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Effects of CaCl, on the AsA-GSH Cycle of Sour Jujube Seedlings Under
NaCl Stress
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(College of Agriculture, Shihezi University; Xinjiang Production and Construction Corps Key Laboratory of Special Fruits
and Vegetables Cultivation Physiology and Germplasm Resources Utilization, Shihezi, Xinjiang 832000, China)

Abstract: A hydroponic experiment was conducted to study the effects of CaCl, on the ascorbate-
glutathione (AsA-GSH) cycle in roots, stems, and leaves of sour jujube ( Ziziphus acidojujuba C.Y. Cheng
et M. J. Liu) under NaCl stress. The results showed that NaCl stress significantly increased the absocrbic
acid(AsA)content and monodehydroascorbate reductase(MDHAR Jactivity in sour jujube roots and leaves.
In contrast, NaCl stress reduced the ascorbate peroxidase (APX) activity in those organs. Glutathione

(GSH) content in roots, stems, and leaves were significantly greater in the NaCl treatment than in the
control treatment. The addition of CaCl, to the hydroponic solution increased AsA content in shoots and
stems compared with the NaCl treatment. In contrast, NaCl + CaCl, reduced AsA concentrations and APX
activity in leaves. The NaCl + CaCl, treatment also significantly increased MDHAR activity in roots and
DHAR activity in leaves and stem. The GSH content in roots and leaves was less in the NaCl + CaCl,
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treatment than in the NaCl treatment. In conclusion, exogenous CaCl, improved AsA regeneration in sour
jujube roots and stems by increasing the MDHAR and DHAR activities in roots, stems, and leaves. The
CaCl, also promoted AsA synthesis in sour jujube stems and roots. The CaCl, improved the ability of sour
jujube seedlings under NaCl stress to eliminate hydrogen peroxide (H,O,) by increasing AsA content in
roots and stems.

Keywords: sour jujube; CaCly; NaCl stress; AsA-GSH cycle

BTEIAA A2 30% 2 B EhfaE (HKE 55, 20000, Hra SHEDARNEEAEE I, &%
R s 75 o R P A AR AR R AR B P SRR R G, LAYl AR BI0kE e v 1 A0 0T Al it 1A 75
(Smirnoff, 1993; Asada, 1999; Shigeoka et al., 2002). AEEEAZHLEIT E 25 5% P R 04T
AMEPIAMER (ascorbic acid, AsA) FIZ M H K (reduced glutathione, GSH) 4% (Arora et al.,
2002; Blokhina etal., 2003; Smirnoof, 2005). FISAIMLE—FPEH L (AsA-GSH) i3 R4 L A
FPUA R I A ALY (ascorbate peroxidase, APX). Mt H KL 5§ (glutathione reductase, GR)-
A A PU IR LR 38 JR B ( monodehydroascorbate reductase, MDHAR ) . i & $1 35 Il 12 ik JiR B

(dehydroscorbate reductase, DHAR) 4 Fi$TA EEFIE JR L PTIR MR (ascorbic acid, AsA), IBJi
BB HIE (reduced glutathione, GSH) 2 Mii%A L 7] (Maruta et al., 2010). 71 AsA-GSH ¥ &
givh, AsA 78 APX MIEA N5 H0, N, H,0, B2 R B4l I (nicotinamide adenosine
denucleotide hydro-phosphoric acid, NADPH) [JH T4 5% H,O (Smirnoof & Wheeler, 2000), [
I 4 AL TE ORI S BTIA LR (monodehydroascorbbic acid, MDHA) FIAPIIA MR (DHA), —
% {F DHAR #1 MDHAR 1 FH FEHE R AsA (Yinetal., 20100, GR Z4EF AsA-GSH 1H A1 %4
IBATHIR BN — . GSH 3215 AsA-GSH R NET B2 B ik N, JF i GSH # A2 il Ak
R BEH Ik GSSG (Jin et al., 2003).

XA ML FEIENE (Amor etal., 20100, BS-Fizfi (Zhu, 2002). {5 5T (Mcainsh et
al., 1996). BEiEMIHIESEAHEEEM . Ca hHERESE mAEYIN =il (Gong et al., 1997, 1998). fik
i (Nayyar & Kaushal, 2002). 550t CHeMech 25, 2015). 52 (SRR 55, 20000 FsEhE (2
LA, 2015) SRR N BE ) o DG T AN T R A N A AR A PR TR, SR R a O
TEIEHER 78 (Amor et al., 2010). Wk (Khan & Siddique, 2010). B HF () (FEmels 45, 2014)
MFEHE (e 55, 2012) SRy HATiE.

2015 4ER AT CIAF] 4.8 x 10° hm?, F/7 8 2.5 x 10° t CH84EE /R FIAX ZEiH ), 2015).
TR (Ziziphus acidojujuba C.Y. Cheng et M. J. Liw) HAHTT 5 fif #hok Rk, 22 rt RasA (i
HFEAVERS, 2009). Hrja h EPR A JHET 45, 20150, H AiH e R i 4K 2 $0r8 2
DL AN .

AR AT RS R B, AE NaCl Rk FE R A B, 150 mmol - L™ NaCl AbEE, FRAUH: Jr#155
W, MR HO, KBRS (S 45, 2015), JFAIL CaCly AT 225 FEAIK NaCl [l R IR A s/ 4)
Hi4 BB PR AT MDA &, 32 3 Mt el (SOD. POD. CAT) & S AR Rk i,
2 NaCl WHartis (CEH, 2014; B0 45, 2016a). (ERTIIEERL CEBMIE 48, 20160 L,
5 CaCl, %f NaCl il FER A S A AN Ml 8% B APX.GR.MDHAR.DHAR Fif 1 RIEREA) i AsA
GSH &850, M AsA-GSH B3 1) A1 JEARE CaCl, G2 A R0 aa it n] GeAE HI 7 2.
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QY R SRS PARES

1.1 #MRl548

YT 2015 4F 5—7 HAEA N FRZFARF BT . BhIE KD —BUBH IR AR 7, =il FiEK
B ZE, AR 2 B EE A S IR JGIEGRE 0.15 mmol - m” - s, YR A 14 h, BT
] 10 hy ARFFAIAHEIE 65% ~ 70%- ¥ 25 ~28 Co HFKA—BUR LA TIE 2 em HIKBUETF
TREE G, KGR 19emx 13em x 11 em (K x 58 x @). FAKEEGIN 145 H AR
g IR (FRHSE, 2003) 500 mL, fF 3 d BEk—E TR LA KR 6 B R 0 AL

FEE FRMIERE_FEAT 4 FhAb B (1) X, AHFATHIR; (2) Ca 4LFE, A 10 mmol - L™ CaCly;
(3) Na 43, hIA 150 mmol - L™ NaCl; (4) Na+ Ca 4%, HiIA 150 mmol - L™ NaCl 1 10 mmol - L™
CaClyo BEAMALEE 45 B, A 3 K. RBERMEPI 7Y, Na il Na+ Ca ALHE NaCl i [ELABER 50
mmol - L [IBEIEZ D31, A BT [F— Rk B H AR E (BEIEI 4 NaClARFE 0 d). HR 3R Y]
WFFLLE R, A3 6 d R A KRG S 2R 52 20 b Wria 4 S o W . (3R, 2014), FTCATFab#E)5 6 d
I —RVEREATEURE o FF S AR KR 22y, PR 258 7Kgt g, ORI R i K 73
BREAERN 1S BREN AR ZER0 B R A G SRR 0.3 g, M8 4 it o g HA T
AR, T - 80 CUKFETRAT o
1.2 MEmMBRAZE

PUAALYTINE : 0.3 g FRASAE AR . 2R, 23N 5 mL T4 1) 5% 5L K18, vkt
BE, 4 CZAFTF 14 000 r - min™ B0 25 min, LW BRI HIRMEE (AsA). EALTIHTIR LR
(DHA) & KM —BetsEr: (Jiang & Zhang, 2001); FALEABEH K (GSSG). kR M4
BEH Ik (GSH) 25 5 K H] Nagalakshmi F1 Prasad (2001) ] DTNB #3725

FUA MBS PR SE . 2 BIFREL 0.3 g KEMy, JH 2 mL 6% IR BRI IIEE, 4 °C, 12000 r - min™
B0 20 min, U EIEWARINE . PUA MR ARG (APXD. IRADUA MLIRIC SR (DHAR) LL&
B KIS 5 HE (GR) W& TE R 5E 2% Nakano F Asada (1981) (7575, HAJl S HUIR L IRIAE J5 iy
(MDHAR) 75 (93 % 2 2% Krivosheeva %5 (1996) (1515,

K H Microsoft Excel 2010 R AF3E47 2 Ab #FMEE, R SPSS 19.0 #AF#E4T 22 7 W 2 1t 0 iy
(P<0.05), M KEMTZE LB

2 HiIR50

2.1 CaCl, ¥ NaCl fB TERE AsA K HAHIEGE MR
2.1.1 AsA #= DHA 428 % 1L

HE 1AL, SX AL, Na AR NIRRT RAIT AsA SR EET . AR T
2.0 1 1.8 155, ZEh I BFA; 5 Na bFEAHEL, Na+ Ca #bF R, 250 AsA SR EE T, 4
S Na AEER) 1.2 F1 1.5 £, R 2 BRAK, 2 Na AFEf 62.3%. mbnl %, &7 A CaCl,
REfZHE = NaCl Jpid PR AR SLAE HR A ZE T AsA &=,

HiY) AsA-GSH T3, AsA 171 APX HIMEH T 4% HoO, %4 JE 1 DHA 5 MDHA. tHEl 1 AJ 41,
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7E Na JbHE R, B A5 |y 2RI i DHA 755 W 2w TR 20l IR 7.5 i 2.7 £%, #ilth DHA
TELEFEEN. 5 Na oA, Na+ CabPEF, MR, 229 DHA S8R ELD, %
i, /& Na ZbFEf) 42.1%. Na + Ca AbHEF, HRAIZET DHA & &%H 254010, b 2 I,
ATRE AN CaCly BRAK T M Fr b AsA &, I ZE & i) DHA WA s/ .

[ %fH& Control Ca Z Na H Na+Ca 140
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~ 100 -
z =
- 80t Ly
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£ b :
= 40 E’ b b
4 T b
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E1 CaCLAEHNEBETRFRE AsA 71 DHA FENTM
HEAREEFRWON DA AR 7 # 774 WHE: JEARMN: Ca: 10 mmol - L™ CaClys Na: 150 mmol - L™ NaCl;
Na+ Ca: 150 mmol - L' NaCl+ 10 mmol - L' CaClyo AN [l B 70 ) 88 B AS il AL BRI 22 52 B3 (P <0.05, n=3). FIil,
Fig. 1 Effect of CaCl, treatment on AsA and DHA content in different organs of sour jujube seedlings
Nutrient solution. Control: Nutrient solution with no add; Ca: 10 mmol - L' CaCl,; Na: 150 mmol - L™ NaCl;
Na+ Ca: 150 mmol - L™ NaCl + 10 mmol - L"'CaCl,. The different letters mean significant difference in different treatment

of same organ at P < 0.05 level (n=3) . The same below.

2.1.2 APX. MDHAR #= DHAR /& M4 & 4L
i 2 mT40, SXHEAILE, Na AbPEFRRASZA AR 250 Hrh APX 3G B2 FRAE, 2 72 xt
WP 25.1% 23.4%F11 60.8%. 5 Na AbFAHEL, Na+ Ca AbFE FERACSZA R, b APX IEMETL R
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Fig.2 Effect of CaCl, treatment on APX, MDHAR and DHAR activity in different organs of sour jujube seedlings
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FAAM; i APX WEME W FRAIK, A2 Na A0PE 1) 59.7%.

MDHAR 1 DHAR & AsA-GSH fE3 H F3 4= AsA [P AN T2, AsA #5840 JE s MDHA , MDHA
7t MDHAR FIER T FAE AsA, Bl g JER (L B4 E i DHA, 7 DHAR 25~ DHA W BLfFA42
JERC AsA (Smirnoff, 1996). HIE 2 Af WL, XA, Na Ab#E NS A B AR A1 h MDHAR
TEPER T, e BRI 2.0 5 R 1.8 £, ZEP LR EA. 5 Na fbFAHLL, Na + Ca fbHF
RS E W AR P MDHAR 357 2275, J& Na &0FER 1.3 %, A e 424k, nT i, oA
CaCl, #£%5 T NaCl il FERASZA R fh MDHAR 751, 58 T4 MDHA B )54 AsA.

XA, S ACHE R RS AE TR DHAR VETETE B A0k, EZXAN, Na 4bF N4 8
FRAR, XTI 78.4%F1 84.7%. 5 Na AbHIAHLL, Na+ Ca 43 TR DHAR 36 V£ 2 3%
ARAl s FEZEFNE R 2 TR, $42 Na Ab3 1.3 F5 (B 2). AT L, I ZEfi# I CaCl, REE ¢ 5y NaCl
JIE R PR AR S ARV 2 F I DHAR 31, AR TR N AsA-GSH fE#r 4 DHA 18 2 4
AsA.

2.2 CaCl, 3F NaCl i1 8 FERR GSH R HE A HEEE RS20

22.1 GSH. GSSG 4& Tk

GSH & AsA-GSH i &4 H ELEMPUEAIF], GSH nf B 5 MEA A BHIE <N, JFH GSH
75 % GSSG, GR FIH NADPH [ H T GSSG it J5 4 GSH, MM A 4i it i 25 e H ik JZE AR 7 70 8
JFURAS, BESRAE ST AR . I 3 a g0, HXF ARG, Na AbH FERASSAE AR, 25, nfrp
GSH S EW B ETHE, 2B 130 1.1 f1 1.6 ff%; 5 Na AFAMIEL, Na+ Ca 2B FERA 24
HHAI T GSH 23 %, X ook,

FACEE R A AR TR 25, b GSSG R LW E L. 5 Na Ab#AHLL, Na+ Ca fb3 T
FRALSZAE AR . 25, M GSSG & BT % 22 5 . VDD HEN B TR N, R A S A 1 52 31 NaCl
B SRR 25, MR GSH & g, H GSSG &A1 W&k, EKW/AE GSH % 41 GSSG 7]
KIS GR IS5 K GSH, GSSG A5 1M kAL T-3h 2 P4 .

[ %fH& Control Ca Z Na H Na+Ca

12 - 0.035
~ 10 ~ 0.030 |-
E E 0.025
o 0.8 - o .
= os 20020 ¢
[=] . r =
g ba a, g 0015 |

04+ b =
% b b lab % 0.010 |

02 ¢ O 0.005 |

0 ‘ 0
ics E-
Root Stem Leaf Root

3 CaCLAEMEFEARFIFRE GSH #1 GSSG S EHKME
Fig.3 Effect of CaCl, treatment on GSH and GSSG content in different organs of sour jujube seedlings

222 GRFHTA
LR RARLE, Na ZEBEN ALK i 25 Mo GRS PRI S5 TH i, 350 R 3.7 R 6.4 £
M GRVEM G M. 5 Na ALFIAHLE, Na + Ca JCBEFRRALIMR T GR WM E T, 2
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Na AbBE[F) 2.0 f%; 2. mrp GRIEMETE B4R

2 . O %} Control a
W (B 4>, T[40, CaCl, REHS %425 NaCl 045 : N e

040 | % Na M Na+Ca
Wil R R A AE W h GR WM, RE T ~ 035
GSH/GSSG 7EHR A I F A 0% 2 o0
2.3 B4 AsA/DHA 71 GSH/GSSG HIZ5 1k S oae | abuny i
2 0
15 ASA-GSH {551, AsA &, ALK vos | b
JFURAS (AsA/DHA) HG{E 5 Hiidi o 5 FEAH % 0 o e
(Gallie, 2013). M1 5 w40, HxtEAMLL, Root Stem
AN[FI A EE R R A S AE AR AsA/DHA HU{E TG
BEB, ZEPTE Na AF N BEFRE, X B4 CaClLAEMMERFSEE GR EHEAZM

B 11.4%, - h e B 245k . 5 Na AbFEAH L, Fig. 4 Effect of CaCl, treatment on GR activity in different organs
Na + Ca Ab# FHRAIZE R AsA/DHA FUAE TG i 2% ofsour jujube scedings
R4k, - ASA/DHA 3% LJF, /& Na Ab#
2.6 fi5. NaCl e J5 A CaCl, fef% i 2 4 R A S At v vf AsA/DHA LA .

AN GSH/GSSG EUAE I G E - AsA-GSH IS T R R N 2. 55X A
b, A0S AR AR GSH/GSSG H{EE W8k . 25 Na AbBLEXTR 1.3 %, i Ca
AEFEIEXT IR 2.0 £%, I Na AbBR G 5481k, 5 Na 0B LE, Na + Ca AbPE FFRASZAE AR
GSH/GSSG WAHTC W& 24k; 2R rp 2 TR, 0 AR IR 75.3%H1 45.1%. KHMA CaCl,
Jiis B4 2RI GSH 5 GSSG AH B AR AT T T %

g O *JHE Control Ca Z Na H Na+Ca 50 ¢
7 a
6 40 +
< 5 g 30 |
é ! b1 g b
a
2 a a b © 1 7 bl b
1 i% b, > 10}
0 . ! 0 .
i E-y w i E-y
Root Stem Leaf Root Stem

5 CaClLEMEMEFREZE AsA/DHA 1 GSH/GSSG HHEM M
Fig. 5 Effects of CaCl, treatment on AsA/DHA and GSH/GSSG in different organs of sour jujube seedlings

3 e

3.1 CaCl, ¥ NaCl friE TER R LA H AsA TEIRAISZR

AT TCR W], MR A 7 A2 1) HoO, 2241 AsA-GSH fE IR 47 R (Foyer & Halliwell, 1976),
AsA Fl GSH /&%) AsA-GSH i3 B 2 1 P A RS LG JR A 5 7], HEAERE H0, B8R H
AL I 2, B s e IR e i B A% (Sorkheh etal., 2012). REEZE (2004) HF5TK
L, #h i S EUKRE A W AL 7 AsA BRI, IIAANE Ca® 5, AsA SR e FE



BB, B, @wele B8, a4
CaCl, X NaCl Jpild TR AsA-GSH ¥ 1) 3 ).
i Z244), 2017, 44 (5): 953 - 962. 959

(P3G, AIG 45 R R, NaCl P 2 N 7RS4 iR AI b AsA &, S7KREIT LSS
ATE, W] 150 mmol -+ L™ NaCl il R 4852 25 4y w850 /K R Si A2 1 Bl 5 A 2t 38 3o 4 ve R -8
AsA FERIER NaCl [l 7741 Hy040 M CaCly JG R4 T M MDHAR. 25t DHAR &1 i
FETh i, R Ca BEHE R NaCl Wil F IR E4N B R FI 25 AsA FAESCHER (13 M, AR AsA 1
A, AT AsA BIHAES AL TP s HRR. ZEPEN AsA T BR HO, ZE A1) DHA 5 &
TWEL, RPRNVIKY AsA FURE KT AER, HEN Ca b 0] 58 R M 48 L4l il . 2%
t AsA B AsA-GSH EFR T AsA AR kalE— 238 I NaCl Ppid T R4 e i 25 b AsA 1A
. Ca e NaCl JBid T RS2 A AN 22 v HUA A0 ) AsA IRAE RS, v] e 5 85 7 AR ) e 1. 25 Joh i
(15 5 5 Sl B 78 M 5 A 5% (Yokoi etal., 2002). HE¥52 5 TR WHE 515 1B 5 AN P10 2 18 o 45
% 55 SOS A2 FIAG R B R I 1 A2 HEAT WA Y. (Zhu, 2001). Ca® 383 22 AN B 45 555 B (1) 638 0} 2h
B FEAT AN, G Ca® MR 11BN (CDPKs) 1) ET 1 B R A 11 2 B IR A 50 2 Wty 1 1) 422 PR 45 M
BRI, e 2R 5 AT ) A A ok 2138 Y. 2 p e i H ) (Mehlmer et al., 2010). ASUR 2 FT
SR FUR IR, Ca RefEil i $2 5 NaCl JbE N R %) it SOD. POD #il CAT 3 Mt bl HE b (1)
ik, MMHEEX 3 FPrA BTG, RIS R TR A (ESR, 2014). HEZRAARBIA K M) 4
P P AR T e 3 BE P YR AT R AR 34 (Cheeseman, 1988), 11 NaCl Wil ™ AE4 40 Mo N vl P S B
(R4 e v P SR 2E S B 2 IR A B 2 P g 3K (Shalata & Tal, 1998), S84l iwidt—5 %2 24
32, AR ORI, NaCl JibE T CaCl, JGE sz L4 AsA. DHA & F%, MDHAR
TEET L, K Ca e 4R NaCl rid NS h MDHAR 3&PE, AR T AsA 112E,
{HUEI NN CaCly ST 7 AsA & T B, AT REAE KR 41 i A £ 52 21 5 (1) A A P38 5 AR
Ca L2 5 3040 Mo N 85 25 T8 BURAA B AT A4E % (Duchen, 20000, {FERACH: i H AsA A &R
TR T AsA Fri R, DHA & EREE TR

TEIEEAT T, APX BRMEIH Bk 1E B AP a4 F T HEA 46 N il & H,O, (Tanakaetal., 1991), 3
TP AAR B A XS HaOn VS BRAE IR/ o AsA FETHBR H0, I #E5EAL, 1E4 AsA 15421 MDHAR
A1 DHAR i PERAN N 3. % (2014) )38, NaCl Wl R /NGl s sz A4 i AR K2 33, APX
TR R TR, E RN Ca REE R P IR E/N SIS APX . AR, NaCl i 580 A st
AHIR R APX WEME R B AE N S o AT e AR 2 (H,00), BAERIKRE T
ATHEEE A5 RE (Greenberg, 1996), 1E 15570+, (EWilEpbE w1, WA, FRulE H0,
(RGN 22, BRI, B a4 M A A . kiR ik AR R B A MA T HO, 1)
P, IR BUE AR APX VG PE. X AT RS NaCl Jpid FER A S A W 5 2 B h APX VR T
BRI RN 2 — o AU AT IR R B, BEAE NaCl i T B, RASEAE T I i Hy0, A7
%2, M0 CaCly i LA/ Hy00 BRE, FHIII CaCl, BESE i 410 N PiE AL SOD. CAT &bk, {f
H,0, TRERBEBR, BB AIER ORIl 25, 2016a, 2016b). APX X HyO, A 4 M ISR Al
71, BETHBRIGIKRE Y HyO00 NaCl pie FRRASEAE W88 T P APX VG MEFRAIG, WTAEZ R NaCl
R A R HyO BRASZAEH T APX A S0 B BUZ, A CaCl, Ji5 n] B R4 i 9 45 1251
R0 WA B AR R, RS AR W B APX SR PEE— 20 R .
3.2 CaClL, % NaCl BB TBE R K4 H GSH BRI E2 0

BRETARRITETTT % (2005) (ORFSLRET, Ca® AbBE4R e 7wl ihid B A 7S48 GSH & AR

BRI, NaCl il PR SR 1 %345 B b GSH & L U L3 W25 T, GSSG S L iw %
A, XEW, GSH ST mnlaeL i T GSH &GN, A CaCly J&, FRASAE A
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W GSH & &5 Na A FEAH L 3% F %, X5 GSH/GSSG Lb A L340 ], RN CaCl, 5 R A
SR ARAN T GSH & s8>, GSH/GSSG AH B ALk SS . v REA LU R PIAN BRI B — 2
AN GSH 2840 IE [ A I E S T HAA e AU BRI FE DL & GSH # GSSG 2 [H]
(FAH B AL Az . [RlIN, GSSG A GSH A —3& BIHhRIER, =& 740 i i 1) 7 5 DL &% GSH/GSSG
7 LA e 52 e AT TR I S 5 BE T B KN, 24 GSH/GSSG KT 50 IR, 4l i 5% GSH TR B i,
H A HIERERES GSH IR BUEMSS (&F % 55, 2009). HAMTTE Ko %, AFELHET, B
AL ZEFI GSH/GSSG #4715 50 LR, 2] NaCl e s A CaCl, Ji % R 4855 A: P 41 i
o GSH 15 & HoOn I FE = AR AR REA o 55 i 40 i PN 45 8 18 2o . A i R )42 B (Duchen,
2000, 125 A HIEATRESIH GSH AR, FEUNA CaCly J5 &4% 5 GSH 11T N F%.

HNJE CaCly AT BEIE L 3 s R A S AR TR . 2R R AsA FAESCHERE MDHAR F1 DHAR 351k,
TEHERANZE T AsA HUFE, MR, 25 AsA &, BETHEKRIEE H,0, 4% NaCl i i i
L) AR A ZE 145 2
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