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Effects of single and combined pollution of uranium and cadmium on growth and physiological characteristics
of Oenanthe javanica

YAO Tian—yue'?, WANG Dan'*, LI Ze—hua'?

(1.Life Science and Engineering College, Southwest University of Science and Technology, Mianyang 621000, China; 2.State Defense Key
Laboratory of the Nuclear Waste and Environmental Security, Southwest University of Science and Technology, Mianyang 621000, China )
Abstract: The growth, chlorophyll content, root activity, cell membrane permeability and MDA content of Oenanthe javanica(Blume ) DC
were studied under uranium(U ) and cadmium(Cd) alone and in combination in pot experiment. Results showed that U and Cd stresses sig—
nificantly inhibited the growth of 0. javanica( P<0.05) when compared with the control. The inhibition increased with increasing concentra—
tions of U and Cd. The chlorophyll content of O. javanica decreased remarkably under U and Cd stresses. Cadmium reduced the content of
chlorophyll b of O. javanica more significantly than U did. The activity of O. javanica roots was enhanced by low concentrations(15 mg-kg™)
of U and Cd, but significantly inhibited at high concentrations( 150 mg+-kg™). The relative electrical conductivities of leaves were higher
under U and Cd stresses than under CK, with U showing greater effect than Cd. Leaf MDA content increased as U and Cd concentrations in—
creased. Combined applications of U and Cd(U150 mg-kg™'+Cd 150 mg-kg™) had greater influences on O. javanica’s growth and physio—
logical characteristics than their single. The present findings showed that O javanica has high resistance to U and Cd, which has potential to
remediate U and Cd single and combined pollution soils.
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I, R LA — AT AT R B S R,
DA 228 i R, 3R el 1 AR R LA el s b~
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IBENGBPRE Y H Y, Ak IR AR AR SE Z R
EAIE A R R e o R S AN (1 P 2 5 & N L]
S A 8T 3 22 AR50 R s AR A
E3 NN R S0

IKFFIERAIE R ZAF AR, &5 2R E R0
R, e — MRz O RS ER . KT RESr
WA IR TEAR R 20y, rT A B 5 bR s P A AL
P E G ROUR A —E ST R TR E b
S ABISE LI bk, LIRS A g T2 2
FETB, BAUL L s 75 Qe kB, P9 U Cd H— %
HE GRS B A KA A BRI B2, 1 A
Yroisih AR E HLBE, SR8 A2 A B 1 T ) T R R
VAR S i o B S

I #RE5FE

L1 jRBa At

HERAG W) F 7K [ Oenanthe javanica(BL.)DC], Ff
T T AR ATt A i

U E‘Jﬁ@ﬁﬂﬁ/}fﬁj‘j UOZ(CH3C02)2‘2H20( %*ﬁ‘?ﬁﬁ ’
WAL AL TA IR AW ) 5 Cd i B CdCl,-
2 5SHO0CrHral, AR A BR AR o 15 ] 4%
H 7 e R R 5 AR R 2+ (0~20 em), 1 3ESE Y
e, H pH6.98, A LT i 5.86 g-kg™, S
R AR ARS8 5 51.67,7.21,21.21 mg-
kg'o TR HARKT, BIBRELAL WA, EIRIR TS
i 1 em 0, @8 5
1.2 R HE
1.2.1 KIFimEE

TERRIS ST Tog U AT A TR R

&1, PR il K AR A 8 FRAh i AR K E 2 12 em,
PERER A3 H RN AT KT B 25 H
1.2.2 i8G5

R A S Ak Oy =, 7R ) 1 4 BH VS e
REREMIEA T 158, BOE AR 3 kg £ FH 135
AR (048 20 em, 5 20 em, JEEB4G 1L, H74E
£, I Ho it G K & R 1Y 60% 447, T
1 J&JG , HEAH R e BE 8 UO,(CHACO,),+2H,0 I CdCl,-
2.5H,0 PR HE , ¥15T GEEAE AR B 4 (R AT A0
B R DSCREHE ) A PR EE L2l U Fin Cd i, B
A mg-keg™, RGN U Cd e E X IE(CK) , Hax kb
PROAFE—8, FRUIRE 2 J8)E S0 BE i 4E 1 75y
PittEE U.Cd 815 LSRG R IEH & KT
B (12 em) AR E U.Cd A PR R IE a1 4 &
KA Ay FH 1R K R 1 60%~T70% o AR [ 4580 2=
B 5 P A B, T (A 2o R T SHEF
155 3.03 mg-kg™, AR E L A0
Fri A Y 4~10 /%, AR K TS Y
TP AR R AR T LR LA 20,
A0 B 15 2 (150 mg-ke™) (15 mg-kg™ ) A~
W U Cd — R A A Ab B E N 1 s (3531 9
ANRER), FACERER 3R, AR 90 d EIR
e

1 iR EEEMAKFE

Table 1 Experimental factors and levels

. U /mg-kg™
e Concentration/mg kg™
0 15 150
Cd/mg-kg™ 0 0(CK) U1s U150
15 Cd15 U15+Cd15  UI50+Cd15
150 Cd150 U15+Cd150 U150+Cd150

1.3 MEFE
1.3.1 Y)Y

PR MAS R B 3L 1, 25 FoK e
THUEWI T, 2K 20 B ROGAR A Bk & R 7
12 AR S5 HE E R4, 105 CA4 T 30 min f5,75 CF
TR PR T R E
1.3.2 fHY) A FEE AR

2 25 0 B e I SR FH TR T 2 3 4
S RS P AR FH P S S ), 9 (MDA 5 2t
AR BRAC L H 22 (TBA )74,
L4 RS

% F Microsoft Excel 2013 X056 20 48 U1 7 34
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{EFIARIEZE 19715, SPSS 22.0 B EAT HLIN 3R Ty 22
Sy BRI LSD 22 H L B 30 Ak B W) 25 S AR, SR

Origin Pro 9.0 £:&]
M4 45 %% (Tolerance index, TI, % )=SZ56 2H i 14
{EX 100/ HEZH AR K4 (Y

2 EREHH

2.1 U.Cd B—AbIES7K AR K AN AR IR 1 O B2 01
2.1.1 XA AR A R

SyBTER 2 1550, U Cd B — b R R 7K T e bk e il
ZEHT I BE AL FRVR I 3 0 2 R R, SR CKOA
b, U Cd F—Ab PRV FEFE 150 mg kg™ 504, KFF
FRES 2> B0 T 26.53%F1 17.01% , 255053 510 1T
44.87%F1 19.23% , AT WL U S 7K ik o A 25 4
B EIVE 2 KT Cdo AKIFARKAEZ S U.Cd 24
— i A 4 R AR B (15 mg - kg™ ) fiE 0 s vk JEE (150
mg-kg™) RIS, U HKEE 15 mg kg™ 5040 F/KA
MR IR I KA 8.47 em, J&XT i CK (1) 1.28 %, Hu[R]v
JE Cd 4b PR Y 12.39% , T PR 45 S ik B 0l
127.63%, 3 THAWA L HE, AR E S, 150

£ 2 U.Cd B5—4 K AEERSNE

Table 2 Effects of U and Cd single treatments on growth of

Oenanthe javanica
Concﬁ{itinn/ 1:*%— Plant %*ﬂ Stem R Root T‘iﬁrﬁifg
mg-kg™ height/cm  diameter/mm  length/cm Index/%
CK 17.75+0.54a  0.78+0.03a  6.63+0.10b  100.00+0.00b
uls 16.05+£0.52b  0.65+0.05b  8.47+0.90a 127.63+11.84a
U150 13.04£0.33d  0.43+0.05¢  5.07+0.39¢  76.53+6.62¢
Cd15 16.44+0.08b  0.68+0.08b  7.42+0.16b 111.95+4.00b
Cd150 14.73+0.48¢  0.63£0.02b  5.70+0.28¢  85.93+5.53¢

T R P N B E 22 (n=3 ) ; A [F] 3B 8 4% b T ] 22
S 2(P<0.05, 18D #36 ), T,
Note : Data in table were meantstandard deviation (n=3) ; Different

letters mean significant differences between treatments(P<0.05,LSD test ).

mg -kg™ B}, U.Cd JBp i 7K MR 53 518 2D 23.53%
14.03%. BPJGiE U Cd PR EE anfar, Ho K AR KA
SEMVERR USCd, 25 2 S 500 201 —21 .
2.1.2 XAk R O i AR R I T B

FH ¢ 3 Al U Cd o — b B 259 /D 7K e i i
SR FE i, HAMGIVE F Rt AL BRI B (R 38 i A, K
Fr4RZER a, MEEK b &85 U .CdkERAAHR
F MRS -0.908(U X4 2 a) ,—0.996(U
X2 E b)  ~1.000%(Cd X4 % a) . ~1.000%(Cd
XERZE b) o AL Cd 5K M &R G A etE U
8o 24 U.Cd ¥R 150 mg-kg™ I, KT 485K a %
B 18.34% 21.97% , 442 b S &4 Bk
20.78%.29.02%., 1] WLI-2% K S/ E A Cd>U,
BEA, M4 2 a/b A (ELZE Ab VR B AR B R AR, b 3
TR, ISR b F R K TR a,
AT UL AR 225 b X U Cd Jilrafd 28 Ak 5 ek, DL g i
G b O Al AR TR KT 32 U LCd 36 fig
KNG 2R o ARRAEP R ISOK 73 TR 50 1 240
B, BHEYEANRA, BRI 0AS B
M AR ZEM A S A3 BT R 3 AT, BE U LCd F—4b
PR FE BN, KT AR FR I AR R BT R
fRr ks, S5 AT AR B 32 Wi U0 — 2. #E Cd #&
& 15 mg kg™ AbFET H IR 2.79 mg- g -h!, J& X
WA 1.19 f%, 76 U HJE 150 mg- kg™ ZbFEF H P
AME,  H 2440 B AR TR BT UL Cd BA— 4b H 22 S5OR
W, U] U Cd XS AT &R TG 7 0520 32 2 Bk
TUWE R RN AR AT, R R
1 AR 20 7, DR R WS Rz S A5 BE T o
2.1.3 XKL 7 1 A MDA 5 52 (%) 52 )

A1 A%, U Cd B —Ab R 7K i R (R AR XS
H, S R A B B P 1 I 2 R A B 45 A PR
B B 2 = TR U MR 150 mg-kg™ BRI R
AEXT HL 3R 5 AL BRI 88.33% , J& %] Y 4.48 1%,
JERHeE Cd AbBRAY 1.62 4%, T UL U Cd X 7K -4 g

%3 U.Cd B—4EXK A ERRSEMRAE IR

Table 3 Effects of U and Cd single treatments on chlorophyll content and root activity of Oenanthe javanica

HeJiF Concentration/ M4tz a i M4tz b & hk M4 ath & ik 4% alb WRIEH
mg-kg! Chlorophyll a/mg-g™ Chlorophyll b/mg-g™! Total chlorophyll a+b/mg-g”"  Chlorophyll a/b  Root activity/mg-g™'+h™

CK 1.16+0.01a 0.51+0.03a 1.68+0.04a 2.27 2.17+0.17b

Ul1s 1.05+0.01b 0.51+0.04a 1.59+0.04b 2.06 2.59+0.30a

U150 0.94+0.02¢ 0.40+0.02b 1.37+0.04¢ 2.33 1.25+0.15¢

Cd15 1.14+0.01a 0.50+0.03a 1.61+0.02b 2.28 2.79+0.24a

Cd150 0.90+0.04d 0.36+0.02b 1.27+0.04d 249 1.58+0.21¢c
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= L OcCd Table 4 Effects of U-Cd combinations on growth of
£ 80 :
o Oenanthe javanica
Ry b ; i o
m ; b - PR Plant 25#] Stem #21 Root H
'z 40 F Concentration/ height/cm  diameter/mm  length/cm Tolerance
=3 mg-kg o ’ g index/%
L5}
,% 20k cc CK 17.75£0.54a 0.78+0.03a  6.63+0.10b 100.00+0.00b
éo“ N U15+Cd15 16.84+0.43b 0.72+0.06ab 7.34+0.11a 110.68+2.84a
0 UI5+Cd150 15.15+0.42¢ 0.68+0.04b  6.04+0.72b  90.97+9.57h

CK 15 150
AbPRY B Treatment concentration/mg - kg™

B 1 U.Cd B—AbEEX 7K A 40 e A 33 14 1 2 Pl
Figure 1 Effects of U and Cd single treatments on relative

electrical conductivity of Oenanthe javanica
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Figure 2 Effects of U and Cd single treatments on MDA content of

Oenanthe javanica

JEEPESZ I USCd, U SRR AT 24 B s 4 Ak, 3
FBEENE , A AR INE I . MDA RS 4
b FE Yz — 2 Fis, K B MDA 5 2 bl
U.Cd B—Kb 3 B i3 &2 b FH#a34, U .Cd e 7
150 mg kg™ 25 F /K MDA 80510 15 mg kg
PR Y 0.99 £ 1.06 1%, 7 P<0.05 /K |22 5% %
2 PRI BE (15 mg kg )AL B 5 X BR4H CK 2253 A
B2 AT WA U Cd 2354 B — @it a2
PEo KA, 7E P<0.05 7K I FL b PRvR BE AR R U .Cd
JCEXKSTIT R MDA 552, 22 5 R B2, 1A
PIE XK A MDA & g Jo i i 22 5 (P>0.05)
2.2 U.Cd 8RB KAFERMAERF R R
2.2.1 XIKTARK A

U.Cd A F Kbk . SRR K 3457
FI] b BB XA AR A IR B .
B 4 w1 K0T A K AR PR B ZER U AR Cd(U 15
mg-kg™+Cd15 mg-kg™) & GAF T e K, 5 U Cd
(U150 mg-kg'+Cd150 mg kg™ )& AALH N /N, iy

U150+Cd15 12.04+£0.31d 0.46+0.03¢c 4.21+0.40c  63.53+6.84c
U150+Cd150 8.38+0.13e  0.43+0.03¢  3.86+0.24c  58.21+2.84c

JRIEH ) 1.67~2.55 1%, 22 F B E (P<0.05) . 7KITHEES
XF U Cd & A A B8 i )3 55 58 25 (P<0.05) , 54k 34
Z2 5k B B EKE(P<0.05) K FF25HIAE U W E—E
INEANBE Cd e B2 1 1S N 2R B0 . 25 25 57 (P<0.05) . 5%}
M CK A b U.Cd 52 A 4 B 7K AR K 7R AR R
(U15 mg-kg'+Cd15 mg-kg™ )ALHLF fEHFARAHC , ZXT
BRI L1 A, 2 Ab RV 2wy B 2 471 (P<0.05) . U,
Cd B —Fid A AL PRI T IR A A, HLIFRDCR 444
T A PR R e X A A R A PR e [k
FM R ANFTCRE A HE U KT ERICR WA R .
2.2.2 XK AR ER O HRIAR ZR G T 05

2 5 BT, SRR CK A EE, U .Cd & A4k
PR KT SR 3 it AR T R R AT LA 5 b 30T
KT 2 R IR, IS R 5 BT 3R A 3
RO — 0, Rk B U .Cd & A AbH(U15 mg-kg ™'+
Cd15 mg-kg”',U15 mg-kg'+Cd150 mg-kg™ ), M-4% 2%
b FaLEE TR, B/ANFARRE T U Cd B—ibPE,
FIUNFEHURN , AT ARV BE () U Cd 24 A3 AT 5
EMHItaRER b Gl FEEREEE G0 FE(U150 mg-
kg'+Cd15 mg-kg™, U150 mg-kg'+Cd150 mg-kg™) H,
U150 mg-kg'+Cd15 mg kg™ Ab B R4 2% a b &
WA T, A R — U(U150 mg-kg™ ) AbFE R (41.09
116 4%, A DL —E W E Cd JC R A AT S i 1k
JBE U XK 2R R R . KPR R IG 1B
A Ab PR FE R I R R R, AR EE S G b 3
(U15 mg-kg'+Cd15 mg-kg™) F/KFTAR 2R T J 70 55 X
W8 CK, 160 U .Cd &2 A A By BEAIRES , AR 1 ] (4
BUFIIRRZRIE TT, AN FRIKOF TR PR
J1o FERMRER A AL FEH (U150 mg-kg'+Cd 15 mg kg™,
U150 mg-kg'+Cd150 mg-kg™), U Cd & & Wrid )83
BEINF IR R U Cd BA— it H 22 5 53, AR 7
Ab PR 5 (150 mg kg B U .Cd & A AL BEXT K 4R
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Table 5 Effects of U-Cd combinations on chlorophyll content and root activity of Oenanthe javanica

e EF Concentration/ M4k % a S 2% b & M2% % a+bh &5 M2% a/lb MR ZRTE ] Root activity/
mg-kg™ Chlorophyll a/mg-g”  Chlorophyll b/mg-g?  Total chlorophyll a+b/mg-g”  Chlorophyll a/b mg-g+h
CK 1.1620.01a 0.51+0.03a 1.68+0.04a 2.27 2.17+0.17ab
Ul5+Cd15 0.83+0.04¢ 0.40+0.03b 1.20+0.04¢ 2.12 2.52+0.21a
U15+Cd150 0.85+0.08¢c 0.32+0.01¢c 1.19+0.03¢ 2.67 2.17+0.29ab
U150+Cd15 1.04+0.01b 0.46+0.05a 1.49+0.04b 2.24 2.00+0.16bc
U150+Cd150 0.72+0.04d 0.29+0.04¢ 1.08+0.05d 2.53 1.62+0.27¢
RIE I —TE R ERTS, FEEA ATAER 707 . a
U.Cd S 415K FEAR R 1 ) BB S , N\
223 RPKFFAIMLBLELER MDA S5 CEsof N
HoE U Cd & A b B /K I e 5 3 2l N
MDA S RERITEIR, SPHTIE 3 4301, 5 4 b T 22 5
B, KO R L SR, R T R () < 0
U Cd %4 b B2 S5 B KO 449 6 T ARV v JEE R e U ERN
Cd B—4b B, AT LA H KR A MBS, U Cd =
Ul5+Cd15  U15+4Cd150 U150+Cd15 U150+Cd150

B—AhPESU Cd B AA0HE, HEREfiny A AL,
IR R 50 Bz, U Cd 4 B b BER K
MDA & AR5 7K e A L R AR i 3 — 3
([ 4),U.Cd &AM F/KT MDA i THICER
WP 15 mg-kg™ A1 150 mg-kg™ ZbEEZ[H], ULAAKA
MDA & A S e B 2 A A B, U (Cd R R B HS BT
VR P B A A B R R BN P EIMEF -

3 He

WE5E U Cd B— R A S5 Qe R KA
RO, KB U Cd b PR BRI IE AN, 2K Tk o A1 25
HLE 32 2B AN HVE T, KPR U LCd A iy
M 3 2 A IR T (15 meg kg™ ) D2k 2 e 2 (150 mg -
kg AN BLG MBS AE 2 X0 78 A A e
BB RV Y UL Cd AT 48 i3 s AR 22 4 1
A A SR TR AR PR R, SR T 25 < i TR
Py RRER i AR SRS, 2 1 AR R 20 I AR I b 4
BEAR B HERR , R AR R AKX 8 4 it
Fikg Mg 17 DR < s )RR S BB HE A P 1) LA L%
) S G AR PR G e B T TR A RN A% A 22
S0 I U SR MK AE R WRA &Y K T Cd,
H U.Cd &5 40 BT i ie 7 35 800K TR R T
FOTEALIE, Z AP U Cd JTER IR R PRF R
o WEES RSG5 07 SR A R — 2 AOTFAEROIR
Bixt U Cd e ey 22 5 1 JE R AT g Cd iE RS 1%L
S8 Gy TP, T U 4 FiAK, AN 5 fE A

AbHIHR I Treatment concentration/mg kg™
3 U.Cd & & EX 7K A 4 A AR 5 1 R 2201
Figure 3 Effects of U-Cd combinations on relative electric

conductivity of Oenanthe javanica
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Figure 4 Effects of U-Cd combinations on MDA content of

Oenanthe javanica
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