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FE 5T A EIRE CaCLXNaCIfB T A KD F E RV RN
B, Foell, B SN, R, B
LT YR ST BT, RIS G005 R0 P L1 4 76 40555 55, 1L 75 K 45030815

FEEE: AHIRIT45 B B T L MAUL, HFE T 200 mmol L NaClpha T, R RE CaClat 3k K4 #] & 173
—FA gRG O Frn. HRIEF: NaCMAT, ‘AR HAREZ . st AR EFE, vt ARAM BT AGHRA
(03) 7 A ik Z Ao id AL A(H,0,) 4 2 HH &, A ALY LEE(SOD). LA ABE(CAT). T A/ EE
(POD)Fe i df dn B4 it AAL M BH(APX) & M B AR, A KE A E AN TR FEAK, 55210 mmol- L' CaCl, 2 3
AR T NaCUa FARZ . vT AR & »f f O; * £i% £4H,0,8%. CaClL,2 %% % T NaClhia FSOD
FaCATE M4 T, 15 mmol- L' CaClLE 2% % T PODE M 44 T, @10, 154220 mmol-L"' CaCLLE Z 4 T
APXE MG T, ZHIRE(25 mmol- L") CaCLA 2 4get i AAxt b, 3%, O; Ak £ 4H,0,48 2% & TNaCl
Mrif ey, MmPOD. APXiE M. #FH kARG AT ENaCI A M) £ F AR FHE. RO HH K10 mmol L'
& CaClL4 f#200 mmol-L™" NaClfid xf ik K 4R %] ) 69 i€ R, TThe Lot A A 35 004 BALBRE M AdR Y 49
EHEREA K.

FK1A): #)8); NaClphia; sMRCaCly; FH R, R HT

458 ER AR A ™ B S e Ol A2 7 (YangB62011),
BE MR oK E, R8T e, B
b AL KR X (B 20 F42008) . 385
Na', Mg’. Ca’" }CO,". HCO;. CIHISO, #k &
1, JUHOENa FICT & 5 A2 2h i b 1) 2 ZAFE 2
— (BRI R 1993) 0 I 4F A & 7= Ml 1) 78 35 Je 1)
SHBHBUH, fealds. B H. 70 E5EKX
T R T AR R 184 o, 7 A b DX it
TR AL R AN IR, PR R 4] 2% A
WiE S FERAEEMI SR . BFESEHE
S5 1 14 0, I R sk A A0 AR B2 D B (R O A
2012), iE AR REUE A AL A, TR A RED
T PR R 2 I 5 ) SO (R 2 - 55 2015), i 2841
%) H A (R LA 452012)

XYL, BN TR/ REE
JCER 2, T ELTE 4ERR 20 M BE L 20 i 5 1) &5 44
Dineh s EEAE A, IR s Y i Bl (15
WréE2005). VFEAFFLRE, SNEESREIRE (IR E
$2014; R IRFEE2014; #16112016)%] HE 440 i 5
0, Mg EE P, — g4
VRS O] DL 2% ff 36 38 0 /N 00 5 (B 3
2014) AR KA, wT DABR = R 38 R R o R )
(RRIFEE2014) DN REAREH2014), RE
(1R LAE2016)55F 4 i Hi A A B i 1, FRARIE R i
SAAGIKT, AT 384 S A 50 R e (138 82, 4 b

PRGN ERPE . RIS Eh Ph SR (B ES2007) K
F&E (2R SCEE2007) A 47 25 PR 2R (GRX B 52006) PRI AS [+
SEES AR 8 K R AR R A . KT A
ERANEPS ke RN SEROE S 3 IR NIK S R
A 5T 4E200 mmol- L' NaClEh i kb FE T, #F 5 A
[ A 2 () CaCl, 00 41 42 41 P 306 1P 1) G2 i FH L )
FH 3 55 23 A i i ok s | A R BE, B AE N
il T R FRIE RS

1 RS

1 MR 54038

SIS 201543 H~20164E7 A 76 1L 7544 &)
T2 B TR TR B B AT . SEER AR
WA (Vitis vinifera L) %] i 2OK g8, —4F
AEMRE, EETEA25 ecm. &35 emfER T,
B b Es, K 3~4 i, BéHoagland
Fe. THb - EBK A T~8 I, i K 3 — B
WA, FRUGALEE . SO0 L3 B 1A B e db 3,
MR, BN EZIR, BANEL 1084k
o il R M, NaClAbFE FINaCl+CaCl,4b

ks 2017-07-27  fEE  2018-03-28
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WLy P 45 AR TR S H (201603D21105) A1 1L 76 44
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Table 1 Experimental treatments

'S ] e
1 CK Hoagland’& 777
2 NaCl+0 CaCl, Hoagland & 75 i+200 mmol-L"' NaCl
3 NaCl+5 CaCl, Hoagland & 7% #+200 mmol-L™" NaCl+5 mmol-L" CaCl,
4 NaCl+10 CaCl, Hoagland 7 77 i+200 mmol-L" NaCl+10 mmol-L" CaCl,
5 NaCl+15 CaCl, Hoagland 7 77 i+200 mmol-L" NaCl+15 mmol-L" CaCl,
6 NaCl+20 CaCl, Hoagland 7 77 +200 mmol-L" NaCl+20 mmol-L" CaCl,
7 NaCl+25 CaCl, Hoagland 7 77 +200 mmol-L" NaCl+25 mmol-L" CaCl,

e, NaCIVR £ BLAE R S0 mmol- L4, 4 Ak 2R
TR — KL 2 H PR EE, M ANaCIL B 0K,
5 T AR PR A 10K 3 A B A bR BE R, ) & b | 5%
Wi MEREEE, BRI 3~ i A R,
JH-80°CHE IR VK46 «
2 MEI B 75k

Jo7 57 P U 7 SR FH A OGS F S By (R AN 5
2002).

PRUETRE IR A & 1.5 g, 9 mLTivA (4
BB (pH 7.8 BRZ2 M, £50.1 mmol-L” EDTA, 1%
PVP), VKB, T-4°C 12 000xgE 220 min, |
BRI R PR UK . 8 A A B AL B (superoxide
dismutase, SOD)¥ V£ i)l 7€ % Giannopolitis fRies
(197752347, 1L % i (catalase, CAT)i 1k
(R 5E #2 Aebi (1984) (1) 71N, HidA BRI 44k
Yl (ascorbate peroxidase, APX)¥f P4 Nakano
Asada (1981) 74l &, 1A LW (peroxidase,
POD)E P42 & B A2 (1992) T 5E

AT (05 )= A R 1) 7€ 2 R Elstner
FlHeupel (1976)1) /7% . %M BrennanfllFrenkel
(1977) 773 E i AL E(H,0,) & &
3 BRI SStaih

BRI AR A AR AU (Yo )= (A B — X6 1) /5% FiEE <
100% . X A [7] 94 B CaCl, 40 H 1) B T 45 AR AR AL IR
JE AT ERRD M. K Microsoft Excel 2003%%
PEREAT St AL BRI 1], MIAISPSS 17.0% AR EAT
One-way Jj Z 4381 (P<0.05).  E 550 .
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Fig.1 Effects of different concentrations of CaCl, on the relative
conductivity of root and leaves in grape under NaCl treatment
AR NG - BER IR [R] — 4R BR AN [ b 2 7] 72 5 85 3% (P<0.05),
R

U5 8] 2 AR R RN R (R AR R AR E T T
46.0%. 26.9%. #MAMECaCLIEMC T 2hhia T
AR R AT HL S 2R, (BB A CaCLIK B2 1) T i,
AR L 2 B RS- T = - BRI T = a3, RS
mmol-L"' CaCLACHE 5 & e i) 2 7 A B 2 4k, H
KA B EART SR A iy, 3R E & T X,
H 110 mmol L™ CaCl,ib 3 [{ AR F AR HL 5 3% h
44.37%, L3 ia fI1K21.4%, 15 LT IE 514.7%.

ZRINSFI10 mmol- L™ CaCl, i B MK 1 2hhia
A A SR, SXRERARE, U
10 mmol L™ CaCl, PR IR B i K, Lh 26 i 3d (41K
16.7%; 158120 mmol-L™ CaClLAb B [#] 55 & il 18 2
ARG 25 mmol-L™ CaClAbBE [y F A X} H 5
RN EE 38 19 5. 35 1125.2%
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2.2 AEIRECaCLXTEIME T &K EEIH A
BEABEFERENHO, 2 E/MFN

WE2FT7R, 55X REAH B, NaCIia T A K1
B R BB T AR R FHL 0, 7 & 43l
SEN T 25.4%, 26.1%. F#25 mmol-L"' CaCl,

Ah, HARURE CaClL3h) B2 FRAK 1 Shhit ik
R AR B B T A, BL10 mmol- L CaCl, Ak
HE ) rp R AR B e AR R A, bR
HURE R 70 1) . B 1K32.0% 14.7%

5. 10, 154120 mmol-L" CaCl, %% M-}
MIH,0, % &5 H e i 2 A R %, 25 mmol- L™
CaCl,Ab BE ¥ i 1 A G FL 5 20 6 35 LG 36 i a1 vy
19.8%, SR FE I CaCl, wﬁgiﬁﬁ% TR
2. 3 P EIRE CaCLIT EL BB T XK EE M A

SULEREMERIR M

Lt AR B, NaCUy i~ # &) i Fr oo A ik
VB ALEE(SOD). A EEE(CAT). A ALY
(POD). ¥R I R A AL VB APX )i 1 52 3 PRI
(K3). BlE#ECaCLIKE KT, I SOD. CAT.
PODMAPX FE 1 RIS THm Ja T B, o
SODJE 14 % 3 5 T #h i (K13-A), LL10 mmol-L!
CaCl,AbFEf{SODIE M it s, 12 5 X IEAT1S mmol-L!
REFE 2 AN, LIS mmol-L CaCl,AbFH 1) 3%
Rf 22, CATHE MY B3 & T e (&13-B), LA
10 mmol-L" CaClLA4b ¥ () CATIH M 5, B w1
W, H k215 mmol- L' FE ), L5 mmol-L™!
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Fig.2 Effects of different concentrations of CaCl, on the O; production rate and

H,O, content of leaves in grape under NaCl treatment
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Fig.3 Effects of different concentrations of CaCl, on the antioxidant enzyme activities of leaves in grape under NaCl treatment
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Fig.4 Effects of different concentrations of CaCl, on the shoot length and total biomass of grape under NaCl treatment
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2 AR BECaCl, 0 ] 28 500 1 3 143 43 #
Table 2 Principal components of the effects of different
concentration of CaCl, on grape

W52 FE bR TR B2 F 53
FRHEAR 5.173 2.950 1.150
B TRk % 51.73 81.23 92.73
ELIZRIS 0.783 -0.323 —0.061
S 0.872 —0.430 -0.021
R AR AN L 28 —0.778 —0.064 0.694
I AR R -0.779 0.498 -0.232
A BB T AR T R -0.960 0.266 0.068
H,0, % & —0.667 0.473 ~0.404
SOD3F 1 0.378 0.826 -0.239
CATI% 0.575 0.726 -0.150
PODJf 1 0.509 0.698 0.494
APXiETE 0.698 0.647 0.030

KN S RIS R AR
HUSOR B2 B i KA A AR A R R, Hax 24
TEbRER R, 1l W CaCl, T £ 8 T 61 % 1) 22 i H
FOR o 552 Tl 1 R BRI 2 F SOD.,
CATHEMEAAL IR, HIX2M PR, B CaCl,
Xt ol 36T R A PR e R SRR T B E 8,
DR AE FBR . 334 e b R UK B AR
FAHXT LA

CAAEA 2 Bl oo 2 ) AR AR AL o5 P 2 B =
I3 SRR AR A U BV B, T3 i 45
R, AR B R SR AR T B AT SR T
IMEGER3). ATEVE AR ECaClyxt B A T 95
DR 8 6 (K AR B K E /82 10 mmol L'>15

mmol-L">20 mmol-L"'>5 mmol-L">25 mmol-L",
3 Wig
3.1 EBERECaCLEERZNaCIfHE TEEYE

HEMERE
A IE T, EYE N R R KR E A

(Santos 2004), & R ot S A AR BE DR, 53 499
RG. ARLEER T, fENaClE T, Bz A it
SR 1 AR AN H, O, 7 B R 25 10, T BR25
mmol-L" CaCl,4b, FARIKSEHICaCLIY B E LT
F0i7) 5 E I TR AL s el ioF 2 e G R e ST B2 I I
10 mmol-L™" CaCl, 1 [EA% T &5 Bl ae %6 2 i A (1)
H,0, % &, s T UUE HHRIAK FE [ CaCl, (Ffl 2
10 mmol-L™" CaCl,)%t &k il ifs i o S AR B & Al
PERIR . R AT LA 2l B A0 3R B2 i 2R P A
b 2R G SR F 5 BT i M A 45 2 (Smirnoff 1999),
Z 5518 AIE R ROV ) EE2E £ Z A SOD, CAT,
PODAMIAPX%s. CaClfgm I NaClfpia /N5
GIETHE R A A ESOD. PODFICATE 1t (44 3t
2014), —5EWECa® (<15 mmol-L™)A[ 5 NaCl
fiip 3 R AR ) SOD FIPOD i 1 (5% e 5 2%
2014), A, CaCl, ¥ F Z5fi# T NaCljhif T 7 %)
- SODFICATE M fI PRI, 11X 15 mmol-L' 1
10, 15, 20 mmol-L" CaCl 4} &3 22# T NaCl
PR IE T 7 2 i F PODFI APXOE 14 1 B, 5 50k
R 8 (I AH B, NaCl+CaCl, kb B i %6 %5 A ik
7R AU B B 1 7 A T R AIHL O, &5 B T RE 5 4 i 1)
SOD. CAT. PODFIAPXiE A 5%, BARAK - HIE
PRSI RT RE M /DS, S B AR HL S ER U,
JESE M N . T B CaCL AT BE T T CUig it —
RN, XA AT ARSI, 18 R T A AR
SR T R AL AR (2015)5F 5T R BB 25
F-CI 5 SO, A EL, i %) 4 4 i /& B T K, ifg L2
FlREEEMREEZ —.
3.2 ERS AEEETEN

F RS 5 AT AT DA 2 A AR R T D O LA
e b ok Al R R 4 Fa bs BLBT LS S B, R
FRA AT AN S E R . 45 R 4
(PEIK2013), i 3 B o0 B, FhNEE(2012)743 H

R3 GZETERE

Table 3 Comprehensive principal component values

CaCl#&/mmol-L" ES)%i! FE 52 F 53 S %ix 44
5 —115.449 -53.792 -10.502 -76.767 4
10 —13.645 6.958 —24.807 —7.869 1
15 —117.285 35.722 —5.193 -50.723 2
20 —123.976 24.334 —25.838 -59.919 3
25 —212.557 31.735 -32.330 —104.294 5
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R I E AR 2 R A FR bR AT T R = e
Pl SR . B2 M2 (2014) F5 H A X 2
Koo AT ARAFI AR T 85 28 51548 U E A ke
Gehr R PRI I EEIE M e bR . 1A (2016)
i 7 43 BIE N CaCl, 22 AR A 4y BB 3
T EENaCUBHE B PP FR AR . AR 3 B 40
ffii% 7 4110 mmol-L /2 CaCl,ZZf#200 mmol-L"
NaCl P13 328 K 8 561 26 1) B & iR P
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Principal component analysis on the alleviating effects of different
concentrations of CaCl, on ‘Tamina’ grape under NaCl stress

TAN Wei, LI Xiao-Mei, DONG Zhi-Gang, TAN Min, TANG Xiao-Ping

Institute of Pomology, Shanxi Academy of Agricultural Sciences, Shanxi Key Laboratory of Germplasm, Improvement and
Utilization in Pomology, Taigu, Shanxi 030815, China

Abstract: This study aimed to study the alleviating effects of calcium on grape under salt stress. The annual of
grapes (Vitis vinifera L. ‘Tamina’) grown on the sand were the experimental materials. Then the effects of dif-
ferent CaCl, concentrations on physiological properties of grape seedling were studied under 200 mmol-L™
NaCl stress. The results showed that, under 200 mmol-L" NaCl stress, the relative conductivity of roots and
leaves, O, production rate, H,O, content of grape leaves increased significantly, while the SOD, CAT, POD,
APX activities of grape leaves, shoot length and total plant biomass decreased significantly. Compared with the
NaCl stress, 5 and 10 mmol-L™" CaCl, significantly decreased the relative conductivity of roots and leaves, O;
production rate, H,O, content of grape leaves. Exogenous CaCl, significantly alleviated the decrease of SOD
and CAT activity under NaCl stress, 15 mmol-L" CaCl, significantly increased the POD activity, while 10, 15
and 20 mmol-L" CaCl, significantly increased the APX activity under NaCl stress. Under high concentration
(25 mmol-L™") of CaCl, treatment, the relative conductivity, O; production rate, H,O, content of grape leaves
were significantly higher than those of NaCl stress. However, there were no significant differences in the POD
and APX activities, shoot length and total plant biomass between the treatment and NaCl stress. Principal com-
ponent analysis results showed that the 10 mmol-L™ was the appropriate concentration of CaCl, which relieving
the damage of 200 mmol-L" NaCl on grapes, that might be related with the higher activities of antioxidant en-
zymes and less accumulation of reactive oxygen species.
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