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Potential of plant rotation patterns for phytoremediation of cadmium contaminated farmland

CAO Xueying', TAN Changyin®, CAI Runzhong’, CHENG Xueyu?, LIU Lulu®*, ZHANG Xuewen', HUANG Shuopei®

(1. Rural Vitalization Research Institute, Changsha University, Changsha 410022, China; 2. School of Geographic Sciences, Hunan Normal
University, Changsha 410081, China)

Abstract: The accumulation of Cd in different plants and the potential of plants for phytoremediation of Cd—contaminated farmland soil
were examined to screen for suitable phytoremediation models for moderate and mild Cd-contaminated farmland soil. We examined rice,
oilseed rape, oil sunflower, and Sedum plumbizincicola with different Cd absorption characteristics for combined crop rotation by studying
variations in the soil Cd availability, Cd content in different plant parts, enrichment factor, Cd accumulation, and Cd removal owing to the
plant rotation pattern. The enrichment factor of Cd in different plant parts, except in S. plumbizincicola, and accumulation of Cd
aboveground were 13.81~81.34 g« hm™ and 21.54~74.12 ¢+ hm™ for different plant rotation patterns, respectively. Cd removal owing to
different plant rotation patterns was in the order of SPOS (rotation of S. plumbizincicola. and Cd high accumulation variety of late rice) >

SPHA (rotation of S. plumbizincicola. and Cd high accumulation variety of oil sunflower)>CKOS (rotation of local main cultivar of early rice
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and Cd high accumulation variety of late rice ) >CK (rotation of local main cultivar of early rice and local main cultivar of late rice ) >HNOS

(rotation of Cd high accumulation variety of oilseed rape and Cd high accumulation variety of late rice ), and the maximum amount of Cd

removed was 150.34 g+hm™. After harvest of the first crop, the Cd content and available Cd content of the soil decreased by 15.66% and

37.14%, respectively, for S. plumbizincicola. However, after the second crop was harvested, the available Cd content in the soil increased by

more than 95.51%, which was conducive for the absorption and phytoremediation in the next year. Among all treatments, the amount of Cd

accumulated aboveground was the lowest in oilseed rape, but the available Cd content was increased by 20.00% compared with that before

the experiment; the growth period of oilseed rape was similar to that of S. plumbizincicola. In conclusion, the rotation of S. plumbizincicola

and Cd high accumulation variety of late rice and Cd high accumulation variety of oilseed rape intercropping with S. plumbizincicola show

potential for phytoremediation of moderate and mild Cd-contaminated farmland soil and can be used as planting modes for

phytoremediation of Cd—contaminated farmland in central Hunan.

Keywords : cadmium; Sedum plumbizincicola; accumulation; plant rotation; phytoremediation potential
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FE K DTPA W2 235 , +HERAE YA Cd 5 35t il
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() FE S50, 0 BT e R R 43 AT SR v - A
(GSS—4) FIAHHIFE A (GSV-1) MEF 7)o i i
1.5 HIELES S

Fi%) Cd B B B RIAE M 3 b3 CA R R 2
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8 7: (P<0.05) #4722 53 i 25 1 43 B Fl Pearson AU
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PCA), % H Origin 9.0 B4 1]
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Figure 1 Changes of soil pH with different plant rotation
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Figure 2 Changes of soil Cd content with different plant rotation
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YIARTARRAL Cd &8 L 2. 55— FEAH Y3 T 30 A
3R Cd SR F I N SPOS FI SPHA AL B (FEH5:K)
B T HAG AL 3, H SPOS 5 SPHA b ¥ i) f£ 4 5
RH TRl 36 Cd & A ZE RN, b B3 Cd
43 AT 35 54.93 mg - kg™ F1 55.23 mg - kg3 25— CK
55 CKOS Ab B ] (224 b 5% S Rp AR ) AN [FIFR A7 Cd &
SR 220N (HHRE K Cd & S im i (B e 4
I ZhRAE £ a5 4 BR & ) (GB 2762—2017) H
K Cd I FRAE (0.2 mg-kg™") s HNOS AbF (G 2%) b |- 348
ANTRIEBAL Cd B 1 5 KRR A Cd Fr i 4 AH 22 5%
/N AR T Cd % £ (2.25 mg - kg™ ) U 2
Fbh A R R R Cd SR —F A

55 T AEAH W B SPHA Ab B A1, F At b B EY K
fi. HZ20] LLE 1, CKOS.SPOS Fll HNOS 4b 3 (14
T B B AT Cd 75 i h 7.90~8.48 mg- kg, b
FRIE) TG #2255 (B 0 25 T CK, RIS 2 4b 3358 4
Folv 6 5 AH LL e BB R R A A AF Cd
47.11%~57.91%, H.SPOS kb BEH /K G FE FF Cd 75 i fie
5o SPHA Kb PR S — A 4 v i — (% AR AR, il

F2 EHYAREMLCIEE(mg-kg")
Table 2 The Cd contents in different parts of plant(mg-kg™)

5 —71 First crop

25 1 Second crop

SOPL

Treatment R -3 Aboveground Hb Hb_-3#B Aboveground
Underground FEK Rice 435¢ Husk i FF Straw Underground BEK Rice 458 Husk F&FF Straw
CK 4.03+2.43 0.97+0.10 2.12+0.49 2.75+0.75 14.07+3.22a 1.9220.21a 2.32+0.12ab 5.37+0.81b
CKOS 5.06+2.14 1.0620.11 1.90+0.52 3.13+0.24 16.13+2.90a 2.11+0.09a 2.10+0.08ab 7.90+0.85a
SPOS 26.67+4.68 54.93+4.04 19.63+5.26a 2.17+0.39a 2.52+0.45a 8.48+1.37a
HNOS 2.25+0.19  1.21=x0.17(FF) 1.85:041(5%)  3.63x0.21 18.16+3.33a 2.33+0.54a 1.88+0.18b 8.10+1.75a
SPHA 25.60+3.91 55.23+8.24 2.90+0.40 3.29+0.37(F£) 7.41x0.76()  3.41+0.32(FF)

TE AR NG FRERORA R AR PR R 22 57 8.3 (P<0.05) o R 1]

Note: Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Table 3 The amount of Cd accumulation and removal in different parts of plant(g+hm™)
55 —7E First crop %5 " %£ Second crop -
b3 = o o o CdBsR it
&t i TS R i A R NS Ho A R Amount of Cd

Treatment  Amount of Cd accumulation

in underground part

Amount of Cd accumulation
in aboveground part

Amount of Cd accumulation

Amount of Cd accumulation removal

in underground part in aboveground part

CK 4.05+0.75a 32.14+1.73b
CKOS 3.30+1.95a 29.68+6.79b
SPOS 3.60+0.30a 75.86+8.31a
HNOS 3.00+0.15a 13.81+0.53¢
SPHA 3.45+0.30a 81.34+6.32a

11.30+2.70a 53.40+5.28b 91.23+3.56bc
14.62+1.21a 70.82+6.67a 101.24+8.12bc
16.14+4.35a 74.12+9.88a 150.34+12.11a
14.28+2.69a 70.41+13.11a 84.24+12.81c
3.60+0.15b 21.54+1.02¢ 103.42+7.14b

LR R FR A Cd 75 2 f i B I B, ATk 7.41 mg -
ke IMZELEAIFT Cd & it =, 23590 3.29 mg - kg™
341 mg-kg'o ULAR, WHZEH EIEARIERAL Cd & i
A . 5 AR .

A5 2 BRI AR ) AN AL AL Cd 1) & 4 R (AN
[ 3B A7 Cd & 8 5 3 Cd & B8 0 )y 1.03~
78.80, fEH"H KM FEB AL T HB Cd & B E
FIHAAEY , bR 5 R AN, A Py 5w 4 R
B 1.03~8.82, M RMEREFA Cd HE B E S T
24, 32 K b R (RS TR R OK RERE K Cd 75 BTG 8 3%
ZE5 . IMEEH 1 Cd B B AR, I e
LR HUGE 8.82 WAL, AKFE FIHh 25 Fi oA Kz FH (1] 457 34
AR, A — @ AT, TR
I, WAE Cd WOCFN & 4R RECRF | BR PR 5 K40,
1o B SR R R ZEAE A W18 52 rh 0 B S K 1
W,
2.2.2 HYIFAEAL A H 48 CAB W 150 B

AR A, Cd B R R A i 5 Cd & it
SR F, M B Cd B R i R B E A Y T e () S
ARz —o HRIALIE W, 5 — Y T 38 Cd
R B AP TC i 3 22 5, M 3.00~4.05 g~ hm™; A
TP E A CA R B 22 55 1 2, PR 5 K Ml E 5 Cd
FUE B (¥ 53 F 75.00 g- hm™) & 3% 7 T H A 4b #3
(13.81~32.14 g+ hm™) . B AF o F &8 Cd F1 2 &
(11.30~16.14 g-hm ™) ZbH ] TG 3% 22 5% B W3 = T
W% (3.60 g+ hm™) , {H & AL 2K AEHL 3B Cd FL R &=
(70.41~74.12 g-hm™) $ 3 75 T 24 b 32 4% 5 F (53.40
g-hm?). CARBEFRTZEMAMY I FH CAERZ
Mo RF3TLUE B, AFRED R Cd B Bk &
g 84.24~150.34 g~ hm™, Rl 5 48 1 , —4F 0 1 F )
M E B Cd F% 85 AT 3K 150.34 g-hm™, R, MR Cd
B RMBEREEE 0 5K 5 S B ETE

1% WHART]

HRE I Cd T YA H - SErE e & F e R b oA 8%
KIS
2.2.3 HY) Cd 5 A AR PCA 24T

P HE P 45T Cd Fr 2 5 A AT SC F8 A (1 48
pH.Cd & & A 2GS Cd 5 1 A1 Cd A3 80k ) #5471 PCA
30T e NS WTLAE 55— 2 PCA #8578 1 = 553 1
(PC1) 1 = 43 2 (PC2) Y 53 ik 2% 43 51 4 93.6% Fl
4.4% , BF T 2 TR R IK 98.0% , H A G5 L.
24 Pearson A1 E /0 M1 & BL, MW B Cd 5 =
5+ 5 pH .3 740 5 (P<0.05) , 1 #H + 3 pH 7€ —
FEFREE S WAE Y Cd W W . A A Hb R R
BB Cd A 2 IEAH 5 (P<0.01) , B 4t T35 Cd &
i, Ho B Cd SRR . 1 S A A
GERAR—FW AN Cd SR S
Hi b Cd 25 F0 T B Cd B 2 B 2 A G (P<
0.01) , MK 203 7] 1% 0.835 F10.845, iX Al RE 514
SRR R ) CAA O, kd T B R —FE R
PR S R () Ak B 55 AR 4 b A EE - 38 pHBH
FAAIG ; 1358 Cd 5 2 W A AR AN [RI R A7 Cd 75 3t i
E I

55 7€ PCA #8575 1Y PC1 I PC2 Y 52k 43 51
61.1% F129.4% , BFJ5 22 5Tk 31K 90.5% , LA Gt
B 454 Pearson fHICE M A B, 56 — AP
B Cd i ROK AL Cd & i A 7ealin Cd 7 SRS FF
Cd &t 5 A RS Cd &R T AR (R
Ho 3B Cd % 5 5 RS Cd & B IE A G (P<
0.01), 3 pH S H 358 Cd % 2 I8 3 U 5 (P<
0.05) , X555 —FERF T LRI

3 iTig

3.1 HEWERAEXS LIT pH K Cd BRI R0
AN TR) R 49 () AR A PR L 387K 3 1 728 Al ) 38
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Figure 5 Correlations between parameters of soil and plants

based on PCA analysis

pH A7 B RGE me, 5 —H R AR R (PR 5 K
Cd 5 FR 25 bl 32 ) 4b BE 4 38 pH 2 25 (% T /K F Ak
P55 7 5Lk b B (SPOS FHNOS) + 3 pH %545
— e BB T (AT B AR K RS A A0 B (CK A
CKOS) , 1 5 S /F AL B (SPHA ) 55 7 1 4% pH 3 —
R B SRR+ pH LR & 25, HEpH 2
L EESRAMES TR LA NEER
R R R pH S R A A S
TR B EAANE(P<0.01) . A, HE YT 13 Cd
P14 IR AT AL 52 ) - 398 Cd A5 35508 B R AR AR, ARE Y
WA SR ARG T K RE S0 SR LA Y Cd L 2R
BE 1, 55— 74 SPOS 1 SPHA 4b B 1 HEA45 4245 Cd 5 &
BT HAA PR, X 50 5 R CAB R A KA
Ko M (HNOS) AN [FIFRAL Cd 1% 25 K AF A [ Ao
Cd 7 A 2280/ AH i Tl SEAR R - I i VE
FOHARPR 3 pH TR, TS | 148 Cd A 508 5 2
FhEn, B FKREALBE ., 25 — 3 SPOS 4b #f + 3
CAA RS TR/ EETHE , TTREE R BUKBRIEAMTT,
d- gl 2k B 7 (Fe™) AU A4 257 (Mn*) 25 & 1) 4%

St AL IR SR Fe B M4 B 1 (Mn®) |, (il 2k 4
SEAL I B P B 8 (™) A 1 ke, AT 38 in 1 4=
A RES Cd e 1S T R Cd A R,
A ETE KB, Y 5 R 8 SR AR T
(™) RAELAELE, 1M S 5 8 4 Cd 4 5 TE Wit AL
(CAS)TLYE™, A, 8 B A5 F T it AL W 2B
B A ALY 2 B 3 X Cd B B RE DT AR
+ 3 Cd A=A AR, BRI, R AR A AL
OV i St £ 0 AR 358 pH A B, HE T 500 Cd AT
TE -V TR K 0 VR 4 1 it o AR 4 £ 4% pH U Eh
PR A ALY A DL SR R R Z5 5 40, i — 2 e L
CIEFRE
32 EMBMEERAPREECITLRIENESEN
S

AR AR B R B E T Y
CLAS B TE AR R, i — 2 & A Pyt sl A K
A T ) A R R B AT ) 8 4 R i A P A TS G
Bl sz e B A RE 1R
SR E 4 G e IR ARE S S PR BRI A )
Cd V5 Y 4 38 v A= A7 1 B A= 4y 0 R0 A K
TRV A YIRT Cd I R RS AR ), & AR
RBORHEM YN Cd & ERE T M EHEE S 2,
AR 2R 2 AT AN [AE D) AT Cd 1 s 3 R 8K
47 1.03~78.80, B {14 52 K AN, HAth A 4 1) ‘& 4 R %k
41.03~8.82, HAHSEAE AR Cd % 2 A] 3K 3.63 mg-
kg HZEI R Cd T AT 3K 7.41 mg-kg ™', SFPEE
FUAED S Ah AR EL , 16 Cd i B B S R E W 4L & e A
YT A R T R B -4 Cd, R R - 5 Cod 5 B
AEEMER . AR 5K S & R fEe
YERIA Y Cd BB BR B IK 150.34 g~ hm™, P FEAE ) IR 3K
Jri 38 Cd P A At A B S RRAIG B — i
AR Cd B AR, A e S A A PG
25 R A R TR R R R UE .
Yy ok A2 G BRI HLA I A S5 T =X ) -
A I, AR %F - 398 P P o S5 R ) S e ofe S s i
X R P S 4y AR 25 AR T DT S AR 4 A
Cd Mg W28 R, 398 Cd 75 YL 18 52 Al ) il e 3%
AEE G FEA Y ) Cd WP B T L A 38 H Ak 1
AR AR S A A R Cd IR R RE M AR 2R A0 . AR
5% H 55 — FEAE IR 5 SPOS FlI SPHA Ab FRAT R 7
Cd 7 i 2 B, 125 — 2 HNOS &b 3 1 38 A 30U
Cd & B It B 5ok s A K g,
I PR R SIS EAE AT i — 2P AR S AR S X
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Cd RIS, T R AR 4% Cd & f

AT H BYTE T 5K — Fhod B 75 e 560
TR IB LRI R R ABE G T HE R Y
FiAEAECR , M B R S PR RS K Cd & = T’
i A R bR UME S PSP B i) (GB 2762—
2017) HOREK Cd I BR1E, 32 Cd & i ik 1.21 mg-
ke B LR R IR IS I S R R T e A Ab
B Cd B ARAR 7= b 1E A BE 1T 51 M f
JRURS: , SRR 4 Hh 1 Cd PO i AR A 3 i 38 Cd
SORAE 98

4 it

(1) 5iXIGHrAH b, AR 5 RO 38 Cd % it
B 7 10.84% 1 15.66% , &5 Cd & R T
37.14% F134.29% , Hrp AR e K 5 R B A 4 1
Cd B ik 150.34 g-hm2, [RIIF, K AR A 242
T R pH, B R SRS M R RS e nT
Z AN BE Cdig Yk M P A R

(2) 55— FERREL I 2 40 35 4 338 pH B A , 17 1 - 358
AR Cd B it , FLHSE S 5 R i A K A
i, L, MR R R SR R EE R & HFE R
2 Cd V5 e FH 3 1) £ e AR AR

)P SR SR EE R K S SR
W R A VR R U CA V5 ek H Hi s s rp A
LN IOIA R DA
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