 VO (Jolome (g slagicn (sl
dolozml los jo D> Covi sniSuis) oLS Sis
S sl bzl s 57 5 TilenssS” o, 5l
Y+ Gowa (Edmund Buhler, KL-2, Germany)
Pl YO 0 s 5 20l 55 (S0 50 dido
Soeds il i) 52 Jpo ) CAE | sy IS Jolons S|
30 yiogi 89 Sl oliws l ealaiwl b s ol ol
Hewlett ) ol (5,Sojlal yogli 00 zgo Jsb
L gy ,lade .(Packard Agilant 8453, Germany



634 VWAA 5l ¥ 8Les B0 5,90 ool SLEL psle

St Sglite lojles G JS (Slas| ]
ais odnlin wals b awlie ;o (GLSL 5 (2u,)
‘lﬁ.ﬂo..,sﬁf’ oS, Sy o (Y-A 5 V-A K)
Iy Gologre Ll s Gsl..xﬁ..,SIG‘;ﬂ RVCRE
-B &) ol (ylis (o y05 (5)90 GRS 0 ogata
ABA 5,5 5l e oliws,ST o3, 40 (Y-B g )
N Gyge i e Jleel b ST g8 lade
S 25 5 als b analie 13 1 5 fs gine il
JS gsslqﬂ.*.fls‘;ﬂ cod,ls ABA 5 I8 L Lol ols ylis
SUSU g Ty syeh GRS 40 Glome joba
oo Salsl 5l s (Y-A 5 V-A S cdl als
Sals (S Jeb ade pdloseS’ o3, 0 ABA
dslio )3 (5,90 JUSL 25 jled 5l e ()l Sre
Cudb o satie ualS g ool ol sald L
b odslie ;0 (5y58 w23, 90 ;2 ;0 S u-"‘*‘:*‘s‘s:j
o8y ol 0 Sgemlal 08 e aall

(Y-B 3 V\-B &) 050 ovnlie b

N

0dgae Wy plml 4 ol F il 4> 0 YO sles
9 oIV G Gtalesl cnl po ateel (lasl olulis
Keutgen & Pawelzik, ) 09 2 5 Joeg,S0 Y/
(2008 a
0,951 iz uilly 43 By, b (sylel LT
plul SAS 9.1.3 ,l58ls 5 51 oolaiwl L 5 (ANOVA)
Slasly wz Sl Gl b Sl polde o

oW
Satlile 8 s Sigenls ke Liales] cpl o
S bogpet 5 slamy, b bl e oglie
9 adgl slacadplie o 1) (655l Dlsd (uadusny IS
08, Sy sl plid (S80y sbS , agl
2 S5 G w3 £330 Jlosl jlam s S
Jsid e ;5 (gl sme (l¥l wald jles b aslie
S s il ol U sy ssslia b 5

o = f
o v~ U N W

Total phenol content
(mM GA eq gt FW)

| II II

+ABA

Control

N

Sudden

Salt Stress

=
3,

(mM GA eq g FW)
o
o =

Total phenol content

1 m-ABA
I T +ABA

Control

Sudden

Salt Stress

¢ olews 57 03, (S,808 S 0 S Jod Jlade 5 ABA 0, g (5,08 i alizee slaess, S IS
illeisS” oy (KA soS 50 U5 Jsid jlaie (69, ABA 0,8 5 (5 5b (A cilise slaes, ST (o
Cowddy H1SG 5o 50 ol a5 Jled jo slilay 1SS aw sl aools (1Sl caims co Lid 1) o Sileo o lasbin] glas laal
(P> ]+1) S oo (aeine (SOl (glasels i
Figure 1. A) Effect of different salt stress regimes and ABA application on total phenolic contents in strawberry leaves of
effect of d Vertical bars indicates standard errors of means; B) Effect of different salt stress regimes and ABA application on
total phenolic content in strawberry leaves of ‘Queen Elisa’ Vertical bars indicate standard errors of means. The mean data

are resulted from three replicates per treatment and three plants per replicate. Different letters indicate statistically significant
differences between mean values according the Duncan’s Multiple Range Test (P>0.01).
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Figure 2. A) Effect of different salt stress regimes and ABA application on total antioxidant capacity in strawberry leaves of
‘Kurdistan’ Vertical bars indicates standard errors of means; B) Effect of different salt stress regimes and ABA application
on total antioxidant capacity in strawberry leaves of ‘Kurdistan’ Vertical bars indicate standard errors of means. The mean

data are resulted from three replicates per treatment and three plants per replicate. Different letters indicate statistically
significant differences between mean values according the Duncan’s Multiple Range Test (P>0.01).
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Figure 7. A) Effect of different salt stress regimes and ABA application on total phenolic content in strawberry leaves of
“ffect of d Vertical bars indicates standard errors of means; B) Effect of different salt stress regimes and ABA application on
total phenolic content in strawberry leaves of ‘Queen Elisa’ Vertical bars indicate standard errors of means. The mean data

are resulted from three replicates per treatment and three plants per replicate. Different letters indicate statistically significant
differences between mean values according the Duncan’s Multiple Range Test (P>0.01).
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Table 1. The effect of 40 mM L™ ABA and different JA concentrations on free amino acids content (mg g™ DW), of

‘Queen Elisa’ leaves

Control Gradual NaCl Stress Sudden NaCl Stress
JA -ABA +ABA -ABA +ABA -ABA +ABA
Aspartic Acid
0 8.64+0.41k 9.23+0.02 jk 10.21+0.85hij 12.12+0.70fg 12.94+0.51 ef 12.51+0.21 ef
5 9.54+0.14ijk 9.54+0.05ijk 12.70+0.16ef 12.98+0.46ef 13.3440.17 def 12.56+0.58 ef
10 9.71+0.05 hijk 9.72+0.05 hijk 12.38+0.16 ef 14.70+0.67 abc 10.96+1.16 gh 10.61+0.31 hi
20 10.3620.17c hij 12.52+1.1ef 12.79+054 cd 15.92+1.42a 10.13+0.10hij 10.01+0.11 hij
40 10.83+0.52 hi 15.18+0.50 ab 13.65+0.26 cde 14.37+0.23 bed 10.47+0.52 hij 10.25+0.09 hij
Histidine
0 3.41+0.16 j 3.71+0.13 3.41+0.22 ) 5.71+0.111j 5.39+0.61 def 6.40+0.07 abc
5 3.95+0.05 hij 4.70+0.16 fgh 3.74+0.51 ij 5.96+0.71 bcde 5.30+0.84 def 6.91+0.04a
10 3.93+0.04 hij 4.4620.27 ghi 3.77+0.03 ij 6.10+0.24 abcd 5.24+0.44 efg 6.64+0.34 ab
20 3.77+0.37j 5.37+0.40 def 4.39+0.12 hi 6.27+0.55 abc 5.83+0.03 bcde 6.39+0.06 abc
40 4.68+0.29 fgh 5.73+0.25 cde 4.45+0.39 ghi 6.32+0.12 abc 5.91+0.05 bede 6.92+0.11a
Asparagine
0 1.37+0.06 i 1.78+0.50ghi 1.62+0.21 hi 1.98+0.17 fghi 2.96+0.70 abcd 2.22+0.40cdefghi
5 2.04+0.54efghi 2.39+0.06bcdefgh 1.90+0.28 fghi 2.36+0.60bcdefgh 2.22+0.06cdefghi 2.76+0.63abcdef
10 3.14+0.08 ab 2.34+0.10e 2.12+0.07defghi 2.26+0.06bcdefgh 2.66+0.12abcdefg 3.40+0.17 a
20 2.20+0.71cdefghi 3.07+0.19 abc 2.13+0.37defghi 3.30£0.33a 2.93+0.46 abcd 3.12+0.20 ab
40 343+0.13a 3.14+0.31ab 2.90+0.34abcde 3.5440.12a 3.46+0.21a 3.54+0.25a
Alanine
0 1.49+0.06Im 1.59+0.06 kim 1.46+0.18 m 1.93+0.03ghijkl 1.90+0.03ghijkim 2.28+0.26defghi
5 1.81+0.12jklm 2.06+0.01efghi 2.00+0.10fghijk 2.29+0.07defgh 2.18+0.67 efghij 2.34+0.18 defg
10 1.8240.13 ijkim 2.03+0.18fghijk 2.17+0.11efghij 2.45+0.02bcdef 2.21+0.20efghij 2.55+0.10abcde
20 1.85+0.11hijklm 2.44+0.19bcdef 2.14+0.07efghij 2.71+0.15abcd 2.44+0.19bcdef 2.88+0.20ab
40 2.03+0.04fghijk 2.40+0.08 cdef 2.08+0.04efghij 2.81+0.12 abc 2.44+0.23bcdef 2.97+0.16a
Tyrosine
0 1.4240.21 m 2.27+0.13 ki 2.56+0.11 jk 3.3240.13 hi 2.20+0.06 kI 5.19+0.03 de
5 1.97+0.01 1 2.73+0.21 jk 2.64+0.11 jk 4.44%0.19 fg 2.25+0.08 kI 5.49+0.15 cd
10 2.17+0.02 ki 2.66%0.15 jk 3.09+0.02 ij 4.82+0.05 ef 3.46+0.38 hi 6.66+0.37b
20 2.20+0.10 ki 3.010.19 ij 3.70£0.15 h 5.24+0.30 de 3.51+0.05 hi 6.91+0.08 b
40 2.27+0.19 ki 3.04+0.65 ij 4.78+0.09 ef 5.86+0.54 ¢ 4.2240.39¢g 7.89+0.03 a
GABA
0 3.55+0.12ij 5.00+0.50 gh 3.114+0.13 4.82+1.72 ghi 3.82+0.54 hij 7.40+0.66 de
5 3.96+0.22 hij 6.36%0.35 ef 3.90+0.47 hij 7.52+0.64 de 4.12+0.37 hij 9.08+0.16 ab
10 4.55+0.05 hi 7.70+0.53 cd 4.10£0.60 hij 8.93+0.38 abc 3.76%0.56 hij 8.93+0.34 abc
20 4.41%0.27 hij 8.27+0.33 bed 4.45+1.05 hij 9.64+0.51 a 4.56+0.18 hi 9.04+0.72 ab
40 4.6520.16 hi 9.41+0.73ab 5.95+0.41 fg 10.29+0.29a 4.48+0.20 hij 9.34+0.04 ab

JA: jasmonic acid; ABA: abscisic acid; GABA:y-Aminobutyric acid
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