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Abstract; In order to understand the effects of Cr® stress on the photosynthetic characteristics and trace element
absorption of Coix lacryma-jobi, we investigated the effects of Cr stress on the growth, photosynthetic characteristics,
antioxidant enzyme activity and microelement absorption of C. lacryma-jobi by constructing a miniature vertical flow
C. lacryma-jobi artificial wetland with 1/2 Hoagland’ s nutrient solution containing 0, 5, 20, 40 mg - L' Cr* wastewater
as irrigation water. The results were as follows: (1) Low concentration (5 mg - L") of Cr* had no significant effects on
plant height, stem thickness and tillering of C. lacryma-jobi, while high concentrations (20, 40 mg - L) of Cr™
significantly inhibited the growth of C. lacryma-jobi. (2) Net photosynthetic rate (P, ), stomatal conductance (G,) and
transpiration rate (T.) of C. lacryma-jobi leaves were increased to different degrees under low Cr® treatment, with the
increases ranging from 6.8% to 54.8%, from 13.0% to 40.3% and from 9.1% to 36.4%, respectively. Under the high

concentration of Cr® treatment, the P,, G, and T, of leaves decreased significantly, but the intercellular CO,

concentration ( C;) increased significantly. (3) Both superoxide dismutase (SOD) and peroxidase (POD) activities of
C. lacryma-jobi leaves increased with increasing treatment time; SOD activity of C. lacryma-jobi leaves did not
significantly differ from the control under low Cr® treatment, and was significantly inhibited under high Cr®
treatment. The POD activity and malondialdehyde (MDA) content of C. lacryma-jobi leaves increased with the increase
of Cr*treatment concentration. (4) The absorption of Cu, Fe, Mn and Zn by roots, stems and leaves was significantly
inhibited by high concentration of Cr*" treatment. (5) The removal rate of Cr™ by the artificial wetland was up to 99%
under 5 and 20 mg - 1" Cr®" treatments, and 86% under 40 mg + 1" Cr*" treatment. All the results indicate that Cr®*
stress leads to a significant decrease in the absorption of Fe, Mn, Zn and Cu, hinders photosynthesis, impairs

antioxidant systems and inhibits plant growth, which ultimately leads to a decrease in the ability of the artificial wetland

42

to treat Cr® containing wastewaler.

Key words: chromium (Cr), constructed wetland, photosynthesis, trace element, antioxidative enzyme

BB RE NS T B W BE R AR U ALY Sh AN
AR, TR 2R, ELRR B Xof A 25 3R B R A {4 ft
R 1 453 % ( Wenzel et al., 2003 ; Rajkumar et al.,
2009 ; BEZEDE 2013) , # ( Cr) 76 PR 5 0 3 WM
AA Ce(I) A1 Cr( VD), Hep, Cr (D) FEHERAL,
JE NIRRT B ICE Z — ;i Cr( VD) 38 A%
fREh sl AR PR L B T B NS | &, kA
P K RIS 1 1 e AR A AR v B A Ce (VD)
W EA & # e (E % 5%, 2012; Alahmad et al. |
2019) . &)z BT LD A e Rhl S5 47l X
SEATAl T T HE R 52 K R B 15 Y AL 1 1 IR
7, ST EB G Y B, e A 8 R K I B
AR AR HE I B G B 285 5 G A5 A R i 9
TR B TR

ATABFIE R, 38 AL W4k ik e fa e f
B AR R B a8 vk RV A R AR
ARAT L Z2 B i5 7K A (EL K 26 4 AR A7 7 A 38 5
BB 28 FURGE TARMEE Cr( VD) 15 e oK 14 ik 2
(LG H7 45,2014 5 B /NF AL 2= £, 2017 ) 45 0]
N T i 2 A ) — B B B 1B B 1 — A& S A
3, R RAG FERE /D AL EA — & 104 S 3L 35 1

FERL BOA N A E &R TS B B A SRR
(Rivastava et al.,2009; Zhuang et al.,2019; Xu et
al.,2020) . A ¥R X5 8% 75 K B B 0 ¥ Ak
BOR, 2 R4 (2010) BF 58 & L, 359 ( Coix
lacryma-jobi ) N\ T 10 i RE % 2 24 25 Bk 2B T V5 7K IR
WRIE Cr® (<10 mg - L), ELAE W) R 30 i A X 45 o
(AT 32 1 T g VA B2 Cr®* (30 mg + L) Jolpad D) X6 385
B A KA B WG . e G 1 5 5 2
EHEYAERKRS EERG, RO Edma TR
T i 23 K 43 ik, 156 A 3K (net photosynthetic
rate, P, ) . L 5 J& ( stomatal conductance, G,) . 7%
[ 3 R ( transpiration rate, T.) Fl i [8] CO, ¥ JE
(intercelluar CO, concentration, C,) A A BRIS b5
TR, A FEMEY WA K Z B B E M
( Choudhury et al.,2012; 8 = %,2012) , Hip 4
YOG 3R T ] e S 2BOL G B 7% i o f2 b
HL A2 25 0,01 WG VA& S 39 m , DA 5 | B i
g1 E AL , 7§ ¥ ( malondialdehyde, MDA ) 7£ /& P
i AR (A5 A A 1 2% S AR B 32 B )
BHLAS 2 20 8 (A 32—, 2021 ), AH Y AT i 2 5
ALY AL ( superoxide dismutase, SOD) Flid
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AL ( peroxidase, POD) 4T A AT 4 105 14 ok
HRAR 4 Jm 7 VR (B RAKSE,2019) . EAR,
FE AR PN 72 A 1 A o 1 2R 1 4595 35 A Y ) B O ]
O ik 4 TR e (B A MAE 2021) o (HR A O0HK
JiiRE S50 BN TR M A O A S PR
At 5 P 1 AR AR R AR A TR AS 2 00

HYGA RE ST KNS 07 BT 3% 43 B WG &
W R Y], Cu Zn Fe Al Mn iR 565 1F
FHOC 24 R % 1), B8 4 Jm 38 X0 48 4 04 5% 43 W IR
AR = A R, 40 AL 45 (2012) AFF5E & LS
B P K2 XS Fe Mn Cu #1 Zn BYM ML, H K
S (2021) W98 A BAEER G T, PE R 543 45 A
BOonRM R, M SAsE TR 5EY 0 RobA A
P SEIRE R VI . 2l Fe \Zn Mn F1 Cu %R
FEP) IE 5 AR A R T 75 P B FR e R,
e HEBETE S A EAE Y O S AR R PR AR ]
S5 A R R AR EE AR
(TRARIASE 2015) |, T LAKE 5 3 28 50 32 W AT o 179 ik
DO S HESBUEYOCA R T AR Y &
(R S [T, Y24 SR 1k A G Cr® Jilpae %o A 4 %
WCE 7 I0 2 0 52 (9 A 5847 6 DL il . R, T
fif Cr® JHiiE S MY 0 57 53 JU R AR AR TIAT i
N T b A 4 e 7 % s 38 AL ) B R Y S B

AT AR A 40 T U 0N T
M5 2, L& A TR R B C® B 4% R K (FILHT 172
Hoagland’ s % %W L 1 ) VE A A T3 3t 9 08 FH K,
PRI LA [, (1) ANV BE Ce® X A T 1 i v
EER R TR IR 5 (2) AR Cr* AT
MM PR PR DG A RRER TR T Cr® R
ICFR . AHIFFESES R ] o SEBR N T8 b iz AR 48 ik
—E LSRN A e N TR & & & 4
JE KRS E MR

1 #HHEF*

1.1 iK% i&
RIS T 2020 4E1 5—8 H BT PH K 2p Ak 2#
B BHUE 2L M (9 %5 (108°177 14" E,22°50'17" N)
HEAT . MBI 22.0 °C 8 I 3G 5K
S AR A 1300~2 000 mm,
HEPUEARABE (Poaceae) | EEPUE ( Coix) HHH)
TN TR E 2R B AR B e AR R, A TR

I T 0 P 300 Ml RN L AR R R AE MY,
T P, X HEELRON AT DU SR AR K
R KRR ks, BA B E 215 4Kk
(Fr0f,2008) , BRI, AR S DL B0 A T8 R
YRR R TV R 2R R B S, S
2R NIAE (2010) 197 40 SR A8 o E O\ T3
MRS, BEECE R O EARR R 71,45 61
em SRR, AR 2 AR KA E 2 10
em MIREOE A (AR 2~5 em) , H R 40 om JE (40
2 R AR R 29 10 em &b 22258 K Jo sk /0 HE K
F, AR 6 KR 20 em HK I35 1
EUH., 12 Hoagland’ s %?%‘Z&E{JKWKZCQQ
PAFRAE & O( X IR, CK) 5,20 .40 mg - L'k JE Cr®
57K ANk B R AN Ab B AT 3 1K,

Cr™ A PR 20 d, FH 1/2 Hoagland” s 2 F2 1
WA TR, 5 H 14 HIFGR AT AR E e Ak
S 2 BRI A (2018) BT s, SR B ] X gk 7k
I, HKEERE 3 4, RE%E T 4d, BT dR—
A B SAE 8 A 30 Hikhah i,

1.2 HEmRE

A3 9T Cr A FEJE 10,30 .60 100 d #EA7HRE
SRR BUBAEMRIREAR ZEA g T, — 5
I 5 e FH T 300 58 A B bR (0 I 52 5 5 — 4 48
R ZEFRI 2 HF CACBERE 105 C %7 30 min, 70
CHLZH T 50, e E ik 60 H 0 5 2% 4R R A
FE
1.3 MEFH %

1.3.1 #35 AR Ig4Re9m 2 I SOD 3if MR
TR BRI ) A SE ; POD 1R PRI E S AR 4k
(2000) , R F A 6 A B3 3h g 2% 5 7: ; MDA & &
I 2 BRI bR S5 (2015) , % I BRAC EL 1L Z /R 1
ik,

1.3.2 ke A=A T 55T o A BE K
551055 30, %% 60 F15% 100 KW EF 9. 00—
11:301# FH LI-6400XTR J¢-& 7E I @ AL (7=
% :LI-COR, 7 Hh . L [H) , B85 — e grat (it iy
SET LR i PR B Ay R ) 0 O R i
HAHE SALFE KW H R AR CO, Wk T8
o W05 0 1) ' SR R (48010 ) wmol » m™?,
JGCHR B M) R (16 £ 0.5) h, AH X IR B AR 7E
60% ~70%

1.33 MEAEH & A aRgsshne
FE AR AR ZE NI 43 500 o e T )5 B AR R IR T
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W R 20 mmol - LAY Na,-EDTA W 30 min
SR I i 7w s v, DA I 2 W o AR 3% 18 0
BB AR ZE R R BRSBTS R R ad 100 H
ST Z 25 (2012) M7k, FVRE IR 5 & &R
Fed  1(Vv/V=4 1) IrEIEATIE A, I H BB
B A5 B R SR A AR R IE AL (RS 1ICP-5000, A=
PRI R AU ROERM A BR A A 7= b v ) I
B A5 Cr Fe .Cu Mn Fl Zn JTER & i,
1.3.4 REFB KM Z 55T G ABEH 10 56
3026 60 FIZE 100 K, I 5 3 00 25 bk i (A3
0 2 TR A — > ml DL 20 ) o BERL
1.3.5 Kb G4 Fm g SR KFT(2016) 1
J5 i, o AR I — R 43 D 0l B 0 S H K e
Cr® i, Horp T L8 249 1 10% % filf iR 5 7
16 h Lh I, LABK 1048 P9 BE I B Cr®
1.4 Zitsth

K H#E A Microsoft Excel 2010 347 %5 2 4b ¥
R, KOs 20 B 5 1F DPS 9.50 #E4T 48t o b,
Duncan’ s 17 B F KK (P<0.05) . ~FH4 %L
PELLE R + bRAEL” o,

2 HEXRERM

2.1 REIRE Cr” WERRZ RN

M 1 A, A B SR R B Cr® Ab B
I [B] (19 20 K 222 30 A0 it v ) R B R TR BE T o e
(20~40 mg - L) M ifil 2 DU AR AE K, b 3T A2
H15 mg - L' Cro b E SRS CK M 22 5%
A 1 20 mg + LA 40 mg - L7 Cr™ A FEH) i
FAMHE TR, R GO XA I BE
VA EE T B8 o T S M

AR E TR A E 5 CK #
SR o BERCRE Cr% R B B 3G i s b 5
mg -+ L7 Cr® &b 38 n] {2 8 35 50 43 8%, 20 mg - L7 Al
40 mg - L Cr® &b BRI 6 35 50 3 88,40 mg - L
CrAbFRY CK A L/ BERU 22 57 10 3%
22 AEAETERMHFAEGERNTH

MR 2 Al B R A PR TR Ab 3
R [B] (19 428 K 1 2 S TR BRI e, G b B S d
P A TAEHE ;5 mg - L' 4B R P A1 T3 8
FRT CK,Cr™ AbBE 30 d, P, FI T3k 3 &, 20 5l
b CK /1.1 #1114 £, Bl 32810 T % AN TR e Ak

PR A A, 5 mg + L7 Cr* b F N, P, A T (8 #ix
{51, 1M 20,40 mg « L' Cr™ AbBR R, P, A1 T35 835/
T CK, e B M, P, A T AR R, 43 01 HE o B A1
6.1% ~66.4% 1 28.2% ~55.9%,

Wi A BN [4) 4 2B K, CK Y G52 T i s Ak
5mg - L' Cr® 43R, it 6 R T CK, 4w i B2
FE 16.7% ~26.7% Z 8], T = W BE 1 Cr® it (20 ~
40 mg + L) N, B Cr™ Ab B 10 d B G, F X BEAb
20 mg - L' Cr* 40 FE G, 5 CK Z 54K, 1M 40 mg -
L' Cr Ab 3 G E W) B 2 KT CK, B AR IR B 7
27.2% ~60% Z [A] ; 55T B EL 5 mg - L' Cr® Ab 2R
Mh C 5 CKZRAK, LR 5 C, # W
KF CK,IHBEE Cr b BRI B (1446 = i 2 55
23 AEAEBETERM R EEEEERTL
231 ARAETEZ A SOD Fhey L H
B 1Al BB B SOD g METE 87.9 ~ 155.4
U - ' Z A, Bfi Cr™ &b BT R] A 2E K, 3250 A
SOD E MR EFHA#EH, 5 mg - L Cr™ Zb BN
SOD KF CK;20 mg - L™ Cr™ 4b B T B SOD
WS CK 25 A W31 40 mg - L' Cr* B & ik
PRI [A] (A HE K, R B JE T IS B A 34,

232 REAE T E LN POD EHe T/
B2 a3 B AR POD IS PR FE 1 194.8 ~
3562.4 U - g" - min" Z[0], i Cr® 4b B i [A] 1% ZE
AR EE 3 E T R, 7E 5,20 mg - LT Cr* 4
FEFTIA 30 d N, POD I&MES CK 22 7K W3 (B
Cr® Zb FREF ] (9 ZE K-, Cr™ Xt iF B POD &M i 2
AR HEVE R, Cr® b 38 60~ 100 d, 5 CK M 1L,5 .20
mg - L’ Cr® Ab ¥ M- POD & iR & T
27.8% ~36.3%H1 36.9% ~39.4%, 40 mg - L' Cr*
SFER AE Cr* A BRI (10 d) , it POD iR PES
CK 2253 A3 (0 Cr* 4b B 30 d J5, ™ A POD i
PR 3R T HoAth v B A HR 38 5 T 29.5% ~40.6%
M126.6%~31.3%,

233 RRERE G EZ T H MDA &2 6%
g H B3 AL B 5 MDA & R TE 9.12 ~
48.83 wmol « g Z ], Bl Cr® AbHHAF ] 4 ZE K | 0t
F MDA & & 2 THE B, e 43 30 d
B, £ 40 FE MDA 5 535 B 5w E, 30 d J5 2 F %
e, Smg - L' G AHT A MDA &5 CK
MR AR B E 1M 20,40 mg - L' Ce™ AbHnd B
MDA (&80 5 KT CK K 5 mg - L' Cr* 40 B



11

B AE . Cr® X N TR0 R OG5 R R AR 0 3R RO 2 0 1963

®1 AERE C"RABETEEME EHEMSERTH

Table 1

Changes of plant height, stem diameter and tiller number of Coix lacryma-jobi

treated with different concentrations of Cr®*

RSN ES

b B ] A HE = . Eviil ok
o %
Treatment time Cr®" treatment Plant height . Pl?m.helz’ht. Stem diameter . I IR
r inhibition ratio Tiller number

(d) (mg - L") (em) (%) (em)

10 0 87.4+4.04a — 1.25+0.06ab 18+0.63a
5 88.4+6.54a — 1.28+0.04a 18+0.89a
20 72.8+7.66b 16.7 1.17£0.08bc 5£0.75b
40 66.6+7.50b 23.8 1.24+0.05ab 4+0.52b

30 0 120.33+10.23a — 1.28+0.19a 51+3.45a
5 124.17+£10.34a — 1.25+0.10a 39+1.38a
20 109.83+11.48b 8.7 1.18+0.13a 16+1.97b
40 74.67+16.55¢ 37.9 1.21+0.11a 7+1.17b

60 0 178.20+25.97a — 1.27+0.12a 54+2.53a
5 194.40+15.79a — 1.29+0.09a 44+2.16a
20 168.00+23.19a 5.7 1.19+0.12a 39+2.26a
40 108.60+9.29b 39.1 1.19+£0.07a 14+1.97b

100 0 222.67+15.56a — 1.37+0.21a 62+2.66a
5 232.83+16.18a — 1.35+0.06a 63+2.59a
20 184.33+26.93b 17.2 1.27+0.11a 60+2.90a
40 132.00+23.25¢ 40.7 1.25+0.10a 14+1.86b

TE: A2 (% ) = (o HE AL BEAY R 2 — 5% A BEAY B 55 ) /30 IR Ab B A Bk R x 100, 3R Pl S S (B = b o 22, [0 AR Rl /NG 57 B

FoRnBEZER(P<0.05),

Note : Inhibition rate (% )= ( plant height of control treatment—plant height of chromium treatment)/plant height of control treatmentx

100. Data in the table are x+s, different lowercase letters in the same column indicate significant differences ( P<0.05).

(9, A MDA & HEBE Cr™ e B K5 ETF, BEAb
PRI [E] A9 S, R[]V B Co®* AL FRLI B MDA 5 1=
25 BRI
2AREREC"HENREPMETERIEN
A

H 3R 3 AIAL, B DU RRAR (25 Y Fe % & 53
WIAE 450.36 ~ 1 996.30 mg - kg . 39.37 ~ 172.44
mg - kg F1 198.33 ~382.81 mg - kg Z [a] , A [A] &
B Fe Fig RAMRIR ARSI >25 ) 4b#E 30 d AT, 5
mg + L7 Cro ZbFEAR 25 0 Fe S E I HLALFE 10 d
F A AN [ A B2 R 38, 164 I i B2 7.8% ~29.2%
Forp 2R Fe 5 o 18 00 oK IR IRz ARl
M, T 20,40 mg « L' Cr™ b B AR (25 1 H Fe
TR R TR R R KRR 20 mg - L
Cro Rb AR, T B R B Ry 24.6% ; ANA) Cr® Ak 3
WM LA BRS mg - L' Crf Ab ¥ 5 CK 25 A 8
FOh, HoAth vk B Co® Ab BRI I E BRI T AR R 4T Fe
A, 5 CK AH B, BE DR K98 40 mg - L' Cr®™

Lb 3R R R 47.5% .

AR M Mo & & fiem, HROR 2 RAKm
(£ 4), BRCKMS5 mg - L'Cr* 43 30 d AY
ZE Mn KT 10 d 4B AL BEE b P A [R] () SE
Ko, HoM A Cro Ab BN B EUR 25 X Mn & i
P R R T REH . 5 CK M, 7E 20,40
mg L' Cr¥ AR SR R X T Mn B9 & o 3%
TR, B EE 2 BIAE 4.4% ~ 10.6% F1 20.0% ~
42.6% 22 [1] , BAS AT AR T Cr 4B 10,40 .60
d BB A Mo 5 R B Coe™ ¥R T
R

H 2% 5 Al SRR N RN Zn & Y
I A B[] 7 A28 T 2 R Y R e AN TR AL Zin
B R/MERCON R > >28 25 Zn 55 B B % b B
B 1 2 R R S N RSN AR AN e Zn S AR
A — B A,

R RAR ZERT A Cu 75 5 5 1 4.69 ~
15.83 mg - kg, 2.12~5.23 mg - kg, 2.89~5.29
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Table 2 Changes of P

G., T and C, in the leaves of Coix lacryma-jobi treated with different concentrations of Cr®

no

Aib P 5[] B Ab B LA HE ZE I8 AR AL MalE] CO, ¥k
Treatment time Cr®" treatment P, T G, C,
(d) (mg - L") (pmol » m? « s7") (mmol + m* + s ™) (mol + m? +s ™) (mol - mol™)
10 0 12.87+0.81b 1.85+0.14b 0.17+0.03¢ 241.92+15.77¢
5 16.95+1.39a 2.25+0.13a 0.20+0.01b 232.31+11.65¢
20 8.80+1.39¢ 1.50+0.08¢ 0.23+£0.03a 299.60+33.64bc
40 4.57+0.98d 1.23+£0.07¢ 0.23+0.02a 347.97+£15.29b
30 0 18.89+0.84b 2.33+£0.26b 0.11+£0.01a 185.82+17.30b
5 22.71+0.44a 3.27+0.15a 0.12+0.01a 194.21+11.28ab
20 14.60+0.59¢ 2.38+0.12b 0.11+0.15a 244.90+22.12a
40 9.30+0.55d 1.68+0.17¢ 0.06+0.01b 244.78+9.01a
60 0 14.32+2.35h 2.95+0.36b 0.11+0.01b 157.82+15.78b
5 20.17+1.26a 3.88+0.24a 0.15+0.01a 127.54+£6.97b
20 13.93+0.93b 2.83+0.16b 0.10+0.01b 151.57+9.72b
40 8.14+0.95¢ 2.24+0.15¢ 0.08+0.01b 214.78+11.04a
100 0 12.04+2.10ab 1.77£0.19a 0.05+£0.01a 108.07+5.08a
5 15.09+1.22a 2.00+£0.13a 0.06+0.01a 104.08+14.36ab
20 11.30+£0.69b 1.27+0.05b 0.04+0.01b 129.34+11.19a
40 4.05+0.11¢ 0.78+0.08¢ 0.02+0.01¢ 138.36+7.67a

TE: R P RE bR, RIS ORR/NG SRR A0 R K BOR Rl Ak 0] 22 5 38 e (P<0.05) . R,
Notes: Data in the table are x+ s, different lowercase letters in the same column indicate significant differences among different treatments

on the same number of days ( P<0.05). The same below.

o0OmgL*'Cr® n5SmgL*Cr® o0mg-L™"' Cr* @5mg L™ Cr®
@20 mg-L"' Cr @40 mg-L~' Crs* 4500 m20 mg'L~' Cr m40 mg L Crs*
160 ¢ abd ab 4000} a
a T b a a =
140 | b T B 2y 235001
¥~y § gl 5 s 5 3000f
o by v %0
%3100. . E2500)
g2
Xz 80t R 52000 aﬂa
K2 60} = E1500} a
8 S T
Ho 40} R Z 1000t
o
Bz 20l e 500}
0 0
10 30 60 100 10 30 60 100
AL PRI} A] Treatment time (d) Kb PR ] Treatment time (d)
R I B4 7% A ) K RO [ b 0 2% S B M (P<0.05) B2 KRR G g3 R S
FH. i A ALY (POD) T Pk A5 1k

Different letters indicate significant differences between different

Fig. 2 Changes of POD activities in the leaves of Coix
treatments for the same number of days (P<0.05). The same below.

1 RFEMRE G ghFE RN A
A AL EE (SOD) 1 PEE 1L
Fig. 1 Changes of SOD activities in the leaves of Coix a5 S4Bt b B[R] () ST S R R (K 6) .

lacryma-jobi treated with different concentrations of ' A7 Al " AR N R B4R a R /IMEK
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Table 3  Effects of different concentrations of Cr® treatments on Fe contents in root,

stem and leaf of Coix lacryma-jobi (Unit; mg » kg™)

. Crfﬁtﬁfiem RE PR E] Treatment time (d)
Plant part 0
(mg- L") 10 30 60 100
R 0 1 996.30+35.77a 1 066.90+31.55b 529.11+2.02a 521.76+0.69a
Root 5 1 473.71+8.78b 1 669.25+24.23a 519.35+1.77h 492.16+1.49¢
20 1 190.22+22.34¢ 897.64+4.40c¢ 494.82+1.90¢ 502.71+1.26b
40 1012.38+21.06d 902.88+10.23¢ 474.32+2.51 d 450.36+0.38d
£ 0 140.23+14.49b 172.44+4.54a 103.95+2.30a 54.38+2.96a
Stem 5 130.65+2.21bc 168.75+1.20a 91.98+5.29h 44.77+1.65b
20 112.67+14.63¢ 118.11£2.00b 82.34+2.71c 41.30+3.58b
40 122.25+12.50b 103.14+£3.14 b 87.89+2.32bc 39.37+2.58¢
- 0 313.17+3.18a 215.33+7.06e 202.03+17.08ab 284.61+£2.47a
Leaf 5 271.93+£2.74b 293.04+3.46b 198.61+5.55b 235.65+6.20b
20 235.63+9.59¢ 238.60+0.33d 218.53+3.75a 215.62+9.30c¢
40 301.68+13.70a 382.81+14.23a 198.33+£1.01b 224.47+2.18bc
x4 AEARECrQAEXMENR ZEMHESEMZM (LA mg - kg')
Table 4 Effects of different concentrations of Cr® treatments on Mn contents in root,
stem and leaf of Coix lacryma-jobi ( Unit: mg - kg'l)
PEERF ] Treatment time (d
part (mg- L") 10 30 60 100
it 0 432.59+11.34b 241.97+6.80a 147.42+7.88ab 154.26+3.47a
Root 5 450.92+12.84a 248.10+£6.19a 156.02+5.15a 131.30+£4.92b
20 148.46+1.78¢ 141.91+4.51b 126.82+1.49¢ 112.41+11.10b
40 122.97+1.95d 139.86+10.20b 111.87+3.12b 64.25+6.02¢
ES 0 137.17+4.24b 161.60+2.57b 141.91+£6.92b 97.43+3.91b
Stem 5 151.84+1.52a 175.36+0.64a 161.53x4.41a 121.04x4.43a
20 84.07+0.60c¢ 82.85+3.22¢ 90.81+4.24¢ 107.80+10.43b
40 86.65+1.85¢ 51.19+1.54d 41.71+2.76d 39.47+0.82¢
it 0 94.44+4.75a 38.30+0.93¢ 82.44+3.50a 39.56+1.79b
Leaf 5 80.53+1.61b 47.04+1.80b 69.27+2.92h 47.86+2.20a
20 57.61+3.76d 23.17+0.23d 38.72+0.60c¢ 29.38+2.28¢
40 41.07+0.79¢ 24.01+1.95d 13.83+1.44d 18.65+0.51d

Fe Mn FI Zn 2 A8 Y 1E # A= i 1 2h Bt 26 75 A 3
JUER , TEAR WA N 2 15 P45 I 4 35 1, IR 1 A )
PRI CO, AL ST R o F B pHL, AT 32 W) 21 4B )
FR G5 A R S8 A 0 st s 7 45 i A P R (A
B RANK K ,2008) o i BEAY Cr'" FEL Fe  Mn Al
Zn WCEE YR B3, 0] RE S BUE PO BUOR AR

PR GEXS 1 P AT T BE T B R R A AR R
(A 4 32 R

TR J@ W38 R, AW 40 PN A8 AL s i A
BEREIR | DA T 3 SEOREL e v 3 P S T S 1, 52
M) RS 5 P AR R AR g I P R T BR BE
SPEOEA A A B AL, DA — 28 0 4
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Table 5 Effects of different concentrations of Cr® treatments on Zn contents in root,
stem and leaf of Coix lacryma-jobi (Unit; mg » kg™)
; PHEAF [E] Treatment time (d
w0 i ”
part (mg- L") 10 30 60 100
R 0 34.20+4.70a 18.07+0.38b 11.09+0.86¢ 11.86+0.18a
Root 5 29.85+1.04h 25.33+3.46a 12.55+0.18b 11.7020.93a
20 25.58+0.55¢ 14.12+0.90¢ 12.00+0.72be 10.29+0.27bh
40 29.71+0.65b 16.47+0.32bc 11.26+0.33¢ 9.71£2.56h
= 0 13.65+0.46b 13.01+0.88a 11.24+0.88a 11.67+1.35a
Stem 5 12.59+0.86b 11.82+0.48b 8.88+0.69b 7.09+0.99h
20 9.16+0.60c 8.10+0.08d 6.78+1.01¢ 5.87+0.95h
40 12.42+1.98b 9.63+0.30c 6.12+0.34¢ 5.78+0.51b
- 0 13.59+0.47¢ 18.08+0.08¢ 14.86+1.29b 13.06+0.02a
Leaf 5 13.52+0.13¢ 19.24+1.20¢ 17.54+0.72a 12.29+0.76b
20 17.15+1.69b 20.86+0.43b 15.39+1.39b 9.27+0.76b
40 16.67+0.33b 26.25+1.70a 17.08+1.31a 8.97+1.37¢
x6 ARARECr"QAEMENR . Z MHESEMHM (LA mg - kg')
Table 6 Effects of different concentrations of Cr® treatments on Cu contents in root,
stem and leaf of Coix lacryma-jobi (Unit; mg - kg™)
PEERF ] Treatment time (d
part (mg- L") 10 30 60 100
it 0 15.80+0.48a 7.97+0.10b 6.71+0.08a 6.16+£0.09a
Root 5 15.83+0.30a 11.63+0.61a 5.90+0.20¢ 5.69+0.29h
20 9.28+0.09d 7.40+0.11e 5.46+0.06d 5.19+0.30b
40 8.92+0.30¢ 7.62+0.14d 5.44+0.18d 4.69+0.07¢
ES 0 5.23+0.91b 5.01+£0.13b 4.36+0.15a 4.02+0.20a
Stem 5 4.53+0.07hc 3.60+0.07c 3.41£0.13b 3.24+0.05h
20 3.58+0.77¢ 3.02+0.20cd 2.40+0.24¢ 2.12+0.16¢
40 3.58+0.16¢ 2.86+0.06d 2.70+£0.03¢ 2.36+0.22h
it 0 5.29+0.32¢ 5.01+£0.09a 4.59+0.04b 5.32+0.21a
Leal 5 5.13+0.19¢ 4.99+0.17a 4.80+0.02a 4.94£0.09a
20 5.04+0.44d 4.94+0.34a 4.44+0.17¢ 4.34+0.23b
40 5.01+£0.13b 4.25+0.09b 3.64+0.12d 2.89+0.21¢
A0 AR ) A (R A BE A SE Al ,2003) o RN EE A PUAAL T , PR BN TS BR A A 2 4R

TEARWFFE ) Co* Ab PR, B i MDA % & Rl
U AR B ) 348 R AR s () A T 2 B T B A
Pt MDA & i, Ul B Ce® W38T 2 i e
Ji sk A KO 8 R g A2 4 400 2 B TR, A 1)
PO PR 55 (B 45 ,2017) , SOD il POD 2454

PrE b W an (% ML5E,2010) , ABFSE K, 1E S
mg - L'Cr® 2b BT, B - SOD Al POD i 1 i
FHGOR A A BR A A 2, b it Boh MDA Y
B, DT 2 g 38 0 HE A0 4% W3 38 B 7 5 17 40 myg -
L7 Cr®™ i o J3E 6 P 30 0 80 2003 17 7 10 2R
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Table 7 Effects of different concentrations of Cr® treatments on Cr contents in root,
stem and leaf of Coix lacryma-jobi (Unit; mg » kg™)
y PEEHFA] Treatment time (d
w0 i ”
part (mg - L") 10 30 60 100
e} 5 577.77+90.32b 660.80+39.37d 428.34+55.82c 649.52+42.45h
Root 20 637.92+109.96b 1 105.87+4.03¢ 884.95+87.51b 990.05+11.72a
40 692.05+34.41b 1 839.52+101.21b 1 399.3766.59a 1 050.36+52.31a
% 5 51.73+2.33¢ 74.75+4.25d 86.08=5.80b 148.0713.07¢
Stem 20 73.15+9.60c¢ 91.073.46¢ 98.28+8.58h 163.63=8.68h
40 139.54=4.35h 233.16+6.63b 204.88+14.13a 182.66+5.24a
s 5 66.19x17.16¢ 101.21+17.25¢ 93.42+9.25h 110.15+23.73b
Leaf 20 115.49+28.44be 108.56+3.22¢ 105.78=4.77h 164.27+16.49h
40 155.89+44.85ab 240.29+32.91h 202.23+30.93a 176.40+13.13a
S3 BC AN TCA W0 1% Bl , DT 2 i BN T3 i X Cre
PameltCr mRomer T mAmELTCE (V) SR, AT A B 9 KR HA T
wf & b : b B % B A B 6 R (Vymanl &
S 80 " C Brezinova,2016) , ASHF5T o AIRHE B Co* JihiE T,
%2 ol DT A B e B B S e e
SEBH s, ARG Cr® Wik T8 S T35 i
S8l S PR (0 B B, Co® 2 B A ) T
S0 S
0
10 30 60 100

AR ] Treatment time (d)

4 AR Cr AEBEF K G A2 1
Fig. 4 Changes of Cr” in effluent treated

with different concentrations of Cr®
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Fr L I 40 mg - L7 Ce®™ 38 R 38 A B3 T R
i, i AERKZRME, X450 5% %%
(2018) FIR 75 24145 (2017 ) BYBF 98 45 3 — 5,
B Ce® JBiR3 52 0 T AR AR M BT A A R 58, I E A AR X
AN E A e TGRS T RO

N AR XS5 7K Cr( VL) 09 2 BR 5 R 5 9 I
B AL W B 2 2 %) 1 2 2 DDA S T A 4 1
T Bh BB R W BN TR b AR T SR A AT PR

4 i

25 L RTIR  ASHIEAY R B R R B e B e T
E M RIR N Fe Mn  Zn F1 Cu 55 5566 ML A
Ak 55 A B ) B %% U1 AH O 1 At T 3R WO o R e B
TR, FECE POL A R T B SR RS2,
TS 6 80 ) A A 52 B 0 e 2 BN T b
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B A EE TN T M BB 8 24 45 AR X 8 1 R
B AT Cr® ZBRACRK M
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