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Regulations of Calcium on the Salt Tolerance in Arabidopsis

MA Shu-Ying'? and ZHAO Ming'

(' Institute of Crop Sciences. Chinese Academy of Agricultural Sciences, Beijing 100081;? China Agriculiural University, Beijing 100094, China)
Abstract: It has been known that calcium is one of the macro-elements and an important intracellular second messenger,
which can release the salt damage. However there is poor knowledge about the mechanism of interaction between Na* and
Ca’* under different Na* /Ca’* ratio condition damage. In order to explore the mechanism of regulation of salt tolerance by
calcium in plants, the experiments of different concentrations of CaCl,-NaCl in solid and liquid culture media were
conducted to find the morphological differences and physiological-biochemical characteristics were measured in Arabidopss .
The results showed that the root length inc d with the i of calcium under O mmol-L™' NaCl, the root growth was

suppressed under 200 and 250 mmol- L™ ' NaCl, but the number of lateral roots increased and the leaves tumned to green
with the calcium increase under the same NaCl concentration. The biomass, survival rate, the K* content and K* /Na*
ratio reduced under high salt stress but increased with the calcium increase under the same salt stress. The contents of
proline and malondialdelehyde (MDA ) increased under high salt stress, but under the same salt stress the contents of
plied Ca’* may i the

adaptation and tolerance to salt stress by increasing contents of K* and proline, d ing MDA , and i

.-l

proline increased and MDA decreased with the calcium increase. These results implied that

P
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the resistances to ionic, osmotic and oxidative stress, and further to salt stress in Arabidopsis seedlings.
Key words: CaCl,; Arabidopsis thalinan ; NaCl stress; Salt tolerance
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1.1 ETRERMNER
il B9 It BF 4= B ( Arabidopsis thaliana , ecotype
Columbia) , LW E R,

HF IR F A NaClo BT RE I E 10 min, X
BAEKER 4R, BREHK S min, BIEZ MS E
WG EL ACHEML3J, RBHRACBAERL
3% 60 pmol-m s ELENE BEQ2:1)C],
1.2 E®HF
1.2.1 NaClhid THES AN DS HENED

FCHEEES 6 d 4 2 HI BB & A ARF CaCl,-
NaCl My fE A MS B 37 B (B KB RE 1), S0 8
HE.BMMEES SK, U SKiTERERIFET
Ak 8dIEHEM,

&1 HREE®K MS BHEP NaQ.CaQ, HRE

Table 1  Concentrations of NaCl and CaQ}, in solid MS medium need
in the study
T3] NaCl % CaCl, WL
Treatment NaCl i CaCl, i
(mmol+L™") (mmol-L°*")
1 0 1
3
10
2 200 1
3
10
3 250 1

1.2.2 NaCl @ THEA RSN GLEBETATH
HRERER 6 d KEH NG E AN B RIE R K
POEXGERE2), B 60 HE,BHREL 12
MS 435 5l 0.50.100.150.200 1 250 mmol+ L' NaCl,
£ — NaCl % X% 0.1.10 mmol- L™ CaCl, 478,

MEEE 3R, FTHAEESBAPERRESR 48
[FE38 60 pmol - m™ - s™' . EHE IR BIEF N (22 =
1) C, R 125 v/min], BB, 37 BIACE 105°CHE
HMPEE 0 min, RIGTESOCTH 24 h.FRTE.

X2 i E9EE 12MS 1R E 4 NaCl.CaCl, 9K E

Table 2 Concentrations of NaCl and CaCl, in liguid 1/2 MS
medium need in the study
4b 8 NaCl ¥ ¥ CaCl; W2
Trealment NaCl jon CaCl, i
i (mmol-1."") (mmol-L7")
1 0 ]

8
=)

3 100 0
1
10
4 150 0
i
10
5 200 0
i
10
6 250 0

1.2.3 AB¥EiHFGME FHER 1.2.2, 405 24
hEREFEATHE MDA 58 . 84S & S0 %, &
FARS LR BI BB PREE, -0CHRE; HTH
ZK'\Na' JEREBOSHHERE 50 kLA
BB H 105C R E 30 min, R IG 7E 80C F #t 24
h, RTHE,

1.2.3.1 K'.Na' EBHWE “HEYH R (B
BYFE G 9 SO BRBTEERE/S A 0.1 mol- L™' HCI 7£ 125
tmin 37CHBRR ELBRIE, KA o5, REE
e H IR B, B 5L Z-5000 8 KGR TRt
B K* (Na' W, W& B KR 766.5
nm 1 589 nm,

1.2.3.2 HERMERMTHENE %37
mE,

1.2.33 A-_BEERMWE RRELZE®
&[5]0

2 ZREGW

2.1 NaClBMETERUEFIEERESHRR
BB EBEEAFRNEKREHFE EHT8d
ROWEL, LM, 0 mmol L' NaCl &, B IFAYIR
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Tl A AT T 8 38 i 3 4, AR KR
10 mmol* L' Ca™ >3 mmol-L " Ca®" >1 mmol- L'
Ca’" ;200,250 mmol- L' NaCl 8 #g 3 (9 #2 A K 52
FM A, FER]— NaCl e BE T Bl 75 B9+ W B2 38 . 0y
MU i, Bt 32 R T 9 i 5 R 4% 200 mmol - L
NaCl 44 T, 40 1 mmol- L' Ca™* A 25% 3L 14 , 5h
B 3.10 mmol - L™" Ca®* JLAEHY, R A8 . 41 hn 10
mmol- L' Ca™* Bf 75 90% %h 1 BOAR & A4 25 il 4 K
250 mmol- L~ NaCl 44 F , 4Pl 1 mmol - 17" Ca®* B
4 EAET, AN 3 mmol - L' Ca’t B A 20% AE
W, M0 10 mmol-L™' Ca®* B ICAEH (& 1,/ 2) .

0 mmol-L™'NaCl

200 mmol-L™'NaCl

250 mmol -L™'NaCl

3 mmol -L.~'CaCl, 10 mmol - L™'CaCl

0O | mmoll. Ca
3 mmol/l. Ca’™
10 mmol/l (a°

Survival rate (%o)

NaCl (mmol/l.)

BH1 HX NaCBERHEF S EFEZEOHM
Fig.1 Effect of Ca>* on the survival rate of Arabidopsis
seedlings under NaCl stress

2 %3 NaQlBMERBEF D EERYRM
Fig.2  Effect of Ca’* on the growth of Arabidopsis seedlings under NaCl stress

2.2 NaClBMB FTEMNUTIFDEEMEN R
B NaCl ¥R BE 9 FH 085, AR S O AE KR 309l ,
A Y& T FE B ZER— NaCl ¥ T BiAS B TR EE
FrE il A YR, H 0.1 mmol-L™' Ca™* Y
YRS 10 mmol- L' Ca' WAYREREELES
(A 3). B8] NaCl B T AN ZE M THNES,
WA T YA KA,
2.3 NaClBr8 TEXMUETFTHEEEBROZ M0
2.3.1 NaCl & FHIM&F4 & K Na' &%
LR A 7E 0 ~ 250 mmol - L™" NaCl B, #8153 5+ 4h
B K & B NaCl % BE @9 F+ 8 T F B T NaCl
LK SR G RENAREUARE  EEER
NaCl (9B FHF, A— NaCl IKE T4 H M K S8

Fig.3

0 0 mmol/L Ca>*
0 1 mmol/L Ca>*
& 10 mmol/L Ca**

%

Biomass x 10-3g/60 seedlings (DW)
(=

(=]
HN

NaCl (mmol/L)

B3 £ NaCBEMHlEFoasnRorm

Effect of Ca’* on the biomass of Arabidopsis seedlings
under NaCl stress
* %:50 mmol-L Ca?* A MERBBE. (BK P<0.01. TR,
* * :significantly different from the control by ¢-test at P<0.01.
Exror bars represent SD ( n =3) . The same below.



ERIR

F EER SR kAN ) e 1709
Bl Ca’* W E M EWEA. 0.1 mmol-L7' Ca* 5 10 . O mnobL vt
mmol-L ' G MK EREREEEE(E D, oa[ . Ot mmold, Ca>
| O 10mmeldl Ca™

O vinmol ECa™
B 1mmoll Ca’
0 10 mmol1. Ca®

K* content (% YW)

NaCl ¢mmol/l.)

4 HX NCBHEMBEFS K 2ROENM
Fig.4  Effect of Ca’* on K content of Arabidopsis seedlings
under NaCl stress

X NaCl B804 Na* S 8B G MENA®FE
AR EE;7E 100 ~ 200 mmol - L' NaCl BIFEEI A,
Na® & B Bfi 5 #% B 9 7+ & W 3% 405 150 ~ 200 mmol +
L' NaCl Bt ,10 mmol-L ™' Ca’* £ 1 mmol-L™' Ca’*
Na*' S8 EE TH,100 mmol- L' NaCl it 10 mmol-
L'C" 51 mmol- L' Ca I Na' EBEHED
46, AT HE R 100 mmol- L™' NaCl S #IFF I MM 820
5 ;250 mmol+ L™' NaCl Bf 10 mmol+L™' Ca’* 5 1
mmol-L™' Ca™ B9 Na" S BT E XA, THEER
HOEEEDEIES THSNBENRES. ER—
NaCl % FE #18 F ,0 mmol- L' Ca* £ 1 F1 10 mmol -
L' C I Na' SRMEENERBEFLE Na'* il
BT BRAHWROBIR A . ERAB TR
Ha(Es),

O 0 mmol/L. Ca**
| mmol/L Ca™

s 3 3 10 mmol/L Ca* 3
g 4 =
£ N
3 2 o N §
! I NEY
L— 100 150 200 250
NaCl (mmol/L)

s X NQBENHETE N SROKE
Fig.5 Effect of Ca’* on Na* content of Arabidopsis
seedlings under NaCl stress
Bfi NaCl ¥ B #9380 K* /Na* FBE, Bl — NaCl ¥
ETHEEFEENAR K /Na* F+5,0.1 mmol-
L'Ca" 5 10 mmol- L™ Ca2* M K* /Na* SBERE
ExREe6),

K*/Na-ratio

100 150 200
NaCl (mmol/L)

Be6 B NaClBBRBBEFGDE K /Na* 19808
Fig.6 Effect of Ca’* on the K* /Na* of Arabidopsis seedlings
under NaCl stress

232 NaClMHATHS MBI S EHARES TN
EA] 0~ 150 mmol- L™ ' NaCl B, #BIIF 4N & i &
BMEEM NCIREHAREATEE, HHER
NaCl IR EHE ARG ARSI B UBEF T~ EWHBEN
38 ;T TE 200,250 mmol - L™ NaCl #& & F, 10 mmol -
L' Ca Rl ER A RNE L SXEER
BEEXS (B7),

03¢

0.45 0 6 mmol/1. Ca?*
~ 04 I mmol/i. Ca? e
é 035 @ 10 mmol/L Ca>*
x
Tz 03
=4
2 02
S 02
H 02
g 0.15

0.1

005 p

0

NaCl (mmol/L)

H7 $S3NOBENSETETHARIROEN
Fig.7  Effect of Ca** on the proline content of Arubidopsis
seedlings under NaQl stress

2.3.3 NaCl Bri& F 455 L dhy 3 %0 % % — B (MDA)
SENHA BB HE R S B NaCl %
ERFAETmHEM,F— NaCl BE TH B (MDA) &
BESMEEE AN 10 mmol - L' A B E TH(H
8), WEARMRBEA NaCl 7] S H A fbihif R T
IS EILBE ., X NaCl B B R _BHEE
EHA K, 200 ~ 250 mmol- L™' NaCl Bri8 F , #0455
RR_BMSB T, RYPGER T H NaCl 51 EM
FHEHE, B 1 mmo L' Ca* 5 10 mmol- L™!
C MHA_ETENERERIHE,

i LR R, B A T A m ca® il
K iR, &% K /Na* , B T RABERE ZIP
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TN TR RS, BT BRI A9 AR M
ZfET BTN e FERNTE.

O 0 mmell. Ca™
1 mmol/l. Ca®
10 mmol/l Ca>

MDA content (nmel/g FW)

250
NaCl (mmol/L)
3 NaCl B EMHEN G E R _BERORN

Effect of Ca®* on MDA content of Arabidopsis seedlings
under NaCl stress
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K SRR A b A R 8 KRR
BB TRERKNNHER FHAEN T 4H L
B BOR A4 R 2k A B B0 39, ZE T AT A
m R ES WA RN E RS IHREY,
B RA, NaCl B8 EREHFBYERKAE S
T S M A 4 F 9K, B U NaCl 38
YR R EIM NSRS TR
ERAMBPAEK M EBHETR(E22), Y8
#in, AHRGEALEETMEES: T AER
MEKMAESEMEMT B TERETHMA
QHEFFE A& R,

£ 4F B BT 55 238 TA 0 45 R R AL B S8 X A 1 1
EEXAGETER N U ETERRNET
BE. M BENABEERAS BN E
L KT B RE AR, B N B G FISME M@ WRIE T
FUESABHEHT, MBEE . EXNSEEER
AR BTR R, Bodh Ca®* RO 13X 4 41 B 69
IRCs,FH Na* BB VI, BIRkEL T,
REBEAR K RE™ ., KEDP, B &
AR FHEYI NO; MRS MEK
HXP, Cramer SEFRELME THREBRTEF

®

Er R

=23

FEA N @ HE Nat UK T K CaT BT,
Ca’ WREMHAR O NEMEFE  Na' 1570 K4
Ca’" BHELRMSh Ca™* BE b, Ca'' MR E 20, 1K
b VR B 0 I R MR R 60 38 0 F B% 5 150 ~ 200 mmol - L
NaCl B 591 7E & Ca®" TRESR W IF 89 7H & m g m .
K" ' NRHELEEASTHE TR BRZHN Ca™ W
F, KIS Ca BB ME T EEE LM Na'/
o Ca’' BB/ 40 MO BE 70 R BE X Na* A0 0% T
ERTHYBRRANBE RSN TREMIGE T
R K EBRTEN T, BEMATEEmMT K
HER BENESH A THDBEEH K/
Na' o ALK RWBIFH T X A, Kinraide A K
EEBETEFAIHNE, R G @t aSgH
BEOASEHHRITRRAENE T &8
BMARER G UERAEE T A KN
W =R G 5SAFENBEFANMEAR, T
REM Na' BF . HRELENH BARER
AP

5 52 QAT 2 43T 0L R AR R B8 TR X B
AMIBEXRCBRBERHYWRENENE S, BES
TAYEFBEANERMNREENAHN SEREE
WHEE THOHR, MERT X HE68RY
S0S BH ,HF S0SI mEFK LM Na* /H" R
B S052 HGAFAUIEES SNF I N SHMHE
B/ 8 MECNE, S0S3 RDH RS KB NK
M. HMETEXINMHEREERHAYEAKC B
REX, MATE-XFSEHBE"?, AR’ @
BEARZ, EAMM BRMA G S4EAW
HES5TRESHSARYY, HELA LR
EEAMERBS S THRMUMNESES,
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EEVE MALEKEAHTEAESHEBE
EREFER, FEREFHEEY ., AMeE
VIR A B R — b X B 38 A4 53 R, B 2 R R 3R
HTARSHXSRBEALANEREE R
HEBEWRNSE™, APREH, 7 200 mmol-
L' NaCl BB T, LA S BT I E B & B RS 0 45
REHFAETRR, BUHAERERDEBBRE
SHEHNBERATYRERT HME., HihE Tk
SEHYOELHE, BErFEBALYaBEET
FRMMESEMOELY . MY EEXHGE,
REFE—LHREHEAME, TREREH,
HEe TR _EE R, AR R 4GS .A
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