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Effect of Jasmonic Acid and NaCl on the Growth
of Spearmint(Mentha spicata L.)
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Abstract. This study investigated the effects of NaCl and jasmonic acid (JA) on the growth and physiological
responses of spearmint (Mentha spicata L.). Spearmint was hydroponically grown for 3 weeks in modified Hoag-
land solution containing 0 (untreated control), JA (20 uM JA pretreatment), NaCl (50 mM NaCl treatment) and JA +
NaCl (20 uM JA pretreatment + 50 mM NaCl treatment). Growth characteristics, chlorophyll, vitamin C, proline
contents, DPPH scavenging activity and inorganic ion contents were evaluated. As a results, there were significant
decreases in the plant height, leaf length, leaf width, and fresh weight of plants, treated with NaCl compared with
control. On the other hand, the dry matters of shoot and root treated with JA + NaCl combination were better than
control or NaCl treatment. Chlorophyll a and b contents in JA treatment was the highest. Vitamin C, antioxidant
activity, and proline content in shoot were increased in NaCl treatment which showed low level of growth rate. The
K/Na ratio, which is known to indirectly reflect the balance of ion uptake, was higher in a single treatment of JA than
the control group, while lower in salt treatment (NaCl and JA + NaCl) because of high Na" absorption. In conclu-
sion, these results showed that moderate stress treatment such as low level salt treatment and plant growth regulator
jasmonic acid (JA) application would be potential strategies to improve the quality of spearmint by inducing the

accumulation of secondary metabolites containing high antioxidant activity and essential oil.
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phenolic diterpenes (Baik 5, 2009; Kivilomopolo2}
Hyotylainen, 2007), flavonoid (Madsen®} Bertelsen,
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k. Eelg S92 re] QAT LEE 2555°C, 4

HFEE 60£10%, & F 23 10-124)73 =43 3
SAAGEBIAES 330-370pumolm>sToIlaL,  0.54)

Hoagland8-%} (Hoagland®} Aron, 1950)°.2 =] u)
£ AAJSIAEE. Jasmonic acid (JAYS methyl jasmonic
acid (Cy3H0s, Sigma Co., USAYS AM83199t). A4+
(DAZETH0.5802] Hoagland 89 z]), (2)JA A+
(24713t 20pM JA FAAZ F 0.5H19] Hoagland -84
A2, (3)JA + NaCl &8 X2 (24213F 20uM JA
AAg] & 50mM NaCle] Z3HE 0.581¢] Hoagland &
o A2]), (4)NaCl A2]7-(50mM NaCle] EFHl 0.54)
©] Hoagland 84 #|8]) 5 4x|gj7= THE3I02H, A
27 SIAE W=, 39k X2eltt.

A 3F Fol| gl 24, 9, 9F, ATt
Ao Al B AEse SN ETS T
3k AES 70°CY AxT|A dFARE ARAR F
SAAL, TS THERAS AEA B4
(NIAST, 2000)°] =3t A=, AAAE micro-
Kjeldahl¥, Na', K', Ca*, Mg* = ion chromatography
(ICP-7570, Shimadzu, Japan)Z ©]-&3}tt. B24 =4
2 A "9 JA AP 27 F A 3HE ANFH3F] Inskeept
Bloom(1985)9] WHo=z ZA3Idnt. HIE] C
2,6- dichlorophenolindophenol ®'*H(Wang &, 1991)°.2
SAsIAY. ZEH(proline) & 8 & HETS
71E0F Bates 5(1973)°] WS Wt SAs0=

o, A=F 059 99 B AEE 10mLe] 3%
sulfosalicylic ~acids F7iste] ddslgl &, 4°C,

12,000rpmoll A 1583 94 B2tk Alg#el] 2mL
9] A5, 2mLY] acid-ninhydrin 2 2mL%] acetic acid

g Yol &3k, 95-100°ColA 3 AlzE Bt 71
% Wgxol Yol w85 FZ3I3tE. Acid- ninhydrin

30mLe] acetic acid®} 20mLe] 6M phosphoric acidE
E33 & 1.25¢9 ninhydrin® €3 =S wj7lA] wHk
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st AT W] F4% 3, ¥RgEol| 4mLe]
tolueneS Hi1, 15-20% B AsHAl FwSH & g2
Al 5t sl TS ES02RE] st
ZE9] GHE tolueneS blankZ AFESIHAL, 520nmel]
A 2 AR FEEE S8k, EFAH Hlwgk &
AXrEIAet. DPPH(1,1- diphenyl- 2-picrylhydrazyl) ZH)
24 A P8l B4 Blois(1958)2] WS -8-83)]
ARESI O™, AlEE JA B NaCl A §& 25 $o &
g3k AEE <, =7], Y F9E o] FESIsth
Ql, =71, B 2g& AIESk] 208132e] 75% methanols:
24hr APt FE9E & oFSsie] 40°ColA]  rotary
vacuum evaporatorz A%} =0l SulE A|AS v
methanolol] 83X 1.5mLE  A83F¥AL,  0.45um
syringe filter? J3sle] We Hsie] ARESIAL =
2 A wEoZ AAJEGitt. DPPH EftlZd] digh
ZAAFE 5 (electron donating ability, EDAY 75% WERS-
o %<1 1x10* M DPPHE Al5°] REg-H7} thx+2 A}
B3t 75% HWEE FH FEH 0.1mLE 0.99mL &
et sl ImLE 34" AlE9i3t DPPH £
2mLS A1 E317lel gol 10323 S $ 22004
10323 WA Skal 517mmellA] F8EE AT AAt
TS (EDA)S oo} 22 218 o] 83} T3}t

EDA(%)=(1-A/B)x100

A: absorbance of sample

B: absorbance of 1x10* M DPPH

BAAEE SPSSE ol&3t o, MPHit o}
e BHEAS 3 3 5% F<2olA  Duncan's
multiple range tests 2A]S}HTH.

A1 o @
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Table 1. The effect of the JA and NaCl combination on the growth of spearmint (M. spicata) grown in modified Hoagland solution for 3

weeks.
Plant Leaf Leaf Fresh weight Dry matter
Treatment height length width (¢/plant) (%)
(cm) (cm) (cm) Shoot Root Shoot Root
Control 40.31 a* 6.04 a 3.09a 3798 a 9.49 a 3.62¢ 512¢
JAY 37.25 ab 6.51a 3.04a 3437 a 742 a 493b 8.96 a
JA+NaCl* 3538Db 521b 2.76 be 26.17 ab 7.38 a 6.55a 897a
NaCl% 34.51b 449b 249 ¢ 24.88 ab 837a 4.68c 6.33b

“Mean separation within columns by Duncan’s multiple range test at the 5% level.

YPretreatment of 20uM methyl jasmonic acid into the root part for 24hrs before the 3 weeks culture.
*50mM NaCl mixed with the modified Hoagland solution for 3 weeks after JA pretreatment.
“50mM NaCl mixed with the modified Hoagland solution for 3 weeks.
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27, NaCl A+ £o2 A3 tH(Table 1). 53
A Ao Aso] dAE] AAEHJT. T AL}
AR PEFS B ATFA STRRAL, 53]
JA+NaCl ATelA 7P FsetA F71ete]  JAY
NaCl #jg]ol] oJsf| AEAY Z=2o] XUalzl Aoz
EQdeh ol gk WAL A&l we} v (Baik
9} Chiang, 2011; Parida®} Das, 2004; Shim &, 2012)
HiF=o] A AEE AAge 3y S HIIMA
AR 71 BEAFIKIm 5, 2010), ZIEQ
Alhagi pseudoalhagi <] 50mM NaCl #2]A] FA7} 5
7RIt Ral(Kurban 5, 19997} 9o} Avjople
o] 7% FAEe ASS ATIE BoE UERTH
JAAME] tigt AA3E B Moons 5(1997)2 JA
7F W] WA #Bde] uar 1%, Yilmaz F
2003y = ZEd 2o =29 Jsist 2714 JA
0.5-1mM A B7]9] A< gl LEio] Z7lslelthal
gk v 9ok, B AFME o] Azxg dxT
o vlgl JA 8T AEFe] Ik a9E &
A = AUSIT

BEAE FFE GA T ME A od JA AE
T UETY 24E F FEs o] kI,
FEA a9t bo] FEFE 2T 2,159, 3.04H1E =8
ThFig. 1). 54 ab9] vlE&S 7+ 3.09, JA A
295 2.19, JA+NaCl 8295 2.64, NaCl 2]+
£ 2572 Jepget, JA AgTe] 3¢ 924 abd
HlEo] 71 whol o Azlg=0l v §54 b F
7P FREEE S o ¢ A%l gibyo=z 9l
HAEEe @ ZAoNA ASAL(Greenway?t Munns,
1980; Kim 5, 2010) == IAH o2 F7RRITh= Bl
(Kang®} Shim, 1998) 5°] A=d|, LToIEE 7H43)
© Aol AT FIRER=|E TS Eola
(Perez &, 1993), @ell o3t JHH && A8l AAIgH
Th= Hal(Tsonev 5, 1998)2 1123t uf AvjolHlER
JA Aol o8 AF4 o] S71eE Ao E HRlth

HIE Ce F83% W3 #4d 9 Jd3H adolH,
HA hlsleds 283t Avjopyiee] Hlel] C g
2o JA 2 NaCl Aol 7181, 1% NaCl
A7t oiE2T gkl 13ME 7P E=THFig. 2).
Wang(1999)2 Z7]of| JA Hx2lE shH 7x ~E#X~
NN Yehd= HIER Co AskE e 4 ATkl sl
31, Park 5(1999)2 japanese mint] o] Fro} &
AFHE g5t 74 AlE DS of ¥iEl co &
ZF O hAHeRE A dErt 3 A48 Tl
= ATelA gtk Busigth B AY A
MN= FEA FFo] 7Y =99 JA AT v
Hop HIg C o] F7sller, 3 S 9%
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Fig. 1. The effect of the JA and NaCl combination on the
chlorophyll content of spearmint (M. spicata) grown in the
modified Hoagland solution at the 14th day after treatment (JA;
pretreatment of 20uM methyl jasmonic acid into the root part
for 24 hrs before the 3 weeks culture, JA + NaCl; 50mM NaCl
mixed with the modified Hoagland solution for 3 weeks after
JA pretreatment, NaCl; 50mM NaCl mixed with modified
Hoagland solution for 3 weeks).

“Mean separation within columns by Duncan’s multiple range
test at the 5% level.
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Fig. 2. The effect of the JA and NaCl combination on vitamin C
of spearmint (M. spicata) grown in the modified Hoagland
solution at the 14th day after treatment (JA; pretreatment of
20uM methyl jasmonic acid into the root part for 24 hrs before
the 3 weeks culture, JA + NaCl; 50mM NaCl mixed with the
modified Hoagland solution for 3 weeks after JA pretreatment,
NaCl; 50mM NaCl mixed with modified Hoagland solution for
3 weeks).

“Mean separation within columns by Duncan's multiple range
test at the 5% level.
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Table 2. The effect of the JA and NaCl combination on the cation contents of spearmint (M. spicata) grown in the modified Hoagland

solution for 3 weeks.

+ + 2+ 2+
Treatment (}/;Ot];kl)\j ) Na K - D.W')Ca Me K'/Na*
Control 3.14 b* 093 b 8.36 a 11.35a 231Db 9.02
JAY 3.64a 0.53b 9.26 a 9.03b 2.04b 17.47
JA + NaCl* 3.37 ab 1570 a 844 a 1298 a 3.64 a 0.53
NaCIv 3.64a 948 a 9.24 a 7.77b 2.19b 0.97

“Mean separation within columns by Duncan’s multiple range test at the 5% level.

YPretreatment of 20 uM methyl jasmonic acid into the root part for 24 hrs before the 3 weeks culture.
*50 mM NaCl mixed with the modified Hoagland solution for 3 weeks after JA pretreatment.

*50 mM NaCl mixed with the modified Hoagland solution for 3 weeks.

7F81dar, JASE NaCl E8x2l4e =79 169812
713t NaCl ©5g|Hr; E842A] Na'e FHo]
7RSS o4 Ak KE AEAY o] 3+ A Na'
ofe] ZgtaHA| wjitol] & 2E# IPiAE AdulFez
578 Azt g8 A1 K(Greenway®t  Munns,
1980; Grattan®} Grieve, 1999) & Adoxj= F2J3t 7+
v gtk Ca?'eb Mg*'e] R o AEgollA B
Aot JA E8AE Al FTIBIATE KNa HIE-S A&
A ol #¥ A=E T oHd ogrlE S 4
= F83F H=QlH (Helal?} Mengal, 1979) w7l
H)sle] JAXE]Te] K/Na HIEo] =ota, o Aot
JA+NaCl &8*J2]7¢] K/Na HIE-2 Na" 3 F7=
Aste] FHAEtnt. iFate] AEEL ¢ SE#HA A
AEAY f3lst Na' gedo] F71gel wel ZdadAel
U= KF7F GAE] B4 i dgoz AFo|
AaE 5 A= (Lopezet Satti, 1996) £ A3 Ay}
AglTe] Na'e] &5+ diEz7el o 7oy K
oF Mg* gHe ulETel viszslal, cattige] #¢
o= FHAslel).

AR AP ARZ o)8Ee ZEAL AEAV}
RS, 9 2ES ¥ AMshH AEAY s
9l glutamic acid’} #8] ZEZ o= HJF o] AEXA
Al 9L 3K FH(Choung 5, 2003). ¥ A ]
AR 2] ke NaCl B xg] A] izl H
3 3.201= 7P ol F7k8laL, JA+NaCl 848+
A Z71313THTable 3). Munns 5(2006)% & ~Ed|
2o =ZE AE2 9] water potentialo] F1EIL,
' G A F ool Eqrdo] Yo AFe] o
A, =24 5 AEA U AFEZEAY 55 5ol
Jojdtiar 3Lt ghH, XBHE- HiEle] ZEA ke
izl BlEl] rAskt. olEst ARl A|sHe]
Jolgt Avl= ZEYo] o AEY A AR sl A
AHoz A4 =He EFo] of), AEAIt 2~E#~
Fakoll A B3] AFER1 glutamic acid’} proline® & 7
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136

Table 3. The effect of the JA and NaCl combination on the pro-
line of spearmint (M. spicata) grown in the modified Hoag-
land solution for 3 weeks.

Proline (umol-g"' D.W.)

Treatment
Shoot Root
Control 40.05 b* 12.54 a
JAY 4799 b 9.36b
JA + NaCI* 11121 a 2.88¢c
NaCI" 129.73 a 1201 a

“Mean separation within columns by Duncan's multiple range test
at the 5% level.

YPretreatment of 20uM methyl jasmonic acid into the root part for
24 hrs before the 3 weeks culture.

*50 mM NaCl mixed with the modified Hoagland solution for 3
weeks after JA pretreatment.

*50 mM NaCl mixed with the modified Hoagland solution for 3
weeks.
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Fig. 3. The effect of the JA and NaCl combination on DPPH
radical scavenging activity of spearmint (M. spicata) grown in
the modified Hoagland solution at the 14th day after treatment
(JA; pretreatment of 20uM methyl jasmonic acid into the root
part for 24 hrs before the 3 weeks culture, JA + NaCl; 50 mM
NaCl mixed with the modified Hoagland solution for 3 weeks
after JA pretreatment, NaCl; 50 mM NaCl mixed with modified
Hoagland solution for 3 weeks).

“Mean separation within columns by Duncan's multiple range
test at the 5% level.
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