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The Remediation Effect of Napier Grass to Cd-contaminated Soil with
Typical Parent Materials in Southern China
QIN Jianjun', TANG Shengshuang', JIANG Kai', HUANG Jing',
HOU Hongbo'?, LONG Jian"?, PENG Peiqgin'**

(1.College of Environmental Science and Engineering , Central South University of Forestry and Technology ,
Changsha 410004 ; 2. Hunan Engineering Laboratory for Control of Rice Quality and Safely, Changsha 410004)
Abstract: Pot experiment was conducted to study the tolerance and remediation effect of Napier grass to
cadmium (Cd) in purple soil and granitic sandy soil using Fourier infrared and X-ray diffraction analysis
methods, and the exogenous Cd was added with gradients of 0, 0.5, 2.0, 10.0, 20.0 mg/kg. The results
showed that Napier grass had a good tolerance to Cd, the tolerance index was 0.65~0.79. When the
concentrations of Cd were 0, 0.5, 2.0 mg/kg, the bioconcentration factors were more than 1, showing a good
ability of enrichment to Cd. Napier grass was not hyper accumulator of Cd because of transfer factors ranged
from 0.60 to 0.84, but its restoration efficiency on Cd-contaminated soil was considerable when no exogenous
Cd was added resulted from its enormous above ground biomass. And it was the most significant in granitic
sandy soil, i.e., 2.48%. In addition, the differences in soil physicochemical properties such as pH, CEC and
organic functional groups could also lead to the differences in Cd enrichment in Napier grass. Comprehensive
analysis showed that Napier grass was more suitable for the remediation of moderately Cd-contaminated soil,

and the remediation efficiency of granitic sandy soil was better than that of purple soil.

Keywords: Cd; Napier grass; biomass; concentration; transfer
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A—E CdEERNMBERMYZE T KA
TS R —FE R R R R E
KA 247 BAAE ) AR T B A R RS A RS
Ivi) Ja8 AR LA S R P i K B B 7, B AR RTR ) 6~8 1K,
667 m? ] = FR 15~ 20 19, 33X % 2 v A W
L EB A A SR AR R A R S I AT
o e HURR T 2R L A i B KRR Cd A,
S B ZAEAE RS AR B B b s TR A
PR INE R, WA ST . el WL R FAE Cd T5 g
Bt A8 52 AR T AR A B — e R

SR, H AT & T Lm0t £ 58 Cd 185 300 1 i
GEZ R AR T WU R L E K AR RS Cd A TR
4 HH TE) 3 i DAV 0 OF M R BE X Cd I8 L 4R
Rk By A 52 R 5 TRl B, Wl 4 78 AS [ 2 78+ 4 op ok}
Cd B Z 8N 172 5, Lin 1 AR5 £ 1 L/
AR 18 Fh L X Cd TR . B & R
HATE] . JETF b3 ) B, AR AF 5 3 o AR R X b G
FE 2 MR R B ORI AME Cd W T A4 KR
BLRE SEARAE , IR 45 A 2 Fh - 80 SC ) TL R AE R T

WS W Cd 76 B3R E R G D s B L E, 1T
MR RAE 2 Fh Cd 59 LB iy 38 D k. R E
e RiT B ERETES%,
1 ®RS 7%
1.1 ik

B 158 U H R 58 D T B R B R BRE
+ R AT B HE Sk £ HE L IS A (27732747, 26" N,
112°41"1.87"E) s ik H R e AL 5 A Bk &
MBRVE £, R A W8 B T A2 BUBLAE B A (27°417 45, 22"
N, 113°20'53.21"E) ., 2 Fh +HE¥HL [ #F1E)Z (0—20
em) . RETAEZ )G, T8 = K M. A
SR KT L2 o G B AR A S B R AR R R S
A B ISR A Y518 . 2 b A i AR B Ak M
bl 1. HEUR W o B 1 5] 4 B (Pennisetum
purpureum Schum. cv. Gui Min Yin), NE = E%
AR, BEHCR 3 KN —BUR R E L B 2 30
em, BEAL PG 1 Bk BY 25 TR A0 25 Kot R DAk 2>
FRAHFE RN K 73 25 K e e LI 2%

F1 il TEERBEHER

- MoCd/ HH Cd/ CEC/ HHL/ b m A/
+H AR pH ) ! ) - B/ % =
(mg * kg™" (mg * kg™ (cmol « kg™") (g+ kg™ (m* » g ")
LR H 6.1 0.59 0.14 29.40 14.00 25.89 9.05
FRAP Y 5.0 0.63 0.17 23.71 21.60 16.27 3.39

1.2 Rt

A6 R RS B 1142 30.0 em €42 23.0
em. i 21.5 em YR, ZRA 4 fLL.FL4E 1.0 em,
T T RS R e AL B R b, LB b s Cd 5
FENE it 25 i AL 30 1) B B O O 235 vh 12 Wi K 21 [ %
Fhé, B+ 5.0 kg, iIn A CACL W , Cd KFHy
0,0.5,2.0,10.0,20.0 mg/kg, Vi &4k 30 K, #% N
0.20 g/kg.P,0; 0.10 g/kg.K,0 0.15 g/kg, LA R &
[CO(NH,), |, B B2 & [(NH, ), PO, ] Fl ik R 1 (K,
COD MK IE WM AANERNE . #5355 & T35 W1 28 e i
P AR R A E 25 ARk e K s 1 REOK R R R A
60% A HS 3 AN H L4 30 4, RET 2018
6 H 25 HBH.9 A 5 B3k,
1.3 XESHH

FEYIRE SR B 5 2007 R A KRN 8 8 45
JISLE TR R INVACEUN EE S5 a5 1 E I EN(UPN
S5 T A TR 5 Bk, E A3 /N Sk A2 L AR T B ok
IR B F oK YE 5 KT, 40 25 T AR I 105
CAH 30 min J5,70 CHETRIEE il TH, KRG E
et 70 Hif PR M. MY E S S S SR H T K
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T ARSI OREE S o BT SR AR AR AL AR
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HEARAL M ) s B R A SR FH B B T k) g
L 2 T AR HE 2w AL (D - 48, 3H — 2000BET —
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1+t 100 H B e i .
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KB, FAHME Cd ¥EH 0.5,2.0,10.0,20.0 mg/kg
AP B E AR E () By MAMNE Cd HEEH 0
mg/kg B R FIAEY (9 sC, W R b TR 4)
Cd & i (mg/kg);C, 20 £ Cd W ¥ (mg/kg) s C,
KNG ERF Cd F i (mg/ke) s Q. WL H ML #B45r B
BLCd & (mg);Q, N HIEBEE T Cd S (mg).
JRIHPE R A Duncan £ 1 He 88 3k (P<<0.05) #47
SEAr M B Excel 2016, SPSS 22.0, Origin 9.0, MDI

Jade 6.0 BRAFFEATAEBR, BT 5 B 1 M 2418
2 gk 550r
2.1 MK TEMAMRIES X STERITEE G
AR+ 22578 [ 5 FRAD U8 14 18 B 0 20 A1 St i
B 1, 2R9e H 5 pRab U iY R Ak B s g g3 A AR R, 43 51
TE 3 500~3 700 cm ' (IR FRE O— H {H45F
) .3 300~2 500 cm ' (FEWE S —COOH # O—H
g PR3 1 725 em ML (C=O 4R 3h) .1 650
em ™' BT (C=C 1718 45 B 3l W W iée) A 1 050 em ™!
(—C—O—C 4 ¥Esh) . £ 2 b+ 4 ok £ 1w 1y
FE A2 AR L. (H PR B U Y £1 Ah g Wi i 55 R |
M FE 3 500~3 700 ecm ' M4 IR S R aR AL, R
A R D e 45 5 U8 L JB0RE R T & & O — Hs 7E 3 300~
2 500 cm ' Ab S T A R A s 4R 8 HE A RR D U1 TR S
%, R AP R LR 1 E &% — COOH,
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JRRAD U 1Y 32 22 A B ) S B AR T CALPO,) Rl A
(Si0,), LR HEMEPJER XRD K3 LK 2, R4E
A PiA% R 2d sin 0=n A, ] $15E 4208 T 5 RRAb e
F YK T Z B d oo BMEL, 53 528 1.08,1.40 nm,
2.2 HEX T Cd BB/ E

A0 2k G A K R R R KL AN TR VR R Y
AMIR Cd AR X5 A K 3 i B 0, 2w AE Cd by

BT E/ %

BEEARMGI LR AL Cd W EHR 0,0.5
mg/kg By T4 G BT R S H A PR 4, SR
Yo DU+ HROR, & b B R B AR sk L DL 3. A
P CAdHEHN 0,0.5,10.0,20.0 mg/kg B, 7] — M
Cd BT 5808 H rh R 54 W) Lo R0 U8 vh G, (H 22
SN A ST BN BB 31.0,32.0 g, 1B 5 e H
ERREDUE 2 Fh A HE XS G B AR W) R Y R G B 2 S
SR Cd Bria T, 2 Ff - 358 v i e B A W TS AN A
Cd W INET 145 BT AR . 5808 b R B AR SN Cd ¥k
FE4 2.0,20.0 mg/kg B YA 4 34 1 AR T AR Cd
RINEF (P<20.05) , T JRRAD e h R R A= My it BE AR Cd e
JEARATC B 25 S R R FEAE R e b xd Cd b8 1Y
M 32 e 1) ARE . RFXS Cd BYTHPEFR AL 2,
BRETE 2 Fh e I TE R ECH 0.65~0.79,
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MECIHR EE/ (mg - kg™)
AR TFRFRRE— L ERFE Cd R ELHE Y RN 2ER T
#(P<0.05),
B3 AERECGANZEM EBISEVENRD
F2 ZREMMEEH

AN Cd B/ (mg » kg™ 1) TL TL
0.5 0.79 0.79
2 0.69 0.65
10 0.74 0.78
20 0.67 0.69
TE 3R T 2898 Hob G s P 46 450 T S RRED U8 rh 42 e it 4
Eigi

23 REZBALCIEENESR

M A4 BT LUE W Bl SRR Cd e B 10 T, 2 F
TIE R E R - ER S SRR Cd = Rl A
CAdWEMHMEN LI BEHAFSME Cd W ET
MG R — A7 Cd & 5 A7 7E B % 22 5% (P <<0.05),
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FEF—AME CAWRET 2 Fp H3Erh R B R Cd &
I 1Ay b AR A AR Cd B =4S
g 0.8~26.6,1.4~34.0 mg/kg, AJ #1768 5 % B 1Y
5 Cd Ve B2 RN, G R AR AR b S A X - g rh
Cd s SERE WS, 7EAME Cd ¥R 0,0.5,2.0,
20.0 mg/kg B}, [{]—FME Cd ¥ FE RTS8 4 5
A SR Cd FrEY R AR R R,
TG EE R AR KB AR Cd & Sk
24 AELEMEEI Cd WEEMFIEHFIE

M 5a AT LAE L BRIFRED TR AN Cd ¥R BE A 10.0~
20.0 mg/kg #b, BEFE SMIE Cd He 3 R34 0, 45 4b P4
TR RO R TR R E SR Cd R E
(3 N 5 5 b4y & 4R Cd W BE 1 T % AR Cd
W 0,0.5,2.0 mg/kg B, RE I H LRI RT
1,Cd & HERE 847 78 Cd ¥E N 0,0.5,2.0,20.0
mg/kg B, FRASTE Hp & Ab PG v 5 4R RAO K T &
TEHPLE ,FECIHKE Homg/ kgt 2 R K.
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SIA 5.11.3.14 , A SRR D R 4 4 e 1 A R T 4
b 1R Cd Wi, MEl 5b RTAL, 45 Ak B4
2 ZECH 0.60~0.84, LI L FRJE T Cd & 4
F) 3 F] 8 H M 138 43 A ) R B R i B, £ 45 b
EERA Cd & BRI
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EZX MER M P AR E MX NIRRT AR ARF
LR A — L HER AN Cd We T 42 5 — AL Cd % &
22 5 8 3% (P<<0.05)
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Bs5 BAEBEEZENCINEERBTESRY

25 ARMEMEEN CAHNERESEERER

M 3 AT LA LA 5 Cd Ay BB R K ERE S
TR Cd e BE (38 i b F+ . 4MIE Cd & B R 10.0,20.0
mg/kg BT R F b F &4 X% Cd 19 RF & & F HAth Cd
W, HES BEP<<0.05), i FEab I 4h IR Cd %
BN 20.0 mg/kg Bf Cd 2R H K, N 0.75 mg/
pot, ZREX Cd W& BOR R AMIE Cd 1y 3G i [
i FETCAMIR Cd 3 CR U8 B 5 FRED TR R A & Cd.L ik
539 0.59,0.63 mg/kg) I 18 52 R A 4 HoAth 4k 2
s H25 5 3 (P <C0.05) JFERRED IR TEAMIR Cd &8
B 5 R e o 2.48 0%,
3 Ww
30 SExtEDCAdBHEREERR

— I g T P HE K> 0.5 B Al B B A BA
IR PEDS AT ANIR Cd RN A G2 R 1 S 4R
BIRF 0.5, #om e iR 50 18 B Cd ok B I [ ) 42 5%t
Cd W38 28 B0 A8 - (A T 2

B Cd 159 HIERE S SOR F 2R + 1
Cd E £ izme ) BB E BEYCREITHN . Yok

P Cd YN 0,0.5,2.0 mg/kg I}, S H 5 4 BB K
T 14 Cd I & R TR B B CA VR BE N 3%
8 RPESRBINT 1 ARRAE Cd W 13, 552 R AL
IR GRS L R 0 B IL I G2 R X Cd i I i
P 322 R A e AR R A6 L X Cd ) & 4
fil ) B L X AT B S Ol G AR A R A TR Cd
LI M AR Cd 1 X 2= Ak P AL R G4 Cd
FEF IS PR A L T (ROS) 1975 5 L 36 4 IR B 451
FHERH AR ABAE R R B L1 Cd' . LHEIE Cd &
EAEMY X Cd i R R K TR R,
F T 2R 6 1 BB G A ) o 5 () SE PR 7 A A
FEHS PR i B4 d 3R AR 1) K/ SR AN S
XFCd V54 H M Z R R R Z M 25 1
B, B B Cd W18 B R W PE I 4
FOOF Cd B BUR . 85 RERW AR B AR Cd 1
5 B B ROR F L D R R G B M R A B K
Rk 2.48% . RIS A A RRD
JE+d (Cd &8N 0.63 mg/kg) BAEXE] 5 KA H,
W HIE B E 2R EE i A i+ 5075 e KUK
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FPEFRIEGRAT) ) (GB 15618—2018) KUK 5 VE1E (Cd
0.30 mg/keg) JE BN FHEL 6 4, XD Ui 5T
THAE CAd¥EN 0.2,2.2,7.5 mg/kg 1Y T3 dh =1+ R
BRo R FNED BT S S AR o AE Cd Yk
2.2 mg/kg RIEPR =M R B RN E R K, N
2.04% . WML, G FAL ML b5 4 45 52 AR S T i i
Cd & A = w9 BT BOR AR I8 3 IR T
Gt 3 Cd WmRBERES .

®3 BOEKEH DS LES CAHERBSBERER

N SR Cd e/ 2/ BEE/

TR
(mg * kg™ ) (mg * pot™ ) %

0 0.034:0.00b 1.1340.08a

0.5 0.04£0.00b 0.71-0.06b

e 2.0 0.0840.00b 0.6010.04b

10.0 0.31£0.01a 0.59-0.04b

20.0 0.33+£0.01a 0.320.01b

0 0.08-£0.00¢ 2.48+0.15a

0.5 0.0540.00¢ 0.85+0.06b

IR0 2.0 0.080.00¢ 0.64-0.04b

10.0 0.2240.01b 0.4140.02b

20.0 0.75+0.03a 0.72-0.06b

VE ¢ [ 98 7 91 S ) 5 6 % 4% Ak B0 ] 22 5 B (P<20.05)
32 TEEBNAETE-SEZEHITIR.ER
sb-Au|

CdETLE MY AETHIH. B — %
pH. A Bl Bk & &, CEC, i ¥ 25 M & ] & %
M1 pH A 4 4 R A RS i
H' x5 Cd™" 584 T3 B b 67 far (9 W B o7
T3 pH Bk, HR BEBIT, ol T SE A BT 5 R]
ok e R AR WL CdPY Rk B £ TR R
OH 55 Cd&" i CAOH " JEA R Cd*' i En
W B 5L N 2 AR SRy 1A el A5 A A 1% T B A
WK, JFEBEE pH WA EIERTTHEY CA(OHD, . fff
Cd™" Bl [ i A L ie L L 3R 1l ke |
) pH BFREPUE 5 43 1 6.1,5.0, 57 H H g Cd
BERRAD Ve T 25 ) B - S e (A WG BEE 5 DT 2 A 56 98 H
ZERNT Cd B

AU LR E S BRI EENR
LA DL b e v rh SR A L E Y B B ATIE
AW AT LS P o0 5 4 Jm i R Be . R L
AL DI AT BL T & i K T 45U 1L 4300 oy 21,60,
14.00 g/kg, X Al g & KA e h G 7 Cd & 41 b 55
Je H i I R, 53 A, A 3 B0RE 3R T AR AT 2R AL
HE CdETIE—MY RETTH B2, HH]
2T A 5 45 SR R L R U AR X T 48 e LA B R
&SRR A O—H M —COOH., & f iX 4 3 [
WAL EY S Cd™ B U 456 W) B A 3 & 1Y kK

. EAEGELE HMYRETERE. H18 Cd B A
7 P A A TR P S DTSR RR AP U 5 R DY 11
CdigiRmze,

Bk R RN E S B LAY R 5
IRHENEENEZ —., $lel LHEER /N,
FEHB, PR X Cd i 4y B3 B A FH e,
ANEPRMEHLEERNEG Cdid, %4, CEC il
e = 39 Jl R 11 5 - 5S H fiE 7. CEC e, = 58 1k it
B 1T 2 e i B O 22, HHEXF Cd 1Y B T 58
W2 B A FE AR it L 61 2 1) Cd® ™ 3 22 L i AR R Y
By Cd sk A0, f & 1 af g, R H CEC R0 e
XA AT RE S B AR TR IR 2 R R Cd R
WM, 2 fhHh 4 Cd S RN LS ETfES
P 2T 56, XRD 455 /R 52U I 32 24 -
YR BB (Zn, OHPO,) , BRED YR 1Y T B2 2H i1
Yol B R CALIPO ) R 5 (STO,) S 2B ) 2 K
WA f2 0l S5 1R R R R W B B b
Zn®t AT SitT A JT FEOME LR T X Cd 7E L3
4 I R 7= A R ) AELAS [) A 4 40 L RS A 2 ) B A
2S5 — Mo, W )2 )RR, RO
FHES TR 2 % Cd 11 18 2 7B ks, Cd 3R
Gyt AAE YA P FEARBIE ST R, R AP U 1Y )2 [E] R
B SR U R (L HE ARRED 8 42 RE Y Cd B 58 e |
%, X RESE Z RN R SRR DL KB 3R 0T
R A SZ ) , B 2 8] 85K R Je b i Cd Jx
[IEEAP7E =0 P S
3.3 £EEE CdiTRLENEREIEN

ARWFFELE R R X Cd Wil BAT B4 1 Tid
P, BAEAMEWR BE K 0,0.5,2.0 mg/kg I & 4 5 .
FETCHMIER Cd B0 (448 52 0% de T, 3R W) 4 o
e %R Cd i5 g 31 (Cd 0.6~1.2 mg/kg) 1EE
r P A

HAT . SR F LM T & &I, 4 Cd 159 + 15
BEMEELE N TE IR0, Cd 2 i & W aE ik A
RS F B PR e A G g FEARIR S L R
A Cd S HIEEIN 0.8~26.6 mg/kg, KEB 7 #
TR W A R R R RR fH (GB 130782017, 1.0
mg/kg) . WL, T Cd 754 + 356 & (0 % % R H
MEE&FM., MERELTFNERE. R ERM TS
H BTG B, T ok i B, 52 B R (1 R 0 2F 2 3 A
A R S B AN S A I E N W N2 R
DA A AR o 20 EL R R 7 2R, S £ R Al ok e v 7™
AR EE A Jm s g I HA H TR FH A AR A A
RAMY)E LT, AR E R 54, 2w
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500~650 “CT it A 1) 7 0 02 25 AW S By

il 25 JEORL A R A R R e e s T L

ZEMNTH RE CAISREHMBE . BEREY

FHVERR A K R U5 S5 A4 BEA v] B S — ] Sl L nl 4 )

A IE E BN Re S i A e R .

AR EEN S, AR R R L FERAXT S
R Cd 152 W B PRI G R AE 92 PR i) Cd 75 G
16 52 TR v i Ny 5 8 T 49 2 [E] 1Y) 22 S, DRI o R
4 8k

(DR FEXS Cd 8 RIBAF T, 7250 H
S5arie Cd K435 0.59~20.59,0.63~20.63
mg/kg Bf, Cd XF 42 % 7= A W I i 2B SR AR,
ZR Cd WP B KT 0.5,

(DZFX T Cd 15 Y H M5 2 W /W, 78
R Cd 59 R b N P s, AN Cd W E
4 0,0.5,2.0 mg/kg BHEE % R4 10,20 mg/kg A
W B ITE RS IR IR + 3 (Cd B 0.63 mg/kg) &
SRR o 2.48% .

) ANT) B Jog A B AR PR BT i 388, 2B X Cd 1Y
1B BORAR FEF IR AT Cd 15 G4 - 8 S mf
AR L BT O R A AR E . AR A
RFIRTEBE LRID Ve h R RS B BOR B e A
Bk
(1] WRAgs A 4e Ik, o] I8 0, 45 4 [ b 335 R L & A

WOTT A EFE.2014,36(5) :1689-1692.

(2] WM, XA 3, 3K 42, 45 4k 23 35 5 500 ik bl 9 2 B
SE TS R IR R LT ] % AT, 2018,47(T)
1531-1535.
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