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Effects of Salt Stress on Inorganic lons and Glycine Betaine Contents in Leaves of Beta
vulgaris var. cicla L. Choi, Sung-Chul, Jong-Guk Kim' and Yeon-Sik Choo* (Department of
Biology, Kyungpook National University, Daegu 702-701, Korea; ‘Department of Life Science
and Biotechnology, Kyungpook National University, Daegu 702-701, Korea)

Growth, inorganic solutes and glycine betaine accumulation in spinach beet (Beta
vulgaris var. cicla L.) were studied under different salt conditions. Plants of forty-
three days old were assessed by growing for a further 10 and 20 days at four NaCl con-
centrations (0, 100, 200, 300 & 400 mM). The dry weight of leaves was maximal in plants
which were grown at 100 to 200 MM NacCl treatments and after 10d it was decreased
slightly at salt treatments of more than 300 mM NaCl. Under the salt conditions, leaves
of B. vulgaris contained high inorganic ions to maintain low water potential, but low
water soluble carbohydrate contents. Total ionic content and osmolality increased
with increasing salt concentration. Salt stress led to a preferential accumulation of
glycine betaine in leaves of B. vulgaris, especially for the 200 mM NaCl treatment.
These findings suggest that a high degree of NaCl tolerance of B. vulgaris resulted
from the accumulation of glycine betaine, which is known to have osmoprotectant
properties in the cytoplasm.
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Zked Aol A AE2 ookt el 3 e 2o
=2, g7 Azt A AAel 2x A=e) A4S
Aatr7]a gler, 53] ¢ (NaCl) 2= e F2HE A
AE Agehe Fed B3¢ Fof stz iAo
(Lopez and Satti, 1996; Larcher, 2003; Wang et al., 2003).
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2 Qg o] 9] A&z, npAo
o] Agtoz QI3 o] 28 BHPS & —’F— )F]'(Marsch-
ner, 1995). T2v} 5] A B2 7% S| A Abe}t
ol Ag37] 913 dekst wWhel7|AhE WEAIA $te
o, FgAe A 712 B3l d (NaCh3} 7z ~E
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Yol FEsI= Aoz delx gluh(Bradley and Morris,
1991; Volkmar et al., 1998; Flowers and Colmer, 2008;
Li et al., 2010).

71zt 9@ (NaCl) 2710 =8 A4S 7HE &9
A AzAd W $49 s=E 37 A AFERAE 7]
2hg st AR Az = g (NaCl) 3H73319)

= AEE sl Aoz o
A qlom, 2 ezl M zAA A2 £ 2= pro-
line, glycine betaine, soluble sugar, ZZ2] 12 polyols %-o]
21t} (Rhodes and Hanson, 1993; Di Martino et al., 2003;
Moghaieb et al., 2004). AAEZHEZ 2 A= x| AL
He g0 E5e 1 Az BRI 9 Qs
o slom, ol 3ol 594 Aelopgel 1 22 4o

HAEE BN 8 BT JRE 1] o)
(e}
=

J

o

= $Ee 4
TR sle] HelF el Ae
F 27} g5} (Choo and Albert,
2 glycine betaineS 2] AA5}A]
FahA) ) 53k g A2 o (NaClyou} 7
2374 S5317] 3 AW glycine betaines )43 3}
= 7oz d#x 9t} (McCue and Hanson, 1990; Choo
and Song, 1998).
= o}5=3} (Chenopodiaceae)= o=k 1004 1,500 07
jr J=, AM Al de] Ez3b, ApgAd 9 odEe]

Ry ‘:1,—_}% Adg =zt wakA|, GFA], =23 A
=iy }\EEH74 _?,];‘qg_ 228k Q)= H=: Al
*4—‘;—%_1 oF A 9lo}(Heywood, 1993; Akhani et al.,
1997). $2juetell= 74 1550 HaEe] glow, wat
A, sk Ab H AEA F2 23T v AF7HA
o] A A3} wolFt A Eo] Fxol IAE ol &
HAA Hou o5 Ax ¥ 4 3 H371A 3
M E ob= AAE] FHEEA] o Abelel e (Lee,
1988; Choi et al., 2004; Choi et al., 2012).

2 A7 9 (NaCl) Bl Holrsh Sl o=
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= WA 5~63] HolWl F, 26°C G&7]e]A 5U7F e}
Al Zc} wrotEl A1 82 2 A (vermiculite)S - plas-
tic pot (%]73 10cm {-501 15cm)ol] 27 Alaz, £2160A]
B57] (14717}, 25°C), §FF7] (10417}, 18°C)2 441514
© 1, Hoagland HH°?°“2 2] sle] 43Y7F AYE&-AZ
A4% 2= < (NaCl) 100, 200, 300 % 400 mM2] 3
=7} =38+E wjeFN S 60 mLA F}Fol 3 W 7} pot u}
o} Hejslglom, 27 F 10,20 23] 2}6]—031:]- X
3 AlE ANASE S Al wel 3~5/0A18 3ukE
At

2 NEA 32 % Frlele ¥4

2] AJ=F(fresh weight: FW)S =A]3F & 70°C Ax
71|l A 3UZE ZAxske] 7% (dry weight: DW)2& A3}
9 om, plant water= (FW-DW)/DW=. F3}sitt. A %3
A Q& #47] (UDY cyclone sample mill)2 Zro} #
Hulg wkE & A8 192 25mL measuring flask
2 t}& 95°C water bathel| 4] 1A]7} =9 FEls}e]
Zof|Al 8] WAA7| L FE HE 25mLz st
% &, GFIC filter (pore size 1.2 um)& o3} F=% - o]3}
5t Al& FZ91-S ICP-AES (Inductively Coupled Plasma;
Perkin Elmer Optima 7300 DV)& X-7]¢fo](Na*, KT,
Mg**, Ca*', Fe*" )& A7k A8t

Mettler Check Mate 90, USA)E o] 83} 575“6]-9&‘2”1,
F o] 2= Na'e} CI™ o] = 57}(NaCl equi-
valent) & A Aks}sd o).

4. 7484 B53E

Al B 22 20uL9} 274 580uL2] gHel 5% phe-
nol £ 400 uL e} H,S0, ¥ 2mLS 7|8t 1087t
WAE 3 2 £ oy AeelA] 30 YA F
UV-VIS Spectrophotometer (UV mini 1240, Shimadzu)
E Abgstel 490 nme] shel s ZAsigint EF 4
glucose (2~40ug in 200 uL) =S A}8-3le] o ks =3
3}9d o} (Chaplin and Kennedy, 1994).
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5. Glycine betaine %4

Al 329 3mLE anion exchange (DOWEX 1 X 4,
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20~50 mesh, OH -form)2} cation exchange (Amberlite
CG-50, 100~ 200 mesh, H*-form) column W £ loading A]
7|3 £33+ X EE rotary evaporators o] £3}e] HAxA)
713, 1mLe] &7 L3 A)Z] o} 0.45um membrane
filter2 o]&3}e] oJ7sk & HPLC (SPD-10A UV-VIS
Detector, Shimadzu)& o]-&3}od t}&3} e %71 (Col-
umn: Partisil SCX 10 um, Mobile phase: 50 uM KH,PO,
with 5% methanol, flow rate 1.5 mL min
195 nm)el| A A EA s

-1 wave length

AREE =gl 22 gd 50uLE 2 F st WA}
W] 2= o]4-8F Osmometer (Micro-Osmometer 3MO,
Advanced Instruments) 2 =3]35}9] o}

7. $AAE

EA B2 SPSSv19.05 o] &3le] o (NaCl) 5=, #]
2717k 22|31 9 (NACL) 5= X 22717 (328 ¢l)
met AW FHEE £4] o] 23 AelE
Ho|=xE vl #BX3517] Y3 two-way ANOVAS A}
43t /i A-el @9le] &3S one way ANOVAS}
AFEEX o2 Duncan’s multiple range testZ  o]-4-3}od
A 8= (P<0.05; N=3).
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9 (spinach beet) 4o 71Zek9)
Fig. 13} 7t} 9 (NaCl) A2 & 10974x]= o
A7 ko] FEsE AR Aol vehdA] ¢
% (NaCl) A2] 209 Foll&= 9 (NaCl) 5o ot
gt 2o 3o ZAFEe] AelE: Hd 4 (NaCl) 5=2
27}l Wt 94 (NaCl) 200 mM7HR] = =79} A
SAY thA e A=kS ¥l ¥bd, 9 (NaCl) 400 mM
ATl M 3 AL A8 S eb slvk (Fig. 1).
dubg oz ¢l (NaCl)ol] WiAde] ofgt cfRi-2] =&
3] ol A& o (NaClell djsiA g4 2

WA, @ Al AEER= el A&l A

E2nlt]= 9 (NaCl) 400 mM7}x] djzFxct 7
o] Zr7lsl= 7Fst o AskAde eldl 9 (NaCl)
1743 282 79 9 (NaCl) 200mMef| A} &)z} &t
I ZAsFe] FA g FFAE Blvh AR (sugar
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Fig. 1. Effect of NaCl treatments (0, 100, 200, 300 and
400 mM) on leaf dry weight of Beta vulgaris. Data
represent mean values+S.D.

beet):= o} gl 27| A&A|7]olE o (NaCl) 5=
Zhell w2t A ARkl RIZFEE NS B ARt F7) o],

° °
=3 _,,]_ 71—_:_ =0 }‘\jl_E,_

fo ol

proline 28] 37 glycien betaine2] =
ZA 594 Ho ¥|wA 9 (NaCl) A3 e] gl= Ao
2 od8x 9o (Gzik, 1996; Ghoulam and Fares, 2001;
Kim et al., 2002). 2 <A] 200 mM o]&}t2] < (NaCl)
FrAAME thx2To} FARRE AR vhS-S He] 91 (NaCl)
200mM712] 4 HAlS 7R Hlog oAz

2 AFE ¥E F7) o1& % o ¥

o9 ool FAHE ol YT AFE
o (NaCl) =9} 22]7]7be] 2]5] P<0.001% &
she verhglem, o (NaCl) s=sh #2l717 5 &
AMHez AHEE ws 3 ol Pl AFe Fi
7oz vepgth AARE 5 9 (NaCl) 5= 22l o
& AR A3k P<0.05 Sl A 1084 el T 3
N, 2097 A F= 4] a2 F o)L ke 109A)
el 7 47, 2094 HelFE= 249 TFoz o]
A 9 (NaCl) A2le] SJs) 2o ol FAHE F o &
FF ARE v =3 Ik FAS BT (Fig. 2).

NaCl 209) 2] % tjz7-0) A58 rwi 338.1umol
gt pwe] 3z, 400 mM NaCl 32| 7+ 969.4 umol g* pw=
oF 3ul] Z7}slelon, 2 o] TS o) x=F(332.0 umol
g Hell Bls] 400 mM NaCl =] 2] F-¢j|#4] 821.0 umol g* pw
2 o 2.5v) Frtshol+t

= Aol F o] F=o AFE F=E+ 9 (NaCl) A
3ol wel FUlsldem, I o]f-2% Na'el Clo]
o) §127bsk WAo] Y= Aoz vepteh 2o o
FASN A 900 A= FEAS s2817] 8] A A
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Fig. 2. Effect of NaCl treatments (0, 100, 200, 300 and 400
mM) on osmolality and total ion concentrations (umol
g ! plant water) in leaves of Beta vulgaris. Data re-
present mean values+S.D. The different letters
indicate significant differences according to a one-
way ANOVA and Duncan’s multiple range test (P <
0.05; N=3). Two-way ANOVA of osmolality and to-
tal ions concentration by the NaCl concentration
and period is as follows: concentration®***, period***,
concentration x period_"% ***P <0.001; n.s., not
significant.

FEE F7H71M, 271 o (NaCl) 2E#H 2 3ol A
AFE FEO diie] o229 FFgFow velytow
o] & o] o]9of th2 £AS AEAM IR e
2 2AF H3ek 299 7% 9 (NaClel] A3k vhgo=
F2 Na*sh CI & F4ste] AHrade] ol g3l 2o
= s, @ SA04 Ak 2 HolFn A
Ql Y&z (Suaeda asparagoides)?} 3 3}E (Suaeda
maritime) = AJ5-%] 376 wie} ¢lo| ARE FEE F
AstA FA13H7] 18] Nate}l CI's} 22 Frje]eg F
2 o] 83}= 7oz d#A ¢lu}(Choi et al., 2012).

% (NaCl) A2lol] =gt o 1] F7)ofol& e
Fig. 33 o} dz27& 77] Fol2 F K o]2& F2
A3, Mg**, Na*, Ca’* 12|31 Fe?* o] £o= 2
EAel sk Aoz et 4 (NaCl) s=2} A
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Fig. 3. Effect of NaCl treatments (0, 100, 200, 300 and
400 mM) on inorganic cation concentration (umol
g! plant water) in leaves of Beta vulgaris. Data
represent mean values.

2] A|7ke] FItghel whet o] o] ool FHFE Ut
sldom], 2 Nat o] & A &A| W FA3= 2o
2 vehgdeh 9 A7l 10 Foll= AEAM Nat o] 9]
FeFo] STk AdFE Bolow, KY o] % w|E3 o
£ F7] ofo] 22 ke & W3S Ho|A] st X
209l = o (NaCl) M| 7oAl Na* o] g=Fe] aAx|3t
F7Hs B3lom. i (NaCl) A2 ol e & A
o] 5 HolA| okokr} 400 MM A Fell A= Na* o] 9]
A g S7LE Qlsl] K* o] 28] §aFe] FhAdh= Ak
e ol

K/Na ®]ef| gleir dx27+= 2047 82 & HS
), o1 (NaCl) A2 FlA= 1094 100, 200, 300 18] 1
400 mMoj|A] Z+7z+ 1.16, 1.13, 0.78, 0.879) kS |1
2044 & A7 FolAl: 0.69, 0.44, 0.41, 0.397t o2 &
A2l Azbe] AR 1, F=r) S7ME5 3] hast
T FHE ook

A 52e] dAAEL 9 (NaCl) 5=t F7Htel wet
AL Kol wxrt Fhashed el =z
159 A$E 9 v=7F 371 AR 34
o] & geFo] F7islet A& wiAIEHA| X3}
=2] ¢ AoA K*Z} Ca*t o] 2] F57} A4
Joll Z+=3F Na* o] & F3H = o] = <ls)
gl ofeke] Eoz s Aol At o
o} (Ashraf et al. 1994). A1 &4 W =3+ ca?*
38k oJ3kE nA 4= 9l7] wjEel BE A
Ca* =% X3l 9lom, 53] o}
o] f7 Ca?t o] & A EAd FA3}
2] 2] 21t} (Choo and Song, 1998). 3 27|
1552 Aol 23 A& F|37] $3td A=
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Fig. 4. Effect of NaCl treatments (0, 100, 200, 300 and 400
mM) on carbohydrate concentrations (umol g
plant water) in leaves of Beta vulgaris. Data repre-
sent mean values+S.D. The different letters indi-
cate significant differences according to a one-way
ANOVA and Duncan’s multiple range test (P<0.05;
N=3). Two-way ANOVA of carbohydrate by NaCl
concentration and period is as follows: concentra-
tion_"*, period***, concentration x period " ***P <
0.001; n.s., not significant.

qoll ZHE= A M) 97 srae 27
£-A1), 99841 A (salt gland)& E3F wZ, trichomeo]] =
A, welze) o, Az dol AAsle 5 chakar A
%24 7178 7FA]22 ¢l5k(Shabala and Mackay, 2011).
rdol52} A1 E-ql AFEFE-(sugar beet)= 7] AAolA o
Fu-e Fsh] 98 KT Natg wol F4sje) A%
20 ol gsim, ARl W A% AN S g
277 45 ol £9) =g A3 51441705 (Kenter
and Hoffmann, 2005). ¢ (NaCl) ~E g 2o] d 3t ulg-o

2 2= 9o &A= Nat o] &8 A3 733 3
R s
Na® o] 23 K' o] #3& FAFgo=2x4 < (NaCl)
Aol g3k Aoz A%

3.7H84 B43E B

A (NaChe] Azlell o3t 7184 wh3bs 3k W
= EAe 9 (NaCl) 3= 283 ¢ (NacCl) hgz}
22717t AAEI oA 4 ez ey
(P=0.05 ]2} M2|7|7tell whe} F7hshe e ‘JrE}LE
o} (P<0.001). AvtE o7 Zox 4k 7184 El43}
25 33t d) (Fig. 4). 93 (NaCl) 400 mM & 2] F-ol] A
71 A2 g ks JeR Sz, 300 mM A 2] ol A
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Fig. 5. Effect of NaCl treatments (0, 100, 200, 300 and 400
mM) on the glycine betaine concentrations (umol
g! plant water) in leaves of Beta vulgaris. Data
represent mean values+S.D. The different letters
indicate significant differences according to one-
way ANOVA and Duncan’s multiple range test (P <
0.001; N=3). Two-way ANOVA of glycine betaine
by NaCl concentration and period is as follows: con-
centration***, period***, concentration x period***.
***P <0.001.

now, 53] wIel Atz A EoA go| i3t
ﬂ_i odelA Sl HolFat AE F 8 | A

&= &4tte] (Salsola collina)y= wh& "ol A&l
vls] @2 7MA ®estES ke e EA4E
7}A 2 g1}k (Popp and Smirnoff, 1995; Choo and Albert,
1999; Choi et al., 2004). AFE}F-(sugar beet):= duk# o
2 A% 2700 we okel B whas) pele] F45T
ARl Wl 1 e = Asdes Frlee Ao
2 d8x 9)oF(Kenter and Hoffmann, 2005). 43 (NacCl)
sl 2o o) Bws) ki Zrbsiglont A
Moz mepe] 1e4 H3HEE Fishe, A (Nacl) A

2ol me el 2 wske wol skl B 2o
o Fo A% 2B 2 79% 8X g gew
oA 71e},

4. Glycine betaine &3ke] w3}

e o (NaCl) 5=, A2]7|zt 2832 ¢ (NaCl) &
=9} HE7|7F AE5Agel ol Yol A= Glycine
betaine g=F2] Afe]E yehiTh(P<0.001). <]
glycine betaineol| & % (NaCl) 3= 221> 4 (NaCl)
x2] 109A71x]2] 2o 9] glycine betaine] FaF
Y7o} BE A FolA AR 7 (P=0.05 ¢]Zh)E v}
e o), 208 A o)l = 2] F Alole] P<0.0012 E=-&]
g ApolE Boh AFFEA A3 ¢ (NaCl) 22| 2047
= 379 1Fo R Yyolxoen, dlxzF2 NaCl 400
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mMeo] 7}& F-2 glycine betaine 3252 X937, NaCl
1007} 200 mM < (NaCl) A2+ 71A]= A3 =)=
B3lx]mk 300 mM ¢ (NaCl) F=ol| A= oha Zhasls=
733Fs el g (Fig. 5). 29 el =A== glycine
betaine®] g2 Alztell whel FrtsiA|Rt A=lEE o
(NaCl) %% (100~ 300 mM)el] €] ©] Tre ofo] =A%)
Aoz Yehdo

MEAAY AARzxA EBx-=z od#xl glycine betaine-
o Al EeAM G, sl d 283 Zxe} 22 AEY
2eof] A3k uk-go 2 AzAe] HHEH, g2 WHele] A
23 pHellA AskE =] 931 A 7]<] methyl group2)
ehstite FAFRAT Bl 2 mom oy A vt
SollAl At s Fte] domain 93 A 54 7t
2|31 Qlek. AHFA stress Shol| A A2l o] 4 H
Hebe sk vk AsfEtA] ko *ﬂi‘%‘ 1, Al
Z 7z A3 283 FPAAEES FA] 98 ol &
=} (Wang and Showalter, 2004). A& Az e} 5484
AF=E E3] glycine betaine %2 <3 (NaCl) *]3}Al=}
o] 9J& ®ut o} glycine betaines ABAEHA] ok
Al Zol o5 FFol S = 4 (NaCl) A o] 5
7Vel= Aoz od#lx it} (Harinasut et al., 1996). & o}
F3}o] C,; A E-9l AFeRE-(sugar beet)$} A]ZX] (spinach)
o A] glycine betaine2 711} 9 (NaCl)3} 72 o8] A
Ef 2 HkE-o2 CMO (choline monooxygenase)£} BADH
(betaine aldehyde dehydrogenase) &4l 23] =4
Al A= o] H]&J‘Oﬂ &2 5]t} (Sakamoto and Murata,
2002). otk A&l o A AEAW Na*e} CI°

rJ

rlr

@ 7] oleo] B wleh AFLAE Al lycine
betaine?] &=A3s}= Ho=z 10} glycine betaine-2>

o o ez W 5
zr835l= 7oz A7EH

Agdes HolFs Al 2ele] A4 ¥7)oleel
34 el F-3 ArA] AFExRAEA4] glycine betaine
& F3ro 24 200mM2] S (NaCl) B4 = F2ig
o) A glol AFEAE TR Ao oA

& AzRY 4 2AEdE

5 g

% (NaCl) 2B 2 ol A o9 o] 254 2 AHfx
AEA =2 4e)7l Glycine betaine (GB) &3 W3}= ato}
17) €]3}ed 0, 100, 200, 300 = 400 mMM2] < (NaCl)<
Aeste] A7, o] 2ok B GB TS AT

% (NaCl) z=2} AJA|7te] F715tel mhep oo 3o

ZZe2 9 (NaCl) 0, 100 78] 200 MM-& 2 W32
Ho|x] ¢kgkor} 300mM o]Ate] ¢ (NaCl) s=oll A=

7hasle Agre] Yepigle.

oFol-2 3Heke 9 (NaCl) 3= 2 x2)A|7ko] 27}l
ujel F7siglen, 2 Nat o] &8 43l K¥, Mg,
Nat, Ca?" 18] Fe?* =02 AlEA ol &53= A
o2 yepsio

% olegus AR FEx 9 (NaCl) F=7k 27H
o meh 271l P Blom, Nate)l e 7o)
& AHel AR 284 o) g5k oz Ve

Glycine betaine-2 1044 7}X| = gHeke] W3S Ho|X]
koot 4 A2 ¥ 2094 200mM ¢ (NaCl) =714
2317 Glycine betaine =7} Z7}5}9] 2™, 300 mM
o (NaCl) EEo M= oa 72H4EE okAke »edoh 24
L 9 (NaCl) 2Ed 2ol ti3t A2 AE z-dERDT
Glycine betaineS &4 3l= 45 Jehi itk

Aoz, 2o A8 W2 ¢ (NaC)e] #21&
A3 712t Re s 829l 9 (NaCh)o] Aj#a 2
3)3l9} Fr)o] & AFEx Ao o] &3}, Glycine betaine
3} e NEAY AREAE

=
o2 ¢ (NaCl) &4& S5l 7oz oAz

i

FA ol ol o)A 7 AL
o é—c’: TM]"‘ pRMoz 20133 % AR
et st Fulel olste] ATEH U
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