H g 4l R 224K Journal of South China Agricultural University 2022, 43(3): 50-58 DOIL: 10.7671/j.issn.1001-411X.202107043

Brer s, 53, XRRE, 4 BRACTT RS Qe 3 g BRI 32 L WRSORT R AR 1], SR AR R S 2R 4R, 2022, 43(3): 50-58.
RUAN Kejin, XIE Baoyue, DENG Yingsheng, et al. Tolerance, absorption and accumulation of Ilex rotunda seedlings to lead and cadmium in polluted soil[J].
Journal of South China Agricultural University, 2022, 43(3): 50-58.

REBYEXFRIBEPH. WA
M52, IRUFN R

RAE, WEA, BEAL, BER, LES, Lak', §EL
(I fdREXF HFHERFEARFIE, SR 7 5106425 2 ZEF KL AHRNE, 7R A ZE 523000)

HWE: [H I KT Tlex rotunda 7245 (Pb). 4% (Cd) 15 42 H3E AR KA 52 1 &I X Pb. Cd HIWR UL RN RE
71, 9 Pb. Cd i5 Y« LAY (& F IR G EIR K AR . [U535 Dl id 2R i 6 4K 78 5 — Pb 5 4% (500, 1 000 F71
1 500 mg-kg ") B — Cd J5 4 (10, 25 F1 50 mg-kg ") WA FH WA K WALA. 745 & Pb 5k Cd U R
B . (45 R ) 558 (75 %1 3%) M EE, 500 mg-kg ™' 9 Pb b B 5 2 8 hn ik & 75 4 4= 1 B FAR 2% i A7,
500 A1 1 000 mg-kg ' f] Pb Ak 35 I 3 38 I A2 A1 5T 45 45 1 500 mg-kg ' Y Pb Ab ¥ &2 [R5 ALV &
JREFR AN A AR N B, IR RAEK, (HEZRER. B3 P 2 B3 K A& Pb 5 LB 5%
BNk & T4tk Pb SE UK. 48k Pb 2F1E, 1 500 mg-kg ' (K] Pb 4B [{4k & T K- #A J 4k ) Pb & B A0
BREE A, 5L, B— Cd sk & F AR RAREES. o BREH LR Z LM, BE R -
K A 5 Cd i3 4 b8 B E W IR &5 ST A RR I Cd 2 X RFE, iR Cd &b Cd 15§ fE
30T 0, 7E 50 mg-kg ' 19 Cd ALFRA I BB ME (6.40 mgkg ). BRATHR P S RK RBEH REET
Hh B3 AR Cd S ETEAF Cd 15 sk P B T B3, iR Cd RAETE SOmgke ' ] Cd AbERRT 25 Tt B35
(4518 )k & T X B — Pb. Cd V5 Y« B A BT RO 32 1, Xt Pb. Cd A HGR AL BARFE 71, AT/E N Pb. Cd 1534+
BB & W .

KHRIA): LI A R BRAH . TR B E
hESES: X53 kAR A XEHS: 1001-411X(2022)03-0050-09

Tolerance, absorption and accumulation of Ilex rotunda
seedlings to lead and cadmium in polluted soil

RUAN Kejin', XIE Baoyue', DENG Yingsheng’, FENG Jiayi', ZHUANG Yuting', WU Daoming', ZENG Shucai'
(1 College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China;
2 Dalingshan Forest Park, Dongguan 523000, China)

Abstract: [Objective] This study was aimed to investigate the tolerance of Ilex rotunda, absorptions and
accumulations of lead (Pb) and cadmium (Cd) in Pb or Cd polluted soil, and provide a theoretical basis for
phytoremediation of Pb or Cd contaminated soil. [Method] A pot experiment was conducted to evaluate the

effects of single Pb pollution (500, 1 000 and 1 500 mg-kg ') and single Cd pollution (10, 25 and 50 mg-kg™") on
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growth, root morphology, nutrients and Pb or Cd absorption and accumulation of I rofunda seedlings.

[Result] Compared with the control (non-polluted soil), 500 mg-kg " Pb treatment significantly increased the
root biomass and root surface area of I. rotunda, and both 500 and 1 000 mg-kg ' Pb treatments significantly
increased shoot diameter and quality index. 1 500 mg-kg ' Pb treatment significantly reduced the biomass,
quality index, and total nitrogen (N) accumulation of /. rofunda and inhibited root growth, but significantly
increased phosphorus (P) contents in root and shoot as well as potassium (K) content in shoot. All Pb addition
treatments showed significantly higher total Pb contents and accumulations than those of the control treatment,
and 1 500 mg-kg™' Pb treatment had the highest Pb contents and accumulations in root, shoot and total plant.
Compared with the control, Cd treatments had no significant effect on growth, root morphology and nutrient
accumulation of 1. rotunda, but significantly increased K content in shoot. All Cd treatments significantly
increased Cd contents and accumulations in root, shoot and total plant. Root Cd content increased significantly
with the increase of Cd concentration, while 50 mg-kg™ Cd treatment had the highest root Cd content of 6.40
mg-kg'. The content and accumulation of Pb in root were significantly higher than those in shoot. Cd content in
root was also significantly higher than that in shoot. Cd accumulation in root was significantly higher than that in
shoot under 50 mg-kg ' Cd treatment. [ Conclusion] 1. rotunda is well adapted to single Pb or Cd pollution in

soil, and has a strong ability to absorb and accumulate Pb or Cd. I. rotunda can be used as a candidate tree for

remediation of Pb or Cd polluted soil.

Key words: Soil pollution; Pb; Cd; Ilex rotunda; Tolerance; Phytoremediation
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Table 1 Physicochemical properties of experimental soil and environmental quality risk control standard for soil heavy

metal
bl wl(gkg ") w/(mg-kg ")
Material HHLIT A 41k 44 TR AU A
Organic matter Total N Total P Total K Alkaline N Available P Available K
{358 133 Test soil 6.39 0.22 0.20 10.97 24.72 2.96 22.17
ok} . w/(mg-kg™)
Material P Cu 7n Pb Cd Ni
{358 1+ 33 Test soil 6.39 19.39 34.19 32.51 0.15 10.1
A FH - 438 95 G XU 7 e (T 5.5<pH<<6.5 <50.00 <200.00 <90.00 <0.30 <70.00

Risk screening values for soil

contamination of agricultural land
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Fig. 1 Effects of single Pb or Cd pollution in soil on growth of Ilex rotunda
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Fig.2 Effects of single Pb or Cd pollution in soil on
quality index of Ilex rotunda
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Fig. 3 Effects of single Pb or Cd pollution in soil on root morphology of Ilex rotunda

B <

R s

- Pb] 000

B
=

oA

- Pbl 500

20 rA:Pb 2.5 rB:Pb 12
s 20 9
2 215 2
10 & &6
z & 1.0 )
= 2 =
5 05 3
0 0.0 = 0
#E Root i _F B Shoot #R Root [ Shoot # Root 3t F B Shoot
FELFE AL Plant part FEAR AL Plant part TR AL Plant part
Elcc [EEcd, [Ecd: [ Cd
20 207 Ecd e a,
1.6 —
/T:D 15 = T
= vy &
® 5 12 5
z 1 £ s <
2 . N
5 0.4
& Root i =3 Shoot I Root  #h 7 Shoot IR Root  #h I Shoot
TR FAL Plant part TR Plant part TR Plant part

BB, A RESALAL T 5 WA F) NS T RER R AL BE ) 2 57 i # (P<0.05, Duncan’s %)

In each figure, different lowercase letters on bars of the same plant part indicate significant differences among treatments (P<0.05, Duncan’s test)

El4 HIRB—Pb. CdSENHKEFRIAENFT

Fig. 4 Effects of single Pb or Cd pollution in soil on nutrient contents of Ilex rotunda
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Fig. 5 Effects of single Pb or Cd pollution in soil on nutrient accumulation of Ilex rotunda
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Table2 Effects of single Pb pollution in soil on Pb
contents and accumulations of Ilex rotunda

FEARERS,  AbEE w(Pb)/(mg-kg) PbEE/(ugtk™)

Plant part Treatment Pb content Pb accumulation
Uicd CK 4.57+1.05¢* 11.25+2.24¢*
Root Pbsgo 172.06£43.20bc*  613.70+142.03b*
Pb; 400 279.56+47.48b*  808.11x79.85ab*
Pb;syy  1159.54£110.92a* 1109.57+119.20a*
HEH  CK 0.71£0.07b 3.83+0.44b
Shoot Pbsyo 21.70+5.70b 129.38+30.10b
Pb 400 27.62+8.63b 184.68+66.86b
Pb; 500 183.67+46.16a 515.73+117.75a
X7 CK 1.90+0.26¢ 15.08+£2.09¢
Total plant  Pbsg, 75.75£17.27b 743.09+170.81b
Pb 400 107.15+13.27b 992.79£132.57b
Pb; 500 421.64+39.35a  1625.30+167.86a

1) &P KA H P LR IR, n=d; B — 1L F) 5 KB
R R B FH, kR AR £ 2 #(P<0.05, Duncan’s
&)y 7 Rl — 4R R R (R A b B 3R) £0.05KF
EFRE )

1) Data are means + standard errors, n=4; Different
lowercase letters in the same column of the same plant part
indicate significants differences among treatments (P<0.05,

W

Duncan’s method); indicates significant difference at
0.05 level between different parts (root and shoot) in the same

treatment (7 test)
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Table3 Effects of single Cd pollution in soil on Cd
contents and accumulations of Ilex rotunda

MRRAL A w(Cd)(mgkg") CAREBE/(ug k™)
Plant part Treatment Cd content Cd accumulation
Ui CK 0.09+0.01d 0.2240.03¢
Root Cdy 1.98+0.19¢* 5.60+0.51b
Cd,s 4.58+0.61b* 11.41+2.19a
Cds, 6.40+£0.22a* 13.79+1.77a*
Hl#  CK 0.100.04c¢ 0.57+0.26¢
Shoot Cdy, 0.91£0.21b 4.09+0.65b
Cdys 1.54£0.22a 6.32+0.81a
Cds, 1.47+0.23ab 6.76+0.93a
SR CK 0.10+0.03¢ 0.79+0.28¢
Total plant Cd,, 1.3120.18b 9.70+0.49b
Cd,s 2.68+0.37a 17.73+2.73a
Cds, 3.00£0.31a 20.55+1.99a

1) AP 438 h T3 HLAR 3R, n=4; B — 3L ) 5 B )
R F NB R R R AR £ F B F(P<0.05, Duncan’si%);
“x7 RaR ) — AR R ERAL (R Ao o £ ER) ££0.05 K F £ F
R EF(HEE)

1) Data are means *+ standard errors, n=4; Different
lowercase letters in the same column of the same plant part

indicate significant differences among treatments (P<0.05,

@

Duncan’s method); indicates significant difference at

0.05 level between different parts (root and shoot) in the same

treatment ( ¢ test)

3 Wiesse

30 SEEXNE—Pb. CdisRTIENTZM
TEME S, R 2 4 (T 52 1 2 B
HHREEE AR EE R R 0 AR R
TR, BRA T A TR E DL AR B3, A
YA LA CAd s % 5 CK LR #EHE
5, X5 KIEW Rhus typhina F2 . TR A8 K0l 2 5
Cd™ MR B 38 i 38 KPY, DL 35BS Ficus virens 1F
10 mg-kg ' L3 Cd Wi i A= 52 2300 > (13
3648 W3 G Fr AR . Al RS R RO Cd i 52
PR 35 Cd 5 YL R FE AR 4 b 25 A8 R i A T 22
S AR FE R I, BRAT AR R AR EE 500
A'1000 mg-kg ™' 3% Pb AbBE T & $2 0, M
YA 500 mg-kg ' ] Pb AbFLR B S . X AT RE
RH TG RESRTE RN S 2 U5,
DRI LG B 2 fi K2 5 b 3 v A2 1 1% 20 SRR il 38 5%
FHR I AE KIS, f£1 500 mg-kg™'
Pb AbHE, B A FH A WA S CK LR &%=

S, (HERA T B AR ER R R
AN o XA AR KON IR ) Pb YK I
Y B0 Po BT 52 B, S S0 1 20 i s s o
ERARPAIRE, KR 2 L A VR, AT
HEWIER K. 6 KE, BREE X Cd i5HH 500~
1 000 mg-kg ' ) Pb 5 4% B A 84T 1 52 1%, 5
£ 1 500 mg-kg ™' Pb 5§t 2 K 52 3| — 5 F2E A 1
ElLI

32 HE—Pb. CdiSEMNKEEFERALSHFD

USERE=2A=npAlD)

b 0 < R OGS A AR S Ak A
RERE AN DR, TRl i 25 < o XA 10 25 5/ AT
AMFEPIIR IR BRI, BRAHIRE
AN AE 500 mg-kg ' ) Pb 5 4 5% F 52 5 B E {2
BEVEH], EARAC ARER AR HRAAFRAE 1500 mgkg !
(1) Pb ¥5 JeAb BRI 52 21\ 2 0], YL H— Pb {5 4
X R AT MR AR A5 R 2 L L (IR BE (e 2t ik
FEHH RS & X5 Py Cd 5 Y40t (1 A6 i &
Hedyotis diffusa W58 25 1% — 5", HHY) 0] 8 i
/D MR AT AR S AR A S5 A0 A TR 2 T RV MR A7 5, AN
T 92 R 2R 0] 5 <5 s RO RAC e BB b, AR FT 38
W, % Cd V5 QAL FX L& TR R TE A TC B35 R,
X5 Cd 5 Yl i 25 52 R SR AR R AR A& T A Y
WA BT AN E, R F IR AR Cd 15
AR &R

BRI RE - ERE LS RESEYN IR
FRY R VAT AN R FH 50, A 0 A P 0 R T R R
Mz RE /1B e AT RS R G IR, 1500 mg-kg ™' H]
3% Pb 5 G kb PR 25 5w R A AR A _E AR P
R K &, X5 AS R Zelkova
schneideriana- BEZL¥E Toona ciliata var. pubescens
I5W Koelreuteria paniculata~ ARfaf Schima superba
FIBIE FL 45 SRAHAL, X 4 FORAAEYIAE A [F] P A2
AR WA e o= 5 NS RO CHIE SEAR o IR
FH P &S Po AR AR R 3 IEAH R, i)
W 58 Pb /£ — &R b REME#ERE M xS Py
K JCER MR 7T REE B N Y AR R I Pb B2
R FEd A, REESR ATP B R IE R
H A% 7 Pb 2 [ R U2, MR E R
W P ICER & U N IR IS o [FIN, A58
RI& Cd I5 G B S mkh B K & &, W]
B2 T Pb. Cd 5 K WiiA7 £ B[R /E AT, Pb B
Cd A BERE XS KR IRST A T i  A7) o) B
BB T IR AHE UL K Ik AT & B AL
N &8 ARZE] Pb V544182 50, HAkk N R2M



3 ]

BrAlEE, &5 BRATF AHINS Je R Y 4R AT 52 IRSORT R AR 57

HIE 1500 mg-kg™' [ Pb y5 445 F 23 R, X
5 H/# Ageratum conyzoides I] N B &1L HiK
JE Pb Ab 3 o 35 3 i it iR 56 4 A —F(CY, R
FHT 1500 mg-kg ' 1) Pb j5 YeAb# 5 2 (R 1 2k
AH AR, BRI N 1 BRI — e R T
FOHIER .
33 HEEXEHE—Pb. CdSRTENEERD
A AT LR G R R i g ) B R T
Yy, 15 E o B R RUREY . ABE L, & Pb V54
b HE Y W R B A A bk P S RAIAR . Atk
Pb RAEIGIN, % Cd ¥5 JAb 3 h B 4 A
SRR Cd &8 & B E, ISk &5 6 13 Pb.
Cd BABEM . BB —ErIMEEEM.
B R, LS Pb M IR E el
X Pb W U & i OB R 3R, AR I, 500 F
1000 mg-kg ' 1 Pb AbF 5% AF N LA &AL M 4
PP EE. RHEHEENT 1500 mg-kg ' 1)
Pb y5 YL Ab 3, (H 35 2 [0 JC W35 22 57, IR Ul Bk A&
X 500 ~1 000 mg-kg ' H Pb y5 43K Pb 1)
s BB AL, % 1500 mg-kg™ 1) Pb y5 4%
TIEAFRIEFIEERE ). HILFE, 7788 IEZ m
F7E 1500 mg-kg ™' [ Pb §5 4eif £k & 55 M 3 i
It BRL T K& P, Kk T 8K 2 )0 B4 .
AR, ZHHEMRRESES &R, Lk
053 () E 4 S8 B B AR LA % AR e R I,
£ L3 Pb. Cd #H A AR 2% AF R KA F M Pb. Cd
SREEKTH L. thoh, B4 F L3 Pb S &
K BRUEALAE 1500 mg-kg™' K Pb V5 Y Ab FR I i3 2
P, (EANE Cd ¥5 Ye b 315 i 25 4 vt B3 cd &
BN B, RS E LI Pb I, BN
TER B2, (B C¢d A — @Mk, BRSR.
AT FEAUE SR AT 0 L — Cd V5 44 500~
1 000 mg-kg ' ] Pb ¥5 435 B A BT Wit 52 1, %F
Hi— Pb. Cd ¥5 4 1338 th B A B0 4 5 4 s TR
FRRR, AIEA Cd i5 44381 500 ~1 000 mg-kg
(1) Pb ¥5 e LI G (W& EM P . ANk, BRAFH
XFF 1500 mg-kg ™' (4 Pb i5 4+ th H A RS
ST 77, AH AT RE A B TR A R 9RO = 4 R TR
—EFEE LA ER YK, RESTT 1500 mgkg!
(1] Pb ¥5 G L3 K B 5 AR A B, H AT AE S 4
N RFE—m RMEEAER . AR LR A B SN
RIEXT R, H— Pb. Cd 15 YeXt Bk & H 1t — 52 m
T B HRAT T

S -

[1] LORESTANI B, CHERAGHI M, YOUSEFI N. The po-

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

tential of phytoremediation using hyperaccumulator
plants: a case study at a lead-zinc mine site[J]. Interna-
tional Journal of Phytoremediation, 2012, 14(8): 786-795.
RSB R A 30 [E]  BR UR. 4 [ L3y otk R A A4
[EB/OL]. (2014-04-17)[2021-07-15]. http://www.mep.
gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm.
ALI H, KHAN E. What are heavy metals? Long-stand-
ing controversy over the scientific use of the term
“heavy metals’ proposal of a comprehensive defini-
tion[J]. Toxicological & Environmental Chemistry, 2018,
100(1): 6-19.
KUMAR A, CABRAL-PINTO M M S, KUMAR A, et
al. Lead toxicity: Health hazards, influence on food
chain, and sustainable remediation approaches[J]. Inter-
national Journal of Environmental Research and Public
Health, 2020, 17(7): 2179. doi: 10.3390/ijerph17072179.
IR, A, ok, 55, LIRS Qen AR R AT AUk
FE[I]. A E SR, 2020, 15(5): 82-91.
CHANEY R L, MALIK M, LI Y M, et al. Phytoremedi-
ation of soil metals[J]. Current Opinion in Biotechnology,
1997, 8(3): 279-284.
20, B, B AN, 4R J AR R e
HRBEBARMIA R[] A28, 2015, 34(11): 3261-
3270.
WIS, B, LI BT 4 b E A K.
A B T B B AR ML 7). KRR RR2E4R, 2013, 27(5):
234-239.
KUAR, SERUR, WG ARA [ AR L e R s
£ K AB AN Tk R (], db 5 IE 2, 2021(8): 117-
124.
FEEBEERE (CPEEDE) wEs PEEYE: F
45 B [M]. dbat: BHEEHRRAE, 1999: 45.
R, KUK, AT TR A T AR RRAE BT T ] IR
%, 2013(8): 163-164.
PR e, A5, SYERAE, A5 3 RIS DL AR A 4l A
KEEVEBIFI]. WAAHYIRE, 2017, 46(3): 231-
235.
R, FE R, 5B, 5. A RV BRI RS H
BT R[], W TR, 2020, 40(6): 71-80.
AR ASFPRBE AR, - A oA P M 3 e KU
bRtk GB 15618—2018[S]. b5t : o [F 5 # i fit 4,
2018.
Bandd. LA A M. AE R E AR R
iR AL, 2000.
wbeat, X 85k, 5KZE, 5. ICP-MS & 5 F
) TG 2 ) R0 BRIV A AL B TR D). A I,
2013, 32(3): 415-419.
DICKSON A, LEAF A L, HOSNER J F. Seedling qual-
ity: Soil fertility relationships of white spruce, and red
and white pine in nurseries[J]. The Forestry Chronicle,
1960, 36(3): 237-241.
FUh, SEHA, RN, 45 75 e HE LT AR & 2R
3 (Syngonium podophyllum) A= K 25 4 J& IS 2 A1)
). AR, 2018, 37(6): 1752-1758.
CHU S S, WU D M, LIANG L Y, et al. Municipal


http://dx.doi.org/10.1080/15226514.2011.619594
http://dx.doi.org/10.1080/15226514.2011.619594
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://dx.doi.org/10.3390/ijerph17072179
http://dx.doi.org/10.3390/ijerph17072179
http://dx.doi.org/10.3390/ijerph17072179
http://dx.doi.org/10.1016/S0958-1669(97)80004-3
http://dx.doi.org/10.3969/j.issn.1009-2242.2013.05.046
http://dx.doi.org/10.3969/j.issn.1006-4958.2013.08.140
http://dx.doi.org/10.3969/j.issn.1006-4958.2013.08.140
http://dx.doi.org/10.3969/j.issn.1009-7791.2017.03.006
http://dx.doi.org/10.3969/j.issn.1001-3776.2020.06.013
http://dx.doi.org/10.3969/j.issn.0254-5357.2013.03.010
http://dx.doi.org/10.5558/tfc36237-3
http://dx.doi.org/10.1080/15226514.2011.619594
http://dx.doi.org/10.1080/15226514.2011.619594
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_270670.Htm
http://dx.doi.org/10.3390/ijerph17072179
http://dx.doi.org/10.3390/ijerph17072179
http://dx.doi.org/10.3390/ijerph17072179
http://dx.doi.org/10.1016/S0958-1669(97)80004-3
http://dx.doi.org/10.3969/j.issn.1009-2242.2013.05.046
http://dx.doi.org/10.3969/j.issn.1006-4958.2013.08.140
http://dx.doi.org/10.3969/j.issn.1006-4958.2013.08.140
http://dx.doi.org/10.3969/j.issn.1009-7791.2017.03.006
http://dx.doi.org/10.3969/j.issn.1001-3776.2020.06.013
http://dx.doi.org/10.3969/j.issn.0254-5357.2013.03.010
http://dx.doi.org/10.5558/tfc36237-3

58

HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx)

43 %

(20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

(28]

sewage sludge compost promotes Mangifera persici-

Jforma tree growth with no risk of heavy metal contamina-

tion of soil[J]. Scientific Reports, 2017, 7(1): 13408. doi:
10.1038/541598-017-13895-y.

PRI, RS, TR, SRR/ R AERY
o/ g A T 2 R T 5 3R O M N B R AR R AR AE ()]
RGO R 2254, 2014, 35(4): 35-41.

A S, kA, BOCH, 5.8 (PLY) ATER (Cd™)
X JCREAR A 7 BT R K 4 e AR R S e D], o s Aol A
Hi R =24, 2020, 40(1): 30-36.

AL, TR, 2. SR IR R e 2 A
I 72 [J]. V5 7 W 95 K 2 22 4l (B AR B i), 2019,
44(1): 79-83.

TREAAE, KB, R, &5, VUFP P IETE T 0T 45 1 AR 2
M 37 A SRR ], A4k &, 2021, 40(3): 795-803.
FaE, M, AR, R 2 AR R A K
J A SRR IR I S [T]. B AR A A4, 2021, 32(5):
1835-1844.

TR, FERR. 3 FlUK A AR B TS Gk A B LR aT 7E
1. PR AL R A 4R (A 2R L), 2019, 39(2): 52-59.
GONG Z Z, XIONG L M, SHI H Z, et al. Plant abiotic
stress response and nutrient use efficiency[J]. Science
China(Life Sciences), 2020, 63(5): 635-674.

IMESC, E£H28%, MEt, 5. Cd. Pb i— R E &G
o AR Al v AR AROIR LRI S2 M (0], D)1 AR KA
23], 2019, 37(6): 792-798.

g, S S YR T A S5 R R A ER AN
e, AR MRS R AT O R[], A2
&, 2021, 40(3): 864-875.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

FETTIR, EAETT, BRER, 55 WXt 4 AR AR T A
KR P TG ER S A BRI T]. AR ok K544k, 2020,
41(5): 49-57.

LIU Z, NAN Z R, ZHAO C Y, et al. Potato absorption
and phytoavailability of Cd, Ni, Cu, Zn and Pb in si-
erozem soils amended with municipal sludge compost[J].
Journal of Arid Land, 2018, 10(4): 638-652.

TS, &R, HER, & 4 FORAHEY N EER
B BB R K IR0 & BAREST ). ARl
FHE R 2544, 2018, 38(6): 115-122.

Bk, T, AR B, s, B
R R B LW T HE R[], N AR A5 254R, 2014, 25(1):
287-296.

FONTES R L F, COX F R. Iron deficiency and zinc tox-
icity in soybean grown in nutrient solution with different
levels of sulfur[J]. Journal of Plant Nutrition, 1998,
21(8): 1715-1722.

RZEYE, W, R, 55, Pb BB 3 A Ei (4gerat-
um conyzoides) & 3 R 5 AL Rz 1], ARk AR
2EEEAR, 2011, 30(3): 435-442.

FM =, SRAREN. B R R EMIEE KA THL
HI[D). EW T RE AR, 2020, 36(3): 426-435.

B, K E B, . 54 R A 5+ 3 Cu.
Pb. Zn WIIZEUEE 1 [0]. AE &2, 2019, 38(12):
3723-3730.

[RfEHRE F0et]


http://dx.doi.org/10.1038/s41598-017-13895-y
http://dx.doi.org/10.7671/j.issn.1001-411X.2014.04.008
http://dx.doi.org/10.7671/j.issn.1001-411X.201911023
http://dx.doi.org/10.1007/s40333-018-0062-6
http://dx.doi.org/10.1080/01904169809365516
http://dx.doi.org/10.1038/s41598-017-13895-y
http://dx.doi.org/10.7671/j.issn.1001-411X.2014.04.008
http://dx.doi.org/10.7671/j.issn.1001-411X.201911023
http://dx.doi.org/10.1007/s40333-018-0062-6
http://dx.doi.org/10.1080/01904169809365516
http://dx.doi.org/10.1038/s41598-017-13895-y
http://dx.doi.org/10.7671/j.issn.1001-411X.2014.04.008
http://dx.doi.org/10.1038/s41598-017-13895-y
http://dx.doi.org/10.7671/j.issn.1001-411X.2014.04.008
http://dx.doi.org/10.7671/j.issn.1001-411X.201911023
http://dx.doi.org/10.1007/s40333-018-0062-6
http://dx.doi.org/10.1080/01904169809365516
http://dx.doi.org/10.7671/j.issn.1001-411X.201911023
http://dx.doi.org/10.1007/s40333-018-0062-6
http://dx.doi.org/10.1080/01904169809365516

	1 材料与方法
	1.1 供试材料
	1.2 试验设计
	1.3 指标测定
	1.4 数据处理

	2 结果与分析
	2.1 单一Pb、Cd污染对铁冬青生长的影响
	2.2 单一Pb、Cd污染对铁冬青根系形态的影响
	2.3 单一Pb、Cd污染对铁冬青养分吸收累积的影响
	2.4 单一Pb、Cd污染对铁冬青重金属吸收累积的影响

	3 讨论与结论
	3.1 铁冬青对单一Pb、Cd污染土壤的耐受性
	3.2 单一Pb、Cd污染对铁冬青根系形态和养分吸收累积的影响
	3.3 铁冬青对单一Pb、Cd污染土壤的修复潜力


