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Abstract. As an abiotic stress, chilling stress is one of the major factors limiting plant growth and increasing suscepti-
bility to pathogens. Therefore, enhancing stress tolerance in plants is an important strategy for their survival under unfa-
vorable environmental conditions. The objective of this study was to determine the effects of the exogenous application
of salicylic acid (SA) or nitric oxide (NO) on chilling tolerance in pepper seedlings. Pepper (Capsicum annuum L.
‘kidaemanbal’) seedlings were grown under normal growing conditions (20/25°C, 15 hours photoperiod,
145+5 pmol'm™-s™', fluorescence lamps) for 23 days after transplanting. The solution (3 mL) of 1 mM SA and 0.3 mM
NO with surfactant triton 0.1% were sprayed two times a week, respectively. Right after the completion of chemical
application, seedlings were subjected to chilling condition at 4°C for 6 hours under dark condition and then the seed-
lings were recovered at the normal growing conditions for 2 days. In order to assess plant tolerance against chilling
stress, growth characteristics, chlorophyll fluorescence (Fv/Fm), and membrane permeability were determined after
chilling stress imposition. Total phenolic concentration and antioxidant capacity were measured during the whole exper-
imental period. Disease incidence for pepper bacterial spot and wilt was also analyzed. Pepper seedlings treated with SA
or NO were maintained similar dry mass ratio, while the value in control increased caused by chilling stress suggesting
relatively more water loss in control plants. Electrolyte leakage of pepper seedlings treated with SA or NO was lower
than that of control 2 days after chilling treatment. Fv/Fm rapidly decreased after chilling stress in control while the
value of SA or NO was maintained about 0.8. SA increased higher total phenolic concentration and antioxidant capac-
ity than NO and control during chemical treatment. In addition, increase in total phenolic concentration was observed
after chilling stress in control and NO treatment. SA had an effect on the reduction of bacterial wilt in pepper seedlings.
The results from this study revealed that pre-treatment with SA or NO using foliar spray was effective in chilling toler-
ance and the reduction of disease incidence in pepper seedlings.

Additional key words: antioxidant capacity, bacterial spot, bacterial wilt, membrane permeability, total phenolic
concentration
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2002; Kim, 2007; KwonZ} Oh, 1999). SA(Salicylic
acidy S}eHd FxQIxke] dFoz AEAe] Wit
i3t A3d 2 FANES AEd(system  acquired
resistance, SAR)Y| 83 ATEAZ dHA Ut} 9
A SAE AEAC] AHEEtis W BEF - BAER &
Egzd digt yds SuA7Ie Aol Bl F=EA
on, o] 3 <4 SA A2 &3}t FEEHT Aot
(Elwan®} El-Hamahmy, 2009; Khan %5, 2003; Sayyari,
2012). &3k Janda 5(1999)2] A¥oH SA AAF=
S st 54 24 ST fsste] Wallel W
A4S UeERSITE SA AHEle S5k FelA 718
dol FFs VA FHdHR EFS TTHIA
3(Khan &, 2003), SoJFEolv kRN HE4 G
S S7MAHTHLee, 1999; Sayyari 5, 2013). NO
(nitric oxidey= 3}HE] FEJAIE At 2 13 FoF A&
Aol ZEd 2] thgk NO9| Hgs B8]iAl B A4t
7} FYEAHEsim?  Atici, 2014; Neill 5, 2003;
Wendehenne 5, 2004; Wu 5, 2007; Zhao 5, 2008). <
A NO A= Er9) 2oldlA Wals strIzItkar
HuEUal, NO 22271 RslEd EAS Afshal
Rom vAEH 2EHA s EXikAF(reactive
oxygen species, ROSYE &A= kst a4s &4
ARIgar &#A  9tk(Saddiqui &, 2011; Yang 5,
2011). B3k, Esim¥ Atici (2014)04= NO7Z} &40
A o, AE gAY =3k 2d, 71870
A, AEAF s T3 22 Teks AR 7)selA
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315~(Capsicum annuum L. cv. kidaemanbal) FAH&E
BE% Koreays SAMIA (DAIKI, Japan)dl 353}
o] "ol AI717] Y34 30°C URAGEE 50%)0 37T
TR ol & S LFA7|7] A8l HFHQL Aul
3(25°C/sE, 200, BF7) 1583, 5 50%, B3
S 140+5umolm>s™)e] AEAPH(DS-51GLP, Fr&
HYshoz ol AIA FAULE IF T 1294 72F ZF
JEGole] HdE HFE(HE, T5E%ks, Korea)=
w2 A Halste] K2 3393 AlsisITh
THFE T EFolE HEg ARZF 87](45%26x10cm,
LxWxH)ell F31, 239 HHo=2 21 FHSTE AW
Ao, A4 $REs 1579 422 Hoagland/
Amon solution(pH 6, EC 1.3dS'm™y 214 333l +
ATh AERo| W FEE] BdddS =0)7] 9
slod 2d vtk FERFo R XS WAAH.
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SA9t NOE o83l 115 He| A Ao digh
e IS Ys AEZAA 1%(Triton 100,
Samchun, KoreayS ¥33F ImM SA(Samchun, Korea)
Sk NO9 F9d] 03mM  Sodium  Nitro
Prusside(Sigma-Aldrich, USA) €48 2] 2443} 27
H 3% B FAl 3ml¥ FaF 23] ARG
SAS} NOY 55+ o)A F3S Fasl] y53Ho 7}
Z a9Ed Aolgly FdEe TS JHsidth
(Janda 5, 1999; Kang 5, 2003; Sayyari 5, 2013). A
2 3740 SAT NO Hz|gh 1] Kol nxe J
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Al 6AIRE Bt AR A 1§ AR Ay
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AP} nFRe) AL g 2 W A A 9%

o Standard curve=  Gallic acid(Sigma-Aldrich,
USA)E ©]&3t3al 119 F s v &9 AT
(20 gallic acid(mg)®] EFoz TSI

gaksl==  ABTS(Aminobenzotriazole; 2,2’-Azino-
bis[3-ethyl benzothiazoline 6-sulfonic acid] diammonium
salt)—E— o]-8-3F WPHMiller and Rice-Evans, 1996y <F

A Sont Oh(2013)114] 713k W= 418}
9515}. T Tz 59 Y BES AFHs] F=E5KA
om FZho oF Aol 20°CoA] 12417t ot Huks)
At T % 1000rpmol|A] 277 H4E2](CF-10, Daihan
Science, Korea)dl] ‘58S AUt PBS(phosphate
buffer saline, pH 7.4, ionic strength[150mM NACL]) &
Ayl 3)Msle]  730nmollA SRS 07052 WA
ImLe] PBSEHS 7ol € & FZEE5 100uLe) 1 &
oF HESAIZL 3 730nmoll M =S A3} Standard
curve= trolox(6-Hydroxy-2, 5, 7, 8-tetramethylchromane-2-
carboxyl acid)(Sigma-Aldrich, USA)S ©]83f] AL,
e AAF(g) B trolox(mM)ZE 3T
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ﬁﬁ}oiﬁfﬂ FrEToEE /\1—51’41?43’—01]*1 HeF
2 Ralstonia solanacearum GMI1000S AF8-81AT). W
?_J_;ﬂ__‘\:‘ 28°C«] NB(nutrient broth) ¥iX|ol|A] 3Q7t vk
Sk & i3 glucerold] HE F=7) 20%7)F HES 3
7P°P°E] 0°C°ﬂ7\1 Bsh Aol ARg-eFAT.

Al 3ol tigk WAl aAE A7) 218 NO
o} SAE A3t 15 FHo| WHITS HESHTh 3
T RIS X compestris vesicatoria 15232 =91 ¥
ol NAHX|ol| HFsle] 28°ColA] wiekslar, BAE E2
U 34E NB HiRlo] oA HESle] SYg 230l
3Y7F wlgst —?1 el HEFAoRE ARSI 5
Sk WS BETAIE ARSte] W dgde] &
BEE 042 ié?‘a <, %Noﬂxi o] Q] Fld 2
5 Ak JES 5= S50 23} ez /A4

Table 1. Disease index of pepper bacterial spot.

Disease index Investigation standard

0 No development of pepper bacterial spot

1 Diseased area on a leaf of pepper was 0.1 - 5%.
2 Diseased area on a leaf of pepper was 5 - 20%.
3 Diseased area on a leaf of pepper was 20 - 50%.
4

Diseased area on a leaf of pepper was more than 50%.
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Table 2. Disease index of pepper bacterial wilt.

Disease index Investigation standard

1 No symptom
On leaf or less than half of all leaves have wilting
More than half of all leaves have wilting

All leaves of a plant have wilting

[ L N )

A plant was wilt
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(Statistical Analysis System, 9.2 VersionyS ©]-83}f &
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2] ZF ¥l LSD(Least significant difference) #7432
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25 YJehi= Zyoltt. NO Aolde ek sA
Aol mlal 2P-el A BAlEH dEFTIA
AR F7HE BRI, £94 zlole Holx| it
QAT JEAFEF gt 7ot AT Tl 71994
ztole EANSHA] eFUTt.

o]xo] HF AFoM= A FE SA9H NO A
= &9 AF = 3d4=E HYKElwand  El-
Hamahmy, 2009; Neill 5, 2003; Sayyari, 2012). S}
g el Sash NO A AR Asa 7t
sk HFH A AL 4 2 S ABTHKim
and Kwang, 2014; Lee, 1999; Siddiqui 5, 2011). &
AT AollMe 7] Aol= fIATE, NO A g|TFollA
APFRe} Asite] AT AEFe] 71 AR B
of, B Aol 2183+ SAS} NO9| Fov= 3159 A
ol Aafj==] eFe AEe FEehal AETh
Fig. 12 SAS} NO7} A28 IFHE 4°C AL 6
A =2AIZ F AFEQ F00A EAFHS W A
A A gk =T HlES vEhdth iz
735 A2 HRTE $o gho] F7FEAAIEE, SA9E NOA

=

Table 3. Growth characteristics of pepper plants treated with SA and NO at 4 weeks of transplanting (n=5).

Shoot Root
Treatment” Fresh weight Dry weight Fresh weight Dry weight (E;%/fpﬁi) SPAD value
(g¢/plant) (g/plant) (g/plant) (g/plant)

Control 2.466 0.187 0.525 0.034 96.358 36.98
SAY 2.387 0.188 0.525 0.030 89.842 38.54
NO* 2.561 0.216 0.703 0.045 93.316 36.32

Significance NS NS NS NS NS NS

“SA and NO were treated twice at 3 weeks of transplanting.
Y: Salicylic acid.
*: Nitric oxide.
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Fig. 1. Dry mass ratio of pepper plants exposed to 4°C
temperature after SA and NO treatments right before and two
days after low temperature treatment. Significant at *p = 0.05.
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Fig. 2. Fv/Fm ratio of pepper plants during 4°C temperature and
recovery. Significant at *p=0.05, **p=0.01, and
**%p =0.001.
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2l 0.7115 71531t vhA, SA9F NO& A9 =9
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B 71l wiAe S BANS] B &

< 9uldh= FvFme W32 o5 4 ITHOh,
2002). Fv/Fme 21&E9] £jR3ge] ~EH A XxE A}
o] = (Baker®} Rosenqvist, 2004), I¥r¥oz gt
29l 7o 21E2] Fv/Fm 3 0.8-0.840 % T
o] 0.7002) ke Aol WzksH 1:1}%%}01 IFEI}F 2~
EAE b

TREE SEHE U AREE @ 4 20

AL A & 1FH o AXFAEE 279t T+
AT 15 Ffd f= BEZ BluetAthFig.
3). A2 A AFele tix7eF SA Aol Hls|
NO A 15 %l AE ST} Az eE Hkoe
), A2 A 948 $ 35 2dAdle 1 Bl oS
geaA, izl His) SA9k NO A7t Auides
oF 22-2.60) & Aﬂﬁt' == Hoh o] Av= SA
o} NOAE|E 387} Aol tigh A3dS Btk
AE ou|gith
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717 Lﬂ]—‘i—ﬂ](Campo 5, 2003), Aeld F=o =AHLS
A} gl Aaze] 33 AEE Wrkshk=dl Ak
¥t} (Sayyari, 2012). 2 A9 As} viszsiA vt
vrel utHe SAXE] 9 QololA NO AHEe tizT
o} Hlwsle] HIARES IA FAEAHTHKangs,
2003; Sayyari, 5 2013; Yang &, 2011). NO *Jg]<=
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Fig. 3. Electrolyte leakage of pepper plants exposed to 4°C
temperature after SA and NO treatments right before and two
days after low temperature treatment.

333



e vroeA AL AL ZUAICRE Bavt 3
tHZhao 5, 2008).

4. & His STt SMEE
SA9} NO #g] 2 ALAjgle & A 559 s}t
Aol S FHFig. 4). A HWH SA Ag] &, F

sl et gz Nool Wald F7lssen), s
Ae Aele sa Az)peh gET vFRe F s
=8 27tk NO Hziel B¢ Ale Al wig
S WA asich RUskE w3 F s B
PIse AR

iq. 7Lo
A 53 0] BNl A el A
A2FS S 8 lﬂj‘é% %E?}E}(Zlehnsklg}

7 A Zﬂ%"ﬂ = HAS
AT AE ‘:’a]"ﬂ SA A7} EV\ it JJF% BAE F
YAIFTR= Yordanova®l Popova (2007)2] Hile= $-

o] Axte} Ax|gkc}. v, NO el 2]t A3h= NO
A7t TRt e E MRt Barg

1.2
—— Control

1.0

(mg GAE-g'FW)

0.6 |

Totoal phenolic concentration

35 *

30F

25F

20F

Antioxidant capacity
(mM TEAC /gFW)

chilling

[CX©)

1.0 2 : f f f
0 2 5 5.25 7

chemical treatment recovery

Day after treatment

Fig. 4. Total phenolic concentration (A) and antioxidant capacity
(B) of pepper plants during the experiment. Arrows indicate the
time of SA or NO treatments. Significant at *p = 0.05.
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Esim®} Atici (2014)°] Ayjel= Eit). SEA|RF A%
Az ARE FEA e 7R Ao gk A3}
S IR AoE AT} o] NOgJ X tE
TolAE A2l osl ks oz &dE Azt
A S 2] 918k EEAIToe] EA4o]
NO A& o3l FtH=TH(Yang 5, 2011).

SH WY FolA SAS A IFHE Table 4004
He A o] FrEHds JEAs Wl Aes
o] YRR edot HW]EJ’V]' QI QA T, Al
HWHS dOJ= X compestris vesicatorias %j?;o}?ig
A5ole 40.0% ol st 7 aIFHolA W

w9t ol Sle Abel7h U ‘&—}‘XAE} SH Ao NOZ
Aslte Atolle AddTHEE R 25
isiA A&7 A JeERA i)

WRKY Thize welito] 298t Ao AlZxo)A]

THZE
A TAAINSH, Arabidopsis, H, 2°] SoIA
dHA  tKEulgem¥} Somssich, 2007; Pandey®}

Somssich, 2009). < Dang 5(2013)> W A3 A
WRKY ©8e] UF CaWRKY277} ol X2)gh
SAY methyl jasmonic acid(MeJA) ethephone 5l 2J3}|
A 285, e} FAHS ol R solanacearum
] qus]— AL %Eo} Akl Btk 2 A3l
£ SAS AYsla 1F fHAAM ¥ A BE KA
A ‘:‘e‘?‘i—% ZAVSIA] 949k7] W), Dang 5(2013)°]
B3 CaWRKY27°0] TAHJEA= Asks] & 5+ ¢
Agk, oA H2)g 1mMe] SA7E a5 uiRe] H
e B dAME R A8ate] QoA Xjlske W
A5l e Ao WA E Tk Ak}, & A|ut
ol WS Al TFHHEA dsike HAlERE A

Table 4. Effect of exogenous salicylic acid (SA) and nitric oxide
(NO) on the occurrence of pepper bacterial leaf spot and bacte-
rial wilt caused by Xanthomonas compestris vesicatoria and
Ralstonia solanacearum, respectively.

Bacterial Bacterial wilt
leaf spot
Treatments
Disease Disease Percentage of
incidence incidence  diseased plants
Untreated 313a 25.0a 333a
control
SA” 40.0 a 00c 00b
NOY 40.5a 150b 26.7a

Values are means + standard error. Different letters in the same
column denotes statistical difference at p<0.05 according to the
least significant difference (LSD).

% Salicylic acid.

¥: Nitric oxide.
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