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Comparative study on the potential of a kenaf ( Hibiscus cannabinus) variety for remediating heavy metal con-
taminated soils

LI Wen-liie, JIN Guan-rong, LUO Xia—hong, AN Xia, LI Ping—fang, ZHU Guan-lin, CHEN Chang-li"

(Cotton and Bast Fiber Crops Research Institute of Xiaoshan Zhejiang Province, Hangzhou 311202, China)

Abstract: Soil heavy metal pollution has been a focus of research, and phytoremediation is currently a commonly used strategy for heavy
metal contaminated soil restoration. However, it usually takes many years for plants to remediate heavy metal-contaminated soil. Further-
more, most of the plants used for restoration have small biomass and low economic value. Therefore, scientists have considered large biomass
plants for remediation of heavy metal contaminated soils. In this study, kenaf, which has high economic value and biomass, was used to study
the potential for remediating heavy metal contaminated soils. Seven kenaf varieties were planted in soils, which were heavily polluted by zinc
(Zn), copper(Cu), chromium (Cr), cadmium (Cd), and nickel (Ni). The yield of kenaf and heavy metal contents in leaves, stems, and roots
were determined at the maturity stage of the fiber; furthermore, the bioconcentration factor, transfer factor, and heavy metal transfer amount
were calculated. The results showed that the biomass of the hybrid combination Hongyou—2 ranked first in the last two years’ experiments,
and its biomass values were 10.1 t-hm™ and 16.7 t-hm™, respectively. There was a significant difference in the concentration of heavy met-
als in different organs of kenaf(P<0.05). The accumulation of heavy metals in leaves and roots was higher than that in stalks, but the biocon-
centration factors were < 1; thus, they did not reach the values as high hyperaccumulating plants. The transfer factor of Xianghong—1 was
higher than that of the other varieties, in which the transfer factor of Cd reached 1.39. Kenaf could transfer at most 185.3 g+ hm™ Cu
(Fuhong-991), 1 012.9 g-hm™ Zn(Xianghong—1), 25.7 g+ hm™ Cd(Zhe-8310), 40.8 g-hm™ Cr(H368), and 34.8 g-hm™? Ni(H368). In
general, kenaf is a heavy metal tolerant plant with a large biomass, but its heavy metal absorption capacity is not exceptionally good. It could
be used as a reclamation crop grown on heavy metal contaminated soils.
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W H#:2018-03-22 A HH:2018-06-20

YEZ B - 23005 (1990—) , 55 WL T A B0 AR, EENFZTHAEY TR ISR TAE . E-mail: kobe1924@163.com

“BEMEE PR E-mail: chenchangli66@163.com

HETA : E KRS AR B L T (CARS-16-S05) s # VLA 2 5 HEHA R F B 584051 B (2017€32022)

Project supported : China Agriculture Research System for Bast and Leaf Fibre Crops (CARS-16-S05); Special Scientific Research Fund of Public Welfare
Profession of Zhejiang(2017€32022)



25 S0 65 AR P -0 T 4 5 e LB TR LT 2151

W& 2 UE Ao ik e , AR I H 2507 12, 2K
Sy AT i N AL R R A 1, B R
PR v A 8 5 B8O HAT Rkt A P DL R AN | T
TP B R TR T e YA BT E AT PR () A B
AIME R, 3 G Rl W AR T E S
TN, AR D A T e i B
e e d 2004250, Gl 52 4k 3 4 )
15 RIEAEYI R 22 A2 7, 2 21 3 PR 55 s
WFFE R B ORI A

ARG YAO I, H AT 2 S AR % (1) 2RI
— B I E S R AL LRGSR 5 (2) BEAIR
4 SR AL R RO AE WA 8 A 2 (S AR R T
AN Je HEAAEY , e AR G R JXU IS, A 30 35 XU I (5t
P, JEENE SR LIRS E R R, E
SR A O AR RAE Y R, AR AR ST
K NS B ) e S i — S AT AL JCHLA i
AW AR RRATG L e A AR A R
FE—SemE LY M EES RN PR HE
BT TIPS B9 RAR 3t o SR AR B AFAE AR W /N (22
TR EAS 2 1 ol ZE S B0y o 38 i e LAk 3] 3
BRI, PR — 26 43 JR PR AR AR
LT E R I A — E I E 4w 2R RE I YR 4
KA B AL N 3 E 4 SR A S G v, TS AR
FORM, F L RS A B Uy 4R b AR
i -39 Cd 75 Je o0 Br , I SRR (LR 2 JRR S5 2T 4E A
Wy uT A0 Cd 75 G DX B 1 1B X 52 5 M e W S5 e 1 5
R R RHII R, MR E BE e misj L+
%, AR BEL T NE.

21 %k (Hibiscus cannabinus) INFREERR FERE , T 45R
PR B — AL W) AP B . A AR
FARY 3~a A%, BAT I 1 s R T S5 L, T
FORYT GEAC A RS R s SRR B AR 2
G, RTLUARBE ESRCAMCHRE HAZ
K2R BOK B, g Vs Yl 2y
B B LS 2 B2 G5 Y X —F S TR
AWEGE o ARG UL A4 1 AR 74 21K
FoR R 3 M4 R, #E Cu Zn (Cd . Cr Ni Z A5 8 |
FIAE LA, B FEAIEAS [RIZLRR b Flovt 52 42 8 1B 52 1
e, A LT RRTEE 4 Ja v g - 48 52 R 5e .

1 MHETE

1.1 iRBE A4 R dth
IS Ve [ P 7 AR ZLRR SRR, 4351 R A

AR R 2 PR AL (1% B 2R 5 P —— AR 21991 FTHG:
B FABEAS S A ——AR L1 992, 7 [ 4l Bk Be bk
PG R 1 i 2 S 28 21 3 ——H 368 I 2 AL
an FP——EZL 15, VLA 0 LR BRI 5% P i 4t 1y v
B RAF AR R —— R0 15 R 2 B i ——
Wi 8310, LA K7 P4 K 2 4 b iy g A S 5S4 5 —— 40
25 o RIS A TN T & BH X R 5, R A
ML AR ), R A S A KRS 4 (R HL
9.52% . 4R 0.93 g- kg AW 1.16 g-kg' A2 H 13.75
g-ke), HIEE SR WP E,
1.2 X3 ig it

WK 745 Fh, 3R E R FEPL X 415, &
INK RN 5.5 mx1.4 mo T 2015—2016 4F & & fl
FH, 2015 AR L0 RRFP AR IS R] 5 H 27 HE= 10 A 22 H
2016 4E41 RRFIFERF IR 6 1 6 HZ= 10 10 H . #H
FRLT RS A HL, I15%F 2016 4 7 ANLL R S Rl ey -
JFZER R R E AR O R T AT
1.3 HRREMITHE

IR SRS AL I/NX 0~20 em K T IERE
i 3L 214 BIBRAL AR AR A A He IR AT IR B AR KT,
WFES J5 1k 80 H i . Z LT LA AR BL A BE A 7 i 5t
AR HEE ST T A A A Zn (Cr . Cd . Cu . Ni 5
HEaJR R pHE . IR SR EAK-m &Rk
AL, FARE 4 @ 45 05 U J73 : Zn(GB/T 17138—
1997) .Cr(HJ 491—2009) .Cd(GB/T 17141—1997) .
Cu(GB/T 17138—1997) Ni(GB/T 17139—1997)

FEAREE i« X 2016 4F A A0 BRETJRR, FEALIR S ¥, 2
R ZEFE AR R WOGR , F A SRR R 25 2 7KK 53 L
WPET, JETF 105 CA T 1 h, 5 2 80 CA&MF T
HET A0 R, By RE S I 80 H i o RELAREE R FH A
R~ AR AL , SOLAAR M6 B 11 66 1A 43
S E B 42 )& Zn . Cu.Cd ., Cr Ni & Gl Be AL S 4T
W R A KA ) o

FERRISCR I MR 25 2 Sl sk /NI RICE
B, FEREALIE I 20 R A bk sy ML L fef R T RR I
i T RRE BT T RR B B o, 5 AR o
1.4 &ERITE

-G Yy | Y EREE T RS 2L

P=15 9% i () S Bl ok B/ L SR IR S AR v v
Il S

IR LRA TS YR 50

Py = /F,z + max P? .
2



2152

e R E R A0 A Jm i/ 4
e e

538 RE=M R ML B0 T A A MR LT
BB A R

FAEA IR BURE R (g hm?) = B A9 & (kg -
hm?) x84 8 % & (g kg ) + 25 FF AW & (kg -
hm?)xZEFFE &8 & & (g kg ) +HR R AP & (kg
hm™?) xR R E 4 & 1 2 (g kg )M,
1.5 #iEabIE

il F Excel 2010 % 4 247 43 A Fn il 1B, 1)
SPSS 23.0 #AF kA 7 HL R 2 5 22 0 M

2 GHRESW

2.1 iRIEHh T T LB R

I H 21 /NX 3T S TR A I 25 R 1, it
R S 0ME , 2 A E &R B (AR R bR
#E)(GB 15618—1995)"", Hrh H 4 J& Zn Kl S 5t ik
1325 mg-kg™, i)+ HEPREE 0T 1 ZAnifE 165% ; H 4
J& Cd ik 5] 4.9 mg- ke, & - HEPR T 5T o T b 1 119
4.9 1% ; T 4@ Ni KoM EDEE o 3BT o i 1 Zehnife,
AR AR ; AR Cu ki E N 97.9 mg-kg ™', 42
SRR o 1 bR T4 A Cr Al 524 136.4
mg- kg, AL T IEIREE TR 1 bR

SHEEBAE T ERBEOTESERLE2, F
B4 B IS YN bR, P<1 R L1594, 1 < P<2FER
BRE Y, 2 < PI3 FORRRETG Y 3 < PSRRI
TGY, P> S RORHETG YL P >3 FORHETG G4, ik
5 13 Po hy 8.2, iR BIH LI YL Pr 4.4, WP TS
Yo, Pk 2.5, WG Y B0 X Pash 6.2, 5 5

YREINCX ity 3755 108
FETEYOK

22 AELHKSMHFEERREHER

2015 4E 45 ZURR L A P R E MRS R LR 3,
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Table 1 The concentration of heavy metals in soils

I H ltems pH Zn/mg-kg! Cr/mg-kg™ Ni/mg-kg™ Cu/mg-kg™ Cd/mg-kg™
TG0 Hb 1235 Test soil 7.54~7.72  1325.0+98.6  136.3+16.4 147.1£10.1 97.9£9.0 4.9+0.3
358 T4 AR MEY Soil quality grade Il standard >6.5 300 200 400 1
3T 1 ARIES Soil quality grade 1T standard >7.5 250 60 100 0.6
R2 TEBESREFHER
Table 2 The heavy metals pollution in soils
4 JEFIZE Heavy metal species P Py Pc. Py Py
V5 JeFE %X Pollution index 4.4 2.5 1.0 8.2 6.2
5 YL 594 Pollution level rpEE TS g REE S [EERET FREE S G CNERET

T AR B0 S5 LR U 1 bt

Notes : Each index is referenced to grade Il soil quality standards.
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Table 3 Results of biomass and agronomic traits of 7 kenaf varieties

] B, H%T% %*ﬁ ‘ BE ﬁiﬂﬂiﬁl ﬁﬁiﬁﬂiﬁﬁ% fi%%
Time Variety Height/ Stem diameter/ Thickness of Effectu/ffe nur{lzl)er/ Ind1v1d‘ual fibre Blumafzs/
cm mm bast/mm Ji#k-hm weight/g t-hm
2015 H£1.991 Fuhong-991 313.5+17.4ab 14.0+1.2a 1.16+0.07a 10.58+2.10b 23.6+4.1a 7.5+1.6a
TRLIAL 992 Fuhonghang-992  306.7+9.2ab 11.8+0.8be 0.93+0.04bc 15.89+2.03ab 17.6+3.6abc 7.7¢1.1a
H368 304.2+25.7b 11.1£1.2¢ 0.87+0.13¢ 20.75+6.40a 15.3+4.2be 8.1+2.5a
214t 25 Hongyou—2 340.9+24.8a 14.8+1.1a 1.06+0.03ab 12.44+0.51b 23.8+1.8a 10.1+0.9a
WL 15 Hangyou-1 315.3+14.7ab 12.0+0.8bc 0.87+0.10¢ 15.75+3.11ab 15.8+3.1bc 8.2+0.5a
WIZL 15 Xianghong-1 314.0+6.3ab 13.1+0.5ab 0.91+0.16bc 14.48+2.70ab 19.6+3.1ab 8.6+1.3a
#8310 Zhe 8310 290.1+18.2b 11.0+1.0¢ 0.75+0.07¢ 19.81+3.60a 12.2+3.2¢ 7.5¢1.2a
SFI(E Average 312.1 12.5 0.94 15.67 18.7 8.3
2016 TRZL991 Fuhong-991 350.3+15.1ab 14.6+0.5a 0.93+0.03ab 18.64+0.52ab 29.7+2.9ab 16.3+1.8a
TRZLATL 992 Fuhonghang—992  343.2+24.2ab 13.8+1.2ab 0.89+0.02ab 18.52+3.22ab 24.2+1.7he 14.5+1.1a
H368 355.0+9.6ab 13.6+0.8ab 0.92+0.02ab 21.50+1.03a 28.8+3.3ab 17.1+2.8a
21425 Hongyou—2 357.9+15.5a 14.1+1.0a 0.98+0.06a 19.35+1.62ab 31.8+6.7a 16.7+3.3a
Witk 15 Hangyou—-1 327.7+9.5b 12.4+0.6b 0.86+0.10b 18.52+1.01ab 19.3+2.2¢ 12.4+0.6a
WHLL 15 Xianghong-1 329.7+10.7ab 14.2+0.9a 0.91+0.06ab 17.51+3.10ab 26.2+2.3ab 15.1+4.3a
#8310 Zhe 8310 337.0+12.7ab 14.7+0.3a 0.95+0.04ab 16.26+2.88b 32.3+2.5a 16.1+1.8a
SEHIE Average 343.0 13.9 0.92 18.61 27.5 15.5

T R 7 225 BT A AR R A2 03 JEAT HUAE , [ — B [ P R 7R 22 538 5% 35K K-

Note : The analysis of variance in the table only compares the same year, different letters in the same column indicate that the difference is up to 5%

significant level.
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Figure 1 The concentration of Cu in different part of kenaf
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Figure 2 The concentration of Zn in different part of kenaf
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Figure 3 The concentration of Cd in different part of kenaf
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Figure 4 The concentration of Cr in different part of kenaf

LY 48 Zn B s RECEE R 0.60, Hrh
WILE 15 A8 20 A 992 FIH 8310 43 5l # 32k ~F ¥ {E
45.0% .10.0% 1 13.3% ; T4 J& Cr F1 Ni§% 12 ZEHT 0
{74153 517 8310 FIHILT 15,
ALY LE S B IESTAA R T
A — R AT R ES R LR 6. ZIKER
T 55 2 BB AF B = AT A4 B 42 )& Cu 1853 g Zn
1012.9 g.Cd 25.7 g.Cr 40.8 g I Ni 34.8 g, AS[a] i Fh
LIRS R, P E 4 8 Cu LARAT 991 FIMIZT 1

S, EAJR Zn LUNZ 1 5 MR 991 fiefd:, 4
J& Cd i F hit B v T 8310 FIMILL 1 5, 4B Cr
R o H368 FINIZL 1 5, F 4@ Ni R I L)
H368 FIFELT 991 FF e fd:

3 itig

STRR A B FH AT Prafi v i | R, 7 — i i b
SR ARREIE B A K, FHLseZE R B Y 131 Cd
S 62 mg-kg B ZLRRAT AR L R, A



30, 5 R LR R T 5 SR L 2155
120 1
2 [ #A4L 1 Xianghong—1
10.0 1 [ ##£1.991 Fuhong-991
wE got 7] ?%éiﬂﬂ 992 Fuhonghang-992
fa E] WAL 145 Hangyou—1
£ % 6.0 B 214k 2% Hongyou-2
jul I 1368
sz 40r [3 #7 8310 Zhe-8310
20 ab abab ab |, 2 ab
0 [ 777 N\ ==l |
R Leaf ZEFT Stem
5 ARAREENRE
Figure 5 The concentration of Ni in different part of kenaf
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Table 4 Bioconcentration factors of different kenaf varieties
FHIRFBAL Organs s Fl £, Variety Cu Zn Cd Cr Ni
" H Leaf LT 15 Xianghong—1 0.279+0.076a 0.108+0.039a 0.800+0.230a 0.033+0.022a 0.026+0.012a
FHZ1.991 Fuhong-991 0.221+0.020ab 0.067+0.005b 0.691+0.122a 0.022+0.013a  0.019+0.004ab
LT 992 Fuhonghang-992 0.192+0.036b 0.059+0.009b 0.724+0.166a 0.017+0.006a 0.015+0.002b
MU 15 Hangyou-1 0.222+0.038ab 0.072+0.012b 0.595+0.185a 0.032+0.009a 0.016+0.002b
214 25 Hongyou-2 0.214+0.028ab 0.064+0.008b 0.855+0.069a 0.028+0.002a 0.017+0.003b
H368 0.182+0.037b 0.057+0.006b 0.623+0.177a 0.036+0.019a 0.016+0.002b
#7 8310 Zhe 8310 0.242+0.026ab 0.067+0.003b 0.852+0.198a 0.029+0.006a  0.023+0.001ab
5FF Stem LT 12 Xianghong-1 0.082+0.013ab  0.0410.00dab  0.266+0.042ab  0.006:0.003a  0.005:0.000a
41991 Fuhong—991 0.091+0.028a 0.035+0.006bc 0.237+0.005ab 0.002+0.001h 0.005+0.000a
FRLL A 992 Fuhonghang—992 0.071+0.004ab 0.043+0.001a 0.277+0.096a 0.004+0.002ab  0.005+0.000a
it 15 Hangyou—1 0.067+0.011ab 0.032+0.001¢ 0.211+0.015ab ~ 0.003+0.002ab  0.005+0.000a
21425 Hongyou—2 0.057+0.009b 0.030+0.004¢ 0.198+0.019ab 0.002+0.001b 0.004+0.001a
H368 0.058+0.003b 0.029+0.003¢ 0.186+0.035b 0.002+0.000h 0.005+0.001a
#7 8310 Zhe 8310 0.070+0.013ab 0.036+0.005be 0.255+0.045ab ~ 0.003+0.002ab  0.005+0.001a
HEZ Root WZL 15 Xianghong—1 0.118+0.003be 0.058+0.004a 0.243+0.023a 0.053+0.005a 0.037+0.008a
HH£1.991 Fuhong-991 0.179+0.016a 0.082+0.019a 0.295+0.037a 0.061+0.023a 0.050+0.017a
FRLLE 992 Fuhonghang—992 0.153+0.025ab 0.068+0.023a 0.281+0.082a 0.037+0.041a 0.041+0.021a
Wi 15 Hangyou-1 0.147+0.006abc ~ 0.075+0.010a  0.298+0.049a  0.047+0.015a  0.048+0.014a
214525 Hongyou—2 0.138+0.013be 0.062+0.006a 0.258+0.025a 0.040+0.013a 0.036+0.003a
H368 0.152+0.031abe  0.071£0.023a 0.248+0.025a 0.074+0.068a 0.051+0.022a
#8310 Zhe 8310 0.117+0.017¢ 0.059+0.003a 0.248+0.032a 0.030+0.005a 0.031+0.004a

T R AP 220 A SO AR RV AL A 7 HUARE, [R)— B AN [ TR 2R 28 57 1 5% B AKF-.

Note: The analysis of variance in the table only compares the same part, different letters in the same column indicate that the difference is up to 5%

significant level.

WEFE R T RRLLR AR 2 T A48 11.88 t+hm ™, 3K
P — A H AR 77 K-, BBk 1 2100 3 4 Js HAT — %
M52tk . EHARSEHT A GE , ZLRRE R R i g 1 |
iR, 2T 2 n] Gk 3 95 SUPRE", R AUE T 20RRIB 2
ol 1 <0] G Y S R 2 S [

TG 52 4 Jm T RE T2 2GR TR A A i

MHSTE RN E LN, CaREN, Y +5E
o Ph ¥ B 7E 100~400 mg - kg™ YU N I, 21 FR 55 46 2
B = Tk 3 AR R P R AL [ T R A R T
PeIX LR CA I E B RECR T 1. Al #2r
JRFIRE T2 b 48 A A To e 3 b & SRR LT R
Cd & 4 R 5 & (AL 0.8, A 35 B i AR 7k
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Table 5 Transfer factors of different kenaf varieties
G S AN RS, L1991 HRELAL 992 itk 15 a2 1368 #8310
Heavy metal species  Xianghong-1 Fuhong-991  Fuhonghang-992  Hangyou-1 Hongyou—2 Zhe 8310
Cu 0.91+0.19a 0.59+0.17bc 0.56+0.12¢ 0.60+0.10bc 0.53+0.03¢ 0.48+0.10c 0.82+0.18ab
Zn 0.87+0.08a 0.47+0.09¢ 0.66=0.17ab 0.50+0.10bc 0.53+0.01bc 0.46+0.13¢ 0.68+0.08ab
Cd 1.3920.20a 0.99+0.11b 1.1820.10ab 0.90+0.12b 1.02+0.07b 0.97+0.11b 1.39+0.25a
Cr 0.17%0.11ab 0.07+0.02b 0.1620.06ab 0.1620.05ab 0.11x0.07ab 0.08+0.04h 0.2120.09a
Ni 0.2120.09a 0.1320.04a 0.15+0.10a 0.1420.05a 0.16=0.02a 0.13%0.06a 0.25+0.05a
T R P A A AR FREFRIR 28 535 5% W 7KFo
Note: Different letters in the same row in the table indicate that the difference is 5% significant.
F6 FAIMKBRITEEEBRKE(g-hm?-a™)
Table 6 The amount of heavy metals extracted by different kenaf varieties (g-hm™?-a™")
FAJBFZE Heavy metal species
A Al
Cu Zn Cd Cr Ni
EAN S MIZT 15 Xianghong—1 134.3+14.7a 842.6+40.7a 21.9+4.5a 15.3+8.3a 14.742.3a
The amount of heavy
metals in aerial part FLL991 Fuhong-991 142.9+28.5a 710.0+67.6hc 19.6+2.5ab 7.7+2.6a 13.6+1.8ab
of kenaf TLIHE992 Fuhonghang-992  104.0:5.1bc  741.7+59.1b 21.046.9ab 10.7+4.0a 11.240.1be
Wit 15 Hangyou—1 95.1%2.5¢ 515.4%15.5d 13.71.2b 10.9%1.7a 10.520.4¢
£If 25 Hongyou—-2 97.8+4.5¢ 622.746.7¢ 18.0+0.3ab 8.5+2.3a 11.6+0.7hc
H368 107.6+5.7bc 653.0£60.3bc 17.5+4.2ab 13.123.4a 14.6x1.6a
#8310 Zhe 8310 122.9+12.7ab 721.7455.8b 22.8+1.2a 10.7+1.2a 14.5+1.0a
CLRRHL R4 HIZ0 15 Xianghong—1 25.9+2.9h 170.3+19.6a 2.8+0.5a 15.742.9a 12.4+3.4a
The amount of heavy B
metals in the FALL 991 Fuhong-991 42.4+7 8a 264.5+71.3a 3.50.6a 20.0+8.1a 18.0+7.2a
““dergrﬁ““dfpm of  JELIA{992 Fuhonghang-992  32.7+8.2ab 197.9+78.4a 3.1+1.0a 11.7+2.3a 13.0+7.2a
o it 15 Hangyou—1 27.6+4.1h 180.7+33.6a 2.7+0.3a 12.3+5.9a 13.4+4.7a
21425 Hongyou—2 32.4+0.9ab 204.2+4.8a 3.120.3a 13.0+4.4a 12.9%0.7a
H368 39.2+7.5a 251.0+85.5a 3.120.4a 27.7+12.3a 20.2+7.8a
#8310 Zhe 8310 26.3+2.9h 185.2+29.8a 2.9+0.6a 9.0+2.4a 10.4+1.8a
AR 47 15 Xianghong—1 160.2+13.4b 1012.9+53.5a 24.6+4.9ab 31.0+7.0a 27.122.4a
The amount of heavy
metals in whole kenaf L0991 Fuhong-991 185.3+27.5a 974.5+128.6ab 23.1+3.0ab 27.7+10.4a 31.5+9.0a
FELIMT992 Fuhonghang=992  136.7+13.0bed  939.6+131.3ab 24.1+7.8ab 22.4+12.9a 24.2+72a
Witk 1% Hangyou-1 122.7+3.2d 696.1+41.3¢ 16.4+1.4b 23.2+7.4a 23.8+5.0a
£Ij: 25 Hongyou-2 130.2+4.1cd 826.9+8.3bc 21.1£0.6ab 21.5%3.5a 24.6+0.4a
H368 146.7+4.9bcd  904.0+132.7ab 20.6+4.6ab 40.8+25.7a 34.8+7.9a
#8310 Zhe 8310 149.3+9.8bc 907.0+73.9ab 25.7+5.7a 19.7+1.2a 24.9+1.8a

T PO 220 M SO AR RV ARAL AT LA, [R)— B AN [ TR 3R 22 571k 5% BB K.

Note: The analysis of variance in the table only compares the same part, different letters in the same column indicate that the difference is up to 5% sig-

nificant level.

S, HE I AT /8 A IR EE 4 J 1) AR AR T, 4 3 pH
TEPILA S LLRR SR O o 5545 REW DL Cd J i, 3L
HOZT 15 T 8310 56 B R AR5 1,39, & LMK
Pt B 42 & Cd 19 & 48 REUCNFE 2 280 = T HAh &

&) MW B S AR Cd7E R h IR R R L LK
HAJE Zn 5 Cd B BRI FHA P,

CURRE G R W AR RE B — e W AR AR (B2
A Wy g T — S MR B A s AR A
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5, 2016 2L RRF- 34 T AE ) 515 15.5 t-hm ™, 43
HEiE 24 32(0.38 t-hm™) A 5t K (0.85~1.5 t-hm™)
[ 40.7 51 10.3~18.2 455", PE KBy AEW) it 7 — & F
FE B BRRN T 20K e AR R AR i pii | A3 v 21 R
M — TSR BESE Cusy 1853 ¢-hm™ . Zn
1012.9 g-hm™.Cd 25.7 g-hm™.Cr 40.8 g-hm™ Ni 34.8
g-hm™, TMHEHIE , 76 K H 2 FP R A 25 F 5 K2V
AE AT 42 B Cd 184 g+ hm™.Zn 7800 g-hm™,Cu 29 g+
hm™; 7 DA% JRRITH F 23 4 4F AT 3R B Cd 110 g -
hm™.Zn 6710 g-hm™.Cu 1690 g-hm™ ,As 720 g-hm™,
Pb 1170 g-hm™, ZIpRIEIE 4 )8 19 B & 5 Z AP AE
— € 2200 RN E G R G R ACRA I RREEY)

4 it

e 4 i A {5 Y 3 b S R ZRR ot b A
RIS, AR AA B LA 2 5 e, H A
KA AL 15 B I 5 ZLRRAN [l 3007 4 o
ZE 50 MR IR R R R e T AT A AL
IR AP A —E I 4 i B R ML AZ RE ST (HIk A3
o B BRI RR U, SRR A A — E 22 5, AIZL 1
S HETT R s AN R R AR R RO s R AE
E 2 HILUE SR Cd i R nl e A2 1 T 4
JE /N AN B AR, nIA R R
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