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Abstract

Through the water cultivation, effects of treatments with different concentrations of CdCl; (0, 60, 100,
140 and 180 mg-L-1) on growth, antioxidant enzyme activities of leaves, activities of H*-ATPase and
Caz*-ATPase in the plasma membrane of root, as well as N and P contents of Salvia meiliensis and Sal-
via cavaleriei were studied in order to compare the tolerance difference between two Salvia to the
stress of CaCl; and analyze the physiological mechanism. The result showed that: 1) When the con-
centration of CdCl; was 140 mg-L-1, dry weights of the over ground part, underground part and the
plant of S. cavaleriei are lower than those in the control; 2) With the increase of CdCl; concentration,
the accelerating effects on activities of CAT and POD in S. cavaleriei had been gradually enhanced, but
the accelerating effects on activities of POD and CAT in S. meiliensis had been weakened respectively
when the concentration of CdCl; was 100 and 180 mg-L-1; 3) The activity of Ca2+-ATPase both in two
kinds of salvia was inhibited when the concentration of CdCl; was 140 mg-L-1. But the degree of inhi-
bition on the activity of Ca2+*-ATPase in S. cavaleriei was less than that in S. meiliensis. The activity of
H+*-ATPase in the plasma membrane of S. cavaleriei was inhibited when the concentration of CdCl; was
180 mg-L-1. However, the activity of H+-ATPase in the plasma membrane of S. meiliensis was inhibited
just when the concentration of CdCl; was 100 mg-L-1; 4) N and P contents of S. cavaleriei had lower
than those in the control when the concentration of CdCl; was 180 mg-L-1. But N and P contents of S.
meiliensis were lower than those in the control just when the concentration of CdCl;is 140 mg-L-1.
This research shows that the tolerance levels of POD and CAT, these two Kinds of antioxidase, in S.
cavaleriei to the stress of CdCl; were very high so that the peroxidation degree of its plasma mem-
brane is lower than that of S. meiliensis. Besides, the tolerance of activities of Ca2*-ATPase and
H+*-ATPase in the root plasma membrane of S. cavaleriei to the stress of CdCl; is very strong so that its
degree of inhibition on N and P absorption is lower than that on S. meiliensis. It's also the reason why
the tolerance of S. cavaleriei to the stress of CdCl; is higher than that of S. meiliensis.

Keywords

CdCl; Stress, Salvia, N content, P Content, Antioxidase, Plasma Membrane Caz+-ATPase, Plasma
Membrane H+*-ATPase

DEEE

SCEF| M IR, BT, VR 2 FRB X CdCl, i i 52 1 PR R AR FEHLE BT ). R AR, 2019, 8(2):
126-136. DOI: 10.12677/br.2019.82017


http://www.hanspub.org/journal/br
https://doi.org/10.12677/br.2019.82017
https://doi.org/10.12677/br.2019.82017
http://www.hanspub.org

T

2F B E X CdCLAMB R 3214 EL 38
KA BHLEIR R

& oW, AFR, #HT

Uep R B B R LA A R g Ty B R LA, i
HEOIHYE KRR TR AR, |4 Bl

Email: fs3584@126.com, “xuhua04@mail.nankai.edu.cn

Weks . 20194F1H 150 FHER: 20194F1H25H: KA HM: 20194F2H2H

HE

N T W25 R B EXT CdCL il TN 2 2 R IF T IXF ZE R ATNH, REKERFR, HRERE
WHEECdCl; (0. 60 100. 140. 180 mg-L-)AbIE XN R B H (Salvia meiliensis). 5t B (Salvia.
Cavaleriel)EK1EM . T RFHEAEEN, WA EH-ATPEER G KCaz+-ATPESIE AR E(N). BE(P)
SEOEWH. FRER: 1) BMNRERHR BE. HTFE4 DUREKRTEAECICLIRE N140 mg-L1
BHE T B, 17 S5 0 6l B Bt _b B 45 b T 540 DA KA AR B T EAE CACL IR BE 9100 mg-L- 1B A% 5T R s
2) FEECACLIRERIE M, SN REEM F S YEE (POD) it S EUEE (CAT)IE M2 3 3k 1E
BT, TSR REEPODRICATHE T2 FIR#E R 2 BIFECACLIRFEH100. 180 mg L6 FFiHHE
§5: 3) 27 R B E Caz+-ATPESIE M 7E CACLL IR B 9 140 mg L1632 33041, (B2 5t M BB 2% i Ca2+-ATP
FETEME SRR /AN T EWREE, M REER BEH-ATPESE HE7ECACLIRE 180 mg-L-15} 32 i,
T T BB LR BEH-ATPES E MR CACIIR EE N100 mg LB 22 3ME]; 4) RNBEEN, PEEE
CACL ¥R E 180 mg-LIBHK X, oM BEREN. PEEECICLANRE N140 mg-L- 1 KXt
B, FARE, 51HREEPODAICATX 2MHIEMER CACLAHE I ZH R, FERETEUERRT
KW REE, M5 REER TR B Caz-ATPEE AT H-ATPERE X CACL B T 24458, HHN. P
RCZHHIREERTEMRBEE; ERMBEENCACLBEMRZEER TEWREENRR .

XK ia
cdcLfhE, WER, R&E, R, AL, RHECa>-ATPE, FEH-ATPEE
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1. 51§

A pE s TP AR =R g, Tolk“ =87 HEscE H as 3ok, Aol A== s 2L AR B4 F B D 18
fifi + 3 (Cadmium, Cd)& &AW EFF, Cd i53 04 N i™ E 542 —(1]. Cd m%ﬁ%%lﬁﬁ%
MAE AR 3L, MHIHERAKRE, W= SR E2]. TEEEY S EASr hE, i
WA £ 552 31 5 4 J8 S T S e S R FRIFRAE[3]. CA™ RERE AT SEAL RGEHIIEH TAE, % SR 4A
b, IR A B P R4 R RN 8 A VAT CA™ Wi fE 1M 254 [5] [6]. K ATP B2 55 L H
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ATP WAIIFARS 72, HEHASAZ NN 5ESRETERISHA XN, £E TSR0 H -ATP 8. 5
SR Ca™-ATP B 7 IR R34 [7]. ZWUF TR, Cd™ M SimBii ATP BErStE, (H24
PIRIRIGATR], TR ATP BEE PESZMHI 1 CA™ YR BARIFI[R] [9] [10]. Cd™ HE NI P 2% 5 F7 0 2R T
WO B, ANFEFRAEADN CA i AR AN R, B FRICRIRILAE 7152 Cd™ st/ EEE R (1] &
FEICER IR AE AR ARSI SR A 1 A KB DL, X AT LUAB AT Cd™ (i 32 /8 1Rt 5%

KW B H (Salvia meiliensis) 15t M iR EEH(Salvia. cavaleriei)lF]J& T J& ¥ F}(Labiatae) i & % J& (Salvia)
R (Subg. Sclarea)Ft 241 (Sect. Drymosphace) H ITEY)[12]. I 4F K iR B @ AEY) R HO&E B 1458, 16
KT, B TERE S TR AR SRR 12]. SR R A SN R EAME A R S
2 RN 12] [13] [14], T HAEIAE « A28 TERIRE 8, ] ARSI BB AR W E A o
HAT, %3200 BB AN 51 M SRR ELXS CACL, B e FRTE SZATL] BRI 78 AR DAl . BRI, Aikse LK 2 Fh
BUBEONAEL, SRAKEE T, WA RIVR LR CACL XX 2 P R AR P LigiE . MDA
Fri, MRS H-ATP BEAUG R Ca’ -ATP BEETELL K N P &AM, JEHT 1 2 AR SN CdCl,
iy 521 22 5 B AR B, AN 2 bR RIS IM . RS SRR it — 8 BB FERE AN 225 4K 4

2. RIS
2.1. KIgHR

SN B R B SN BURE B3 51 R 2O Y B SR ANA R SRR S, e R D SRR s
PR, B T AL ST K BRI R B T

2.2. REWHE

PR FRA KR, KHER AL R EEMSEMNREBES 1585, BT/KELS, AEKZK
(Hoagland) & FR i HEAT 85 9% . FRMEMRIKE A K G, 5 A CdCL, AFEIIE 04 60+ 100 140, 180 mg'L™',
RN 3 REHE, #HT— M CACL, AFE 20 min. 4035 BENLHEY TR S 3478 9%, 7 d IBWGRAS F 4k
FKE R R, WEAEKENR, B2 MRBEMKSE 7 F 2B e MDA &5, BUHR 3 530
FR 2 BT Ff 485 SERIMRAE T—70°COoKAEH, M T 2 Pria AL B v vk« AR 000 5 5 I8 HY-ATP BiFis
PE. R Ca¥ -ATP B TE, B AMRHET 5 H TIlE N, P &,

2.3. MEFZE
2.3.1. EKIgtRAONE

BRI NI B3y B SRR R), HEBE KGN, BKERF/KT)E, 78 103 CHE
RN AT 30 min, FHE 75°C FHCTEIEE, HHE AR B R EAmE.

2.3.2. MDA SERE

BUH A 1.0 g5 IO EABER R 10% =5 2% 2 ml, WFEEEAISE, BN 8 ml 10% =5 LMk — Lt
BE, A1 L)L 4000 r/min 850 10 min, F_FiE N MDA $2E0 . MDA 2 30 %2 3% ] Heath 1 Packer f 75
VE[15]. RRBURESMACE L ZER(TBATE R M4 4F R ndAal KA B AR, RMNERE 532 nm. 600 nm
1 450 nm P AARI E R OE A, A

Cupa = 64.5(As;, — Agyy ) —0.56 4,5,

MDA 5 = [ Gy x SR (ml) | BB 5 (o)

A H B MDA %5 & (umol-g 'FW)
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2.3.3. MEKEEERNE

B 1.0 g B 5 WA B, INGE B T4 [ pH7.0 BERR G2 vP i RN /b B A SR UK IS IF B 1 20 3 )i
N 10 ml BRI, JEH MR ek, SR, e A F) 10 mle BUREUK 5 ml TE O
W, 2 4CHA RO 15,000 xg FEO 15 min, FIEBRCAPTAEEIIZR, 4C TN RGFE&EH. CAT i
K H] Aebi HJEESMRIBGE[16]I5E , LABEIM N Agy BEAIK 0.1 IS 1 MBS BAL(u) K& R . POD W& T
KH Polle BB EIARMNE[17]IE, LA A Ay 4L 0.01 24 1 AN S BEE VE AL ()RR
2.3.4. REPFEE H-ATP BERIELE Ca™-ATP FMEME

JRIE H-ATP B 15 Ca® -ATP $2EUS I8 Wang S5[18]/07735, BL0.5 g IREAEM A 2 f5(m/V)ik
L TIVA B IL 25 22 v (PBS), VKIGHTFEE . WFES A 4 Z40AAIIE, JEIE 4 CA B0 13,000 x g &
£ 30 min, B _EIEWONE ATP BHEYE. S0 Wang 25181895 160 52 Jif Il H-ATP BHEE(ug'mg “h™);
2 Ohnish Z£[ 1911 )7 ¥E I & JF i Ca® -ATP BH& M (ugmg “h 7).
2.3.5. BEFTE N PRIRIE

BT 2 1E AR B RE AR, FREL 0.5 g T 250 ml TH &, I 0.2 g B4R .6 g BREREH & 20 mL
BRER FTE AL I (274 HYP-320 —+HFLE RV ALYAE 200°C~350°CH & 2T, A JE, B 100 mL
e ERREI % . KA Anantakrishnan 25201 A 8L G & B35 R & B (L7 KDN-103F PLIK
ERLOME N SE(mgg ). K Maria 2521 HIBEEH I LLAEIE P & E(mgg ).
2.4. BURSHT

FIH SPSS 22.0 Fi it AT One-way ANVOA 77 Z 5341, 31347 Duncan £ 5 FLE X AR T L H-ATP
W I Ca?'-ATP BEE 5 F b N P & &3E4T Pearson M4 T« FH Microsoft Excel 2013 £ &3 .

3. BRE S
3.1. CaCL BmBEX A MR EELE K E I
HP 1 A%, 76 604 100 mg'L ™' CACL i FIEdt TS RERRIAEK, (M B MR LU

—o— bl i B HSalvia.cavaleriei

(A)

1.50 — - N R i Salvia.meiliensis
i = 100
22
8
=% 0.50

0.00

0 60 100 140 180
CdClL i JiE

CdCl, concentration/(mg/L)
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Figure 1. Growth of Salvia cavaleriei and Salvia meiliensis under CdCl, treatments

E 1. AERE CdCL BN EMNREEMEMREEE KL BHT

TR T E TR, 9500 R A E KAAE CACL KN 60 mg L™ B2 EI(E#E, 78 CACL N 100 mg L™
I A K SZ 2], o sy Mo R4 LSRR T ) B35 I . SERN R HEAE CCL N 140 mgL™
Il 5 BB 4 LR AR T F SO HE 23 Sl FEAIC 35.06% 20.83% 26.40%, T R R 3 TifEbr
fE CACL ¥R FE A 140 mg-L™" B IR 20 I BRI 9.09% - 18.18%+ 13.00%.

3.2. CdCL BN AMBREH A EAEEES MDA BRI

HHE 2 A5, CACL ) 2 PR CAT 5 POD HI3E 47 4E THEEEH . SiM %L CAT 5 POD )
TEMEZ B E B CACL WREIFH M om, 17 S50 B 5 CAT 36 PRS2 2 2 HEE FITE CdClL ik
5 180 mg L' I 45985, It POD y& M52 B E FITE CACL, IR E N 100 mg-L " B AFLGIRTS . 2 Fll
R MDA & & F#E CACl, ¥R EE RN iZ# EF-, 78 CACL#KEEH 60+ 100+ 140, 180 mg-L™" i 3& i i
R MDA & &8 I X I8 5 106.47%- 138.81%, 236.68%- 310.61%, M 5EH MDA & & 47l th ot
MR 77.47% 121.31%. 211.23%. 245.82%, EHiMJEH MDA & &K FAREAE & CACL KA N
F M R B
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Figure 2. Effects of different concentrations of CdCl, on MDA content, POD and CAT ac-
tivity in leaves of S. meiliensis and S. cavalerier
2. CdCL BBt EMRE RSN REEM A MDA & ELUR POD # CAT JEMERIFNG
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3.3. CACL, B} A Fh R R EAR S RAE H'-ATP EEFIREE Ca* -ATP BE7EMRIRN

B 3 n I, B CACL IRFETHR, 2 AU SRS H -ATP BERIF I Ca®' -ATP FEE 15652 5
et 5 2 F)30H] . 7E CACLWKJE N 60+ 100 140 mg L' i 5t M| BB HLF I H-ATP B i 152 3 A [ R
(AL 3E, T 55 T SR 551 HO-ATP B % A AE CACL A 60 mg-L™" I 52 FIE it . 7E CACL, WK E A 60
100 mg-L ™" i, 2 Ff SR BRI Ca™ -ATP BgiE P85 B2, 78 CACL RN 140 mg- L' i, 2 AR B
Ca™-ATP B M3 FF 46 22 B0, (E2 50N BB BB Ca™ -ATP B M T 32 M AR R v T 50 M U .

— o 91 5 FiSalvia.cavaleriei

0 R (A)
—3— F W R HSalvia.meiliensis

H > 80
=5
£l w
= o @
< g €
t£ g%
===
=T 90
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Figure 3. Effects of different concentrations of CdCl, on Ca**-ATPase and H'-ATPase activi-
ties in root of S. meiliensis and S. cavalerier

3. FELERE CdCL BhBY =R EEMEIN R EEREREE Ca’-ATP B85 H'-ATP
BESE SN

3.4. CdClL, BB M EEEREB N, P 2ERRR

f I 4 AT50, BEAE CACL WK EZRIE N, 2 FREE N. P & EXATH R K. SONRERE N &
£ CACL ¥ 100 mg- L™ N K, P& &EAE CACLIKEN 60 mg L™ Ik, H N5 PH&ERLE CCL
WS 180 mg L AT X . EFRER N, P& B CACLIKE N 60 mg L' ik, 7E CdCl,
WREN 140 mg L I AR T X I8 . 7 CACL IR FE N 140 mg- L' I, StIH R E N P & &2 5 L e e
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Figure 4. Effects of different concentrations of Cd on N and P in root S. meiliensis and S. cavalerier
Bl 4. TEIRE CdCL B XMREEMBIMBRERA N, P S ERIRNT

13.23%. 3.28%, ZENNREE N. P FE5 3 ELXRIK 5.95%. 11.60%.

35. 2 B REMRIRE H'-ATP B§iEM. Ca™-ATP E§EME. NS E
UK P SEBZIEREX NS

Table 1. Correlation analysis between plasma membrane H'-ATPase, Ca*'-ATPase activity, N content and P content in two
Salvia species (n = 30)

#1.2MEEEREERE H-ATP B8, Ca™-ATP BESEH. N @2UK P 222 EHEEMES (0 =30)

b=t AEH = JRE H'-ATP Bi% 1 JF I Ca?"-ATP BEIH 1
REE 1 0.857" 0.783" 0.839"
R 1 0.679" 0.794"

R H-ATP BEE 1 1 0.864"
JF i Ca®*-ATP BT 1 1

e AR 7 RIRAE 0.01 KPR EMR.
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MZE 1 AET, 2 FhEESIAR R HO-ATP BHETE. Ca® -ATP BHE TSN, N 2B P S &2 A
YRR ZE IEAM (P <0.01).

4. WL E5%ip

MDA & &5 B A a0 B E A 7K RS2 5008 B () B W FR R [22] [23] [24]. CAT #1 POD =24l
i B PUEAGES, TR LUK HO, ¥4 H,O, MITA 2BH 1 HoO, RIAR R, By 1B Ak [25] [26]
[27]. AR, FYIAH AP M 0= AR R I T IR R S BRI R, ST AR
I, MDA & EFH[28]. AWHIT, So/HEJREASED REE MDA & ERAE CACL i B 114 N r 4t
Fhim, R 2 FHEREEAR A H0, FIERRER/NT H0, MAERESR, S 2 PR 52 35 FH
JEBWTINR. B CACL Wk IN, M BB L POD FI CAT 51452 3 B0 1 FHIZ M o, (H 25N R
JE% POD A CAT 354 BT 32 AR HEE FH 20 HIHE CACL W 100, 180 mg L™ I JF A5 . £ B35 M B
B POD Fl CAT iX 2 Pyl AL x CACL Ml i 52 P, 45 52 M Bl R e ot i S A R 2 A1 T SR T Bl
5L, MDA & N T30 R 5.

RS H'-ATP B &40 R M ThEEE O, RNV IS IR AR 8 7, 52— RINR IS H ik R
X & RE FEYIR . BT HIHEE[29] [30] [31]. JRIE Ca®-ATP BFREXNTAHAE A Ca* PATEMGR/ER, Ca® v L&
AAF AR M TR H-ATP BEEPE[7] [10]. AWFFEERM, C& NI &IER Ca W BT, FmH#
JRIE Ca® -ATP BEiEIE N, Ca® ik MR M, T2l (s 5 5T H-ATP B mRNA (115557
KV, SEUTE H-ATP BEEVERR[10]. AWML FAESE T BRI, 2 FER R Ca®-ATP Bgis 1
R JE H -ATP BRE T SR EAHSE, FE Ca®-ATP BEiE MERURE H-ATP BRETE S N, P IS i 24K
BEIFMK. 2 FRESFE Ca®-ATP BHEMEAE CACL RN 140 mg L™ IFHAZRHMH], (H 5 RER
Ca® -ATP BEE 52 IR /N T SE I BRURE, 3 DB 5 SRR B A5 Ca™"-ATP BgXT CACL, it [ 32 1k i .
BN BB FL R E H-ATP BHEPEAE CACL KN 100 mg L™ B2 A2, (HSENN B R F I H-ATP BpE ik
FEREIRE N 2 330, X3 B R BE HY-ATP B4t CACL WHA I Z o T RS, KitE
BUNSRM RS N P S EAE CACL KN 180 mg L™ WAL T, TMERN fUB S N. P & &4 CdCL K
JEN 140 mg L I TR #E2E K ERBUONS M BB M B30 R 343 LA AR T B AE CdCLL
&8 140 mg L TR, SENR BB FH 134 R o AR AR 0T AE CACL, KA 100 mg- L Bt
TR, 2 Fh iR EAR T H-ATP BRG M. FUE Ca®-ATP MG, N & &, P& ELUAIL By, b
R ARERR I T BTN ) CACL IRFE IR 522V 4, VLRAR H-ATP BRI Ca®-ATP BEAJIE
PRSI N P WS — 320 IR, IR EL NG P S E B R i A K — 3B 20 A

g LATA, KW REE POD Ml CAT X W PLALEENT CACL, Wit FiN 32 HEAL F 50 B 5, i
J T S AR i T BN BB R, XSRS R X CdCl, M A2 AR T 5 B B R IR 2 —; SRR
T H-ATP BB Ca> -ATP BXT CACI B i 52 WAL T 5t B, I Ny P RIS %%
5y 32 B4, X RN R CACL, Brid i 2 S T 5N BB R R R 2 — o ARV R T 2
Pl RN CACL Ml 52 2 7, RIX 2 PR B/ W E AT 5 M BRIE5e 8t 7 2% . T 5
BB HXT CACL, it B B R m I 2k, wT L0 Foxt Ca> il MR E LR LA B R S P 14 56
RIS, WAL TIEN—M Cd AR REY, X3 cdisEmEE.

E&WE

AW 1. P EREER R A BHIR R SCE AR RIZ AT B B(CZBZX-1); 2. Rl b AT 2R
JRIE TR B(G172410, G182409)% Bl .

DOI: 10.12677/br.2019.82017 134 JERZIEERTI


https://doi.org/10.12677/br.2019.82017

T

SE

(1]

(7]

(8]

[11]

[12]

[13]
[14]
[15]

[16]
[17]

(18]

(19]

(20]

[21]

(22]

Wagner, G.J. (1992) Accumulation of Cadmium in Crop Plants and Its Consequences to Human Health. Advances in
Agronomy, 51, 173-212. https://doi.org/10.1016/S0065-2113(08)60593-3

Prasad, M.N.V. (1995) Cadmium Toxicity and Tolerance in Vascular Plants. Environmental and Experimental Botany,
35, 525-545. https://doi.org/10.1016/0098-8472(95)00024-0

Kudo, H., Kudo, K., Ambo, H., et al. (2011) Cadmium Sorption to Plasma Membrane Isolated from Barley Roots Is
Impeded by Copper Association onto Membranes. Plant Science An International Journal of Experimental Plant Biol-
ogy, 180, 300-305. https://doi.org/10.1016/j.plantsci.2010.09.008

Matgorzata, J.-R., Katarzyna, K. and Marek, B. (2012) Different Effect of Cadmium and Copper on H-ATPase Activ-
ity in Plasma Membrane Vesicles from Cucumissativus Roots. Journal of Experimental Botany, 63, 4133-4142.
https://doi.org/10.1093/jxb/ers097

R, (EH 05, ERHBH, . R KFE 40T R R0 48 e RS A B RE[T]. AR, 2011, 31(2):
522-528.

0, G, 25, . R 3 AR Y HTE A EEE AR B LI AT (D). PRALAE AR, 2008,
28(9): 1765-1771.

Liu, S.L., Yang, R.J., Ma, M.D., Dan, F., Zhao, Y., Jiang, P. and Wang, M.H. (2015) Effects of Exogenous NO on the
Growth, Mineral Nutrient Content, Antioxidant System, and ATPase Activities of Trifolium repens L. Plants under
Cadmium Stress. Acta Physiologiae Plantarum, 37, e1721. https://doi.org/10.1007/s11738-014-1721-7

Wang, Q., Liang, X., Dong, Y., ef al. (2012) Effects of Exogenous Nitric Oxide on Cadmium Toxicity, Element Con-
tents and Antioxidative System in Perennial Ryegrass. Plant Growth Regulation, 69, 11-20.
https://doi.org/10.1007/s10725-012-9742-y

Xu, L., Dong, Y., Kong, J., et al. (2014) Effects of Root and Foliar Applications of Exogenous NO on Alleviating
Cadmium Toxicity in Lettuce Seedlings. Plant Growth Regulation, 72, 39-50.
https://doi.org/10.1007/s10725-013-9834-3

Burzynski, M. and Kolano, E. (2003) /n Vivo and In Vitro Effects of Copper and Cadmium on Plasma Membrane
H'-ATPase from Cucumber (Cucumis sativus L.) and Maize (Zea mays L.) Roots. Acta Physiologiae Plantarum, 25,
39-45. https://doi.org/10.1007/s11738-003-0034-z

Kovacik, J., Babula, P., Klejdus, B., ef al. (2014) Unexpected Behavior of Some Nitric Oxide Modulators under Cad-
mium Excess in Plant Tissue. PLoS ONE, 9, €91685-¢91685. https://doi.org/10.1371/journal.pone.0091685

T, NITE R BB 5 IR A 5 5] A R RS B S S SR [D]: (A 2200 5. el DUk oK
2, 2012.

BREK, R, X, B LTS RIS R[], BSR4 R S 52, 2010(5): 31-32.

TR, S, B, B, REZ. SUNREBRERZER S I R RS K, 2011, 23(1): 63-65.
Heath, R.L. and Packer, L. (1968) Photoperoxidation in Isolated Chloroplasts: I. Kinetics and Stoichiometry of Fatty

Acid Peroxidation. Archives of Biochemistry and Biophysics, 125, 189-198.
https://doi.org/10.1016/0003-9861(68)90654-1

Aebi, H. (1984) Catalase in Vitro. Methods in Enzymology, 105, 121-126.

Polle, A., Otter, T. and Seifert, F. (1994) Apoplastic Peroxidases and Lignification in Needles of Norway Spruce (Pi-
cea abies L.). Plant Physiology, 106, 53-60. https://doi.org/10.1104/pp.106.1.53

Wang, Y. and Sze, H. (1985) Similarities and Differences between the Tonoplast-Type and the Mitochondrial
H'-ATPases of Oat Roots. Journal of Biological Chemistry, 260, 10434-10443.
Ohnishi, T., Gall, R.S. and Mayer, M.L. (1975) An Improved Assay of Inorganic Phosphate in the Presence of Extrala-

bile Phosphate Compounds: Application to the ATPase Assay in the Presence of Phosphocreatine. Analytical Bioche-
mistry, 69, 261-267. https://doi.org/10.1016/0003-2697(75)90585-0

Anantakrishnan, S.V. and Pai, K.V.S. (1952) The Kjeldahl Method of Nitrogen Determination. Proceedings of the In-
dian Academy of Sciences Section A, 36,299-305. https://doi.org/10.1007/BF03172239

Hurtado, M.D., Carmona, S. and Delgado, A. (2008) Automated Modification of the Molybdenum Blue Colorimetric
Method for Phosphorus Determination in Soil Extracts. Communications in Soil Science and Plant Analysis, 39,
2250-2257.

Mishra, S., Srivastava, S., Tripathi, R.D., et al. (2006) Phytochelatin Synthesis and Response of Antioxidants during
Cadmium Stress in Bacopa monnieri L. Plant Physiology and Biochemistry, 44, 25-37.
https://doi.org/10.1016/j.plaphy.2006.01.007

DOI: 10.12677/br.2019.82017 135 JERZIEERTI


https://doi.org/10.12677/br.2019.82017
https://doi.org/10.1016/S0065-2113(08)60593-3
https://doi.org/10.1016/0098-8472(95)00024-0
https://doi.org/10.1016/j.plantsci.2010.09.008
https://doi.org/10.1093/jxb/ers097
https://doi.org/10.1007/s11738-014-1721-7
https://doi.org/10.1007/s10725-012-9742-y
https://doi.org/10.1007/s10725-013-9834-3
https://doi.org/10.1007/s11738-003-0034-z
https://doi.org/10.1371/journal.pone.0091685
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1104/pp.106.1.53
https://doi.org/10.1016/0003-2697(75)90585-0
https://doi.org/10.1007/BF03172239
https://doi.org/10.1016/j.plaphy.2006.01.007

VETI

(23]

[24]

(23]

[26]

(27]

Becana, M., Dalton, D.A., Moran, J.F., ef al. (2000) Reactive Oxygen Species and Antioxidants in Legume Nodules.
Physiologia Plantarum, 109, 372-381. https://doi.org/10.1034/j.1399-3054.2000.100402.x

Verma, K., Mehta, S.K. and Shekhawat, G.S. (2013) Nitric Oxide (NO) Counteracts Cadmium Induced Cytotoxic
Processes Mediated by Reactive Oxygen Species (ROS) in Brassica juncea: Cross-Talk between ROS, NO and Anti-
oxidant Responses. Biology of Metals, 26, 255-269.

Willekens, H.S., Chamnongpol, S., Davey, M., et al. (1997) Catalase Is a Sink for H,O, and Is Indispensable for Stress
Defense in C3 Plants. The EMBO Journal, 16, 4806-4816. https://doi.org/10.1093/emboj/16.16.4806

Pereira, G.J.G., Molina, SM.G., Lea, P.J., et al. (2002) Activity of Antioxidant Enzymes in Response to Cadmium in
Crotalaria juncea. Plant and Soil, 239, 123-132. https://doi.org/10.1023/A:1014951524286

Hideg, E. (2004) Detection of Free Radicals and Reactive Oxygen Species. Methods in Molecular Biology, 274,
249-260.

Wi, WRekdE, BB, S SMHExE AR R S )]. BB R RALER AR, 2005, 23(1):
5-9.

Sondergaard, T.E., Schulz, A. and Palmgren, M.G. (2004) Energization of Transport Processes in Plants Roles of the
Plasma Membrane H'-ATPase. Plant Physiology, 136, 2475-2482. https://doi.org/10.1104/pp.104.048231

Rudashevskaya, E.L., Kirpichnikova, A.A. and Shishova, M.F. (2005) Activity of Plasma Membrane H'-ATPase in
Coleoptile Cells during Development of Maize Seedlings. Russian Journal of Plant Physiology, 52, 504-510.
https://doi.org/10.1007/s11183-005-0074-x

Perez, C., Michelet, B., Ferrant, V., et al. (1992) Differential Expression within a Three-Gene Subfamily Encoding a
Plasma Membrane H(+)-ATPase in Nicotiana plumbaginifolia. Journal of Biological Chemistry, 267, 1204-1211.

Hans iXlth

KPR B P RR T s

1. FTHF%nM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THARMELSE: [ISSN], HIAATI ISSN: 2168-5665, RIT/ i)
2. 4TITHIM T I http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

hmiE S http:/www.hanspub.org/Submission.aspx

HAFIE#E : br@hanspub.org

DOI: 10.12677/br.2019.82017 136 JERZIEERTI


https://doi.org/10.12677/br.2019.82017
https://doi.org/10.1034/j.1399-3054.2000.100402.x
https://doi.org/10.1093/emboj/16.16.4806
https://doi.org/10.1023/A:1014951524286
https://doi.org/10.1104/pp.104.048231
https://doi.org/10.1007/s11183-005-0074-x
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:br@hanspub.org

	Study on Tolerance Comparison of Two Salvia to CdCl2 Stress and Its Physiological Mechanism
	Abstract
	Keywords
	2种鼠尾草对CdCl2胁迫的耐受性比较及生理机制的研究
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 试验材料
	2.2. 试验方法
	2.3. 测定方法
	2.3.1. 生长指标的测定
	2.3.2. MDA含量的测定
	2.3.3. 抗氧化酶活性的测定
	2.3.4. 根部质膜H+-ATP酶和质膜Ca2+-ATP活性测定
	2.3.5. 营养元素N、P的测定

	2.4. 数据分析

	3. 结果与分析
	3.1. CdCl2胁迫对两种鼠尾草生长的影响
	3.2. CdCl2胁迫对两种鼠尾草叶片抗氧化酶活性与MDA含量的影响
	3.3. CdCl2胁迫对两种鼠尾草根部质膜H+-ATP酶和质膜Ca2+-ATP酶活性的影响
	3.4. CdCl2胁迫对两种鼠尾草根部N、P含量的影响
	3.5. 2种鼠尾草根部质膜H+-ATP酶活性、Ca2+-ATP酶活性、N含量以及P含量之间的相关性分析

	4. 讨论与结论
	基金项目
	参考文献

