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Effects of a co-pollution of Cd-Pb-pyrene on the growth and physiological
characteristics of sweet potato
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Department of Environmental Engineering, Jinan University, Key Laboratory of Water/Soil Toxic Pollutants Control and
Bioremediation, Department of Education of Guangdong Province, Guangzhou 510632, China

Abstract: A pot orthogonal experiment was carried out using sweet potato to figure out its growth and physiological
characteristics under the stress of a co-pollution of Cd-Pb-pyrene. The results indicated that the leaf areas were significantly
inhibited by the various pollution factors and their interactions under the Cd-Pb-pyrene co-pollution (P<0.01, P<0.05); the
single factor Cd, Pb, pyrene had a remarkable suppression on leaf elongations (P<0.01). Pb was the most important effective
factor to the biomass of stem and leaf (P<0.01). The underground parts of sweet potato had a stronger tolerance to the
contaminations than the aboveground parts. Interaction of pyrenexPb was the main impact factor on the physiological
characteristics. It significantly suppressed the concentration of chlorophyll a and the SOD activity (P<0.01). On the other hand,
the interaction of pyrenexPb increased the concentration of MDA and the accumulation of proline significantly. In addition, the
single factor of Cd, Pb, pyrene and their interactions had the similar inhibition or promotion effect (P<0.01, P<0.05).
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Tab.1 Design of combined pollution experiment

WA (mgkg™)

Ak Bt 4=

% cd Pb
1 100 0.3 50
2 100 0.3 200
3 100 0.3 500
4 100 3 50
5 100 3 200
6 100 3 500
7 100 10 50
8 100 10 200
9 100 10 500
10 300 0.3 50
11 300 0.3 200
12 300 0.3 500
13 300 3 50
14 300 3 200
15 300 3 500
16 300 10 50
17 300 10 200
18 300 10 500
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Fig. 1 The leaf areas and leaf elongations of sweet potatoes
under different treatment levels
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Fig. 2 The biomass of sweet potatoes tissues under different
treatment levels
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Tab. 2 The variance analysis of the effects of pyrene, Cd, Pb combined pollution on the growth of sweet potato

RN 2 TR I e FE T o RAE EtE &
F{f 14518 17.919 0.228 2339 2.855
24
P { 0.000%* 0.000%* 0.638 0.142 0.107
d F{f 25.522 5.451 0.301 0.198 0.945
P { 0.000%* 0.009%* 0.301 0.822 0.405
- F{f 6.490 6.339 0.743 15.449 34.735
P { 0.001%* 0.005%* 0.743 0.000% 0.000%
F{4 3.662 2.275 0.085 2422 7.183
ExCd
P { 0.035% 0.118 0.919 0.114 0.004%
F1{H 6.138 1.298 0.019 2.127 1.573
ExPb
Py 0.005%* 0.286 0.981 0.145 0.232
F{f 4.105 0.247 0.105 0.523 0.646
CdxPb
P 0.007%* 0.910 0.979 0.720 0.636
F{4 5.609 0.487 0.110 0.224 2.475
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P 0.001%* 0.745 0.978 0.922 0.077
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Fig. 3 Concentrations of chlorophyll a, b, and a / b of sweet
potatoes leaves under different treatment levels
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Fig. 4 Concentrations of MDA, Pro, SOD of sweet potatoes
leaves under different treatment levels
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Tab.3 The variance analysis of the effects of pyrene, Cd, Pb combined pollution on sweet potato

BN %= M4t a 4% b HHEEE alb W Nty SOD Fg it
v F1{H 1.766 10.381 7.710 9.227 0.269 1.925
[
P4 0.190 0.003%* 0.008%* 0004+ 0.607 0.173
F i 0.546 6.185 5.406 0.406 2.860 44.906
cd
P{H 0.584 0.005%* 0.009%* 0.669 0.071 0.000%*
F i 0.608 4.038 3.585 0.893 0.588 64.996
Pb
P{H 0.549 0.026* 0.037* 0.893 0.561 0.000%*
F{i 1.238 2.174 1.397 1.578 0.579 18.351
TEXCd
P{H 0.301 0.128 0.260 0.220 0.566 0.000%*
F i 5.653 18.813 8.945 4366 6.055 120.959
T X Pb
P i 0.0077#% 0.000%* 0.001%* 0.020% 0.006%* 0.000%*
F 14 2.539 5.59 2.988 4122 7.583 33.204
Cd X Pb
Pl 0.056 0.001%* 0.031* 0.000%% 0.007%* 0.000%*
F 18 5.265 7.778 1.639 88.637 0.810 2.808
H. X CdX Pb
Pl 0.002%* 0.000%* 0.184 0.000%* 0.527 0.040%

EExCdxPb W42 a. b, MDA P4 S E4EH
(P<0.01), *F SOD B #E k5= 4 B3 4F 1 (P<0.05).
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Tab. 4 Correlations analysis between the indexes

HHEFE R B e bR S LA R e
A RAF IR RSN, # R RGP E M, Cd. Cr.
Pb 5 G 30T /N2 43 P 1) T A P LS i L T A
FEE S TH A F o AW REY, . Cd. Pb &
GV REMT, xCd XL MR L T B
H4EH (P<0.05), Hoax 2575 Je 81~ e FL A8 B AR 3
ISR R Z I K (P<0.01); . Cd. Pb K FEY
X L0 (e i e A 5 2 A T (P<0.01), 3L
A HAEFH B 503 A5 B 8 K, B A
Jr A R AR de RN KGR 2) o 2007 (i R iR
588 A A RN R A DG, T TR
AL A K FGFR PIAA S PEARHI L GR 4)o RBFF I F

WREEL R R T ESR T HEEE a WEEE b W4k E ab
LY 1 0.060 0.400 0.066 -0.020 0.011 0.020
i Al e 1 0.514% 0.634%* 0.707%+ -0.054 -0.142 0.200
T 1 0.850% 0.730%* 0.193 0.044 0.193
A+ E 0.876%* 0.225 0.165 0.010
M 1 0.347 0.287 -0.124
ES 1 0.918%* —0.683%
M b 1 —0.895%

VL RIR P<0.05, # 4 0R P<0.01,



118 Ao S 33 4%

R R T LR PP . IR s e A R a2
Gt/ S IO INE (EPTNEiY A

iR} 1 8 252 i v G M 8 N R A AL T
S5 R AL T E R L . i e O
VEAN R4 060 7 e T R Y — AN S AL,
Fe B R, R T2 R N, X e
(i e T O T 4 %>0.5 R WAL X 4
WA SR IK TR B2 1, 75 058 B ¥ G 4 o R 4 11
(O N ST N A (S AR =
i R 234 >0.5, RIBA FEH X Cd-Pb-tE
HETGRA T E . T4 2 s R Bl
Pb fl B[a]P H&V5 4T, Pb 25l B A K1)
T Y P & EIAF) 1000 mgkg ' BLER,
BN SEP IR /) TON AN R N TSRS ST
21 LR FR P [w(Pb)=500 mg-kg iR
W25, HPTA Ab B g SO TR M R S0 KT
0.5, A KW N X 20 AR T E = AR B 2 R,
FHILLEH R A Cd-Pb-tE 53 45 A B0 1 i
PE(E 2).
42 EASENLTEERFENZN

T 3 5 P AP A A I £ VR B A R
Ak NIRRT A A RO BT A A B P TR AR DA 3B 3
VR T A AR FRER bR 00 7R Ak, AT DAER I B 5 R4
(4 55 LA B AR o 3 358 (K 38 AL A I 4 3 A )
B AER M EZY 5, H AR s S E Y
St VR R 95 K 40 3B 1303 S 1) K71  Mufarrege
2O ST R, KA M43 a S EAE Zn B R
FLAE Cr. Ni. Pb Jiil T 2 #BFK, #F Zn. Crlipié
TR E a & FA A K T R O U 4R
Bio & LAEPERI T A Cd-Pb-Cu HAVGHF,
Cd RSHEIrF M G E R R EREZE, A
LR a ZRIMIPE IR T4 5 be REFFLH L
Xof ISR 2 1) R 0 K T A A s e E . A

RAMTRY], xR a 548 b BN EE IEM X

M4 2% a/b SHEEE a. HEEE b AR E 3 A
KEK4).
UHPINLRZ 2SS A I, KA B HAE 2
SRR — R BB BN, WA AL Y
1N, SOD FEAg AL P 46U Bk BB i i) — AN
HHAACHE, SOD By r]i5 Rtk WA & T A

H3E, Bl B SRR a0 i A 5 0 R Sh e, fRFREE
T2 R 0 G L T 7 7 Wt O W Y T A
R, 7& Cd M HREE A5 9, b 15 Y
(Tt E, EK%)T SOD Mg H IR AE 38 K5 i/ A2 4k
%, Zhang PR PLE Cd WKEN 10 uM B, &
S RRER SOD FgvE LSS 3. 6 K2 T
R MAES 9 RWHEBL M. U i
SRABPUEAEE RS R, T4 [ SR
R LAAYEE, A RERZEHFH. &
MR AR BRRIRN RN Cd. Pb MR, DLEWE
SIS HAE I (HExCA. ExPb)#E B3 540 2
J1¥) SOD BHE 1 (P<0.01, 3£ 4), SOD Bt B 2%
THAKZ A Cd. Pb FEFNEE L2 —e
FIAL (K] 4).

PUAE AL Il 2R G0 R0 — g Ja TR P 1 o 2 20 B
s AL, B By AR R A B i 2 T LA A T AR
100458 55 40 M 6%, el A A O A BT ot A A0 1 P e ¢
W fil A= R B (MDA) . MDA & Rk i B 41
MRV (R, om0 S SRR AT T iR
T, TERAEE M SRR Z)DIR, TH4l
IR IE A fr s 3P0, MDA &8 — @ B Lk
I L 400 400 W B 2 300 B 4 T RO R B o AR IR 9 R KR
IYMEE L) MDA SR ERLE 4),
Hrh R E A REMH T MDA & &1 &k
BRI ZELE 3)e MDA 7 &t B A5 b BRIK 5 1K 3 15y
VIR ) () SE A T AN W 3G N, A 2 S CUE R T
:[Z A){_:T‘[19,27—28J°

P T e 2 R e K R A R, BB AR st A o IR A4
KAV AR TR, DR T BE B AR R I S, BB
40 B B 7K B FH o FEAM B IE R, AEA A 9 Tl
RO Bt D 25 G 0 DA 2 AR 1B E AT AE R, Sk
R 2 B R0 P B AR P T R
AR E R LR T R R B 5 58
g N U 2 BT g % BLER R 5 Pb.Cd E &M R =
H 2240w FUAR SR 2 08 & 238 I BTt
ffa A, L7 v ok BE Ik B B K fH, o) S
2.5 5 2.32 i, ZEREFH. KRR AT RE

& 40.85% (W1 4), U WIZL X B &g el ia s —
SRR P KT 324



13y UK, 5F . . ERE

VIR LLE K R B AT T S 119

5 Zip

(1) Cd-Po-TEE BT HN, “T RE—5" 4%
VT R S 57 3] 45 ¥ G PR - B HL s AR FH AR
FH(P<0.01, P<0.05), H:th Cd AT & 5% 25 K %
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A R RN . L N . Cd. Pb
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W2 B E 20 % SOD g iE k. 19 hn il & e 1
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AR A Bk ) St =5 2 0 ol e A H (P<0.01,
P<0.05).

R PG

[1] SPROVIERI M, FEO M L, PREVEDELLO L, et al.
Heavy metals, polycyclic aromatic hydrocarbons and
polychlorinated biphenyls in surface sediments of the
Naples harbour (southern Italy) [J]. Chemosphere, 2007,
67(5): 998-1009.

[2] LI Yongli, LIU Jingling, CAO Ziguo, et al. Spatial
distribution and health risk of heavy metals and polycyclic
aromatic hydrocarbons(PAHs) in the water of the Luanhe
River Basin, China[J]. Environmental Monitoring and
Assessment, 2010, 163(1/4): 1-13.

[31 MAILISZEWSKA K B, SMRECZAK B. Habitat function
of agricultural soils as affected by heavy metals and
polycyclic aromatic hydrocarbons contamination[J]. Environ-
ment International, 2003, 28(8): 719-728.

[4] IRHA N, SLET J, PETERSELL V. Effect of heavy metals
and PAHs on soil assessed via dehydrogenase assay[J].
Environment International, 2003, 28(8): 779-782.

[51 *EWE, WoikIh, Bl ) B SRRl 5 R
AR TR R, 2006, 37(3): 258-259.

[6] T30, & =, 55 NF pH 441 F CACL 3R H T
7 0 A W9 B 38 28N 0], A BERETFFE, 2013, 26(10):
1095-1102.

[71 KUMMEROVA M, VANOVA L, KRULOVA J, et al. The
use of physiological characteristics for comparison of
organic compounds phytotoxicity[J]. Chemosphere, 2008,
71(11): 2050-2059.

8] MR, HEmW, %K, 4 X _HR T g OE
R ERBYEAT TP, AR, 2013, 32(4):
429-433.

[9] LIN Qi, SHEN Kaili, ZHAO Hongmei, et al. Growth
response of Zes mays L. in pyrene-copper co-contaminated
soil and the fate of pollutants[J]. Journal of Hazardous
Materials, 2008, 150(3): 515-521.

[LO1 4R 95 55, sKANLL, BREAMK. A I [a] I Ia Xt 2 %))
LI AR R ], R IREE RIS AAR, 2012, 3103):
464-467.

[11] QI Bingjie, WANG lJidong, MA Hongbo, et al. Effects of
salt stress on the seedling’s photosynthetic characteristics
of different genotypes sweet potato. [J]. Chinese Journal of
Ecology, 2012, 31(12): 3102-3108.

[12] ¥ 3CHf, 4<25ka. f 4B SR B2 M. dbst: T E
MRl R AL, 2012.

[13]WALCH-LIU P, NEUMANN G, BANGERTH F. Rapid
effects of nitrogen form on leaf morphogenesis in
tobacco [J]. Journal of Experimental Botany, 2000, 51:
227-237.

[T4] HESTER, M W, MENDELSSOHN, I A. Effects of
macronutrient and micronutrient additions on photosynthesis,
growth parameters, and leaf nutrient concentrations of
Uniola paniculata and Panicum amaruml[J]. Botanical
Gazette, 1990, 151: 21-29.

(5] AERIR, Bfiil, M, & MEAFAEFTHH Cd,
Cr. Pb VG R IENIEIRARI]. EAFIR, 2010, 30(7):
1845-1855.

[16] e, Tde, R, & B R EK. AR RN
UG E R AT D], ARSI, 2011, 3003):
415-423.

[17] YANG Bing, ZHOU M, SHU Wensheng, et al
Constitutional tolerance to heavy metals of a fiber crop,
ramie (Boehmeria nivea), and its potential usage[J]. Envir-
onmental Pollution, 2010, 158: 551-558.

(18] W8, XX, w208, 55 FMNENFEMZN Cuy Pb.
Zn FHAEAESRIIEIITLI. EPFEIE, 2004, 213):
15-19.

(191 T4/, YKk, Rk, 5. BRI [a] bR & i5 4
PRk 1 % b B S B AR A RO e TR R ST . L
221k, 2008, 45(3): 485-489.

[200lMUFARREGE M M, HADAD H R, MAINe M A.
Response of Pistia stratiotes to heavy metals (Cr, Ni, and
Zn) and phosphorous[J]. Archives of Environmental
Contamination and Toxicology, 2010, 58(1): 53-61.

21] B4, REX, SKE, 4. Cd-Pb-Cu EETTRNTTFH
A S AL PR RIS WA ). BRIRRFATESL. 2011, 24(3):



120 A ER

33 4%

282-286.

[22] SCEBBA F, ARDUINI I, ERCOII L, et al. Cadmium effects
on growth and antioxidant enzymes activities in Miscanthus
sinensis[J]. Biologia Plantarum, 2006,50(4): 688—692.

[23]ODJEGBA V J, FASIDI 1 O. Changes in antioxidant
enzyme activities in Eichhornia crassipes (Ponteder-
iaceae) and Pistia stratiotes(Araceae) under heavy metal
stress[J]. Revista de Biologia Tropical. 2007, 55(3-4):
815-823.

[24] MG, BLIR T, WFH, & W1 ORI GTG xR A
FURFIE M), MR HHOR, 2012, 35(2): 39-42.

[25] ZHANG Shanshan, ZHANG Huimin, QIN Rong, et al.
Cadmium induction of lipid peroxidation and effects on
root tip cells and antioxidant enzyme activities in Vicia faba
L[J]. Ecotoxicology, 2009, 18(7): 814-823.

[26] SHAH K, KUMAR R G, VERMA A, et al. Effect of

cadmium on lipid peroxidation, superoxide anion generation

and activities of antioxidant enzymes in growing rice
seedlings[J]. Plant Science, 2001, 161: 1135-1144.

271 %, &4, K&, % Cd. Pb ¥ REAEXTEETEY)
TSR IE )], =R AR, 2013, 35(1):
3-7.

[28] L1 Yong, ZHANG Shanshan, JIANG Wusheng, et al.
Cadmium accumulation, activities of antioxidant enzymes,
and malondialdehyde(MDA) content in Pistia stratiotes
L[J]. Environmental Science and Pollution Research, 2013,
20(2): 1117-1123.

[29] ASHRAF M, FOOLAD M R. Roles of glycine betaine and
proline in improving plant abiotic stress resistance[J].
Environmental and Experimental Botany, 2007, 59(2):
206-216.

[30) kNI, A4, M, S5 EAm MR T 224
B AEACRZE BEA AL B2 ()], Bk AR, 2013, 22(2):
187-194.



