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Variations of Three Antioxidant Enzymes of Salix matsudana Seedlings under Lead Stress
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Abstract:In order to understand the tolerance of Salix matsudana to lead stress, seedlings bred from the
same S. matsudana tree were cultured in potted soils with different lead contents (0,500,800,1000,1 200,
1 500,1 800 mg/kg and 2 000 mg/kg) to study the physiological variations of the enzyme activities in the
leaves,including SOD, POD, and CAT. The results showed that S. matsudana could respond to the lead
stress in a short time. The activities of three enzymes increased first and then decreased with the increase of
the lead content in soils. The best tolerance ability appeared when the soil lead content was 800 mg/kg.,
manifested by the maximum values of SOD,POD and CAT activities:1 516. 3 u/g,6 158.93 u/g * min and
90. 66 u/g * min, respectively. The tolerance limitation was 1 800 mg/kg,and when the soil lead content
was 2 000 mg/kg, it surpassed the capacity of the self-tolerance of S. matsudana. These results indicated
that S. matsudana had strong tolerance to lead and high potential for remediation of lead contamination.
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L AE AL W 57 AR (SOD) 35 1 16 0 1 2R FH S Ak il
FERUHE U s (NBT) S Ak 3 J5 3 il it ok B i
1.6 mL i 0. 05 mol/L () ##R 2% s (pH 7. 8) 7
A3 R J 5 4°C B0 i B 3 ) BRI L R R
il 4 B A B R AR R Dy 162 mL By 14, 5
mmol/L H#i & #2.0. 6 mL iy 30 pmol/L EDTA-
Na2.6 mL 4§ 60 pmol/L # ¥ Z M 6 mL 1y 2. 25
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(ANOD, ;o XV /(WX VsX0.01Xt), &, AOD,y,
R I ][] PN 8 W 6B AR Ak L Ve 3R 7 R i 4 IR
AL 6 mL) W Sh RS EE . Vs 2R I 7 B FH
FHBEAARFR ¢ 3R7R OB I I]

i A U CCAT) & 4 1 I 2 R i A e |
Oy D B B 0. 15 mol/L B BE R 2% vh ik
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S5 R W] 7E<T800 mg/kg 1y Pb*" i T, F
M A K A2 B SE M /N, 24 P ik EE IR ) 1200
mg/kg i, BAR H A KON 25 32 2] W A il B R
Hit g kRN ENNERERKATC AT
Pb (5400 5 24 Pb® " ¥ BE R 1 800~2 000 mg/kg I,
S R K A L TR AR I
2.2 PbipETEMMFF SOD KEHETK

B LR T S0 TE 2 A [R) A 58 i e 3 Ak 3R S
it R SOD B G PR A2 1k, 45 R KU A Pb i
0 Ve B 3 i AN A 3R R A SE S L it e SOD g T
PR ET—TFRE— LIS, B O d,
S $E4T Pb i a0 A HE, £ kb FEZH [H] SOD {6 1

TREEZSGR D, ELAMEM 1.7.25 d KW,
Pb*" + 389k ¥ 500,800,1 000,1 200,1 500 mg/kg
T/ SOD & P& 2 28 E A — N RE— B %E LT,
UL 7E 3% L6 8% Ph ¥ B2 T S04 Ph B3 A5 H o 5
L d R RE.7 d 5 BEHIE A R Pb
G st TR . 800 mg/kg [y Ph> ¥k B T ot
i SOD {Ef K725 1 RS 7 K 5FR 1 000 mg/
kg Pb™" i A HAb 45 4 22 57 1 3 (P<<0. 05) 56
25 K5 HAh 25 21 #8 22 5 & &, X Ui B 800 mg/kg
Pb*" e B 0 30 S0 A S A A T A2 LA S A i e
NG S AN s Ph* i 1 800.2 000 mg/kg T
() SOD JGPE S IR (0 ) 2 F AR B & A5
B0 REAR 3, X R L HE P 8 57 i Wk 52
i 1 800 mg/kg B 5 M AE #k © 52 451, A= fiw Wi [ 16 3
KRV » B TCIEXT P o384 H i

&1 AEMEREE P EETMAH SOD FEHH
Table 1  Table of SOD activity analysis with lead content at different time durationss
R 2 lji’:g’ﬁ'%ff 0d 1d 74 25 d

SOD/(u-g 1) 0 378.34+3.00d 369.4247.67d 369.09+15. 5d 346.70+10. 5d
500 340.75+6. 28d 708.3243.61c 413.59+5,95d 656.17+3.87b
800 356. 0412, 89d 1516. 3410. 8a 952.2743.19b 1221.6=+8.17a
1 000 297.40+2. 16d 1384.642.43a 816.55+3.52b 974.78+4.32b
1 200 302.06+1.50d 1093.645.37b 702.76+3.78¢c 867.10+5. 44b
1500 423.00=£5. 82d 817.13+£3.76¢ 604. 8746.37c 703.80+3.48b
1 800 338.43+6.68d 352.3043. 66d 332.77+11.0d 414.57+7.32d
2 000 314.0740. 42d 303.8942.11d 311.47+3.00d 284.28+5,05d

B PR AN /NG TR R 25 57 0 3 (P<T0. 05) MR F R B F FRRZF AR E(P>0.05), F£ 2.5 3 [,

—a— 0 mg/kg ——500mg/kg —e—800 mg/kg
—o—1000mg/kg —a—1200mg/kg ——1500mg/kg
—o—1800mg/kg —0—2 000 mg/kg

1600 r
1400
1200 |
1000 |
800
600
400 |
200 |

0

SODEME/(u =g ™)

0 1 7 25

9 JEL R[]/ d
B 1 FE4HEHERES S 3205 SOD & 1§ %

Fig. 1 Effects of different lead stress time and contents on SOD

activity in Saliz matsudana leaves
2.3 PbEMETENMH & POD MEHETK
Kl 2 R T S AE 2 AN TR Ph? 4 g8 e vk
ARSI R POD B & PE R A8 k. 25 SR RUIBE &
135 Pb 38 He B2 09 34 i A Ak 38 E] Y 2E 4, POD

R EF-TREMBA, EAMPE 0 X, 54t
BR8] POD Jif 4 JC i M 25 5 (P=>0. 05) (3§ 2).,
TEANFE S 1,7,25 d N, PH2 ¥ 500,800,1 000,
1 200.1 500 mg/kg ) POD 3§ 1 #f & Jc &/l I
FH-FRZZ 18 T B, DLW AR X 28 P Wil vk B R S0 %
Pb 0 5 78 Ve A L 78 1 d PN e g g 2
TdEAmIE S TR E. 500 mg/kg MHKET
PODfE&H K. TES 1 RV3B 7 K5 25 K5 HAb &
2 22 5 3 (P<<0. 05) . X B 500 mg/kg Pb™" il
0V BT SN A S AR R T A2 BIL R 2 e 1 3 B
F1; P W E 1 800.2 000 mg/kg F i POD
PR 2K T X B2, X R B Pb a8 BT i ik A
=1 800 mg/kg I T Bk £ 52 B, A= A i 1 3 30
KRV 55 » O TC 4 B 3E 4R w3 . Pb ke S 3
BHint i POD & M8 . 78 Pb*" 500 mg/kg Jii it
WEE R . POD i M fe s 24 13 Pb® T & vk B
=1 800 mg/kg B}, WL T H & 132 72 5, 8
POD {if A T XoF B 4 5 L o Py 363 1sF i) B < o
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Table 2 POD activity variations along with lead content and stress time
i % I;‘(;fi@? 0d 1d 74d 25 d

POD/(u-g 1) 0 1436.8040.57d 1369.004+123. 7d 1461. 90+36. 12d 1604. 404-88. 81d
500 1818.00416. 37d 6158.93+97.10a 4597. 46 +265. 6b 3681.53+84. 26¢
800 1135.00410. 78d 5535.20£106. 4b 3253.60+54, 46¢ 2386.80+231. 9¢
1000 1174.3343. 28d 4458.40+£246.7b 2417.20+£147. 4¢ 2136.56+114. 1d
1200 1381.33467.02d 3131.80=£5. 03¢ 2463.43+177.7¢ 1555. 934172, 4d
1500 1449. 66 +-148. 6d 2414.40+£56.59¢ 1160. 00481. 38d 1189. 00428. 79d
1 800 1113. 66456. 85d 885.00+25. le 870.93+55.08e 348.73+16. 89f
2 000 626.33447.23d 819. 46+ 38. 79e 934. 23422, 7de 464.00+17. 43f

—a— 0mg/kg ——500mg/kg —e—800mg/kg Pb bl 3 ¥ S5 9 35 T Ak B (8] fe) SE R CAT 36 1

—o—1000mg/kg —a—1200mg/kg ——13500mg/kg
——1800mg/kg —0—2 000 mg/kg
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Fig. 2 Effects of different lead stress time and contents on

POD activity in S. matsudana leaves

2.4 PbREMETEMIMFS CAT HiEETL
B 3 R T BHITEL AR Pb™" 4 358 vk B il ad
Ak 3R M B R CATEE TG T 19 28 4k, 45 31 £ W [ &

B TR ES, RSB ME 0 X, 4
PR ] CAT G P JC o k22 5 (P=>>0. 05) (3% 3),
FEARFRFSAY 1.7.25 d 9. P i i o vk 500,
800.1 000.1 200.1 500 mg/kg T CAT I H:# 2
SR BT SRR B RS2 T R U ] A X L i
SER7 353 Ny 1 DO SN i SIER (S VI DA e e W v
SREN. 7 dJE BN E B ACIE N P kA L AR A S 3
FAE . 800 mg/kg iy Pb*" Jilpia i W CAT {A
BRLESR 1R TRE 2 REHMAEAERD
F (P<C0.05), X #i W] 800 mg/kg Pb*" i ¥ £ 1)
AW f AR A i A2 LA A= i R 3 Bl R s P
R 1.800,2 000 mg/kg T 1y CAT 1 MEAKIA 3%
TR ZE 5 SOD,POD A —#, 358 Pb il $: 3
CAT JEPERE . 72 Pb? " 800 mg/kg & N IiF P& i »
FEATA I B W) P s Whaa kB 2 000 mg/kg B
ARV A KT X B

®3 FTREEEE P SEETLH CAT FHESH

Table 3 Variations of CAT activity with lead content and time
Bl i 2 I;E;fi@% 0d 1d 7d 25d

CAT/(u-g b 0 15.26+0. 32d 13.46+0.13d 15.33+1. 20d 25.53=+4.00d

500 21.26+0. 66d 90. 66+1. 45b 33.26+1.22¢ 41.534+3.29b

800 31.6340. 46d 138. 06+6. 66a 73.60+2. 34b 54.23+5.52¢

1 000 18.36+0.37d 124. 86+6. 13a 65.00+0. 34b 51.93+0. 63c

1 200 18.1340. 20d 110.434+6.32b 64.13+2.55b 48.1349. 29¢

1 500 21.50+0. 34d 91.33+2.40b 53.26=+2. 16¢ 33.06=+1.73c

1 800 31.80+0.51d 52.17+1.47c 48.0040. 92¢ 25.16+2. 31d

2 000 25.70+0. 62d 33.00+2. 94c 21.60+2.01d 17.33+1.41d
N 3 460 3 2 P T L S {3 A
T A 50 25 vl B 5 I 4 1) - 52 B2 T
Pl 361 B 05 B W00 R 40 1 1F 26 2 K AR IO WO, AT R R 1 TSI Pb 8 F B

PR WS A A B (ROS) A1 Y 98 5% i 3,
20 P A e AR B N EL A T BR AR A R SR R A
TP KRR R B0 SOD,POD,CAT

AL M T 55, 4k SOD. POD il CAT £ 3% B — 3
g1 B R FE , DA 300 6 5SS A 4 Ak 1) A B R, — B AR
BE F/b T P a xR A
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A 5T ST 7S [A] 0 PLE i aE vk
AEFER LFE R A B i R SODLPOD #it CAT I 1
O & & P B E N B R B R S0 B BOR
TRy TR, XS5 R 5 M E ik
PRV 2 6 i 38 235 5 B0 SOD,POD #1 CAT {§
P B T e B e e 6 U] 2 40 i 4 4 Ak I O T Y
SE5IC AR s 72 Pb* i B B VR B 800 mg/ kg B il 17
B B K iR Ve B2 (1 800 mg/ k) I ™ E IR A K.

—a— Omg/kg ——500mg/kg ——800mg/kg
——1000mg/kg ——1200mg/kg ——1500mg/kg
—o—1800mg/kg —0—2 000 mg/kg
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Fig. 3 Effects of different lead stress time and contents

CATIEM/(u+g ' *min ")

on CAT activity

B F g 3 Fp R4 SOD, POD Fil CAT
T 47 B EF V) 252 20 T i i A AT A 3 L g 2R S Y
WF5E & B b i I P 6 A2 5 k38 ) . i b Bk 3 A
4 SODL.POD I CAT Fffiff i) 3% 14 7] B 2 52 5
THE R REAR A R 3, 3k 5 A7t R0 e A5 ) 45 R
JE—BY 5 R A WX T 4 Pb i A7 1 5 554K Ik
Shy SR > B > A M > 5 795> 172, A
R AR 2N SOD.POD,CAT iy iF
P RAEAE] T 1 516.3 u/g.6 158.93 u/g » min,
90. 66 u/g + min, # %k 25 3 R M SOD, POD,
CAT By IE PE & K /& 1 456. 5 u/g.5 215 u/g »
min.87. 35 u/g » min, 5Z M L. 45 8K —5. i
MG ARG v 3 TG 114 495 SR A0 52 Bk ) S0 2 K
L A5 2 A0 AE 5 PT B a8 T & R B Dl 500 ~
800 mg/kg Bf Pb i 52 M I 5 , A= 1 52 31| (9 5 ) 4
N o 800 mg/kg i Bl I {H 5 K 3X 5 I A5 3 SC
il 600 mg/kg WEAT A [E ., VbR 25 B AEIE & B
Pb 138 J5 7 i A8 0 i R v 6 n] i e S T R
H &I E .

4 ik

AL W 1B AL i (SOD) By 1 PE7E -3 Pb*' i
AN 800 mg/kg B IK B fz KfH. 1 800 mg/kg
He B 5 X R4 — 3, 2 000 mg/kg Pb* e AKX T XF

M2, 148 ALY (POD) B9 1% 7 78 Pb? " i & ik BiF
7 500 mg/kg ik # f KAH . #F 1 800 mg/kg F1 2 000
mg/kg Pb* VR AL T X R AL, 3 F Ak & il (CAT)
(35 PE7E Pb*T & B2 800 mg/kg ik B i KAH
Pb*" e ¥ Bl 2 000 mg/kg BT i T % B4, A
TR0 TR (R VA Y ARG TR B R R U
TE 500~800 mg/kg + & Pb*" i v B if L Kl bk A=
KR Z W52, H 3 bt A4k il A A X w00 1
P B Z MR R R SR Pb g 1 Bk i KA W E
HOR B Ph ¥E R R 7E 1 800~2 000 mg/kg +
HE Pb* T W30 v BE B Ik B O K 22 AR L (B
HIE .
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