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Effect of NaCl Stress on the Growth, Antioxidant Materials, and

Inorganic Ion Content in Head Lettuce Seedlings
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Abstract. In head lettuce seedlings, NaCl stress was treated with hydroponic culture containing 0, 50, or with
100 mM NaCl in the seedling grown up to two leaf stages. Our focus was on the effect of NaCl on fresh
and dry weights, antioxidant materials, and inorganic ion level. Fresh and dry weights of head lettuce seedlings
increased with the increase in salinity while the optimal growth occured at 50 mM NaCl. The chlorophyll
a (Chl a), total Chl and Chl a/b ratio increased 6 days after treatment with 100 mM NaCl. However, the
Chl b content decreased. Total glutathione increased only in the root of head lettuce seedlings, whereas significant
increase of total arcorbate content was observed in both shoot and root after the treatment with 100 mM
NaCl. In addition, the NaCl treatment resulted in the decreased level of spermidine content, and a increased
spermine content. Furthermore, Na' content in shoot and root increased significantly while K, Ca™', and
Mg2+ content decreased. The alteration of inorganic ion level after treatment with NaCl caused the reduction
of K'/Na", Ca’/Na’, and Mg2+/Na+ ratio with the increase of NaCl concentration. Taken together, these findings
indicate that the treatment of NaCl causes the induction of oxidative stress, and results in the alteration of

metabolic mechanism in head lettuce seedlings.
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al., 1992; Foyer et al., 1994).

AlEo] el e HH Al W AR B F) o]
=9 Etgo] dojuA Hu, oloji] o] =4, d% 2
g 9 Akst AEHAE WA Hi(Cheong and Yun, 2007).
HEEG 2of ot RS B4t dS 1Y A2 27|dA
WAsh= WO RMN, AW ek dad] UE
FLEYAE do7|A ik of2et +EAEH 2 NaCl

E= sorbitol 2] AZoA FFOE UEhe F4oRHN
AEA) 9] BAI(phtosystem 1)} 33 A|1l(phtosystem 11)29] &
A AAE T AEA FRAEE daY o e B
1 F % ch(Allakhverdiev et al., 2000). S~EA~E g A0 His)
o] 27 Yehhe ol2s w0 B8 4AEAW Na* o]
5 SR Yehte 4o R AEAY JFEd, o
Aol £-9] %ﬁ ?j?lgi oA Qltk(Singh and Prasad,
2009). o]&3t A trolrh A& A ol A&
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Ed|2o g
o AEA oA 2= AT NaClej o
F& 4= F7) w27 LEdeh(Choi et
al., 2003; Parida and Das, 2005).

90% o]Ako] AHEL 02 o] &I Q= FAFF(Lactuca
sativa L)= 8 95.4%, TG 0.9%, A4 0.1%, T3}
= 2.9%, 3& 0.4%, F714 79mg, 18l 42| H|EM
52 T glom, 2uAEs] YA E] e TH=
of Z7)e] ke vl Aalero) S7 FAE Holw gl 4
YAF = 3t 2HE0|th(Cha et al., 2007; Peter et al., 2004).
AA7HA % 2r°ﬂ e A= A 22 78 5 A
= A, RAEA FAUS} 5o A7 s E] fe
WH(Kim et al., 1995; Youn et al., 2009), %Al A ulj A] NaCl
AEd2 U2 43S Ao 3T AR 201 A9
Eo] QA o2 Aot wEba & Ate A ol A
2971714 Ak PR o 247 u}% 351.9] NaCl Az

2}

W 3IARSHA Htk NaCl &

S [e)
5 9f Ot/\}z 1o /\O Al

SAfste] SAEH o] W AT ATE 1T 71
ARE A} s

MexEZ

Hujgeto|ES FAANZ EEo| Y5 FAHLactuca
sativa L. cv. Sisuko)E OFAA XPEO] s gk o
F7do] 971 ZEBem x 3cm x 10cm)2 0] A5kt e
Aol 34 AL I e 270um01-m2- ! Photosynthetic
Photon Flux(PPF), &% 25C/15°C(27Hok7b), 93 164]
7k 1E A G E 60-80%= - AISHATE TR Al A A
A, Hf el 2t Wkl om ALHoR 7|5 £
atolck A 2¢0] $da] HAH Al7ol NaClE o183 0, 50
2 100mMo] HE2 1/27%20] wjokol(20me L (NH,),SOs,
20mg-L"' NaNOs, 40mg-L"' Na,HPO,- 12H,0, 40mg-L"
KCl, 40mg-L" CaCl,-2H,0, 10mg-L" MgSO;+7H,0, 5mg-L’"
EDTA-Fe, 0.5mg-L" MnCl,-4H,0, 0.5mg-L" H;BO;,
0. 05mg-L'1 (NH4)sM070,4+4H,0, 0.02mg-L" CuSO,- 5H,0,
0.05mg-L" ZnSO;-7H,0, pH 5.6-6.0) %A 5}%1tH(Kasugai,
1939). A|8T 37 15cm x 25cm(407]A)0] o, &l
2o 3 wHEo g AXstgich A2 A YZEE 6%
T BEAReH A 197} RS o] gate] A, Pzt
4 9 Fr]o]29] ¥igtE 455k

0=

SZA

NaCl 2] & 393} 64A], A/FH-2} A2 Lo A
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2229 & 9 =42 Chappelle et al.(1992)2]

o &3}tk A& 0.5g2 dimethyl sulfoxide(DMSO) 10mL
o HAFte] 30°C 9 QFRAGA 8AIZE ok MAS 23

3} & 237 S3E A|(UV-2450, Shimadzu, Japan)E ©]-8-5}¢]
6645t 6asomel | BHES 2ohelch
F2 7t

gezdo| g 7 A FHEES ok 4o o
dsto] ALrstTh
CthI‘Ophyll a(ug-mL'l) = 12-25A664nm - 2-79A648nm

Chlorophyll b(ug'-mL™") = 21.50Asssam - 5.10Ag64mm
Total chlorophyll(ug-mL'l) = Chlorophyll a + Chlorophyll b

=FEIR|2 MY

FREFA] 9] &L Gronwald et al.(1987)2] Wof &
stol AN 0.5g) MBS BEAARES o] gafol 2
3}al 5% trichloroacetic acid(TCA; w/v)E 5mL #7135 &
homogenizer2 w213}5}%th 4C oA 8,000 x g= 1087+
YA EZ S B AR NS 2uf| 9] w]2}3 2 A (miracloth)E 0]
g3fo] ofThA7|7 ofohS amLA LHro] S22 &(GSH
+ GSSG)I} AFsts ZFERA]-2(glutathione disulphide; GSSG)
FHaFe =AMty o]Latel).

F2E 0 44 22U 5y 94 dicthyl cther &
Jkto] TCAZ: AZahe 28 38 HHaaiolc) e 29
EL AATIAE o] &5}to] o B9 diethyl etherE A| A3
o 49 SRAAL U 232 Al £ New
Lol(5mM EDTA-2Na& 3% AM
buffer, pH 7.52 £3))< xmo}oq 31918 Z2ElX|2(GSH)
2 AAS & F9 diethyl etherg #7}sto] TCALF NEM
& AASHE A2 38 vt

S T2 S AZHE AR ERFE=AE 0%
3Fo] NADPHS} GR 2R304 GSHI} GSSGe] #]Afo] 2
o] 93| 5,5'-dithiobis-(2-nitrobenzoic acid)(DTNB)=Z
HE 5-mercapto-2-nitrobenzoic acid(TNB)2] MALEEZE
7Col A whe) AT S Aska120m)E 2Hakoc.

potassium phosphate

DTNBY-S A 95t vh-g-a1-S 37 Cof|A] 587 uljfA|7l &
DTNBY & H7sto] WA Zth SR8 2 &
E-Z(Glutathione, Sigma)2 ©]-&3lo] AFA O ZHE A&
stlon, GSHE F=FEAL o2 e GSSGH= o]

S



opAREHIA BM
31918 ol AT = HIAHAsA)T} AFSHE of A3 EHIAKDHA)
Z70-2 Wang et al.(1991)9] W0l F313ick Al 0.5g A
AAE 54 upfste] 5% TCA SmLE #7}5ke] homogenizer
2 3027F akelsiTh 4Col|A] 16,000 x g2 1057F YAIE
glotal AdojRl G NS o3t 3 EAE AR 0|85
AsA =4 ¥ A2 229 300uL9), 5% TCA 300pL

o oehe 300MLE ol AL The ofehe] %2l 0.4%
H3;PO4(v/v) 150uL, 12mM bathophenanthroline(4,7-diphenyl-
1,10-phenanthroline) 300uL2} 1.5mM FeCl; 150uLE g
A 2 BRI LA 30T oA 9051 A 3 534nmo] A
e

otz znlike] S4 R AlR 359 300uLol 3.1mM
DTT(pH 7.8) 150uL&} ofeh-& 300uLE Hol &3 & 4
ZolA 1027 AAR 2§ EdEof offghEel =<2l
15.2mM NEM 150uL2} 20% TCA 150uLE do] 44L& &
0.4% H3PO4 150uL, 12mM bathophenanthroline 300uL 2}
1.5mM FeCl; 150uLE gojA 2 &35l 1A 30C o A
907t AA] & 534nmojA SHEE SAFL

ofAF 2 HIARS EEE 2 (Ascorbic acid, Wako)S ©]&-

o APHO R AU 4y ovqeuvk— %or

Z o9 F&3F 42 Yamamoto et al.(2004)2] =
6}0% AN AR 058 9] Aol

M HCIO; 3mLE T3] 223} 10,000 x g&
as}o% AoNE ol gal5ch. HOIO, 339
FZE2 2 1,6-hexanediamineS A 7}stal
2N NaOH ImLZ ¥Z&]33t & benzoylchloride 10pLE
A7kl Belobale Wz SEATAZAT ALolx 408
ZF WA F 5 NaCl 58 2mLE
ARt 1 % diethyl ether 2mLE & 7}sto] &3slal 1,000
A B g5t AFE9] diethyl ether ImLE 3
sto] =2 Axs) 2o
HPLCE WEehe 0.3mLE A&3f5}o] 0.45umBE 2 of 1}
sto] BA5F4ct. HPLC(SPD-10Avp, Shimadzu, Japan) =
A2 AL Cosmosil5 Ci5(250 x 4.6mm id) HHE AME-3}S
a1, o]F A T2 ;ML 0-2027F 55% methanol 2, 20-405
59 55-90% methanol 2 gradient® % 3}o] EA3}4 Tt
©2:0 0.8mL-min’ & 3}3.2.H, benzoyl polyamine-2>- UV-VIS
AE71(254nm) = H=skley Eefoiylwr: Wit #&E4
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F710I12 &4

71024 —’;‘—Zé% AEAE AR} AR Lo
80°C ol 4] 48417k m et al.(1999)2] HFHof =
sko] EAFch Ax /\]E oF 0.1g< 50mL A}7F ZatAad
of ¥3 14N HNOsE 10mL ¥ 11 EEﬂO]EE 0] 43}
100C ol A B3ttt oF 3A7F & Al 247} ¢-d3] 23]
=, HNOy7} 53 wj7hA] 7P°§6}
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NaCl AE A 3
5171 9jste 2 G719 FAE
zoz elat A7), He] & 394 g2LR 502 100mM
NaCl A2t A 22} 60%2t 24%9] A& 715 H3ith
9] 2 6dAfoll= thztol Hlsl SomM NaCl 2ol 4] 30%
S7Fok o 100mM NaCl A 2o A= 15% A5 A&
UERHSITE NaCl A 2jof o3t A=F2 tizto Bl 5
Aekglen ARnrhs 2sre] 27} o Z7tarck
A2 & 394 50mM NaCl X &]te] #<- H“FJ HEs2
2dl} o]} F7IsHtK(Table 1). HATY A=s& &
A A3 oA 1% %(100mM NaCl)o| 94?‘& R
& 4 AU &, 50mM NaCl #j 2]l M= Fd59]
= E Qo 1 o)A NaCl 5= S o4 &ax
Bt} 0]9} w3t ATl= Awriplex nummularzaoﬂl\ii L}
& thDe Aratjo et al., 2006). #5%=(50mM NaCl) #|
gl Al o] A& F7he Al pHO W3te] o3t Ao s
AZY=EIT}t, Nitellopsis obtusa©] 100mM NaCl #| 2] A] A3
U pH7} AHAS e = Ao 2 H % ¢lth(Katsuhara et al.,
1989). T3+ A TjA] ZZe] N ZEAZQ] Z7}= NaClo] A|
ZHo 4 "é@r"ﬂ g Az o] 3ol oz Al
AAS 2AA 7= AR HiE % om(Bolu and Polle,
2004), % A0 ool gt S0mM NaClo] A 2j= A
EBj0| pHO| AYBHE HAGEGO RN PR RS
S7HA71E Alm AbrEy Wl Z7]7F A5=9] NaCl
HAe)e BEnte, 12 787 7h] S 2R Ak Wl 2
THs 7hA0] Yolo @ W1t =t|(Rhee et al., 2002), A
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Table 1. Effects of NaCl stress on the growth of head lettuce grown in hydroponics at 3 and 6 days after treatment.

Fresh weight (g/plant)

Dry weight (g/plant)

Treatment date NaCl (mM)

Total Shoot Root Shoot Root

0 1.23 ¢ 0.96 ¢ 0.27 c 0.04 c 0.03 b

3rd day 50 1.96 a 147 a 0.49 a 0.08 a 0.07 a
100 1.52 b 1.10 b 042 b 0.07 b 0.07 a

0 191 b 1.65 b 0.26 c 0.07 b 0.03 c

6th day 50 247 a 1.90 a 0.57 a 0.09 a 0.07 a
100 161 c 113 ¢ 048 b 0.06 b 0.05 b

*Mean separation within columns for each treatment date by Duncan’s multiple range test at P = 0.05.

Table 2. Change in the photosynthetic pigments in the first leaf of head lettuce grown in hydroponics at 3 and 6 days after NaCl

treatment.
Treatment date NaCl (mM) chl a 3 chl b - Total Chl Chl a/b
mg-g~ fresh weight

0 6.58 b* 1.66 ab 824 b 3.96

3rd day 50 6.80 b 1.74 a 854 b 3.91
100 7.50 a 157 b 9.08 a 4.77
0 599 b 1.51 a 750 b 3.97

6th day 50 6.05 b 1.34 b 739 b 4.5
100 6.70 a 1.47 a 8.17 a 4.54

“Mean separation within columns for each treatment date by Duncan’s multiple range test at P = 0.05.

pH Hislo] w2 A% Fitz wehEc)
Z22Y ab} S22 a, TE22Y T2 NaCl A
2] 3 5 ~7}w1‘1h 2229 b 7FAFTHTable 2).
53], NaCl #2] & 3447} 6LdA et F7hao] #qdtt
(Table 2). Yyt o g2 9o F28Y 4L NaCl AEH
2o oal gt EoF 9] NaCle d=E Ao &
22249 3RS ZAA 7] 9 (Turan et al., 2007), 7| u]joF
= 3 AR QoA = NaCl Ao ofsf == ﬂakol

FAPN s} CHTang et al., 2003). E3}, =7 uo) A Hj 3
NaCl 2Eg2of ofsf] S22 a, F2EI b, E?LPLJJ
teFo] Zrast th(Kim et al., 2010). 2= X"t Wang and
Nil(2000)9] R 110 9J8}H Amaranthus2 NaCl AEF A
stln 22EW o] /b waslg oleiw
Az w49 JM AT ool AR the Az
2o dig WAk Aolof o3t Az

o) sz__!wzi AAEd A P44 BEHE Hof
ost 2zR7 Ba 540 $4Z7), 127 ol 1e 4
4 i o] b, GEAY By Foll ofste &
229 ek Azt dojyA| T (Jamil et al., 2007; Singh
and Dubey, 1995), WA 250l & WU, AR}, Algt4s,
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Fig. 1. Antioxidant material contents in the first leaf and root of head lettuce grown with the different NaCl concentrations (O,
50, and 100 mM) in the hydroponic culture solutions at 3 and 6 days after treatment. A, B; total glutathione (GSH + GSSG),
reduced glutathione (GSH) and oxidized glutathione (GSSG) content of leaf and root, respectively. C, D; total ascorbate (AsA
+ DHA), ascorbate (AsA) and dehydroascorbate (DHA) content of leaf and root, respectively. E, F; free putrescine (Put), spermidine

(Spd) and spermine (Spm) content of leaf and root, respectively. All values are means *
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= *Xl °}°*°LP Bejo 42 Put g
NaClej oJsto] 543 ag Fck A2 39+, Slof
A Spd gHF o 2o HIEH 50mM NaCl A g]of|4] 57}s}
.21} 100mM NaCl 2] o] 4= e}, 10| ukstol
Spm 32 NaCl A gfsof wet S7behE oSl
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and Bhagwat, 1989)9} Eu}E(Santa-Cruz et al., 1997)°] A
= 2% Hf Q) Sanchez et al.(2005)2 Lotus glaber?)
2 Belobu) @ ARIA NaCLe §2) Spdo} Zant
2 Spme] £718 EAGT Busich E, o2 A2
ZFo] A= NaClo] 9]t Spm 40| B 1%t Maiale et
al., 2004; Yamamoto et al., 2004; Zapata et al., 2003). Spm
A Edvo] AEAE Ca’ Y] EFFL Yo,
NaCl AEG A0 397F FHELS Hoj5¢IthYamaguchi et
al., 2006). E3F, Spm T2 ZTjolylof| H|s}o] fast-activating
vacuolar cation channel &A]12] oA g1/} =& Aoz W
115l th(Bruggemann et al., 1998). Al &AW &g o4l tf
A4 & spermidine synthase®| /ol 2Js}o] Putof A
Spd= 9] M3l 12|31 spermine synthaseo] 2]&}o] Spdoj| 4]
Spmo 2 AP E ch(Efrose et al., 2008). wWatA NaCl AE
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Table 3. Change in the ion level of sodium, potassium, calcium and magnesium in shoot and root of head lettuce grown in hydroponics
at 3 and 6 days after NaCl treatment.

Na K Ca Mg
Parts Treatment date NaCl (mM) 3 - K/Na Ca/Na Mg/Na
mg-g~ dry weight
0 38¢c 6.2 a 11.7 a 58 a 1.63 3.08 1.53
3rd day 50 291b 39b 56 b 36D 0.13 0.19 0.12
100 475 a 35¢c 500D 33c 0.07 0.11 0.07
Shoot
0 35¢ 54 a 11.6 a 53 a 1.54 3.31 1.51
6th day 50 415b 34 b 44 b 32b 0.08 0.11 0.08
100 57.2 a 24 ¢ 33¢c 22 ¢ 0.04 0.06 0.04
0 85¢c 3.7 a 12.6 a 21 a 0.44 1.48 0.25
3rd day 50 314 a 26 b 6.1 b 1.5 b 0.08 0.19 0.05
Root 100 224 b 13 ¢ 29 ¢ 10c 0.06 0.13 0.04
00
0 6.5 ¢ 16 a 4.7 a 09 a 0.25 0.72 0.14
6th day 50 182 b 1.7 a 43 b 1.0 a 0.09 0.24 0.05
100 247 a 1.7 a 35¢c 1.0 a 0.07 0.14 0.04

“Mean separation within columns for each treatment date by Duncan’s multiple range test at P = 0.05.

gl 2704 k4t ?—4 spm el F7hs o' 9 Al Na' ol 2ute] Aa Ao o3t Ca¥ W Mg o] 29
g o] 247 Qe JEAR Na' §2S oA oAl o Aew AZwT w3 Yo A &
FomM NaCl AEH A oﬂ gat A S A% A S KNa AEAHL Rolie Aow o] glrkHeo o
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= — hua
Fhg-o & Azhetct. E3t Pute}l Spd gHFe] WMSkE Spme]  al, 2007). whekA] K'/Na” AElA g4 g WA oAk =
=l o 2 oz g,

712 gEsl] 9ot Aol garEge] WMale] ofat Ao % S4o] Fash Auel)
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A= e 248t NaCl H2lo] ofa) Na' ke %) 38 A998, 2 o] NaCl 35(100mM NaC)
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al,, 2001, 2003). &, Na =419 AT ¢z 2 K Mg /Na' x B

v = A A FHtHJeschke et al., 1987). o}E7}wof tfjst
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