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Physiological Resistance of Three Ornamental Plants to Soil Heavy Metal Stress

GUO Hui, WANG Niu,ZHANG Jia-yang"

(School of Life Science and Technology » Xinxiang University , Xinxiang » Henan 45300, China)

Abstract:In order to explore the physiological resistance rule of three ornamental plants (Philodendron
martianum , Syngonium podophyllum ,Scinda psus aureum) under the stress of two heavy metals (lead and
cadmium), a pot experiment was conducted to study relative physiological indices under different stress
concentrations. The results showed that the contents of proline of P. martianum and S. aureum increased
with the stress concentration,and the increase range of P.martianum was greater than that of S. aureum.
The content of proline in S. podophyllum increased first and then decreased. The content of soluble protein
in S. podophyllum increased first and then decreased with the increase of stress concentration, while in P.
martianum and S. aureum ,it exhibited the tendency of increase-decrease-slight increase. The MDA content
and relative conductivity increased with the increase of stress concentration,and the increase range was in
the order of S. podophyllum>S. aureum™>>P. martianum. Superoxide dismutase and peroxidase activity in-
creased first and then decreased,and the decrease range from high to low was P. martianum,S. aureum,S.
podophyllum. Considering index changes, the resistant capability of the three plants to heavy metals was
P. martianum>S. aureum>S. podophyllum.
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Fig. 1 Effects of heavy metal stress on free proline content
of three ornamental plants
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Fig. 2 Effects of heavy metal stress on soluble protein content

of three ornamental plants
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Fig. 3 Effects of heavy metal stress on malondialdehyde

content of three ornamental plants
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Fig. 4 Effects of heavy metal stress on relative electrical

conductivity of three ornamental plants

2.5 SERBMEX 3 R E AW B S LS
(SOD) & EH &M

FEAT N R S kY. ARG 5
SOD 7% ¥ b 2 Ak B v BE 1) T 55 S 18 i s AR, I
E A Pb3(1 000 mg « kg ") AL F A SOD 3
B 5 BRAH Fe A 71, 64 %0 22 J G R B AEAT
X B I A SR R R &% 45 ¥ #E Pb2 (500 mg -
kg 1) Ak S PR R mr . SO0 BRORE FE g3 ) B
32. 24 Y61 30. 65% , 2 J5 WV T B, 7E B K Ab Bk
JEE I il % P A I EL A T X HR (R 5D

TER 30 T & 450 A R E gk 8 [ SOD
T 1 i A B B I 3G S T e B . L, SR AR
Figg st B 7E Cd3(5.0 mg » kg 1) 4 BB SOD 3%

P F5 5+ 43 ) B 6 BE S B 73, 57 %0 K0 32, 93 % 5 1 A



%3 4 8

Mg 4. LIEE 4R T 3 FhL BG4 A BRHTHE 65

FAENE B SOD P 7E Cd2(1.0 mg » kg ') Fik |
R B TR 41.44% , fER R BEWIE T . &
AL B B SOD 36 5 X% BOAH H A BT BRI, 4
SIS T X IR 9. 31 % A1 4. 97 %.

—o— B —O— HRTH —A— Y
450

)

400

350

300

SODIEME/(1 + g

250

200

CK Pbl Pb2 Pb3 Pb4 CK Cd1Cd2 Cd3 Cd4
WE/(mg + kg ")
B 5 Pb.CdBpiEXS 3 F¥E & 498 & L 4 1 (LB (SOD)
ek |
Fig.5 Effects of heavy metal stress on SOD activity

of three ornamental plants

2.6 SRERAEMIEXT 3 FMEE YT | W ¥ E (POD)
SENI

TEETII AR L B gk g POD F M b 25 4% ik /9 7t
T S B NS FEAR L 78 Pb3(1 000 mg « kg™ ') &b 3 it
POD 3% 1 B s CEXF FR Y 3. 80 %), 2 Ji & R P& 1%
{EAT AR B X IR CEXT A 2. 19 %) . miA R
gk 5 POD J§ 4 W #F Pb2(500 mg » kg )
A 3k B e KA 430 2 X BB 3. 13 f5 A1 3. 63 5. 2
Je GH T R LIS R TR . dRa R . S ekl
AR RGE POD 36 1k ¥ bl & W38 2 B2 04 i i 5
MAeTH =5 TR B B AE Cd3(5. 0 mg -
kg™t b B R A e L 43 A X BRI 3. 62 % .3, 55
fEH 5. 01 %, ZJ5 POD & Ml T [, £ 2K F X
AR E 6.

—e— HGHM T— S REN —A—GEH

PODV&H /(1 g

CK Pbl Pb2 Pb3 Pb4 CK Cdl1 Cd2 Cd3 Cd4
WK E/(mg * kg ™)
B 6 Pb.CdBEMEIT 3 #EEY T S /4LEPOD)
i AR
Fig. 6 Effects of heavy metal stress on POD activity of three

ornamental plants
N
i 125 T 20 Rt 1) 728 AR A A A 00 5 A S Y

— AN B AR AR S M 8 BT a8 R BT R AR 0 — R bt
P, e B haa IR R AE S — A B E AT
Jot G e AR BR ) R SCAE T A0 N 4 BT K S R
TP A o 0 T AR 4 55 25 A B0 58 B A B B 32 A
FU AR o 2 R WA Bt A e A B VR Y
I LR R RN SR B 0 U S R R T
L2 25 G0 1) 386 T s K 4 B, U P 3 2 A ) T
TN T RAFA IS YL e . B SRR B B
Py I ) 38 0T A0 B AR R Y BE O
SR oA SR I R Ui I A TR B U A v S A B
JE (Pb2 Fl Cd2) T ik 2 d5 5 . B 7F /5 Wk 2 AL 38
BB TR L DR A S SE XY TS Y 0 IR R
A — o BB AF T — 2 I B

035 T 38 BE % 1 AR A ik AR T B Y 3R
ALt EEE AR SR, —ERENE S
JE B AR N ) L BE S R T R R R
O T T 25 4 0B AR AR & ¥ D BB N 9T 7 04 R T
FCNEE R 1) 5 T A L 30 PR BRI . AR5 s
AR AR A R R ETHE R
W I ok B A T 4 B Wl A R TRl A R A S R
PR T 5 W B R M R 1 BB ) U8 5 1
SRR LR B0 5 3 5 T B T AR Ak B, T
RE 2 fIK I B8 1) B R A — b 35 o 38 PR AR 2 T T
PR 1A B 10 24 5 8 2 — o vk B 1 0 5 2 1 5
S8 4 ol LA M s B A R P B R AR 2R
1T A5 B2 B H Bl 25 i 1) 0t — 25 T i 31 B
3 G0 R SR I R R 2 8 1 By AR ML T B
Jeb B0 o 1T A KR R ) i B 0 5, DA TR A T 3 R
A T,

FEMESE T, A0 0 I & A R G ok Ak VR R
MDA J&: g i S A0 VR F B 7= 4 [ i MDA & %
FH O 3 7 A ) o 396 85 % 4 S N s S5 L AR R 56
WE & 4 VR B RS R 3 R N R R
Ivi) R I T 5 TR 348 o A e A HL 4
i R Ak 4P A R R i AR SR e A
JIRFEA . B AZ 20 (9 52 1 5 AR e k. R TR e 4h
08 % & 4 @ I 3a Ab BB R MDA 5 2 1 39 fin i 38 R
Z ORI 5k /AN S A SRR R LY
MDA & & B EM R TSR —8. xR %k
AR BRI P B AL MDA &80, 5 A B 58 458 4
—3, ATLLE H A A BT B a R R P9 MDA 11
AR ARG B0 AT R AR A ol 25 | 3 e R o 2 B TR] ) R
) i A T 25 5% .

A= 10 B 235 A R T i ) R 5 A W 1 B
PIAH G, 765 4 8 B ae 40 i B &2 B 0 . S 808
BYT KB ANFL, 51 M X SRt fL



66 PO AL AR B 2 i

32 %

B i BuR T AL AN R IE e SERO R TP Na e Rack I p-2
M) & B, i 55 A B8R VA 88 110 184 o i i ) AR X H S R
B LT RS, 5 22 SEE KL AR R B
A S B T 1 T s R X F S R T T v e R A
YA 5 A8 AR BEAR IR R A R E > G > Sy,

4 S TP 30 A AR 2R e 30 A AL, L BE R 3
KETEER A R4 %2 A AR X P E
& B M E NI 2 F AR . A EE T,
YR 391 2 55 (POD. SOD) £ 52 %1 K [R) £ Ji 11 5%
M., ANRRZE B AE 2 B Cd il m] S BUN 2 R
il 3 Mk B s, X R OMRT AR & B4R I 38 AT 5] i
SOD.POD.CAT & ¥ As . AL A58 R B,
TE A B AN () L 2 R ) O T K R A L 0 g
L4, POD 1 SOD {if M7 th @ Hr i JE B oL T
TP GE G 0, R T HIEBR A B B R RE R e L R
W AR b A AR 3 i R 45 5 EEAE . Z 506 T
BEAIAELATS &% S 3 v X B 50 4 8 O 3 %o 0 48 Ak
PR3 BEE BR AL A ™= A2 B B A PR . i A R
g B A R AR B ) A T T LA R A 3 R
SCH R D RE 0 7 A R v B 0 T A 3 R O
PEREAR B 2 AR T X B CR R i g R R W e
4B it K O F G R AER R FEALRE 32
TR OF K BT NN 5 375 4 gy =) ) SIE I N =4 )
R IE VRN B 1 L I A ) 7 A JE S Y 0
HEMS LT E SR

AR R A B AR T AT A AR AR
4 W 30 XA P A K 0 52 g TR Dl 2 2% L X R T
HEERE-ANAEE E RN RS, AR — Bl R
IR TG U8 A 2R KRR 5 A% Rl R AR A T
SR — F 5 Yy AR Ak AR 2 O, I 22 B £
pH {H A LT & . 58 R ) Al 28 B0 5
R, LS4 35 I IR AR 7S A DL Rk i S 4%
ZMIESAET R, I XK B AR
G AT T S AR Mg
H 4 )@ Pb.Cd 38 58 1 9 K /N B o], I8 75 i —
ARG, LU A 38 V5 G4 52 A 38 TR Y Fh 2 1Y
TEFE SR AL SR 2 A AR A

B & k-

[1] MANGABEIRA P A,FERREIRA A S, ALEX-ALAN F,etal.
Compartmentalization and ultrastructural alterations induced
by chromium in aquatic macrophytes[ J]. Biometals, 2011, 24
(6):1017-1026.

[2] CHEN ]. Rapid urbanization in China:a real challenge to soft
protection and food security[ J]. Catena,2007,69(1) :1-15.

[3] B, T W4 iR 42 HE W %) 4 iy Wi e 3 | R AR R e 25 L
Tl BT HE JR L] 0% FH A 25 2 42 2014, 25(1) : 287-296.

(4]

(5]

[6]

(7]

(8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

DUAN D C,YU M G,SHI J Y. Research advances in uptake,
translocation, accumulation and detoxification of Pb in plants
[J]. Chinese Journal of Applied Ecology, 2014, 25 (1) 287-
296. (in Chinese)
AR I S 2RV A G R TS e A 8 B B R
A EBTTE I R[], SRR A, 2007,32 (3):67-72.
Wil 5, £ 07 A AR T 4 TR 6 A 4 04 B T RO 0 e T AL
LI 1. 2 BOMAE K324 - B ARBE ML, 2004, 27 (1) . 71-74.
YANG S Y, WANG F, XIE J C. Analysis on the types and
characteristics and the position in the tourism of the tourism
culture[ ] . Journal of Anhui Normal University: Natural Sci-
ence,2004,27(1) :71-74. (in Chinese)
GULZAR S.KHAN M A, UNGAR I A. Salt tolerance of a
coastal salt marsh grass [J]. Commun Soil Sci. Plant Anal. ,
2003,34(17/18) :2595-2605.
GADALLALL M A A. Effects of proline and glycinebetaine on
Vicia faba responses to salt stress[ ] ]. Biol Plant,1999.42(2) ;
249-257.
e A B S AR O B R R ORI ET]. E BH R R
2012(3):73-75.
WO R A RSB R AR AR S R R B R B s LT . T
Al FF2#,2012,40(11) :196-197.
K E R LT E A R R FR P A BEEOR [T ). e Ty
2,2016(3) :208.
AR R A AR I S R S (ML b at SR b
2010.
RELLELIRETE R GE. SR 3 I 4 300 17 =2 00 Hi Joh 3 1 2 2
Wi iz (1], P AL MR 27 B 2241, 2015, 30(5) : 91-97.
ZHU H X,ZHANG J Y,ZHANG T. Physiological responses
of Scindapsus aureus and Chlorophytum comosumto lead
stress[ ] ]. Journal of Northwest Forestry University,2015,30
(5):91-97. (in Chinese)
ok Bt A R B MR LT ). IR B R A i, 1997,
17(2) :199-205.
ZHANG Y X. Toxicity of heavy metals to Hordeum vulgare
[J]. Acta Scientiae Circumstantiae,1997,17(2):199-205. (in
Chinese)
YPRR S S PR i, L PR ORS AR o I 3B 1 A= 2 R
LI, PYIb Ak 2A BE 2 41 2011, 26 (4) : 36-40.
SHA C Y,MENG Q R, WANG ]J. Physiological responses of
two colored-leaf species to Pb stress[J]. Journal of Northwest
Forestry University,2011,26(4) :36-40. (in Chinese)
AN LY BN AR BT T 2 A K
A B AR R R L) . Rl 2241, 2013, 22(2) 1 187-194.
ZHANG X A, LI M Y, WANG Z H,et al. Effects of heavy
metals and saline-alkali on seedlings growth, physiological-bi-
ochemical of Oryehophragmus violaeeus[]]. Acta Pratacultu-
rae Sinica,2013,22(2):187-194. (in Chinese)
XU, B FE R . A SR N R AR ORISR
AEL)]. AR 2824752010, 30(2) : 333-340.
LIU J, LIAO B H,ZHOU H, et al. Main characteristics of
physiological-ecological dynamics of soybean during the
growth cycle under Cd stress[J]. Acta Ecologica Sinica, 2010,
30(2):333-340. (in Chinese)

(F#% 70 70)



70

[N

bt 27 4l

32 %

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

W/ AR AR AR Bl AR AR AR LML JE st BR A AL,
2001:129-147.
IR A, P 220 VR R AN U A b 5 I i i £ 3R 58
Jefitk R[] ] A 452235, 2005, 24(1) 1 15-20.
MA S H,WANG Q C,LI Y C. Effects of automobile exhaust
on chlorophyll fluorescence of four northern deciduous trees
[J]. Chinese Journal of Ecology.2005,24(1):15-20. (in Chi-
nese)
LA uAb L Ty R A AR VR R R AT Y i A B R B A
PPN (DT MR AR AL MO K 2% . 2004,
JER AR A » EBERE L R A DO A Bl bR 4 0T L AR T U Y
ZAEC)]. RS2 4] . 2015,35(8) 1 2536-2544.
GU C H,WANG Y X,BAI S B,er al. Tolerance and accumu-
lation of four ornamental species seedlings to soil cadmium
contamination[J]. Acta Ecologica Sinica,2015,35(8): 2536~
2544.
FoR RN . ORI R X 8 8 B A B 15 R IR R AT 5
(1. AEATbR Al R 225 42, 2013, 35(6) - 1-6.
WANG R, HU H Q. Physiological response of betula
platyphylla leaves to fire and the restoration after fire[ J].
Journal of Beijing Forestry University, 2013,35(6):1-6. (in
Chinese)
AR /N BN L A M) A &) X R R T 3 B2 e
LI, PH bR B 24, 2014,29(2) :61-65.
WANG Y L,WEI X L,DUAN R Y,et al. Effect of nutritional
deficiency on the growth of Phoebe bournei seedling[J]. Jour-
nal of Northwest Forestry University,2014,29(2) :61-65. (in
Chinese)
BB R/NT L A BH A T 4R 38 KRR AN TR R R AR A
YA 9 R L], R M. 2003, 17(4) :286-291.
GE C L, YANG X Y,JIN Y,et al. Effects of heavy metals on
superoxide dismutase in different rice species [J]. Acta Agri-
culturae Nucleatae Sinica,2003,17(4):286-291. (in Chinese)
FURELE SR 75 B SR AP . AR B 38 X K 4 A R B A A b
R LT . A gl K% 23R, 1999, 18(2) 1 111-113.
KONG X S, GUO X P, ZHANG M X. Effect of cadmium
stress on seedling growth and physiology-chemistry of maize
[J]. Journal of Huazhong Agricultural University, 1999, 18
(2):111-113. (in Chinese)
R0, HLHE R, E MR AR Bk B HUSR A0 g A R e SR
FAA )] AR, 1998, 18(6) 1 640-647.
LIY.ZU Y Q,WANG H X. Effects of cadmium and iron on

[16]

[17]

(18]

[19]

[20]

[21]

[22]

amino acid content in tobacco leaves[ J]. Acta Ecologica Sini-
ca,1998,18(6):640-647. (in Chinese)

B SLOH . PNVERHT B A AR R E /N B A BT T A R
AT ], R 2E #1998, 18(5) :495-499.

LUO L X,SUN T H,JIN Y H. Accumulation of superoxide
radical in wheat leaves under cadmium stress[J]. Acta Scien-
tiae Circumstantiae,1998,18(5) :495-499. (in Chinese)
BRAREM MR A SCH A B AE X SRR
FAEMA BB MATFELT ] A4, 1998, 18(3) :320-325.
QINTC,WU Y S,WANG H X,et al. Effect of cadmium,
lead and their interactions on the physiological and ecological
characteristics of root system of Brassica chinensis[]J]. Acta
Ecologica Sinica,1998,18(3):320-325. (in Chinese)

GEAR 3 i RUY/ AN CEAW N Y R A DO o N A - S N e
RO AR B2, 2011(1) :36-37.

GU H M,HU S L,WANG H X. Effects of heavy mental lead
on corn seed germination and seedling growth[ ]J]. Journal of
Guangdong Agri. Sci. ,2011(1) :36-37. (in Chinese)

VKA A ERKEIM] L. 1R 25 R AL,
2002:29-37.

KA 5k K T A AR A A gy w2 SRR i 2 LT . A
)24, 1998,40(3) :270-276.

PENG C L,LIN Z F,LIN G Z.et al. Effect of tourism and in-
dustrialization on the atmospheric quality of subtropical for-
ests and on chlorophyll fluorescence of two species of woody
plants[J]. Acta Botanica Sinica, 1998, 40 (3): 270-276. (in
Chinese)

FREE S5 UL . 4 Fh 4 €0 0 B R I 2 96 3l T 2 S 80N
SO, Wi g ma ;[T 1. PG Jb Ak Be 2 4 . 2013,28(6) 1 14-19.
ZHONG P F,YANG ] S. Responses of the chlorophyll fluo-
rescence parameters to SO stress in four golden-leafl trees
[J]. Journal of Northwest Forestry University, 2013,28(6) ;
14-19. (in Chinese)

b anne O B S W (AR 1972/ SRS NRLEEE K
o B 4y B R O AR AR RO P R n e L) 1. B AR A
#2.2003.14(3):326-331.

CAI Z Q,.CAO K F,FENG Y L,et al. Effect of low nocturnal
temperature stress on fluorescence characteristics and active
oxygen metabolism in leaves of Garcinia hanburyi seedlings
grown under two levels of irradiance[ ]J]. Chinese Journal of

Applied Ecology,2003,14(3) :326-331. (in Chinese)

(L#%F 66 )

[17]

[18]

(191

VITORIA A P,DA CUNHAM,AZEVEDO R A. Ultrastruc-
tural changes of radish leal exposed to cadmium[]]. Environ.
Exper. Bot. ,2006,58(3) :47-52.

FUAE B, 3 RERE L 2 K A L S5 HY LB RURE T 38 X far A A 3 A fb
A5 L. 30T R Ak K225 4. 201044 (4) :402-407.

KONG D Z,PEI K K,LIY H,et al. Effect of Cd,Zn and Pb
stresses on physiology and biochemistry of lotus[J]. Journal
of Henan Agricultural University, 2010, 44 (4):402-407. (in
Chinese)

W73 AR Bk 2, 0 45 A XS /N 22 Wy W I e S A DR 4

[20]

e ML VE LA % i . 2000, 20(3) :399-403.

CHEN H,XU Q M, WANG W,et al. The effect of Cd?" on
the activity of protectiase and cell membrance lipid peroxida-
tion change of wheat seedlings[J]. Acta Botanica Boreali-Oc-
cidentalia Sinica,2000,20(3):399-403. (in Chinese)

XK, & B AR 5k, S5 BYGR D 38 X FH e S 8 43 A B AR AR
B )], A4, 2014, 22(1) 1 43-49.

LIU D L,CAO X C,ZHANG H,et al. Effects of lead,cadmi-
um pollution on tested physiological indices of forage sorghum

[J]. Acta Agrestia Sinica,2014,22(1) :43-49. (in Chinese)



