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Abstract: To investigate the effects of two different water sources, domestic sewage and nutrient solution, on residue
decomposition and the transformation of chromium chemical forms in Cr (VI) contaminated constructed wetlands, a
micro Coix lacryma-jobi constructed wetland was constructed to treat chromium containing wastewater [ using domestic
sewage (DWS) and 1/2 Hoagland nutrient solution ( HNS) as simulated solutions containing 0, 20, 40 mg - L' Cr
(VI), respectively]. By using the buried root decomposition method, the decomposition dynamics of residual roots and
(1) Under 20 and 40
mg + L' Cr (VI) stress, the growth of C. lacryma-jobi was inhibited. The plant height and stem diameter of HNS

the transformation pattern of chromium chemical forms were studied. The results were as follows :

treatment were greater than those of DWS treatment, but the plant height and stem diameter of HNS treatment were more
inhibited by Cr ( VI) than those of DWS treatment. (2) The decomposition rate of C. lacryma-jobi residual roots
decreased with the increase of Cr ( VI) concentration, and the decomposition rate of HNS treatment was higher than that
of DWS treatment. After 60 d of decomposition, under DWS treatment, the residual root chromium content of 20 and 40
mg + L' Cr (VI) treatment decreased by 11.70% and 8.09% respectively compared with that at the initial stage of root
burial, while under HNS treatment, the residual root chromium content decreased by 15. 80% and 18. 42%
respectively. The percentage of residual chromium in C. lacryma-jobi root residues at 20 and 40 mg - L' treatments
decreased with the extension of root burial time, while the percentage of ethanol-extracted chromium and deionized water
extracted chromium increased, and the percentage of acetic acid bound chromium increased significantly. (3) In the
early stage of residue decomposition, the COD, TN, NH,-N, and total chromium content in the effluents treated with
HNS and DWS increased, and then decreased. The trend of change was consistent with the residue decomposition
process. HNS treated constructed wetlands were more efficient in removing chromium from wastewater. The research
results indicate that after harvesting plants in constructed wetlands, root decomposition can quickly increase the
chromium content in the effluent, and appropriately improve the nutritional status in wastewater, which can promote
residue decomposition and removal of chromium by wetlands.

Key words: chromium, constructed wetland, chemical form of chromium, residue decomposition, water quality
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B A R AR Y 80% L) b (2R NIEE 20105 Li
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S5 REBE R N T b X % B K A A SRR (H
MOEE TR, N T b AR AR 2 i X N T b
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105.50 ~ 110.50 mg - L"), & %&( (total nitrogen,
TN, 6.41 ~8.61 mg - L"), & %A ( ammonia
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AL HPEKGKIEE 3 d, Z2E%T4d,57dN—
MBI, IBATE 2021 4E 2 A 5 H S GHK L
PRIER ARG, T 2021 4F 3 A 5 H 554 135
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1963) Bl X, =X e™; ﬁﬂz%a@:?‘mm%; % PR
to=(M~-M,)%x(X,~X,), . X, o0 o wE
JEMRBER R (g); X, WARBVIG R (g) sk N
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ST & & % (2012) 95 P, e B FR E
0.300 0 g T-HF, FHAH IR AR SR (4 = 1, V/V) IR
0, WARSE UG, 0.2% %6 il R £ 45 2 50 mL
ZHN, H 0.45 pm K RUEMESEAT 2 0, £ FH e %
PG A5 B AR R G (1CP-5000 , 36 50 R OEE}
FoA BRZ 7] ) I A 4
1.7 RPEEENE

Z: fdg Ja SR AR AL (1995) 1Y U7 125, B LAk
WHARFRDEANE SR, MR 3.000 g A,
FHVE R Ve URAE S 5K, A 30 mL $2 BRI /5
N L5000 g B0 U TERER 2N
OB AR ZERIE T (A% 1 mL), MA 4 mL
HNO; .1 mL HCIO,, Jf % U=} IH % 2% 1~2 mL
AW |, o T A T HE 0 R 8% R & SR R TH
fi#, L 10% HNO, %E % % 25 mL & &, /] 0.45
pm K R IERE ST U8 R AR A AR B R Kk
SHEEIL (ICP-MS, Nexion350X, PE, USA), A
[Fi] Ab 33T R AN ()8 2 B et e IEUHG 4 J v M
Horh 6 Fifb#IE2S B C B BUGS (F1) LB F
KGR (F2) EALFIR IS (F3) (B4 &8
(F4) AL (F5) GRS (F6) (FRAR AR
42014 55 2015)

1.8 ETUREMHRNE

F 2021 4EWCE] 5 13 .48 .76 .90 d, 43 i 5
TR (DAZEH [R5 7 0 2548 ) MR =y ( A3
BB 2R THAR S — > ) W3
1.9 KR EF KRN E

2021 4F 4 7 8 H,BI#/KJGE 3 d REKFE, M
JE EIFE 30,45, 60 d 4l A7 K BTl e, B b
8:00 T A TIRHLFEARIEHE 10 em A HI 7K 1 HUK
M+ FRA COD TN \NH,-N FlEEK .

COD R JHE 3% R L (RN BURTEH 55,2009 ) , TN
SR PR o P 30 i — 5 A0 A e B ik (2R 223
2018) ,NH,-N SR H 44 [ 71 430606 B 6 (HJ 535—
2009) , SR H E AR R AR AU A1 (GB 7466—87)
1.10 &it A%

K Origin 2021 #4724, R H Excel 2019
PR | R SPSS Statisties 25 #EAT A MG
AT, I Duncan K 5675 %) i 35 P4 22 5% ( P<0.05)
AT Z L,

2 HER 5

2.1 RNEHAT Cr (V1) REXENE KON
FH % 1 AR 28 050 A PR v R 2548 ) i o 4 b 3

i o] ) B K T 42 5, (LR Ce (VD) AR B A 1 25

I EX B EMLT 0 mg « L' Cr( VI) ZbFER,

R 1 AREBAT Cr (V1) RENEDHKRE  ERHIFIM
Table 1 Effects of Cr (VI) treatment on plant height and

stem diameter of Coix lacryma-jobi under different influents

Bz

i = Y
Trffjriiem conce(r:trration ?F]:r'i th}iight Stemjx;_lig;neter
(e 1y (@ (em) (mm)
DWS 0 13 21.97+0.78b 7.49+0.15a
20 19.88+0.14¢ 7.16+0.55b
40 18.43+0.19d 6.96+0.60cd
HNS 0 23.13+0.51a 7.64+0.11a
20 19.63+0.35¢ 7.07£0.05bc
40 18.01+0.13d 6.83+0.08d
DWS 0 48 79.56+0.64h 10.79+0.05b
20 64.48+1.89d 9.51+0.05¢
40 61.46+1.49¢ 8.90+0.042¢
HNS 0 87.85+2.14a 10.92+0.04a
20 67.23+2.91b 9.36+0.07d
40 64.14+1.02d 8.72+0.03f
DWS 0 76 123.62+5.07a 11.67+0.15b
20 103.13+1.00b 11.04+0.08¢
40 82.55+0.26d 10.25+0.05¢
HNS 0 128.48+3.53a 11.88+0.03a
20 103.37+1.32b 10.90+0.05d
40 94.15+1.08¢ 10.20+0.01e
DWS 0 90 129.98+5.54a 13.05+0.11a
20 108.47+2.01b 11.95+0.23b
40 91.46+2.02¢ 10.72+0.06¢
HNS 0 136.11+1.57a 13.39+0.16a
20 110.88+1.79b 12.46+0.59b
40 101.46+1.34d 10.96+0.24¢

UE: Bl R PR E bR | [R50 R [F NS SRR R A R R
HBOR R b BRI 22 53 0. 3% (P<0.05) . Rl

Note: Data are x+s. Different lowercase letters in the same column
represent significant differences between different treatments on the

same day (P<0.05). The same below.
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HNS ZhHEF RS0k = i 2 KT DWS 4b 3 A7 A
HKEMHTF, 50mg - L' Cr( VD) AbFRAH I, 20,
40 mg + L7'Cr( VI) b33 S0k = R 2242 1 32 31 B
FIHI,20 mg + L7 Cr( VD) AbFR R 5 A0 2542 410
RO 9.51% ~23.47% 1 4.34% ~ 19.33% , 40
mg - L7 Cr( V) Ab B4 2R 43 51 R 16.11% ~
32.8% 1 7.04% ~20.14% , 52 M il B2 B Bl Cr( VI)
Qb BV B ) R v I 2 B v, 2R AR A2 A R B I
FRkm o AR K Ab B AR H A, HNS Ab 3 1) #E =
LRI T DWS, {H bk 2 R 2548 14 32 40 ] 72
FE KT DWS AbBE

22 AE#HAT Cr (VI)REBHRIRSBITERT
YR % B R MR

P BT L AT, T e 5 8 R K N T T b 3 1 AR AR
T S5k B A A e — B, Y R A Sk AR
o T S B A A Ak B TR A ZE K TR R
AHIF B AL PR v BE R, DWS A0 BB AR T 4 i 5k B2 R
T HNS ZbF R 30 d, 3R BE RN 72.16% ~
81.23% MM 45 d, 5k’ %N 66.43% ~79.52% , 3
60 d, 5% B RN 60.34% ~77.38%, HH 0~30
d, JT A Ak $HLBR AR 9 43 ik S L 0 a0 T O ) Sy PR sl
P B HAR 30~ 60 d, B AR 4 it HURAS S 5
FARMEAS K 5 Z 5 AR 53 il 2 18 R 18 o 9 2K B B
AR AL PR BE AR L% ,0 mg - L Cr( VI) 5648 T
5% B R AE 60.34% ~74.23% Z |7],20 mg - L
Cr( VD) 4b BEBR B R AE 71.78% ~ 78.27% 2 [a] , 40
mg + L'Cr( VI) AbBHER B R AE 74.93% ~81.23% 2
], AN [ B Cr( VL) &b B 22 a5 AR 5 4% 58 R %
SWE,

2 TR R AL T BRAR 43 i 5% B R e 4R
B 0BT H R?>0.99( P<0.05) , #4545 Olson A3
B AR ARt DWS AR HNS AbBEF (843
fift i % (k). DWS AL #F,0.20,40 mg - L' Cr
(VI) &b 2 5% A2 19 43 i 5 2051 5 o 0.004 7,
0.002 4.0.001 6, HNS &b BT 43 fi & 5053 5 K
0.006 9.0.003 0 F1 0.002 2,DWS F1 HNS [ 53fff H
BERWE(P<0.05), 7l HEOT DR
FRAR Y i 50% F1 95% Fr 75 (4 B 8], 0] UL AH [F] Cr
(VD) b PH¥E BT, DWS AbBE . HNS Ab B 1) 3 EUR
RO i
23 AEHATCr (VI) R ERBRLSBIRDR
R CrEEURBEENTUHE

762 A AL B (DWS  HNS) Fl 3 Fl 4% e BE (0,

20,40 mg « L) & T, BEAR AR fad # H 60 d
P S i AR fe, B B2 T AT, DWS Ab B A
HINS Ab 35 11 180 1t 52 AR 4% 5 42 257 I A 4 ik i (1] 1Y) S
K2 e T m JE FRAC A e, 3R 30,45 d B,
20.40 mg - L' Cr( VI) ZbBFRAR v % & i 38 1 3%
T H AR A Bk BE ( P<0.05) , DWS Ab B AR AR
Hg SR KT HNS A HE (P<0.05) , DWS 4k
R ,20.40 mg - L' Cr ( VI) AbBRARAR b 5 25 4y
S FE AR AT 45 % 7 38 K T 98.87% Fll 26.31% 5 HNS
SRR ,20 40 mg - L' Cr ( V) AbFRERAR é% &
430 B AR ) 1 4% % 3 K T 90.60% F137.45%
TES3 il 60 d I AN ) vie B b BT AR 1) 4% 5 1 34 22
53 (P<0.05) , FRAR 955 & 2 35/ TR 90 4
i, DWS Ab# R, 20 .40 mg - L' Cr (V) 4b PHA%
HR % 1 43 ) LU S AR ) B 4% & P AR T 11.70%
F18.09% ; HNS 43 F,20 .40 mg - L™ Cr (VI) &b
PHEE AR 4% 2 40 B b AR o 4R A% S R AR T
15.8%F1 18.4% , X FHE TR P LKL T
VRIS ) Ah BT B AR 8% 446 % i AR Ak i R Oy
FEHrBe (0~45 d) FURRH Be (45~60 d)

H% 3 Al Bl & S i B Ta) B 4, DWS
HNS 4b 3 9 B i i ¥ 23 LA 5, 7€ DWS
FHNS Zb PN TR M BR 0 mg - L7'41,20,40
mg - LR 30,45 .60 d A DWS il HNS 4b 3
BRI 2 5 W ¥ (P<0.05) , 1y HNS>DWS,
AN [A) b BEAE bE B, B IR B K /MR IR i HNS40 >
DWS40>HNS20>DWS20>HNS0>DWSO0
2.4 AE#HAKT Cr (V1) BIBEZRREFRSSEHFNT

H 3 AT, HEAR WA, PR R OK &R, 0
mg « L7 Cr( VI)AbBEF | Bl 25 SR B[R] A A4S | R AR
TR F2 F3 F4 Fl F5 5 HLZ @R, 1 F6 /Y Eb i)
AW e, HAR 0 d I, DWS 1 HNS 1 F6 2,5 &
15 36% ,F1 F2 Z Al BT 419% Fll 429% ; 56 AR 0 i
60 d,DWS Fl HNS 43 F6 5 Bt b 43 1) i 25 4%
R TT%H 63% 1 F1 F2 Z F (5 HI 43 51 b
2 7% 13% ,F3 F4 F5 & b 2R i

M7E 20 .40 mg + L™ Cr( VI)AbBER , WifhAb B
FAF R HRAR BT 28 4 A A8 AL AR LR — B, S
WRIHLL F1 F2 F6 258 3, 5 W LL F3 F4 |
FSIEARE, 50 d M, 50 60 dJ5 F1.F2 5
P35 0 25 N, F6 7 LB, T R4 5 iR, S
HERTAH L35 25 53 2 (P<0.05) , 23 it 60 d I} F4
e K, 20 mg + L' Cr( VI) 430 d, DWS Ab
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DWS0.DWS20 #l DWS40 43R AT 15K 5 T E¥n 0,20,
40 mg - L' Cr (V)43 HNSO HNS20 F1 HNS40 43 B4t 38
FEWAEAF TR 0.20,40 mg - L Cr (VD ALBE, TIA],

DWS0, DWS20, and DWS40 represent the addition of 0, 20, 40
mg - L' Cr (VI) under domestic sewage conditions, while HNSO,
HNS20, and HNS40 represent the addition of 0, 20, 40 mg - L'

Cr (VI) under nutrient solution conditions. The same below.

B 1 AE#AKT Cr (V1) ERIRS R
ERPTFURABRELHS
Fig. 1 Dynamic changes in dry matter residual rate during
the decomposition process of residual roots treated

with Cr (VI) under different influents

FEAI HNS 2 BRFR AR P F4 (5 29k 4% F1 5%,
Fo+F1+F2 i b Z F153 510 71% 1 76% , 7% 7% A 1.
F,Cr(VI) 23 60 d,DWS H1 HNS &b 3 F4 1 43
R 50% F1 34% ,DWS AbFH i 3% K T HNS 4b
P F6+F1+F2 7 b 2 FLAE PO AP b 2 45 7 F
FHIA

TE40 mg - L' Cr(VI) ZbBEF,0 d i, DWS 4b
FRF HNS A PR ¥4 5 03 R 5% ,F6+F1+F2 Z Fll
A3 5 L 809% 1 71% ;60 d B, DWS AL BRI HNS b
Hirp ¥4 5l 37% , DWS AbFR P F6+F1+F2 5
LR 35% , DWS FEAIG IR BE % R T HNS Ab3H (36% )
F3 F5 5 B A BB, AR 30,45 d, #H A Cr
(VD) M BEALHE R AR Cr JEAS BRI E Y HNS >
DWS; HZEHEAR 60 d B, 3 10 5% AR 4% % 285 B i Ak 2
FPL ) DWS>HNS,
25 AE#HAKT Cr (VI)RIEBZRBHBIESH
7k F COD,TN NH,-N 1 248 & EH M0

2 4 n] 1, DWS F1 HNS F fr A Ab B iy
COD TN Fll NH,-N %7 £ ¥ Fifi 5% AR 43 figk B [11] %) 4B
SRR AR B v R e T A% 18 1 D A IR
JE T AR R e, 7E 3 d i, BOF RS
AN, FrLh COD TN il Cr 1Y 7 & 340 F 5 mtk

K2 BURABRAAXIH (y) MM E () MEIEAFTREMSH

Table 2 Regression equation and parameters of natural logarithm (y) and decomposition

time (¢) of Coix lacryma-jobi root residual rate

o %Mzﬁ _ 1 } i 509 1 fif i 1] 95% 1 fif i 1]
Treatment CF €oncentration Reeression equation E(d") R 50% decomposition 95% decomposition
(mg - L) g q time (d) time (d)

DWS 0 y=-0.004 7¢-0.187 2 0.004 7 0.999 5 108 598

20 y=-0.002 4:-0.173 5 0.002 4 0.995 3 216 1175

40 y=-0.001 6:-0.158 2 0.001 6 0.994 8 334 1773
HNS 0 ¥y=-0.006 9:-0.093 3 0.006 9 0.998 3 87 420

20 y=-0.003 0:-0.239 7 0.003 0 0.998 3 151 918

40 y=-0.002 2:-0.156 2 0.002 2 0.997 8 244 1 290

A ,7E 30,45 .60 d B, 3 5% AL B %) COD %
5 ERAR o3 il R A AL R A TR AR 43 i 30 ~
45 d, K COD F it B E S, H7E 45~60 d B
MAREA K, DWS AR EE ) COD 7 i i 3% KT HNS
REFRIY (P<0.05) ,fH N COD Fh 42 i 8 K B, 5%

R0 figt ok A2 H, HNS 4b #LAY COD & i KT DWS
BB, 7£0.20 40 mg - L' Cr (V) 43 F , DWS
F1HNS &b # o TN AE [7] — i) o] B e A 2 2%
P, 7E 60 d Bf DWS Zb ¥t NH,-N & & % KT
HNS ZbBRIY) , 7F 30 .45 .60 d B, 3 >4 1 B b 3
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= DWS0 £3 AEBHKTCr (V) REXRENBHE
L = DWS20 . .
e = DWsd0 Table 3 Release amount of residual chromium from
350 HNS20 i ]
= R Cr ( V) treated roots under different influents
2 300
) g’ 250 BRI biiie s
IH = Cr Release amount (mg)
=5 gt
4 s B
g g 200 Treatment - ohCon
= tration
S 150 (mg- L") 30d 45 d 60 d
© 100
50 DWS 0 0.64+0.12¢ 1.36+0.04e 1.18+0.14e
0
20 26.98+4.45d 32.46+2.92d 39.57+2.57d
] Time (d
I ] @ 40 42.50+1.52b 55.76+1.39h  65.21+2.29b
BAFIBE F AR T EERRTE 005 KV FAEREZER,
Different letters above each bar graph indicate significant HNS 0 1.60£0.09¢  2.86=0.06e 2.50£0.10e
differences at 0.05 level. 20 33.49£2.04c 37.76x1.15¢  48.26x2.56¢
B2 FREEAT Cr (V) hERRZESENTAIHE
. . . . . . 40 55.25+4.50a 65.33+2.61a 80.14+4.36a
Fig. 2 Dynamic changes in total chromium contents in residual
roots treated with Cr (VI) under different influents
DWSO0 DWS20 DWS40
100 166 100 ¢
mF
= =1
s 80T 8o} 80 | =i
= =F
go -F
< 60r 60
£ 60T
(3]
&
40 + 40 b 40
E=y
R
i ooot 20k — 20}
0 . =
30 40 60 30 40 60 30 45 60
HNSO HNS20 HNS40
100 100 r 100 1
9
b 80 80 r 80 r
&
=
=1
§ 60 60 - 60 |
[}
=9}
R 40} 40 + 40 +
R
s
20+ 20 20
0 0 0
0 30 45 60 0 30 45 60 0 30 45 60
I ] Time (d) I ] Time (d) I Al Time (d)

F1 R ZBEREGE, F2 hRBFOREEE, F3 NI, F4 HBSRRES A, FS I RIEIGE, F6 Nkt
F1 is ethanol extracted state, F2 is deionized water bound state, F3 is sodium chloride extracted state, F4 is acetic acid bound state, F5 is

hydrochloric acid extracted state, and F6 is residue state.

B3 AREBAT Cr (V) ERRNBHESSENTUNE

Fig. 3 Dynamic changes in chromium form content in residual roots treated with Cr (VI) under different influents
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x4 AECr (V)iRE

Xf 7k 1 COD, TN NH,-N #l &

R ERNRIN

Table 4  Effects of different Cr ( VI) concentrations on COD, TN, NH,-N and total chromium content in effluent

fib 3 DW'S &b HF 4% % HNS 4b 3R $5 9k
B i [8] Cr concentration under DWS treatment (mg - L) Cr concentration under HNS treatment (mg + L™)
Inicator TS
(d) 0 20 40 0 20 40
CoD 3 6.46+0.34e 11.41+0.13¢ 13.92+0.78a 5.52+0.32f 10.52+0.69d 12.49+0.41b
30 5.46+0.25e 9.29+0.14¢ 12.84+1.09a 4.22+0.13f 8.11+0.04d 10.48+0.15b
45 8.48+0.11e 12.71+£0.94¢ 15.48+0.13a 6.48+0.11f 11.37+0.36d 13.61+0.14b
60 9.06+0.55¢ 14.43+0.41c¢ 19.71+0.63a 7.33+0.72f 11.76+0.81d 16.71+0.38b
TN 3 6.35+0.32d 7.02£0.15¢ 7.81£0.16b 6.77+0.15¢ 7.49£0.11b 8.42+0.67a
30 4.38+0.21¢ 5.77+0.03b 7.01+0.34a 4.99+0.66¢ 6.19+0.31b 7.52+0.35a
45 5.30+0.08f 6.72+0.05d 8.53+0.37b 5.92+0.37e 7.19+0.12¢ 9.37+0.04a
60 8.81+0.80f 11.39+0.36d 13.58+0.49b 9.81+0.08e 12.39+0.34c¢ 15.58+0.49a
Cr 3 0.26+0.02¢ 16.30+0.84hb 33.10+0.78a 0.24+0.05¢ 15.53+0.31b 32.18+0.89a
30 0.19+0.05e 10.43+0.35¢ 13.28+0.22a 0.21+0.07e 9.33+0.21d 11.24+.36b
45 0.45+0.05e 14.52+0.14¢ 17.67+0.11a 0.39+0.07e 12.58+0.20d 15.29+0.12b
60 0.34+0.05e 4.73+0.25¢ 8.27+0.21a 0.31+0.07e 3.40+0.19d 6.02+0.14b
NH,-N 3 3.27+0.45d 5.07+1.01b 6.71+1.46a 2.17+0.69d 4.22+0.39¢ 5.43+1.67b
30 2.81+0.78d 4.06+0.99¢ 5.13+0.75a 2.35+0.21d 3.76+£0.22¢ 4.56+0.61b
45 4.38+0.26¢ 6.55+1.08b 8.43+2.53a 3.41+0.52¢ 5.85+0.61b 7.18£0.71a
60 5.86+0.75¢e 8.78+0.51¢ 10.89+1.33a 4.85+0.84f 7.41+0.73d 9.49+0.73h
TR ) B i A R B DWS A B W KT Hoagland HFRWE R LM FEU KB TAWE S

HNS 43R (P<0.05) . AR 60 d B}, DWS 4b 3
,20.40 mg + L' Cr (VD) ZbBH H /K o 8% & 040 31
30 d TR T 54% Fll 37% , HNS 4L BT, 20,40
mg - L' Cr (VD) AbFRH /KPS E2HIE30d T
BT 63%HM 47% .,

3 Wit

3.1 AEFHAERIS Cr (V) BEE AR
N0 b AR 4 00 AR R L 5 75 7K A BB A
YRR (Kim & Geary, 2001) , HEa /@~
P A 2 Ml B B S o 4 Wk O SRR
YIAHDG, 70 2 i U B 40 45 08 A R T 52 il o 4 i Xo)
FELW A I AR FE (35 25 5%,2004) , #M0 R, AT
15 7K AL BE R HE b Y AR K 2 B B (2R W
45 2018; Li et al., 2021) , AHF58H,20 .40 mg - L™
Cr( VD) Kb 38356 380 A= K A7 Wl 4E (R 172

IKEAE, SRT IS — 30, ASHFSE A2 36 5 7K 4%
R B R Z IR LT 1/2 Hoagland 57K
AbPE ARRE Cr (V) ZbBRRS B A RE S 3 IR AR
P IR EE B AR, vT R 5 W aa w i AR T T K h
$*%ME%&€MﬁWﬁ%%& YNGR
HRAI G Z A%V KR, A s N, 12
Hoagland 5 F= W BA W 5 557, DN TR A
A BT K St AR SR RE W A % =F A B s (O
HAE,2012; 220,2016) , &BA FI T 22 f# Cr (V) Xf
R R A A A ) 4 R S T 0 AR T
B RN & AR VE R SRR A, o 3 4 i AE b i I A
B (3245 2013 ; Kumar, 2020) , FEAK 4% (1044 9
W% ( Mandal et al., 2017; Yang et al., 2019) ,iX
%%Kﬁiémm% FRWAM TR EK Z
MR 2R W EERNA,
3.2 AEFHKZERS Cr (V) IBRERIR D ERAIRZIN
3 S SCHI AR B b A3 AT DA E — &84 H 4
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BEHEY W E SR FEEPAEMRR
( Mustapha et al., 2018) , Z=&EWI%E(2018) 5% &
PN T b Ab P55 4% PR K B, BRI R P A R
B R T HAR AL, M3 BRI HE AR
IR I o7 i, OF S BORAR AL R 1Y 4 R R
i (Cao et al., 2018) , JHIEYI W) G R 5 H 4R
Cu,Cd . Zn Pb [ it 3 52 B W] 52 1 F A G (38 [
GO ,2009; BEER BT AE,2018) , A (2015) WF
GER I, LAA 15 15 7K R 7K U5 TR 0 N T, b |
FRUSCEIIG AR 2R 7% 4 fifk T 350 R, (H A v ik
JER BRI R T [, ABIFSE R ], A W o
IKERAETT Bl MR A J ik 3 32 347 I 5 Ak BB 38 110 42
SR R SR BRI 45 S — B, 1T AR A%
FESRAT T 23 30 3 AR W 3% 3, DT 40 1 4% AR 1
3% ( Duarte et al., 2004; 2= 2016) , AW 5
H, HINS AR B 5% AR 53 fiff B R KT DWS Ab B, A] fig
55 HNS ZRBE IR F 6, M TR YR 1 S A
PIKFR , Guo 45 (2021) WF5E & B V& W) 51 itk 5 '8
FEPy T (AR I ) £ IEAH O A AIE S BT AR
TEV57K ) N P K S50 R & & & I T HNS 4b 3
HIRAGAM, MEREERNESRE, AT
TR W) 0 3% B, DT 5 B0 V& W0 0 e o e R
( Corstanje et al., 2006; Grasset et al., 2017) , Jani
S5 (2015) WHoE R MY, RS A 2 1 MR W Y
A, TR T 21 =W B ( Trifolium incarnatum )
B i . ( Vicia villosa ) 41 KR 09 73 il . AR WF 5T
HNS 4b B b gk AR 73 ff BB, T RE 2 5 A9 AL (2 ik
TIRAEY BTG Bl T AR E T FRAR 1Y 53
3.3 REIBKZERIST Cr (V1) AL ER 5% AR 43 ff i 72
HR%IRAN Cr L ERSREERNZMN

TEVRIE Y o3 M ik B rp, A SR PEBEE ST R B
T, Ak FA S (2006 ) BT 5T S BL/IN I B4 9% ) O i
et T Mg, Mn, Fe B9 B F1 A 2, Xu Hl Wu
(2019) 5T, N T390 1 m (4 4G V% 0 53 i 4 191
O T, (A BEE o R R R I O R 1
U B AV OIS T 00 4y ok B2 58 W0 e ok A% v 0 e A
Yy 7 ) i A A sh A S A TR Y R o R R A
Koo AWIFTE K B3 fife T 400 AR Bk A 1Y B R 2 T
L, T RE S PR M = e R E T,
T ) K 348 53 A AR B /0 | S BOAS [6] A6 4 e 1 72
RIEVAH 5 (Li et al., 2021) B # 43 fifk i ] 1 4E
1 BB i A AR B W A3, T B B 8 TR
OHR TR bR & &, 5 5 WA 55 (2020) & BLAY

i 7K S F T 7 35 AR b Bl 2 08 V% 0 b Ph R Zn
FE 53 fife SR 1] 1) 2 B0 L0 AN [) 82 B8 10 4 U ) 45 2R —
B, AT, HNS Hag 88 Bl 3 KT DWS
(1), {5 DWS AbFEERAR o 9 4% 3% = T HNS 19 (P<
0.05) ., FIH B E 5 E KA X (Kang et
al., 2019) , HNS 4b 3 H A 847 19 8 52 R 40, 7T g
J& HNS b BRFRAR A3 b B Rl i R S 2 R A

% B Ak 2T 2 T B R AR 0 AR W A RO (2
A ,2015) , ARWFGER, FRAR iR 11 1, 4% 4
SRR PILL F6 32,3 0] 68 15 AR AR v i 4% vk B 1 AR
SRR AW R EEA e ( Lytle et al.,1998) .
HWK K F1RF2,F1 I F2 IR 95 LGRS
FERE W) R W25 5 8532 B M B Ak (Zeng et al.,
2011) o ASWFSE T BRAR F1 F2 Y59 Fif 43 fife 1sF ) () 48
T At AR AR, i 5 3% AR 3 e Ao () 1 228 4, SR AR
SRR LS A 75 (F4) B9, 3R 4 (F6) FEAIL, v]
RERBEIR £h R AL DL OEE M S o TR B W
L850 4% [ A R AR T, U0 B R A% P an R AR AR
O3 A o i T A B e AR B AR N B LE W TR A
3.4 REIHEKFEBIIR R 4 ST H k7K R A &0

PNRRLTS: R & e/ S R (S
S T I T R 28t A 2 R S A X695 K v ) 4 T
HEAT L, T3 T P A LT R AR A B A ) 5 R 4
JEEG RV ERE RN N E Y, Paredes 55
(2007) WFFT B, N T3 M 35 57w a8 A #L s mf
DAHR 4 1 S B T IO 9 AR R R N T b A AL
JR ) E R UR, A HLET Y E R A R AL | B SL
IEIE R AL A T DU o K B S S E 2 AE
75 m 3 & 4 8 7F b T B AT o (1)
45,2022) , BB AR A5 (2021) W5 & B A5k 19 73
fiff T B N K AR T R R R T P AR
Yoy, ARG As Cr 1 Cu 19 & &3 (6
WS 2020) , 852434 (2015) BIRFSE R, 4% 5 Yy
T FRAR o A AR P R B RE IR BR . AT
o BRAR A R R R, N TR M K R cOoD | R
() Fr B 2, X K R TP & R AN K (H
TN NH,-N 19 & B 5A47 7 F B, TN \NH,-N /7% &t
YT 5 % Ak B o R 0 348 o i 38, mT RE S R R
R L A T U b e D 1 T Ra o /) D la s
YERD, 2 Mo % TN K NH,-N B9 £, 5%
85 (2022) WS FEAR 30 N N TR HBXT TN /9 2%
BRAES T R, 52 M ) TN /9 25 BR /9 0F 7% 45
—,
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Bifi 5 70 f B 24T, DWS AL FUFD HNS Ab B (1) 7K
RV S T S R AR D TR AT B R AR AR A i
B A3 4% B B A v BT 43 it ) 3 BRI K
A b BB b ) RRUE, — 0 A IR b v )
FEAR IR, — 38 43 1 10 Hh v 0 B A 0 B AR 5 b R
AFEFER A, 300N TR AR 36 5 7K T % Y
AR B (2R B NIEE 2018, (HAE TG 15 7K 5 5%
Pt IV ERAR , A SEM R R, A
I F N T A 2 % 0 K B9 S A AL PR (Li et al.
2021) , [HI, 45 HNS Ab B A% AR 43 i 0 bR | £ 1)
BRI B Z A9 4% , (H i T HNS 40 B 9 K
B AR E R T RE R R = B XS Cr( VT
ZBRIVEETT

4 Hir

Cr( VD) W T, R B AR 23 i 3 R BE Cr (V)
Qb P ) 2 e T R ARG, HINS A B 5% A AR 20 ik
KT DWS A B, RO 5% B A 5t 45 1
4 L B AR N ] A S e/, £ R S | 25
BT RER A 7 HO3 O, T TR 45 25 19 BE R IR
JESER . BRAR w00, N TR M i K COD (TN
Lo SR S R, 2R AR E AN S, BT 1Y) B TR
ZEAF AT AR R B AR 114 ik S BRAR TP % B RS, O
A T B A RORTRE B B W, 32 e N TR
Ab PR B R OK BIBCR

SE .
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