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Effects of Manganese Contamination on Activities of Antioxidant Enzyme Systems in Leaves of Schima superba
SU Yin—ping', LIU Hua', YU Fang-ming'?*, LI Yi'?, CHEN Meng-lin'?, ZHOU Zhen-ming'?, LI Ming—shun'?

(1.School of Environment and Resource, Guangxi Normal University, Guilin 541004, China; 2.Guangxi Key Laboratory of Environmental pol -
lution control theory and technique, Guilin 541004, China )

Abstract: Manganese(Mn ) is essential for plant growth, but excess Mn may impact antioxidant enzyme systems in plant. A soil culture ex—
periment was performed to explore the effects of Mn contamination on various enzymatic antioxidants and non—enzymatic antioxidants in the
leaves of Schima superba. Soil samples, collected from unmining section (WK), prospecting area (T ), restored area (H), mining (K) and
tailings(W ) in a manganese mine of Hezhou, were used as Mn—polluted soils, and an unpolluted soil from Guilin, Guangxi was used as con—
trol (CK). After 145—d of culture, leaves of S. superba were sampled and analyzed for the activities of superoxide dismutase (SOD ), peroxi—
dase (POD), catalase (CAT), and ascorbate peroxidase (APX) and the contents of ascorbic acid (AsA ), glutathione (GSH ), phytochelatins
(PCs), total acid soluble SH, malondialdehyde (MDA ), hydrogen peroxide( H,0,), and the produce rate of superoxide anion(O; * ). Concen—
trations of Mn in roots, stems, and leaves increased with soil Mn concentrations. Compared to the control, plant biomass increased in WK
and T samples, whereas decreased in the other soils, indicating stimulation of S. superba growth by Mn at low concentrations. The rate of O; -
production in the leaves was significantly higher in H than in control (P<0.05). The contents of H,0, in leaves were increased by 65.7% and
96.3% for K and W, respectively. The leaf MDA was significantly (P<0.05) higher in mineral soils than in control, showing that the leaves
were damaged by Mn pollution. The activities or contents of SOD, POD, AsA and GSH increased in order of CK<WK<T<H<K<W, in con—
sistency with soil Mn concentrations. The POD enzyme activity in leaves in W soil was 2.62 times as much as that of control. Both CAT and
APX enzymatic activities increased in WK and T, but decreased in the others, as compared with the control. The contents of GSH in leaves
in K and W were about 1.66 and 1.79 times higher than those of the control.
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HEA AN FEACHPER . Hid 50 Mn 23 ins ik
PGP 48 4 i (Reactive oxygen species, ROS) 4 i,
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B WY iRy B uiRN BELDE SN A i
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um hydropiper L.)PVEERTIESE . (HA A & S AE DT
AL R GEX Mn 5w B 22 S ALK, H SOD (CAT,
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(T P S5 R 53 (~SH . GSH [ PCs \AsA ) FEf# 8 ROS
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e ALK, 55 HoAth w5 SRR AN TR Z Ak, Sl F s

A XS Mn (TR AL RS A B
1 #RFF*E

1.1 sEIeHal
111 8R4 PE

AW CK WK T H.K & W 3t 6 4~ 4b B
(CK JJxfHR), CK 3R A ) PHAAR T AR SZ 15 YLt
M, WK T H K & W X 35 51% A TP 5 i
FART B ARTF R X X PR X TR X AR
MU, HETEE ) DX, A A0 A s ik BEATLRAE 5 4
0~20 em FA7HE, 4 MISLIS = Je , KT IR AT, KB
R BRI SEZ4Y, 1 4 mm B OBHR SIS R 1%
BEAHAE R 15 cm WYBEZL T, B4 5.0 kg, SRR
#E:N 100 mg kg™ (LA T +3f, F ), PA NHNO; X
TP F1 K 4351k 80,100 mg-kg™, LA KH,PO, &
A 2 1A IR IAE R
1.1.2 #YREFR

HER A AR 1 T 2012 4F 3 J] 28 H Il FHEM T
e B XGRS A3 1 4R
WA A L Rk R 3 ANEA,
I 18 F AR R EE R 26/20 C OEREGREE 300
pmol-m~+s™ SERAAXE R 80% i = R IR A
AP E B L B oK, BERE 1 B AR 50 mL,
IR K :0.75 mmol +L' K,S0,.0.25 mmol <L~
KH,PO,.0.1 mmol-L"'KCl.2.0 mmol-L" Ca(NO,),-4H,0,
F 2012 4F 8 J1 21 HUkwk,
1.2 LB H*E
1.2.1 FEARA Y 00 e

PR IR, B Rk e T e AR
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FBRAR R AT Mn>, $5cJ5 B 258 oK ki, %
IR TR K 53, I AR =7 I PR L o e f A
25 MO TF IR ST RIE O TR RARFR A9 56 2.3 Frif2
NGBV B A =20 COKEE PR AT HE BTG 1  —SH

1 A R AU R

Table 1 Physico—chemical properties of soils examined

gt Mn 75 /mg kg™ pH EC/x107pS-cem™  ARBHmg-kg' AR/ mg-kg' ®Bmg-g’  RA/mg-kg'  HAYSUmg g
CK 437.4425.5 77 2.1 57 2.5 1.1 17173 28.1

WK 2 615.4+35.5 7.9 1.8 39 1.8 0.8 1673.7 19.8

T 4 948.8+33.2 7.9 1.8 3.1 15 0.9 9228 18.5

H 6 134.1£35.3 8.0 18 37 1.6 0.9 11862 17.7

K 18 537.9+456.2 76 2.6 13 0.04 0.9 4148 9.0

W 28 009.5+355.7 75 1.1 0.4 0.03 0.7 109.4 0.9
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IERZETHF R S0 mL i, HEEFKmER
Z 5, R InbR e , 4R 4 i s e ah A [, 3 Ik
HE.
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e 2 BARA AR 7 3 APX O E SR Cao S5
Irikis
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Az SR I

MDA & &l 2 B b R 7 e iR ) AR Jt
FEITAE3 B 50 L0, 5 20 e 2 R AR E 0 T i 5
PRV -SH H 4 ORI S0 8 2 IR R RS 11
J5 s FEP AR GSH 1 ASA 5 1t 2 B BK S8 B S5
L0 5 I 5 5 SR FH 8 e v DN e 4 B 5 - (05 ) Y
(R chr G

1.2.5 L3 Mn & & pH EC A LB SR A K
Bl A R AN A A I

4% Mn A SR K - SR YR T A, WX -
110 JU5E s pH A EC R /K L FE 25015 A HLBR R E
B TR P B AP 5 A A R T Z8 IR KA IR, 1y —
B 1R LU 6D 5 5 A RER ] NaHC O S, i R —4H
BEPL L A EIE s A BRI I A L =
TR, 2R YLIRE ZUEIE , R IR - 4H 6
P EENE .
1.2.6 4% Z %0 ( Transfer factor, TF) i35

e 3 LT SRR iR k(g -kg™)
MR AT R E s & (mg kg ™)

PLERTA e 20 EE 3K, A B A Excel
AbEE, FFFT SPSS13.0 B BEA T2 S S VA 96 S A
KAEIIHT o

2 FERE5SH

2.1 ARTFRT Mn BRI

2% 2 AT, AR fr A 25 Bt H Min 5 R H B+
HErh Mn 2 5 938 2 1 (P<0.05) , H. TFip S
TEep KT 1o W - AEFE  ARRTAR 25 1 Mn %
H4MK%)] 2 586.8.13 088.5.9 054.1 mg-kg™, KyxtHR
1 20.1.66.5.12.2 5, WETUER] | Aol Mn & A AE
Y. 7EiX 6 AMAbH AR B 45 Mn SR 38 0, A q
ke Bk S BT AR ka3, ) T -4k
IRk 5 S bk SR B K, 43 31 46.4 eme plant™ F1 31.2
g-plant™, FEB b — @ VR BE Y Mn A3 FF AR f 94
Ko, AT = Mn ] T HA K.
22 AEAE HIEXTABH A 0:-5 HO, 4R
A EEEER RN

Hi ¢ 3 A1, 7EIX 6 NAb B B 3 Mn i
RN, ARt rp O - P2 A iR 5 BTG Tk,

R 2 RELEXALSE Mn YR H KK

Table 2 Biomass and Mn concentrations of S. superba grown in different Mn—polluted soils

e TR AERARDL Mn 7 4t /mg - kg™ e RAL
i /em - plant™ R E /g plant™ - E3 3 T TF sy
CK 40.4x1.7be 21.2+0.3¢ 743.4£51.6f 196.9+19.2d 128.6+8.1f 5.8 1.5
WK 43.5+2.0ab 28.8+0.4ab 1 561.8+70.8e 478.2+47.6d 354.5+15.2¢ 4.4 1.3
T 46.4+3.0a 31.2+0.2a 2 754.2+95.0d 879.2+60.6d 555.4+23.4d 5 1.6
H 37.0+1.9¢ 28.2+0.8b 3 376.5+83.1¢ 3 012.9+87.0c 777.8+£21.3¢ 4.3 39
K 31.8+1.8d 21.2+1.1¢ 8 075.3+203.2b 8 453.5£350.4b 1 837.6+140.4h 4.4 4.6
W 21.3x1.1e 15.5+3.5d 9 054.1+538.0a 13 088.5+1295.5a 2 586.8+158.9a 3.5 5.1

HE Bn=t bR R 22 (n=3) . [FISINA AT FIRTE ST 227835 T

Notes : Data are means=SE(n=3 ). Different lowercase letters within a column denote significant differences at P<0. 05. The same below.
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1ER H L AbBR AR, S 21.69 nmol -g™ *min™; -
H,0, 5 EFH#E# K e W LA T BR 0 51) 5 65.7%
K 96.3% . 3P EVREE ) Mn B 5 5 TARAT
H1 SOD . POD &itk, HAEF W AbBREHA 2 i K AE,
SRR IR 1.22.2.62 £ S5XTE CK I, WK & T
+ b PR 2 (P<0.05) 425 T ARfar i e CAT 44, K.
H & W +Ab 3 2 (P<0.05)R#(IK T CAT Jf4: ; WK 2
T LA AA R APX 354 TG i 5%, {3 K H
Fe W A AP 2 (P<0.05)3IiHil T APX 1k,
2.3 AEIAIE XA FAEEER Y R R MDA &
=1:0pAl

HH % 4 AT 723X 6 ASAb B Bl 145 Mn %
TR, ARAT R AsA SRR F IR,
K. H & W +AbFERT AsA ()75 2 (P<0.05) & T
R A3 5 X B 55 T 33.7% .39.0% J% 38.9% ., Afif
M- GSH it i AR b a3 5 AsA 5 i 1y 28 Ak 34
FEARL, Bkt 3 Mn Y BE R g . L3
BT Mn W 542 1 b -SH i (P<0.05),
{HFEAR T PCs . MDA & 1A BRI A RS
i AR B e A, TR AR R Mn AR S T
MDA % (P<0.05), WK . T H K & W + A&b Bt B
H MDA £ 5K X B N T 59.57% .68.41% |
79.43% 73.65%J% 42.01% , 328 Mn {558 | T A fif
S R R 2 A B 2o A1

2.4 MENBERENFBIEIREXES

M 5 ATLIE H, ARufitd Mo a5 3
Mn 50 35 A 56 (P<0.01) , A R %k 0.981, A
Wi BB A LB SOD .POD 15 7 &% H,0,.AsA .GSH
B Mn SR 3R Mn A B K B
% (P<0.01),1fii CAT & APX 5 F- o Mn 4 % +
HErp Mn 7 AR 2 U E(P<0.01) o ARfait B rp
AsA 5 GSH Er A5 R ECH0.903, 1k F ) /K-
(P<0.01), 1fii PCs 5 GSH W% R ¥ h-0.769, — %
W 2 AR (P<0.01 ),

3 itig

AWREERFKH], AqT AR & A —FF,
XA BRI A SN A2 RE T o SRITRRID SR, A
M 259 Mn &0 515k 9054.1.13 088.5 mg kg™, 23T
Baker 5548 tH 1) Mn & MY SFE, Hrf
SEFR TF e B TR R T 1, RBIARRT X 50 A 505
1) & AL RE T o R RIX -0 X W X e 8%
B A oy HRR = BH I o B TR X R D AR P
DR T ARy AR 3K R B A Mn A3 F1 T K fap
(A T v ) Min DU ) AR 4 kAt 4
& E Y —F, RS 4R el g A JE W AR
FHPI R,

FEIEH AR ST AR N S o i

xR 3 AELEXAFMFH 0:-5 H0, WER K ELEEERE

Table 3 Generation of O; *and H,0, and antioxidant enzyme activities in the leaves of S. superba

AbEE Oi+/nmol-gemin”  HO/pmol-kg?  SODEME/U-g'  POD iE#E/U-g ' min”  CAT i&VE/U-g " min”  APX i&#E/U- g~ min™
CK 17.07+0.72bc 5.42+0.23¢ 316.94£15.26¢ 193.88+6.43d 99.62+3.25¢ 5.78+0.22a
WK 17.73+1.25bc 6.00+0.21¢ 356.57+5.88b 199.33+14.69d 122.47+4.72b 5.87+0.12a

T 18.62+0.85b 5.98+0.45¢ 358.46+2.35b 241.45+8.48¢ 135.80+6.3a 6.09+0.19a
H 21.69+1.16a 5.96+0.09¢ 378.88+8.08b 441.05+20.21b 91.41x1.56d 4.71+0.10b
K 16.08+0.83¢ 8.98+0.69h 375.05+11.92ab 442.33+29.04b 80.48+1.96f 3.64+0.06¢
W 16.44+1.74be 10.64+0.32a 387.08+13.65a 508.23x14.01a 80.10+1.64f 2.97+0.38d
x4 FRLEIAEMHF AsA GSH PCs . —SH & MDA &2/
Table 4 Concentrations of AsA,GSH,PCs,-SH, and MDA in the leaves of S. superba
P AsA/pg- g GSH/pmol - g PCs/pmol - g —SH/pmol g MDA/pmol -kg!
CK 71.16£1.95¢ 0.92+0.03¢ 1.52+0.20a 2.45+0.18b 42.94+6.20¢
WK 75.09+6.42¢ 1.37+0.08¢ 1.61+£0.31a 3.03+0.26a 68.51+8.03ab
T 83.89+2.42h 1.42+0.10¢ 1.70£0.12a 3.07+0.15a 72.31£1.04a
H 95.15+£2.96a 2.12+0.03b 1.13+0.31b 3.25+0.29a 77.04+4.11a
K 98.92+3.80a 2.45+0.06a 0.42+0.14¢ 2.87+0.12a 74.56£1.85a
W 98.87+1.44a 2.57+0.28a 0.50+0.10¢ 3.06+0.19a 60.97+0.65b
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Table 5 Correlation coefficients between enzyme system indexes
Mn(+3#%) Mn(nf) 0;- H,0, SOD CAT APX AsA GSH PCs -SH
Mn(H)  0.981%* — — — — — — _ _ _ —
0;- -0.19 -0.196 — — — — — — — — —

0.884#* -0.346 — —
SOD 0.901%*  0.872%* 0.116 0.742%* —
POD 0.922%%  0.920%* -0.159  0.736%*  0.789**
CAT -0.717*%*  -0.721** 0.42
APX -0.806** -0.789**  0.394
AsA 0.924%*  (.882%* -0.14
GSH 0.930%*%  0.926%* -0.167
PCs -0.746** -0.744**  0.391
-SH 0.282 0.304 0.416 0.395 0.331
MDA 0.267 0.261 -0.31 0.197 0.381

H,0, 0.876%*

0.798+*
0.841%*

0.874%*
0.891%*

-0.657** -0.628** -0.699%* — — — — — —
-0.756** -0.742*%*% -0.763**  0.917** — — — — —
0.866%*  —0.692%* —0.775%* — — — —
0.847%%  -0.742%*% —0.829%*  0.903** — — —
-0.604**  -0.686** -0.705*%*  0.806%**

0.769%*  -0.705%* -0.769** — —
0.067 -0.075 0.317 0.296 0.261 —
-0.053 0.007 0.292 0.276 -0.086 0.465

R TR P<0.01 KF FAY R EME(r=18). Double asterisks denote statistical significance at P<0.01 levels,n=18.

ARG BRAL TR AS A E R & B T, XA
BT REREF T . ASWFFE LS SR R B, AR far it oo 0z - 119
PR RS BT R TR, 1 HO, (& R R
ERALPRYR BRI R, AR HO, SRS
5 Mn 5 B A SC R ECH 0.884, SAM T 35 AH
(P<0.01), RBHERTS YA THE T Afr i M E B AR
i, WIS, Afri e — R G0 BT A AL LA K B A AL
ARG YT (U GSH AsA 45 ) RIEBR IR i 05 -
H,0, Z53H MW Bt . SOD A A Py 1 R 16 1 8
RS —E R, ©5 05« & AR AR RN AR i, H,0,
O, AR L5 R FI, Bl 13 Mn & BRI,
AAaf i o SOD 3 4 5 3% v 5% R (P<0.05 ), T X
HFIF SOD Xf 0; - TR o Afafitr 05« F= Az s R AE
H AP A IR, Bl WA, K & W b B
KSR EZES; i H0, 7EWK T H +-4b
WS REIC B 255, MK 5 W 4B 4R
T HAA R (P<0.05), X A BB SOD fiifk 07 - ZARIE;
PRI A Y HL0, T O, T3 HO0, B 6. X 57
As WHT, KU R @ AP SOD & PARfb— 2=, i
FH Hy0, B IS ICKE 5 POD (CAT K APX it}
HIERR, e DR EBREYIIAN HO, () 3 FpE 2
fitf . FEARWEFE WA far 5 POD 35 MR 2 1 58 v
Mn V& JE (3N m, R CAT K APX 35 144
AAFEFEEERS I, SR 2 A 4 )8 Wria T A ik
P POD ,CAT K APX JEPEAS (L AHAIZ2,
AWFFERM, PR N R HO, WA K i
B B TR BRI 48 S P A R i A Y
FHMIEC-OH)™, I HIYIBRE R POD (CAT J

APX JEHEAN 38 AT LU S BRI R 5 45 I H K4 Ak
1) AsA—GSH ¥ £ 4 (Halliwell-Asada 1842 ) e 1 45
H,0,2, A5 R ARSI AsA & 28 fb et
GSH & AR f R AR L, bt + 8 Mn 55 5 i3
BB, HARS AP AsA B2 GSH & & 50 A
Mn ;A 2 E0 3k 0.882 & 0.926, AsA i &
GSH &A1 56 280k 0.903, 1315 R B i 2% 7K (P<
0.01). XA REEREHRIT YA 3l T AT AsA-GSH 1§
RS, 75, WFRIEA A 5 Y ARG % 4845
MDAPI) & G R AT AR i o MDA 55 5
S5e B TR RUE SR B AR IA T ARa
(BB NG 1ot B A A5 2T R i , TTIE B AT i e
) AsA-GSH T 31 REGAETH B HL0, fif w72 i 8
SR, GSH &AW PCs WYY, fE AR R 30 T
AsA-GSH MR R G005, fif34 A PCs BYJIEHIGSH #
REFE, T3 PCs Pl L3 h Mn ¥ B2 135 n
MR (SR 4) 0800 T RS b PCs M5 A LAk,
GSH i v] B BRI M4 B Pl 38 ZEAR IR 5 vh, AR
AR Aap it Fr A GSH Bl 5 38 Min e & (%) 385 i 384
{0 PCs F AR 38 Mn ¥R EE B INT AR
Ah, Afaifrp Mn 55 3 p Mn 52 B0 R
X:(P<0.01), HH %k 0.981, H A Hrf Mn 5
i SPUA LIS M H0,, AsA (GSH & PCs % & 7R
e 2 AHOE (P<0.01) , 2B 38 Min 5 8 X6 A g
R PUAEAL RG] i N — AR R 52

4 ZEig

(D) PEBUH TSGR AR TT R X R X PRI
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X R IX R R AL AR HSR
A RUBEHCRREAR 5 Mn & 52 AR n, b B ab
Mn & & H 28 009 mg- kg™, KffERBRb A BE IR 145 d
ZJa i 22 Mn & 405135 9 054.1,13 088.5 mg
kg™, HASALBEAT TRy M2 TFo e R T 1, RBIAST RS
A BORE R R SRR R g IR B R B
B4 o TS

(2)7E Mn {59, R frep 05 - UK H0, 55
TEPEE Y BT(ROS) MR AU B s T, 512 105 -
Fo H,0, AN [R] R BE ) 2R AR, Hy0, 35 i 18 70 B, HE
HR A IX AL PR AR 7 O - 17 AR SR 0 K,
21.7 nmol - g™ *min™", g & & F X B (P<0.05), H. MDA
TR EEETXE(P<0.05), KAAMZE] T —EM
[JSERS

(3)Mn 75 4% 5182 T K fif bt 4k i (SOD . POD
CAT K¢ APX) i1 LA K AR RGP 5T (AsA (GSH 4§ )%
HAECE . SOD (POD %4 L) Ko AsA (GSH & =t Fii & +
3 Min R B2 RSB ITAT RS i AR SR DX S A R bk
FIAATH CAT. APX 15 (P<0.05) B &Ik T X IR, &
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