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Comparative repair test of different varieties of kenaf in heavily and lightly cadmium-contaminated farmland

YIN Ming, TANG Hui—juan, YANG Da-wei, DENG Yong, LI De—fang, ZHAO Li—ning, HUANG Si—qi’

(Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences/Key Laboratory of Biological and Processing for Bast Fiber Crops
of Ministry of Agriculture and Rural, Changsha 410205, China)

Abstract: The aim of this study is to determine the repair ability of different varieties of kenaf in farmland containing different levels of
cadmium (Cd) pollution. A phytoremediation experiment with seven types of kenaf in heavily and lightly Cd—contaminated farmland was
undertaken to determine the Cd accumulation and enrichment, transfer coefficients, physiological signs of various parts of kenaf, and
relevant soil changes. The source of the total variation in the experiment and the regression coefficient of each variety were calculated. The
results showed that all kenaf grew well in Cd—contaminated farmland and Cd removal in kenaf in the heavily Cd—contaminated farmland
was 72.49~149.17 g+ hm™ and in the lightly polluted farmland was 25.95~49.91 g+ hm™. The enrichment ability of Cd in different parts of
kenaf was leaves>roots>stems and the transfer ability of Cd was leaves>stems. In heavily Cd-contaminated farmland, the Cd enrichment
coefficients of kenaf ranged from 1.11 to 8.83 and the transfer coefficients ranged from 0.32 to 4.25. In the lightly Cd—contaminated
farmland, the Cd enrichment coefficients of kenaf ranged from 2.08 to 14.63 and the transfer coefficients ranged from 0.38 to 2.92. The
regression coefficients of the different varieties of kenaf were less than 1 and the stability was high. The study shows that all seven types of
kenaf have good biological yield and Cd enrichment and transfer mechanism for restoring Cd—contaminated farmland. Among them, China
kenaf No.13 is recommended for the restoration of heavily Cd—contaminated farmland, whereas China kenaf No.13 and China hybrid kenaf
No.328 are recommended for the restoration of lightly Cd—contaminated farmland.

Keywords : cadmium pollution; kenaf; phytoremediation; farmland; comparative test
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Figure 1 Cadmium content in different varieties of kenaf roots under heavily cadmium pollution
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Figure 2 Cadmium content in different varieties of kenaf stems under heavily cadmium pollution
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Figure 3 Cadmium content in different varieties of kenaf leaves under heavily cadmium pollution
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Table 2 Cadmium enrichment factor in different parts of

different varieties of kenafs

S 6 H June 9H September

Varieties # Roots 2£Stems M- Leaves #% Roots 2% Stems I Leaves

X1 3.83¢ 5.70be 6.84c 3.19b 1.76a 8.37a
X2 3.51c 4.79¢ 6.25¢ 3.92b 1.52a 8.15a
XT3 5.98b 7.09b 9.91a 3.87b 1.36a 8.83a
XT4 5.54b 6.97b 7.86b 3.00b 1.29a 6.85b
XTS5 3.51c 4.79¢ 6.81c 4.38a 1.41a 6.78b
XT6 6.82a 6.45b 7.89b 3.37b 1.6la 6.49b
16C 6.37a 7.73a 9.68a 1.58¢ 1.11a 6.70b

3 [FIBIAS R ING P BRI Rl ] 22 52 835 (P<0.05) o R I
Note: The different lowercases in a column indicate significant
differences among varieties at P<0.05. The same below.
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FHECR 2,16, 8 1, ZEME R 0.61~0.80, - ¥ {H
F0.72; ML N 0.72~2.53, F- 45k 1.61, 9 1,
ZE 10 [ M 0.32~0.70, -2 {H K 0.46; I (4 35 [l N
1.55~4.25,F-349%0h 2.43. N6 HE|9 H ,ZEMHER R
B—HE N, I T B 63.49%; i 58 R B0 F
B, 5 B 2 1 50.93%.
2.2 B CSERLIEEERT
2.2.1 I EFPLIRR Cd REUE B

H P 4~ 6 AT, B2 05 Cd V5 3 T A [R) Rl 21 jR
KBS A Cd BB B .25 5 (A AR b
Pl —%. MM Cd i, 6 HERM, FHMHEN1.75 mg-
kg";7ﬂ~'ﬁ9ﬂd\¢ﬁtﬂ 9 H &, FHME N 1.93
mg-kg'o ZEMY Cd FaE, 6 H e, FIIME R 2.58 mg-
kg3 7 HRIE TR, @E%ﬁ%iﬁﬁﬁo 79 mg-kg™';
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Table 3 Cadmium transfer factor in different parts of different varieties of kenafs
S 6 H June 7 H July 8 H August 9 H September
Varieties ZE Stems I Leaves 2 Stems M Leaves Z£ Stems I Leaves 25 Stems I Leaves
X1 1.49a 1.78a 1.34a 1.97b 0.71a 0.72¢ 0.55a 2.63b
X2 1.37a 1.78a 1.78a 2.33a 0.80a 1.60b 0.39a 2.08b
XT3 1.19a 1.66a 0.97h 2.12a 0.61a 1.48b 0.35a 2.28h
XT4 1.26a 1.42a 1.04b 1.83b 0.72a 2.53a 0.43a 2.28h
XTS5 1.37a 1.94a 1.30a 2.86a 0.67a 1.36b 0.32a 1.55¢
XT6 0.94h 1.16a 0.63b 1.10b 0.71a 1.73b 0.48a 1.93¢
16C 1.21a 1.52a 1.35a 291a 0.80a 1.84b 0.70a 4.25a
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Figure 4 Cadmium content in different varieties of kenaf roots under slightly cadmium pollution
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Figure 5 Cadmium content in different varieties of kenaf stems under slightly cadmium pollution
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Figure 6 Cadmium content in different varieties of kenaf leaves under slightly cadmium pollution
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Table 4 Cadmium enrichment factor in different parts of different varieties of kenafs

i Fif 6 H June 9 J1 September
Varieties 1 Root 2% Stems I Leaves 1 Root 2% Stems I Leaves
X1 3.47b 5.63bc 9.70be 3.79¢ 2.53a 7.67¢
X2 3.68b 6.20b 11.00ab 3.95¢ 2.35a 9.35h
XT3 4.53a 7.53a 13.91a 3.81c¢ 2.66a 11.12a
XT4 4.45a 5.76be 10.60b 4.37b 2.08a 11.48a
XT5 4.37a 6.33b 9.88bc 6.76a 2.73a 12.71a
XT6 4.19a 4.91c 791c¢ 5.56ab 2.11a 14.63a
16C 3.79b 5.33bc 10.07b 5.75ab 2.51a 13.82a
x5 NEMALRAFFBAL CA3EIE REL
Table 5 Cadmium transfer factor in different parts of different varieties of kenafs
il 6 H June 7 H July 9 H September
Varieties 2% Stems I Leaves 2 Stems I Leaves 2% Stems " Leaves
X1 1.62a 2.80b 0.39a 1.26b 0.67a 2.02a
X2 1.68a 2.99b 0.57a 1.82b 0.59%a 2.37a
XT3 1.66a 3.07a 0.65a 2.38a 0.70a 2.92a
XT4 1.29a 2.38h 0.59a 1.74h 0.48a 2.63a
XTS5 1.45a 2.03¢ 0.29a 1.73b 0.40a 2.65a
XT6 1.17a 1.89¢ 0.33a 1.65b 0.38a 2.63a
16C 1.41a 2.66h 0.42a 1.47h 0.44a 2.40a
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2.4 CAISETAEMPLLAREKIEIR

i 2% 8 W, L CAI5 YL IRBE AN S A 21 JRR
BUUE R AR B 225 . TRZRP , X1.X2 . XT4
B Pk B R L 5 my X1, X2, XTS5, 16C [ 25 ML #E 1 26
mm; X1 5 XTS5 #5047 (1] BT A= 9 35 i 2o 2.70 kg -
m”, Ho X1 5 XTS5 (A K A543 577 55 LA S Fh 2
R R . RO HL B CAT5 ek T, A
[Fi] it o £ JBR A5 T AR R AR AR LB R 22 55 0 7 R RR
oL X1 5 X2 PR R 5 m, 2O T 24 mm, B
TR T2 Y B AL 3.00 kg m™, HiA K385 57 B8
oA SRR RR R AL R .
2.5 MR TRRIBFEREMAE TR S

PN 10 AT T, M SR SR ] b R AR
AR S i 25 PN T 0.05, 1T 5 FAGB6 I Bk F 5 X}
EE T 0 P DX A A 5 S N 0.534, SR I 3548

5o MFRI I FHE RS, A5 Foosa.20=4.260, /N F
Hi S TR AG F A 5 Foosce..0=2.508, /INTF S Rh ] LS 5 5
P EAERIE FE . RIS S FEORTE T
TR b R SRR B T b AT P X AR S
X e AR R AR B R . AR 1T AT, A
Pl a1 0 2R B0 /N T 1, 2 B4 G R FRUE T AR
L FEEJE CA V5 Yektth b, X1 55 XTS & 7 T 48 bR 428
HoAthy i FpEE AL B XD [ R ECE AL, R AR 32
i Cd 75 4Lkt b, X1 5 X2 4% 5 11 48 A &5 Ho A 5 b
PG, H X2 [m]H R AR, R E .

3 itig

3.0 AEImMLAREMAICISEZUESR
TEPIRS Je B P, ZLRRAR 525 00 Cd & AR
G R O R o N O RS I B A o S

K6 ANEIMMLAMKCAFBBE(g-hm™)

Table 6 Cadmium removal capacity of different varieties of kenafs(g+hm™)

i H Ttems X1 X2 XT3 XT4 XTS XT6 16C -1 Average
¥ 5 Y% 3% Heavily pollution soils 149.17 101.84 87.92 72.49 74.42 83.63 75.08 92.08
4905 Y 4= 1 Slightly pollution soils 49.91 48.26 36.41 25.95 36.92 37.52 39.28 39.18

F7 AERMARIMNEZTIECIEE
Table 7 Cadmium content in soils corresponding to different varieties of kenafs
ENRE Heavily pollution R kG e Slightly pollution
= ~ A EL A ~ A ~ A EL
LR e iﬁpf‘fi; B Chnges B e iﬂlf“?% Bk Changel b
(mg-kg™) (mg-kg™) (mg-kg™) Decrease/% (mg-kg") (mg-kg™) (mg-kg™) Decrease/%

X1 1.74b 1.35b 0.39 22.41 0.50a 0.39a 0.11 22.00

X2 2.16a 1.38b 0.78 36.11 0.42a 0.40a 0.02 4.76
XT3 1.65b 1.37b 0.28 16.97 0.45a 0.40a 0.05 13.33
XT4 1.75b 1.33b 0.42 24.00 0.38a 0.42a -0.04 -10.53
XT5 2.18a 1.28b 0.90 41.28 0.43a 0.40a 0.03 9.30
XT6 1.73b 1.30b 0.43 24.86 0.42a 0.37a 0.05 14.29
16C 1.72b 1.56a 0.16 9.30 0.43a 0.41a 0.02 4.65
SE14 1.85 1.37 0.48 24.99 0.43 0.40 0.03 8.26

R8 EE CAITHET AR MFLLMREKIER
Table 8 Physiological indexes of different varieties of kenafs under severe cadmium pollution
ATEL Fis eyl R B AR AL L THAR T A
Varieties  Plant height/m Stem thickness/mm Dry weight in plot/kg Effective number in plot Biomass/(kg-m™)

X1 5.09a 28.59a 32.26a 149a 3.44a

X2 5.02a 26.20a 24.30b 136a 2.59b

XT3 4.67¢ 25.93a 23.56b 133a 2.51b

XT4 5.01a 25.95a 24.75h 135a 2.64h

XTS5 4.91b 27.43a 25.89h 140a 2.76h

XT6 4.98b 25.54a 23.78h 132a 2.54h

16C 4.83bc 26.06a 22.52h 102b 2.40b
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Table 9 Physiological indexes of different varieties of kenats under severe cadmium pollution
hi A R ZEH FEJ5 T FE AT UK EL QLA T A
Varieties  Plant height/m Stem thickness/mm Dry weight in plot/kg Effective number in plot Biomass/(kg+-m™)
X1 5.18a 24.45a 33.12a 174h 3.53a
X2 5.12a 24.73a 30.52a 187a 3.25a
XT3 4.96b 23.25a 21.69h 184a 2.31b
XT4 4.93b 22.52a 17.63b 188a 1.88¢
XTS5 4.78¢ 22.41a 22.30b 175b 2.38h
XT6 4.93b 21.68a 21.73b 165be 2.32h
16C 4.94h 22.06a 21.37h 121¢ 2.21b
F10 RRBATRE FIRR
Table 10 Total test variation and F' test
75 553 I Source of variation H i df S5 Filss 75 ms F{E B sig
b5 Location 1 1536.34 1536.34 12.34 0.002
En il Variety 6 8238.01 1373.00 11.03 <0.001
b5 4 [X 21 Blocks within the location 4 400.45 100.16 0.80 0.534
L5 5 BRI Interaction of location and variety 6 2177.23 362.872 2914 0.028
1R2% Error 24 2 988.55 124.52 — —
&3t Total 41 15 340.78 — —

A7 Cd % 3t A AT A HEFF R it > 25> 40 S5 o i > AR >
22, W CATEPIA B 4351 T B 53.449% 5-10.29%
2L R 435I T [ 82.74% 55 69.38% , M- R [ T 54.38%
Y537.28%, ZEH) Cd i FREIRIE R, R Ay
R A7 CdigFapLf] , a7k 25 v 1 Cd 32 fai 21 il
mnH cd7Ee A28 AA MR TR, 9 HEE k-
Th, Al BE S Fr i — 24 Cd st S Ak i B 18 R Se 7
KE R aEAT T m R, it o i) PODP g
SOD™4 21 R F & & 2 11, ml FHAERDRHEURL , T
Tk Cd TR T 1 mg- kg4, PR o AT 36436 76 21 K
R Cd 7 5 B A B e B gk A7), Bp 8 A p R
A, TE S0 R A L L A e 109 ; an
T E 4 I 5 g A AT 9 T S e i ok
TIVER AR o ZLRRE) B AT AR LR A 77 2 8L, 25
FEVER A MR R, 95810 % Cd &2 FH LT 40
mg-kg”!, FEE CAd TR T 75 mg- kg2 ZL K H)
F 5 25 R Cd B A I T A R AR o T AR
ZLRRAE KRR A TR

3.2 AEMMLRCIEESEB RBPITLE

B amFPZIRR 9 T AR e T Cd V5 Y IR BE AR Y &
HERFOEYIME 1 3.33 250 1.44 Ky 7.45; {ERf Cd
TSR TP E R R BT A R 4.86 .25 2.42 1
F11.35, X HAF 2B SE o, 0.41 mg- kg (B85
15 Y ) Cd ¥ B A 398 v 20 Fp A5 RR 19 = 4 R $K0.97~
1.58, 45 TR 229 5% 1 0.42 mg - kg 'Cd ¥ BE FR 55 T Y
THE R E R 1.29~1.47  E K EHEZRE0.76.7H 2
AR5 2.30, XIS 5E H 2.00 mg - kg (R JETS
P CAWe g L Erp EARZESM M EERECHT45 5
6.20, ZL R R B T8 U1 Cd E4ERE T o &b Fhar
K9 F 1 AE T B Cd i e b v 28 B ROV 38 R
0.46, 124 2,43 5213 Cd V5 Ye IRBE 2856 58 R B
{E0.52, M 2,50, XF HLAF EEZR SIS 0.41 mg -
kg B Cd He B 1 8 P Y 20 B RR 4 B 2 5K 0.66~
1.41, 5 X W 58 7 2.00 mg - kg™ 1Y Cd Wk 1
HErh i FOKZE S MRS 2R 801,88 T 3.02, 2L MR R IR
B Cd 4 Rk

Rl EmMEVERE

Table 11 Regression coefficient of each variety

" AP Varieties X1

X2 XT3 XT4 XT5 XT6 16C

BUEEX Regression coefficient 0.57

0.56 0.48 0.58 0.63 0.51 0.46
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W7 FP LR AL AE Cd T3 Y A B b o, R S
BEHb 20 PR CA BEBR &R 72.49~149.17 g-hm 2, 524405
Yebk s sP 2T RR Cd BB N 25.95~49.91 g-hm™, HHp
TG Y b 21 R Cd B BR K, 1 42 i e Bk b
HZLJRR CAd B BR /DN, 1] RETE 338 v Cd vk B AR
RS Bk Cd 1 3 3 25 B - 3 Cd 3 5 04 18 o i o
PO 2 ah 2T R Y L, RS YR R [ 0.48
mg kg™, FEIE A 24.99% ; F 515 JedF b T B 0.03 mg -
kg, IR R 8.26% , 15 AR LT R ) Cd F% 55 8 A X 1 2%
EEHUEA , HICRS BRI, H R 3~5 cm B9 HL L
FEAL JE LT RRAR R A Hh b, 3 Cd T B 12 5 i B2 DA
THIESE T £LRRBEXT Cd V5 YA T A R 5 . i
5 BRI AN Cd I B, AT RS K it
NE A 28875 G il K I T 20

4 it

(1)7 PR RRAE Cdi5 e Bk s h 8 T DUIE# AR K,
T N CAI YR, PLaRk 135
ZIRR H1701 76 58 B 75 Ye bbb b 45 A K AR bR - i 8y
B S Herh A 2D RR 13 S /I AR E H Cd B R B
L R T R Cd 5 Y BF b R A8 &2 5 P 21K 13
S5 LIR 16 SRR MG ek & A K Ag AR S
WAL R, BB SR MR & R T iR
fil Cd¥5 Yk A & .

(2) L1 R G L 48 BBAE Cd FR B HERE >4 >
25 ATAENM S A T TICE] AR L B s
I8 2 T s Yk i, 21 RR ) e 5 25T W] R LTRR
Je A TS, DA i A i R £ TR P R AR 22 55 A 2
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