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Abstract; This article adopts the method of hydroponic nutrient to study the effects of Ni concentrations added in different experi-
ments (0, 0.05, 0.10, 0. 15 and 0. 20 mmol/L) on the Ni and nutrient elements contents, oxidative stress and antioxidant system
in Hydrocharis dubia leaves. The results indicated that; (1) Ni content in leaves increases with the Ni concentration in solution. (2)
Nutrient elements (Ca, Mg, K, Fe and Mn) in leaves are also affected by the solution. The content in Ca and Mg increases signifi-
cantly with the increase of Ni concentration in solution. The content of K increases, but not significantly in leaves. Though Mn con-
tent of leaves decreases in the solution with higher Ni concentration, the treatment groups contain generally Mn in leaves higher
than the control group. However, Fe content in leaves declines with the increasing of Ni concentration in solution.(3) Ni stress in-
duces the apparent oxidative stress, characteristic of the increases of the productive rate of O, ~ and the contents of H, 0, and
MDA, and the obvious decreases of the contents of soluble protein and photosynthetic pigment in leaves. (4 ) With the increase of Ni
concentration in solution, the activity of peroxidase in leaves increases gradually, while the activity of catalase is declined, followed
by the firstly increasing and then decreasing activity of superoxide dismutase at 0. 05 mmol/L in leaves. The content of vitamin E
and flavonoids in leaves rises slowly with the increasing of Ni concentration in leaves. No apparent change of the glutathione is ob-

served. The content of non-protein thiol and plant complexation both show increases at first. Total antioxidant capacity enhances
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firstly with Ni concentration in solution. Thus it can be seen that Ni stress causes the accumulation of Ni and the variation of nutri-
ent elements in Hydrocharis dubia leaves, and generates obvious oxidative stress, breaking the balance of antioxidant system.
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Bif o o A R R, RS AT A A P B (N 00 1 SR B o 1 94 a3 55, folf i AK SR SR 19 Ni
EEAE FTIZ I AT TS YK AR E R SR 2 — . KT BT 4B AR A WL A R AT R
WS sl i P R A I AE K, R 2 B K A A A 35 ( Typha orientalis Presl) ™ | 7k ¥ ( Hydrocarbons du-
bia) "™ JRHRIE ( Eichhornia crassipes ) ™ KA IR 3 ( Myriophyllum verticillatum) ™) 25 W i a8 0% B 55 42 &
R A bk 21— W B 1 T 4 Jm S XA 7 AR B AR S AR 1 A BRI OGS M. NI AR SR B
PRI K BT B G 3R, B S 5 Sl AR G 1 S0 S 1 5 ) AR AL B 20 53¢ 2 Rl 1 5 i
YNAERES , S HHEMN AR R, RIGRAK D NI kB2 0.5 pe/L, Kk EE S 0. 66 wg/L.
AN B 7K o Ni R B 22 AR I, A Ni ol K 4 2~ 900 me/ L, Ll KK g 5~35 mg/L, & &M
Tl BEK A 17~51 mg/L7 . AR B 9 Ni m] R bR 4 9 26 1, (e B A Ni & SBU PSS AL, R AR

RIS PR AP A L RS R HRT Ni ISR 4N Cd \Hg Pb 45503 5, {0 i T Ni 76 FREE i
TFH,— B Y ARk B ISR, Iz Ni ZEA R P 5 1A% R B e T

5 Ni B R e R KRS e AP A RS R R AR A TR R B IR o A A
FEME, R N i R S S 80 A AL A (H,0,) AT (0, 7) FiEH4A(ROS) %)
M MY BA R ROS MOHL LB FIHT AL R 4, £ B AP A AL G A4 48 Sk Y B L B (SOD) it 4
LA EE(CAT) (it 5 ALY (POD) 45 ; AR BB P AL R FE S BEAT | o & 1 HUIR IR 45 DE AR S % b
B B RESE , x Le B R T B[R ROS SR LA T, SURT R g B 9 IS 78 ROS 13 bk v & #4824
FI . AR I B B TRE SR RELZ SR B A2 5 R R4 R AL
ZWFFE R, B8 SR At ] LA 3 e LT 4 S b 5 I 4 i i 2 AR

KR T BT K EERUEY) , B RAER AR T, S0 AR T2 TLORA & UL, A SCRLKBE S BIFFE 1
BEERFTBINA I BE Ni XK M v Ni JC &R O R0 R MR DG A 3 & & 06 P UK T Bt L g
(SOD CAT .POD) i L KA A T (4EA: R E B A H R (GSH) AR 83k (NP-SH) FiEE A 5
FE(PCs) ) Fir W sgm, LUBA HE—25 B Ni X s S8 K A A P B 3 10 AR BRHL A SR L S 25 K38

1 #RFF &

1.1 SER

JKEET 2014 42 9 A P GREN 18~25%C ) R AR BV (32°1'N, 118°42'E) | JAl B Jo 15 G U , 46 B
KB R (R FORH: i R 4 ) A bk B T J0)E TRk i A SRk BB 57 5 K.
1.2 KW AH*
L2017 kWi i BIBOR/MERICGERRZ) 15 em) AR — B0 (TCAE R0 B IR ) 97K, H
XEERRR Y g S 4L, Horb 1205 IR (CK) 21 : ] 1/10 Hoagland 2 35945 3% ; HiAy 4 4 AL BRAH, 23 500 &
NiCL & 0.05,0.10,0.15,0.20 mmol/L ( S5 R W MLk BERRE T, K ZE2ZFH ) 9 1/10
Hoagland 3257 APRHGEIRIIE], 4 2 RIEH—IKE S, IR, G W H A 16 h:8 h, SRR
o 240~300 pmol/ (m® - s) JEHAIELEE Hy 25°C 118°C (L:D). LHiHE 3 RE L. 6 d 7, AR F/R ks 3
T BRI 3 i (G ) BEAT 45 THA SR bR 09 2
L22NifREREHRTELENNE  F 10 mmol/L EDTA {5 kSR B AN 5 R W48 85+ K vk T4
Wnt A 1.0 g A 3:1 HNO,/HCIO, 7E 95°C Ty Ak, B RIE B RO 1B THAL)S 5% B8 W £ B /MR 7%
LR Zﬁf%ﬁk%h i A D P JBR 4 B TR RO A0 AT NI B FRICE (Ca Mg,
K.Fe Mn) 85
1.2.3 ﬂ%ﬁ%%ﬂ;&ﬁﬂz NEAEWINE  FRELO.2 g M, I 80% By PR VKIS AIFEE B0, A 60 B
SE 470,647 il 663 nm 4b B RE(E , 4% Lichtenthaler'” (8 B A (02 & it
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1.2.4 0, %% H,0, MDA fo s/ 5 & g 4 Bl E O, P A R R F 2 4% 1977 w0 5
H, 0, & iRk Rt g A W LR R 50T 1 H, O, 12001 65 (535 : A064 ) Il 3 ; MDA & i 528 SCHR[ 19 ] o7k
DUSE. WA 2R 1 et Pl v e A A ) T AR AR 5 T I S A 35 8 (5450 AO45-2) T, LA A il v 2K 1
(BSA ) (Sigma, USA) MiriEEEH.
1.2.5 SOD POD #z CAT & Myl & FREUH 0.5 g, A 50 mmol/L BFRZ% b i (pH {E4 7. 8) , WFES,
10000 #%/min ,4°C #5.0> 20 min ¥ [ IERERZE 5 ml, B4 115 W 28 Y56 B 5 T B M 2. SOD %
P SE T T NBT Al Sk, LU NBT ik J51 50% s i 1 NEEE PSR (U ) 5 POD & PR
KRB I LIRS sh ODAT0 BAEA6 Ay 1 ANBEEG P 507 (U) 5 CAT 35 4k 00 i R FH AR 607 i ™
VLEEG3 8153 1 umol H, O, BT a5 1l &2t g — AN BB M S0 (U)
1L2.6 8 X EMmEHAENNE AR ESEMATEET @AY TR ENIKH & (RS
A008 ) il , S0 H ne/ g

R B I < B AR I R A 07 . (1) BRI RS TARIBUS TR S 20 mg, il 70% 2L BEAE 75
2 100 ml, 753 0. 2 mg/ml (K45 AT HERRITLER 2.0.4.0.6.0.8.0,10.0,12.0.,14.0.16.0,18. 0.20. 0 ml 5
HEVER, /B 50 ml 253, iAok, B 5% # NaNO, 1.4 ml,#%4),5 min JFHEAMA 0.3 mol/L
iy AICL, 1. 4 ml, 4747 ,5 min JGMA 1 mol/L NaOH 4 ml, ik EZIE, 24 , [ IHES 6 BE. 7E 510 nm b
TEMR IR 5 (2) 7K HE BT A0 A A K B 7 Y2 R T 24 b, IS At 8, MERA B 0. 1 g, B F 50 ml 3
AN 20 ml 70% 2,8, i 2 Z VTR T, BRI 20 ml 70% Z, By, J7S 425 1 h, 3338, 3475 m
V. MERRERAR W 1 ml K 1.4 ml 5% NaNO, 0.4 ml,$25,5 min S A 10% Al(NO,), 0.4 ml, 5],
5 min J5 A 4.3% NaOH 4 ml 7K 2. 8 ml, it 15 min & {4, 7£ 510 nm 243566 (H.
1.2.7 GSH NP-SH #1 PCs #3ll &2 (1) GSH &% Fl Anderson™ {7583 %2. (2) NP-SH 1 PCs & 44 1R
Ellman"™! §) 73052 . (3) NP-SH 5 GSH &2 221k PCs & &
1.2.8 BHA MG A (T-AOC ) Wil 2 T-AOC FI M EE nt @ iR 4 TR BIF G I A S (350 5 (525 1 A015) il
E B U
1.3 Gt 4 #r

SLEEE RN 3 W LIS S5 R E AR 22 T 2, T Excel F1 SPSS 19. 0 3085 1l I 4 £5 s Ak 38 0 )
Bl S Fabn A AL SR AT B R R 7 225087, P=0. 05 TR L 22 57, P<0.05 F/nEF 3 ; P<0.01 &
RN E. FERDPARFEFREUEZ 2 57 B3 (P<0.05) , 7 F i 2 A FRoR 22 7 A W E. A
FEr FORMCNEGE T4, Horf P = 0.05 J0 B ARG ; P<0. 05 2 @A ; P<0. 01 Sl B ARG,

2 BEREHM

2INBREREFTESTETL

Rl Ni df B A A BTG I, A 30 Ni & S AE 7K B i o S ol B A M b3 o (3= 1) AHOCHE 2B R T, 7K
BT N BRSNS S TEARDG (r=0.92,P<0.01) . 7E 0. 20 mmol/L Ni 4381,
K Ni BB 3 =ik 201, 0 pg/g FW. KSR b Ca Mg 7 532 Ni R BE S8 IR b 3 (r, = 0. 96, P<
0.01;ry,=0.95,P<0.01) , BIREZE Ni 042 M , KR Jr b Ca Mg S @@ 0 It KEE o K &b
Ni ¥ BERE AT fiF b7, 76 0. 15 mmol/L Ni ZbBHRS K & B fiy. /KEEM A Fe &5 Ni i 5L 3 (it 58
(ry,==0.58,P<0.05) , A Fe & fER Ni #8000 A2 TR AKEEME b Mo 55 8 e I0Hk 5 IR B N e J3 34
Jniti BTk, 7€ 0. 15 mmol/L I A S fe Ry, Wi 768 Ni WAL BRI Mn & 8 TR (B4 55 X IR 4.
22 AEBEEETH

Ni X4 3 a(Chl.a) (FHERE b(ChLb) FIZEHIEE b3 (Car) BN HIVE FIHURE Ni vk B8 B3 g n (&1
1) . A2 AR NI R 2 A 2 B A (rg,, =—0. 98, P<0.01;ry,, =-0.98,P<0.01;r,, =-0.97,
P<0.01).
2.30, 74 #E®E H,0, MDA FIFT A EASETH

FKEE R O, 7P A EUR A H, 0, 5 B0 Ni Wk BE A T8 2B R %, 78 Ni vk B2y 0. 20 mmol/L
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2 1 AN[A] Ni v BE VR InAb 36 7K et - Ni (AR SR A SR 0 R 2
Tab.1 The effect of Ni addition with different concentrations on Ni accumulation and
nutrient element contents in Hydrocharis dubia leaves
TEAT Ni 75k &/ (mmol /L)
(ng/s FW) 0 0.05 0.10 0.15 0.20
Ni 0.7+0.1° 15.3+0. 8¢ 57.9+1.6° 73.2+1.3" 201. 0+3. 2¢
Ca 1345.3+14.7° 1367. 1+7.5¢ 1767.7+8.0° 1834.4+11. 4" 2001.2+12. 0%
Mg 632.7+4.5° 645.3+4. 91 665.9+5. 3¢ 755.0£3. 0" 789.7+3. 5%
K 3672.3+30.7¢ 3713. 0+20. 5 3650. 5+30. 0¢ 3815.3+21.1° 3750.2+42. 9"
Fe 57.8+0.7% 12.5+0. 6° 20.5+0.6° 24. 8+0. 8" 18.7+0.7¢
Mn 11.7+0.7°¢ 12. 1+0. 5°¢ 15.5+0. 4% 13.5+0.3" 13.1£0. 4"
e I AR R BEALY 3. 95 i1 2. 10 . I HEAF 7 2
Lo | OV AR CREIP 0] gk RO L0, Ak NG A SIS L E
. b I (ry =0.99,P<0. 017, =0.98,P<0.01) (& 2a.b).
ERI MDA SR i A 99 2 57 4, A T S B
iﬂé 0g L ¢ I AR AR 0 55 R0 T B 32 A AR () EEAR R MDA & 2 74%
L . 5 0, F=A # R H, 0, & AR b — 3, S B3 A6
p o . (r=0.98,P<0.01 ) (J& 2¢).
D 04+ B o , , s e
=l R by 5 NiVREE IR, TSR 14 4 BB VR B 1Y 1 T %
' & : ; Ee FRAR, S 0 3 DUk G (7= -0. 99, P<0. 01 ) (& 2d).
0 A mE,

2.4 IENEEEEL

0.05 0.10 0.15

Nijfe B /(mmol/L)

P 1 AT Ni e J5E o8 i Ak ek o
MR B R R

POD {5 EFE Ni e 2 58 i i 28 7 19 55 , 75 0. 20 mmol/L fif
IRE R, G BRZH Y 1. 52 45 (18] 3a). CAT G PR Ni 2bH ik
JERE I T R, B B E U O (r=—-0.95,P<0.05) (5] 3b). 1£

Fig.1 The photosynthetic pigment 0.05 mmol/L Ni ZbFRF ,SOD PRSI, J2 6t BRZELf 1. 17 {5

Ji ,SOD JhPERE Ni e B30T N R (& 3c).
2.5 EZEMEMSETN

YA E S mbE Ni AR BN A B, 2 W I
AHIE(r=0.79,P<0.05) (& 4a). W& FE Ni & BT = T, 78 0. 20 mmol/L Ni b BERAT T T B, (HAT)
TR, R 126 f5 (&l 4b).

2.6 GSH NP-SH #1 PCs £ 2351k,

JKEEN B GSH ANz Ni ZbBRA5Z M, 28 (b ASBR i (1] 5a). 17 NP-SH & 6 Ni Ah 3k B 3 fin i
SeTV)R W, 7E 0. 10 mmol/L Ni ih FERHA T £ i, M XAy 1. 21 4% (8 5b). PCs 2 b4 ¥ 5 NP-SH
FrE AR —3, RFELE 0. 10 mmol/L Ni 4b BRIN A B WA, JE 5t BEZH 1Y 1. 33 1% (18] Sc).

2.7 T-AOC 354k,
T-AOC Fifi Ni ZhBRVR B [ THIE T RE, 5 Ni AbHRVR B 2 B A5G (r=-0.83,P<0.05). 7£ 0. 05 mmol/L

content in Hydrocharis dubia
leaves under different Ni treatments

Ni AbPHIN A, AT HRLLRY 1. 16 A%, 7E 0. 20 mmol/L Ni KBRS /)y, XS HRLLE) 77. 5% (1€ 6 ).
3 itip

SR AEAE P MO R S i , S e A N B R O o B W X IR GG A W R e
L AEARBETEH, Ni (i B MR EEARAME (R 1), WK B R bR A Ni RERZ /D 5ok i Ni ik IR A —
B, B PR i Ni v BB R KA R AN NI BB W], Ni 7R K AR R P9 1 K RS B Jvh
BIRTUR & REAL , B AR T AL R GE R, RIS PR OB AR R AR AR I SZ B, i R BB AL
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Fig.2 The generation rate of O, (a), H,0, content(b), MDA content(c),

and soluble protein content(d) in Hydrocharis dubia leaves under different Ni treatments
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X KR SR B 2 40 DAY P 8 TP R TR — S R R Ni A 6T Fe SR MM M6 T 0
TEEZ— AFTE T A JE L 1 XAV F 0 400 B I W 6 S T /) o 4 i 30 R A% [ MR AR R Fe
W ERRRIETE | T BRI AR R W SR, B 2R R ST R (AL s 0 T R AR 0 Fe
(M. AR S0 P Ni AD BRI A3, KM AT Fe S 20UmIsi ol BT Ni R BRIRAR T AR 2R 50 St 3
PRI, K Mg g N Fe i B, UL AT ok M AR G R Fe T2 B2 38 1.
SR Mn S i SE T AR, (R BAZR  Tu R, 5 T 2245 2 JY Ni A FI/INAZ (S 4 SR AR ], DN T
55 Fe {4 65 . eah Mn A Bt 7 G , S BN T i 2 A 7% A — s IR B
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Fig.3 The activities of antioxidant enzymes in Hydrocharis dubia leaves under different Ni treatments

(a: POD activity; b: CAT activity; c¢: SOD activity)
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Fig.4 The vitamin E(a) and flavonoid contents(b) in Hydrocharis dubia leaves under different Ni treatments
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Fig.5 The GSH(a), NP-SH(b) and PCs(c¢) contents of Hydrocharis dubia leaves under different Ni treatments
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WHES O, %k Harber-Weis JZ 17 , 7 A2 5 HLAEERG - O, 3 shBA ik . B4R W0 % S EGE Y ik
AT PERR S AR AR AR T R R B T, X AR T 4R 7 K
Fea g A R AT A T 0 R AR M A P B R A AR SR, LR TR AR A A
I, TR I 2 A5 | DR T e P 2 L B Ni M3 e BRSBTS AR i

TR A A 2 ZR TR AL 2R 50, 7T LA I bl b6 7 A2 9 K f ROS. SOD S rb i B 15 1k 4 1 o
— AN, AN A ) O, TR H,0, TR H, O, B BB CAT Fl POD S5 fglefR. ARTSE, Ni fhif
SHOKEE N 4120 SOD 1 CAT 1 1 B FEAK, POD i 1 B 58 X 5 Ni W F/hE " RBUL B4+
SRHEARL s SOD (CAT I MEFZ i F e, I I 2 T 4 J 55 1 1T 15 2 111 B30 0 Sk B 4 4, 0o G 335 1, ok 2% 2 11 485
LA, Fe R R A ALERA L, N KBS I Frp Fe f5 i AOT WUL TT fE 2 SOD I CAT 3 14 F B 1
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