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Abstract

To investigate the soluble sugar (SS) content, electrolyte leakage rate (EL), malondialdehyde (MDA),
oxidized and reduced glutathione (GSSG, GSH) content of the Phytolacca acinosa leaves treated
with 2.0 mmol-L-1 salicylic acid (SA), 4 antioxidant enzyme activities (SOD, POD, CAT, GR) and
plant biomass, Cd uptake and metastasis ability. In this study, Phytolacca acinosa was cultured by
hydroponics (1/2 Hoagland solution), and nutrient solution with a concentration of 100 pmol-L-1
Cd?* was used for stress. The results showed that: 1) Under Cd stress, SS, MDA, GSSG, GSH contents
and EL were increased in Phytolacca acinosa leaves. After SA treatment, the contents of SS, MDA
and EL increased slowly, while the levels of GSSG and GSH increased significantly high. 2) Under Cd
stress, the activities of SOD, POD, and GR were gradually increased among the four antioxidant
enzymes. After treatment with SA, the activity of the three enzymes was increased compared with
that of Cd treatment. The activity of SOD, POD, and GR increased by 30.23%, 33.09%, and 108.33%
after 4 days; while CAT activity did not increase activity after Cd stress and SA treatment, and de-
creased by 26.69% and 43.25% after 4 days, respectively. 3) After 1 month of Cd stress, the dry
weight of underground and aerial parts decreased by 30.77% and 10.56% compared with the
control. The dry weight of SA treatment was 5.63% and 25.11% higher than that of Cd stress
treatments, the Cd transfer coefficient was increased by 0.24, and the stem and leaf contents were
increased by 24.94 mg-kg-1 and 25.25 mg-kg-1, respectively. Conclusion: SA treatment can improve
the antioxidant capacity of Phytolacca acinosa and increase the absorption and transport capacity
of Cd?* under Cd stress.
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i fili (Phytolacca acinosa Roxb.)/& MiFliR 2 A A, % ARME[1] [2] KB Fl 2 518 B A0 45
HABEEEM, OB MHIE[4]. Xu [S155HT FTIESL ikl BA X e miaisae i, SHEuE
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ASCEI KENESL, BT RAERRINE N SA X HAERR SN S SRR SRR, SRR
FEREYME S RRTS Yerh BRI 70, MBS SE BRI it — i BRI B TR -

2. M 55%
2.1 M

PR AR TE N PEACH X BT AR AR, BRp e KRB — R I 2% (VIV) IR SRV 28, Kb
FIINEHAEVEIEARIRE FRIL, B T1HIR 26°C, AHXHEEE 70%~75%, SGRESRASN 1200 lux, 6 14 h/ig
10 h = NFATFF AR . M 2 —B0M PR e B G IR & Wi P bRy R4 2k 15 cm 24,
ARSI AT A o

22. Bk

2.2.1. FsEIRALE

ASZEG L 50, 1004 150, 200. 250, 300 pmol-L ™t CA* /KIFIATRALER, Zpdria bl i R, K
Wk EE T 150 pmol- LM Fr iBIAG 5, By KEM AR s iy, SEREHE, M LkER 4
K, IR ERE 100 pmol- L 48 ik F5 b 3 7 i

Y P Bt P PR IR V2 U 2R (EL) TR A IR P 38 T S 485 A SR R FE I FE #, 0.5 1.0 1.5, 2.0, 2.5,
3.0 mmol-L™ SA it 100 wmol- L™ 453 & il N pg fk i 1y, X R LT 280K, DIl 1. 2. 3. 4d i
fE b R B IR AR . BRI T KB 7E SA TAREER B, 4R FEART 2.0 mmol-L 7t Rk A
BB IRR 2 N, Hd 2.0 mmol-L™" SA AbHE BRI 5T K A fk; 3.0 mmol-L~" SA b FRY, wkh
M B RS IR R T s U BAIRIR B SA WA AR MR ARG R R 1 T, BRI SA T R ik A A
EE.

DR AR S50 F 43 100 pmol- L 439K BE AL BE R i, 2.0 mmol-L ™ SA {E N AMNEBE it AL, 43
IER SA X HAEBRFR AR I & BERHAE I R o

2.2.2. WGt

KRR NI ER tH, FKP e R +F . S2gafk 3 HALRE, MAHAAMER 6 K. A XA
(CK), Rn 1/2 Hoagland & 753; 55 414 100 pmol-L & MHEZL(Cd); 55 =414 100 pmol-L * f&MHa
2.0 mmol-L ' KR AL FEZH (CA+SA). WEitiK IR 2 Yk, 1AIRE 1R, X HEmEiti5 s 240K . SR 4 d
B — %, {EARTEAER, ) NaOH Al HCI R ¥ %E 353 pH H% 6.5 £ 4.

SO T U8 RAT = ik 5 4 JR (M 22 ) - 4 TV MERE(SS) s T B (MDA) AL BLFIIE
JR AL I H IR (GSH, GSSG) 7 &A1 4 Fifit A fL§(POD. SOD. CAT #l GR)i& 4.

30 d GGk, HIXUEZAMAKIEE, PRI MR, 220 e TRNMEAE 105 CHEA I, 5 7 P
BE B & AR E R

2.3. HEBPEBIFENMESZ

2.3.1. FRhSEIRIEFRANE

FTYE VR B B R FH R LU Ay [ 1410058 s MR ISR 2 3% 2R R S [15] 750 5E - T (MDA
TEZM Velikova S [16]ACE L2 A LI € ;KA Griffith [17] 00777200 % i J A 2 b H Ik &5 &
Kosugi Z5[18] 1977 VLI E M A H IK(GSH) & i, FI RSB H K & & 5 RS R E IR S R 248, iF
S AT B IR (GSSG) & & -
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2.3.2. raRk 4 FHESTEEROE

B E A AL B (SOD) i 14 77 R FH 420 DU e (NBT) Y6 Ab 38 J5L 3 52 [19]; 3 S8 AL 4 g (POD) it 14 1%
OIARENENE [14]: S EAERG(CAT)IE MR A I E AN E [20]: A0 H MGL S5 G (GR) I MEAS Il
1 Duarte Z£[21] ik
2.3.3. BEESBRMNE

7 Bl FH HNO3-HCIO, 1 fif 5 » 46 JBR 4R 1 15 5 R FH B IR WA 40 Dl e FEE vk [22] (TA-990 A -1 ie 73t
HEH), FEJBERER RB(TF) = SIR (S AR 4> B b b 38 IR 6 5 40 & Wk ) [23].

2.4, BAEALTE

FIFH Microsoft Excel 2003 A1 SPSS 19.0 % A4 34T S B0 E0 48 1 S 1+ 49 Hr
3. BERE S
3.1. SA BBk R AIiE M E S ERIRI

YR N TR Z 5i2iE 7T, 2P EeREUEpan, LEEfa, 75— ul n ki
YIRS ERRE . Wk 1 Fon, 52 Cd AR A B n v kbl & 0 s TR IRE, ) SA AbFE )5, stk
PiS EAERHT MR, 7625 4 d B rHIRAL/KSF, YR SA BEA RURAKAZ Cd Wil i - Al v T &

Table 1. Effects of SA on physiological indexes of Phytolacca acinosa under Cd stress
=z 1. AR TESRANE T APk IR AR AR A 22

Tk Kb R it Ab BRI ) Cd stress treatment time/d
Index Treatments 1 2 3 4
CcK 256+037b  2.67+0.21b 243+023¢ 272+0.07b
gl 0,
PR (%) cd 443+046a 485+0.15a 446+0.17 a 4330122
Soluble sugar (SS)
Cd +SA 402+£029a  324+0.14b 2.86+0.18Db 2.37+0.03¢
CcK 9.06+011b  1012+0.19b  10.23+0.23¢c 9.84+057¢
S EA
\RL 2 5 (%) cd 136240422  1564+029a  1827+049a 26.45+0.90a
Electrolyte leakage (EL)
Cd +SA 12.84+098a  13.43+083a  1522+020b 16.17 £0.67 b
I cK 036+005a  0.38+0.08b 0.42+0.05¢ 0.39+0.02¢
7§ (MDA)
Malonyldialdehyde content cd 0.51+0.09a 0.64£0.06a 0.72+0.03a 0.81+0.05a
—1
(umol-g~ DW) Cd+SA 0.46 +0.08 a 053 +0.07a 0.58 +0.03 b 0.62+0.04b
cK 1.46+0.39a 152+0.22¢ 1.43+0.09 ¢ 1484007 ¢
IERARBET K GSH cd 1924037a  204+011b  209+014b 189+0.07b
(umol-g = FM)
Cd+SA 2.48+0.35a 257 +0.06a 252+0.08a 2.49 +0.07 a
cK 0.64 +0.06 a 0.64+0.03¢ 0.68 +0.04 b 0.63+0.03¢
FULERIE Tk GSSG cd 078+006a  082+003b  081+005b 0.78 40,03 b
(umol-g—~ FM)
Cd +SA 112+0.13a 116+0.03a 121+0.13a 114+0.04a

e 1) FBIARR/NG TR BT A B R 2% 5 2 M (p < 0.05): 2) i 3 A EE MFHIEebrdE 2, T,

3.2. SA AAEXEFEA P A—MMBERRISRES BN

TR S L) 200 M ANV AT IR 7 BRI A R 2, R 2 BV AS H E BAR A, R IE N 3 R
4 52 ) B 43 e S B SE M AR FE B . 7E Cd B 1. 2. 3. 4 d J5, Cd A MDA & &A% CK
(38 & 43 %04 0.15. 0.26+ 0.30. 0.42 umol-g ' DW, HLfRFR ISR 3 4 539 i 50.33%- 54.55%. 78.59%
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168.81%; SA KLFLRFEHIAKT, MDA & &EARNTT CK [ I 4 %14 0.10. 0.15. 0.16. 0.23 pmol-g™*
DW, LR 5 IR 2R 73 B9 0 41.72%.32.71%. 48.77%- 64.33%, EL [ 10152 1) 45 Wi A2 AR 23 1) T B% 8.61%

21.84%. 48.78%. 64.33% (% 1), XLHHE 2o, Rkt MDA & &M M EFEIRZFE Cd i i [A) e
K sgm, 4 B S A s, SERE v SR SA KhFH 552 m T i o 40 AR R 1) e e R S B
AR T R Cd i 51 RIS AR I S A R PR P RS 1 A, TRBH SA FE AR E R i (e

3.3. SA LM ERE A A Bt H LS BAR G

BIEH R N FRIPUEAR], WA EESRE T, WEEE. £ 18R, 23 CdPiE)E, GSH
Al GSSG &Lt CK #2171 31.51%. 34.21%. 46.15%. 27.70%#1 21.86%. 28.13%. 19.12%. 23.81%,
SA 435, GSH Al GSSG & &M AME, HEEEINMEEEEA S, 4dMlES R CK 1
HEIME 55N 69.86%. 69.08%. 76.22%. 68.24%F1 75.00%. 81.25%. 77.94%. 80.95%, 5 CK F1 Cd
PE LR, $IE FR K

3.4. SA LI E LR i E BRI RS

SOD. POD. CAT RAHMAN 3 MEZERTIAME, REEMREIEA B B, WHREEE hE(HO), &
FAE(H,0,) A E HHIE(-0%)o BTG B 12 I LA W 20 MR AR S M SR 1 RE I [15], GR AL A Ik
GSH Ry E Ef, AHWRAMH MR N TRIPTEA A . WE 1A H: Cd #rdjE SOD. POD F1 GR H)i%
PEZHT T, 0 SA AbERJE, 5 Cd ARHRAHLE, SEANEEE 1 3 FhEEIVETE, 4 d 54304 1 30.23%. 33.09%-
108.33%; 1fii CAT HIiEMETE Cd Mra AN SA WHE 5 AT mETE, 4d 570 BIBEK T 26.69%F1 43.25%
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Figure 1. Effects of exogenous SA treatment on activity of SOD (a); POD (b); CAT (c) and GR (d)
1. SA b3S 4 FHEGTEME AR, (a) SOD BE/EMEAIZEIL; (b) POD EESEMAITE{L; () CAT EESEMAITE{L; (d) GR
BEEMERI L

3.5. Z44rEE SA B FEYEMSEHARTER =R

W% 2 i, 5 CKAHEL, Cd AbFEfE, HiRAHL B34 TR B E T, 25t TR T 14.10%
F110.56%, HLFEE A Kt Cd AbFREE InfsUR; SA AR DUE 2003 Cd Whid, b FAHL R 45
PLE T 6.30%F0 13.43%. [AliNt, Cd (I8N T, 30d j5illE, Cd I £2¥dem 7 0.26, Cd 7§k
LRI R, SR IR E 23.94 F1 2525 mg-kgt, BE K TR ESEIRSAEE.

Table 2. Effects of SA on Phytolacca acinosa biomass and heavy metal contents in tissues under Cd stress
2. SA ERIME T RMEMEMZEREERIENFM

£ W) & Biomass

#4121 47 & B Heavy metal contenst in tissues

T iﬂi%ﬁ?ﬁ ﬂ?%ﬁ*i *E 4y [H_ Translocation
reatments  Apoveground part  Belowground part » - » fact
’ d mg-kg mg-kg mg-kg actor
dry weight/g-#™*  dry weight/g-#k*
CK 142+0.02a 0.78+£0.02a - - - -
Cd 1.27+£0.02¢c 0.67+0.03b 4553+2.86b 2769+12b 29.38+2.10b 1.20£0.09a
Cd + SA 1.35+0.02b 0.76 £0.02a 65.38 +3.30a 51.63+34a 54.63 + 3.56 a 144 +0.08a
W ST SRR .
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4. 71ig

ot A2 0 R SRR [3] [4], AEAS [ b3 43 A ) 78 ek O ), ORI PR 22 57 o 5k R 75 464,
JKEE R 200 umol- L7 AR MBI SR IEH A K, ARS8 R A i bt R AETE 150 umol L 4@ Bk i R4
Ko, 10 R e AN [ 1 B o 4 PR i 52 M A [

KWL RFN, FEHEEZE Ci %4 BB TFINaE, MRZR0E, RIBRTENL, M4
KEMEE B HHE(ROS), WS &, HATUSIREF (R 1), XM LFTHE 45 R 2 —2m[7] [8]
[9]. MWD T ARG TS, LR TR U R AN SR BE: 0 BT A BT A R Gk ORGP B £ 40 B 0 18 9 35 [8]
ARSEE v, ZREEME S, FERET A POD. SOD il GR i3G5, nIEtERE . A AR M2 B H
JR s Bk SR a1

IKWR I I R FVATA P mT A R A 00 A 3R A AR, TR M) SR 5, a0\ LqE[11]. %
Sy Wi S FR[12] /N [13] ARSI R s EHY k4 SA &b )5, POD. SOD #l GR i
FREE B TE, M CAT Mg It TR, X ANGHE SR IE S R —F[12]. —J71H POD. SOD & MES m A H 115
BrimbEa, (A E AT GSH, BEE LK Cd™, HizRI e e, HWHEHES RS FIE
F, BT DA SIS PGB RS SRS B H IR S =3, AR 25, mf Cd &=, Hi%s f8dtm. &
SFEREELESS R AR I, CACL MUK R T LGS GR HZE R iR [24], MR G ARMER, F
Tt — 2.

5. &g

B2, TRERZE] Cd B, MYkemRsiMARg, UMREE. ALBERY: SA fEiRm
Kl ER pE T O BTEEALRE T, S BRI L ia e /g, (HILHLER M 53— DA AL .

BE K

[1] SEAME. 4R s S bl S s SRR [I]. AR A5 3REE, 2006, 15(2): 303-306.

[21 &AM, AR, RXUBk. TR E SRR AE[D]. WAk 27 B 274K, 20086, 23(4): 400-405.

[8] XMk, A FRHE SR G IEYHRD]. b4k T, 2006, 29(11): 58-60.

[4] 7F=RAEE, XIEEF], EdEE, WEHE, D%, 3 FEY ST O RN E SIS E R[] RLIRET R 2, 2009,
28(1): 72-77.

[5] Xu, X.X,, Zhang, S.R., Xie, S.S., et al. (2012) Effect of Cadmium Stress on Growth Response and Accumulation Cha-
racteristics of Phytolacca americana L. Southwest China Journal of Agricultural Science, 25, 1358-1362.

[6] Z=AUHk, RWR3E, SIEIR, FRAOEE, IV, BREEE, & Eaah RS R LESREEEMNTTRN]L &
AIR8E, 2004, 13(2): 156-157, 160.

[7] 5kEF5, skeirg, BB, 2hkig, x40, 2, % Bk ESE Cd SR E MBI RN HERE,
2011, 32(3): 896-900.

[8] ZEAfE, B, FEE KBERACEX TR MRE T A2 4mhabae I msgmi[l]. R X A5, 2010, 28(4):
102-105.

[0 FMER, s, w2, W, BiEL, DEER, & SNEKRRA— SR Sa F A4 EDE RGN e
WOR RE P HOF ISR D], HEE 7 5 IR 241, 2018, 24(1): 170-178.

[10] Xu, L.L., Fan, Z2.Y., Dong, Y.J., Kong, J. and Bai, X.Y. (2015) Effects of Exogenous Salicylic Acid and Nitric Oxide

on Physiological Characteristics of Two Peanut Cultivars under Cadmium Stress. Biologia Plantarum, 59, 171-182.
https://doi.org/10.1007/s10535-014-0475-9

[11] PR, SkmRIE, . AR ) \AITEALE: v B e i S A NELT]. e AR A5 RH7 54, 2018, 5(1): 1-6.

[12] &, XSWS, MRNI. SRR R EE Cd e T % 5 W 2 RS B R AR KA1 37 - U [3]. R AR S 224k, 2015,
26(10): 3153-3159.

[13] EHGH:. AKHEITERME /NN SRR SEmI]. Y A#EH], 2017, 33(7): 96-99.

DOI: 10.12677/br.2021.105075 611 JERZIEERTI


https://doi.org/10.12677/br.2021.105075
https://doi.org/10.1007/s10535-014-0475-9

Rk, ks

[14]
[15]

[16]

[17]
[18]
[19]

[20]
[21]

[22]
[23]

[24]

MR, BEEA, T ARSI BORIM]. st (2 Tlk Hifitt, 2006.
EA, EWRE, T, RILTT. T TR BRI A0 E A L R 3] R A B4R, 1983, 9(3):
223-229.

Velikova, V., Yordanov, I. and Edreva, A. (2000) Oxidative Stress and Some Antioxidant Systems in Acid Rain-
Treated Bean Plants Protective Role of Exogenous Polyamines. Plant Science, 151, 59-64.
https://doi.org/10.1016/S0168-9452(99)00197-1

Griffith, O.W. (1980) Determination of Glutathione and Glutathione Disulfide Using Glutathione Reductase and
2-Vinylpyridine. Analytical Biochemistry, 106, 207-212. https://doi.org/10.1016/0003-2697(80)90139-6

Kosugi, H. and Kikugawa, K. (1985) Thiobarbituric Acid Reaction of Aldehydes and Oxidized Lipids in Glacial Acetic
acid. Lipids, 20, 915-921. https://doi.org/10.1007/BF02534777

Giannoplities, C.N. and Ries, S.K. (1977) Superoxide Dismutase Purification and Quantitative Relationship with Wa-
ter-Soluble Protein in Seedling. Plant Physiology, 59, 315-318. https://doi.org/10.1104/pp.59.2.315

MR, Ebeld, fEPER ST HE S IM]. [ Heg 3 O A% H fAt, 2006.

Duarte, B., Caetano, M., Almeida, P.R., Vale, C. and Cacador, I. (2010) Accumulation and Biological Cycling of
Heavy Metal in Four Salt Marsh Species, from Tagus Estuary (Portugal). Environmental Pollution, 158, 1661-1668.

fifl B, 3R HTIM]. 28 3 AR, dba: PR AL, 2000. https://doi.org/10.1016/j.envpol.2009.12.004

BRI, WRIGE, ARER, BRFEA, T ORI R R —— B[], AR, 2003, 23(5):
935-937.

R AR G, BN 2 RRA D OE R A (BnGRL) Y 3 FE AN RIE 70 AT [J]. AR AR 41k,
2015, 23(10): 1318-1326.

DOI: 10.12677/br.2021.105075 612 )5


https://doi.org/10.12677/br.2021.105075
https://doi.org/10.1016/S0168-9452(99)00197-1
https://doi.org/10.1016/0003-2697(80)90139-6
https://doi.org/10.1007/BF02534777
https://doi.org/10.1104/pp.59.2.315
https://doi.org/10.1016/j.envpol.2009.12.004

	外源水杨酸对镉胁迫下商陆抗氧化能力和镉吸收的影响
	摘  要
	关键词
	Effects of Exogenous Salicylic Acid on Physiological Indexes and Cadmium Uptake of Phytolacca acinosa under Cadmium Stress
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 材料
	2.2. 方法
	2.2.1. 预实验处理
	2.2.2. 实验设计

	2.3. 样品中各指标的测定方法
	2.3.1. 商陆各生理指标的测定
	2.3.2. 商陆4种酶活性的测定
	2.3.3. 商陆重金属镉的测定

	2.4. 数据处理

	3. 结果与分析
	3.1. SA处理对商陆叶片可溶性糖含量的影响
	3.2. SA处理对商陆叶片中丙二醛和电解质渗漏率含量的影响
	3.3. SA处理对商陆叶片中谷胱甘肽含量的影响
	3.4. SA处理对商陆叶片抗氧化酶的影响
	3.5. 二级标题SA处理对商陆生物量和各组织镉蓄积量的影响

	4. 讨论
	5. 结论
	参考文献

