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Effects of Single Mn/Zn and Mn-Zn Combined Pollution on Nitrogen Metabolism in Polygonum pubescens
Blume
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Abstract : Hydroponic culture with orthogonal design method was conducted to investigate the effects of Mn and Zn on the growth, metal ac—
cumulation and nitrogen metabolism in hyperaccumulating plants Polygonum pubescens Blume. The enzymatic activities of nitrogen
metabolism were determined including nitrate reducatse(NR ), glutamine synthelase(GS ), glutamate synthase(GOGAT ), glutamate dehydro—
genase( GDH ) as well as the nitrate nitrogen, ammonium nitrogen and free and soluble pralines. The results showed that under single treat—
ment of Zn, the plant height, dry weight, root length and chlorophyll content decreased as Zn concentrations increased. At 100 mg-L™" Zn
treatment, the plant height, dry weight were 78% and 56% of those under control, respectively. The growth of P. pubescens were not affected
significantly when treated by Mn alone; Under combined pollution of Mn and Zn, the plant height, dry weight, root length and chlorophyll
content decreased as Zn concentrations increased. Both single Zn and Mn treatment have varied impact on the contents of nitrate nitrogen,

ammonium nitrogen, free prolines and soluble protein as well as enzymatic activities of GOGAT, GS, NR and GDH. Overall, Mn, and Zn com—
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bined treatment lowered the contents of nitrate nitrogen in roots(2.60%~70.13% ) and leaves(12.67%~64.79% ). But increased the contents

of ammonium nitrogen, free proline and soluble protein. For the same Zn level, increased Mn addition raised the contents of free proline, and

soluble protein, as well as GOGAT, GS, NR, and GDH enzymatic activities in varying degrees, indicating that Mn may effectively relieve Zn

stress.

Keywords: Polygonum pubescens Blume; combined pollution of Mn and Zn; nitrogen metabolism

I R S Y N Y AT B AR T
BE SR AR Z M E S B G150,
Bt T A& R, 138 Mn DL Zn (554 EE ™ E, B
LMz FE T, H AR R IR gl
Mn HIL, B R TR R %, B R &
1Y AN T E AR R Y, AT R On R A
TEAHEAE IR SO A2 53000 Y 25 70, {2 Cd-Pb
KA X B % (Althaea rosea Cav.)  KUILIAE
(Impatiens Balsamina L..) . 4> 3555 ( Calendula officinalis
L.)3 FiAEF -1 5%, & B Cd-Pb AHEAE F&0Y 5
W R Z MW EA G . A BRI AR A S A
KO Gy AN Ph—Zn A REBE AT 5 /NS 75 R ( Carex
gentilis Franch. ) MRFP A B SOD LA Az POD &M,
Ba a5 ( Houttuynia cordata) 28 2% & 1 , X SOD
1 POD HEPEHAT M/ M £E Cd—Zn BEAEHT,
Cd /) % Jm 42 & 7 B /M I7  (Arabis paniculata
Franch.) Zf il B Zn (4 FL ), AR 2E T Zn ] 40 ifLRE
RS DRI, T4 IR B TS YL XAE A 8 52 Ay
SO AR AN PR E Z R E R, 2
(Polygonum pubescens BL) ZEERHY Mn i F M
Y, HETRATSE 3248 A 0 Mn 5 s AR R AR
Mn FERE A ) 43 A1 K Mn X5t S8 AL HLER R
AR IR b 1 4 A5 TS e AR PR
FRISZ IR A ILARE AR K EHER VT T Mn Zn
B DA RS A e B A K R R A5,
ETE A S Y BB Mo-Zn K575
ISR R AR

1 #RFTTE

1.1 HEEEF

Hti Mn B & R B ECR AT A M
BAT X K PR AR R R B2 i B RK e TS
X H 1/2Hoagland & 35 K #E17 715 3% , Hoagland & 33
WA %R 2.0 mmol < L™ Ca(NOs),+4H,0,0.10 mmol - L™
KH,P0,,0.50 mmol L.~ MgSO, -7H,0,0.10 mmol -L™
KC1,0.70 mmol L~ K,S0,4,0.10 wmol - L~" H;BO3,0.50
pmol - L™ MnSO,-H,0,0.50 pmol - L™ ZnSO,-7H,0,0.20

pmol - L™ CuS0,+5H,0,0.01 wmol -L™ (NH,)s Mo;,04,
0.10 mmol L' Fe-EDTA

i AR SR B 5 em KA
REAHEATE 2 IKTIRE 3R, REREAR I F R HEJE AR 2R
J& , EHUAE K — B R AR, B8 24T 1/2 Hoagland
TR IR (34 emx22 em x1 Lem)H, 2R )5 Mn 4k
PR BRAE 3 BR RE SRR 4 Lo SRAIESCTA RS
3 ANRIRIR RS Mn 1 Zn, 3 9 ASAEBRMR B (£ 1),
Mn P4 MnSO,+H,0,Zn ) ZnS0,-H,0 BIEIMAZ)] 1/2
Hoagland & F2 WP, AN PR 3 AL B3 d H
e 1 REFW, A 0.1 mol- L HCI 5%, NaOH 75
pH 2 5.7 ity $FRE IR 20~26 °C, 25 AN
JER 60%~70%, YGHR 14 h, YEHEGEFE 300 wmol -m?+s™,
BEIRMOREF 24 h 35208 S, 4038 15 d 50K

=1 FEAFENAEREIZE (mg L)

Table 1 Treated concentrations of Mn and Zn(mg-L™)

Ab3H Omg-L"'Mn 10 mg-L' Mn 100 mg-L" Mn
0 mg-L" Zn T T4 T7
10 mg-L* Zn T2 TS5 T8
100 mg+1™" Zn T3 T6 T9

1.2 RWHIE
1.2.1 AYaEE

PEAEARAE O A SRR P T, SRR REA
20 mmol - L' EDTA-Na, {5 P AZ 4 20 min, DL AR
FRAR I M Zn>55 | 25 87K P, oK 4%
W T2 117K 43, B A R0 5ol 0 2 ok v R A
EEE  ORERRRE S A Ay, Herh— e A 1 %
i, =80 CUKFRORAF 285 HI; 3 — O il = LA
N, 7E 105 CF AT 30 min, SRS 75 70 CTFHE 48 h &
fHEE, FAEMRRYLER, 60 H e kM iH T
Mn Zn & I05E .
1.2.2 il A0S 6 P

B PR I i Tl A 2 I i G J il | 4 2 It = B 1
PRI TG A 2 BESCHRI1 91 T i o A IRIE 5t LA
1 h IR KNO; A i NOs B v B e s g vl o, 45
AT A BTG DL 1 h TE AR 1 pumol y—43 24 Bt
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FElG R BB AR 1 ASBEE VAL, A5 2R B T
PELL NADH pmol - min™+ g™ FEFRFE/R . &R A1
(IHR IR I 5 23 B8 Sanchez 25 (4 )7 520, DL 434
IR0 1 mol NADH Bt iR E SO 1 /B
PERAL, LA RS IBGRI E S 7E 0~4 CHAF T 58

J, BRI 3 RS
1.2.3 B R RHAS R e 1 RN s s i 2 iR
wE

AR 1T B i 2 I Bradford (14570022,
Ao FH A4 L3952 1 T e v T 2 5 B A S A A R T
IR & 5 I E 2 B A 2 S R,
1.2.4 Mn . Zn &5 E

FREL 0.50 g Mt~ H SRR AR B2 A T 100 mL
=S, A HNOs-HCIO, (PR ALy 4:1) , 1K
AR N EE T ACER R R WL
T CH AL 180-80 %) I A ARMIAE il Y Mn Zn 5
Ho
1.2.5 5%% Z 80 (Transfer factor, TF ) it 3154«

e 2 5(TF)=

b b0 BT A R 5 i (mg kg™
HRR A 2R 4w 1 % i (mg kg ™)

VIR IETER 3, Frisddis i sPss 17.0
BAFALPE, NFH Duncan Hid i 22056 7 25 55 51k

K56
2 H#R

21 Mn/Zn B—REAMENEESTERKNMHRE
EEMNM

FH % 2 A%, B Zn KR PE(TL T2 T3)H}, 5 B2
(R = IR BB Zn A PRV B2 1) T o8 T FAAEG T3 4k
PRJG , MR = AR FE 43 3 0 X BRI 78% N 56% , 25 57 1

% (P<0.05); B4 Mn A FR(TI1.T4.T7) I}, % 48 Bk
1 MREE SR KA B 3 (P>0.05) ;76 Mn \Zn Z A
AEFR(TS T6 . T8 TN, TS AbFE X145 B3 bk w5 Ak
FARKFZ A W2 (P>0.05), 1 T6 Ab3 2 (P<
0.05 )3l T4 B AARK , AXF BRI 72% .

4@ BRI SR AR R S . 2 2 0T
1L B Zn QRFRET, T3 AbFRASH IR T1 8 3 (P<0.05) F5
T EBEMN F AL a HEER b 45 a+b
Bt fE Mn Zn 524 AbHRES , T6 Ab B X} B 2
G a MR b TSR a+b FHE PR T R
Xt B T1 G IR 3 (P>0.05) A8 4k ; 1 T9 4b B i 3 (P<
0.05) 4w T4 B2 Frh b4t a MR b4
R ath NS RS, W T3 J T9 A PERT 4
B Rt a MEEE b R atb KA

NI BIEEE T 51.4% .52.3% .51.9% .61.5%.,
R Zn X5 B MR E A A — & I HI1E
FH T E WY Mn 7] LAZEf# Zn 0753
22 Mn.Zn B—REARIEIFEESEM Mn Zn &
=M

Hi 22 3 AT, 8 Zn AT (T1.T2 . T3) B, 45 B35
M 25 e Mn &R0 B EPE2E 5 (P>0.05) ; 5 Mn
ARFR(TT T4 T7)BF MR (25 it Mn & B % Mn 4b
PRV B A T R T R, HL S X IR 25 5 i 3 (P<0.05)
1E Mn Zn &4 403, T6 K T9 kb BRI EREAK A &
ZHL i Mn i T9 ZRFRA AR K2 Mn 3 EAKIR
AL 45.6% 35.1%, F¢B T6 J2 T3 ) Mn . Zn & &4t
PRANE] TR BN Mn (I, T Mn Zn A A0 HE
I 3 (P<0.05) # B EAR ZE M Zn &8, TS
AR AR ZE R 5 T 1.44 1.28 118 fi5, K
Mn . Zn &5 ACFAEHE T BZIX) Zn (WU, Mn . Zn
M REAE T2~T9 AbFERF LT T1 b3, 7EAR[H

R 2 Mn Zn REMEEEE R ERSENHIE
Table 2 Effects of Mn and Zn treatment on the growth and chlorophyll of P. pubescens Bl.

ARFL BRES/em PR/ Ri/em  MERER a/mg-g! M4 bimgeg' 4K atbmg-g” KWIE PR/mg-g! LR oI5 D
Tl 14.9+1.8a 6.0x1.7b  29.8+8.4ab 1.34+0.23a 0.63+0.10a 1.97+0.33ab 0.17+0.03abc 2.14+0.05¢
T2 12.1+2.5b¢  6.0+2.4b  29.6+5.1ab 1.10+0.18a 0.48+0.08abc 1.58+0.28ab 0.15+0.01bc 2.27+0.04bc
T3 11.5+1.8¢ 34x1.1d  25.2+5.6bc 0.70+0.08b 0.31+0.04¢ 1.01£0.03¢ 0.13+0.02¢ 2.26+0.06bc
T4 14.2+1.8ab 8.7#2.9a  29.2+4.1ab 1.25+0.26a 0.48+0.10abc 1.73+0.37ab 0.16+0.03abe 2.58+0.06a
TS  12.8+l.4abc  52£19bc  29.7+6.7ab 1.17+0.23a 0.51+0.11ab 1.68+0.34ab 0.17+0.03abe 2.29+0.03be
T6  12.9+1.8abc  3.7+0.8cd  21.0x4.4c 1.10+0.15a 0.48+0.04abc 1.57+0.20ab 0.20+0.03ab 2.31+0.15be
T7  13.5+2.1abc  6.6x1.8b 30.9+£3.4a 1.05+0.32ab 0.39+0.13be 1.44+0.46abc 0.16+0.04abc 2.71+0.11a
T8  13.1+1.9abc  5.8+1.4b 31.1£3.0a 1.15+0.22a 0.49+0.11ab 1.64+0.33ab 0.16+0.01abc 2.34+0.04b
T9  12.8+43.0abc  5.3+1.7be  28.8+3.lab 1.44+0.04a 0.65+0.06a 2.10+0.10a 0.21+0.01a 2.21+0.16bc

T R RIS AR B RORTE 5%K 2250 B3, T Il bRis BREE (LLSE ) AR 2 A P36
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Mn-Zn A3, B ERAL Mn (5 53N
M>ZESAR, R B BRI Mn 5 R TARET,
HAEEM Mo BB R8I KT Zn iEHE B2 8 T
Mn & HEAEY)
23 MnZn B—REAREMEETMER . &5
RIFEHESER TAEEARSENZME

1% 4 AJ 1, Zn Mn 30— DL N G0 PR, E R
MR RS A S ISR T X (T, 7558 Zn
(T1.T2.T3) J% B Mn(T1. T4 T7)4bH T, 46 B30t B
SR RS AS GUR) r m 4 i 2 (P<0.05) Ik T X A, B T1
AR FRAF I R AR A U i il Ry 7.1 154 mg -
g, FAALBRN: e B PR A A Al A 2.5~6.2
mg g 4.6~15.0 mg-g™ Z[A]; Mn ZAbFRVREE —E, BEHE
Zn AhPRAR S 3G, MRS SR EE (P<
0.05)FEAK H. R B A8 80 5 TXT BE 76 Min Zb 3
J& 4 100 mg+ L™ B, %8 10,100 mg+ L™ Zn, 43 & HH 5
AT BN BRI 1.87 178 4%, B Zn S 1
A SRR 2, Zn Mn Ab3R, 45 B2H R At

F o U 5 I S R i X T R (T, L Zn ¥ K
e AR AR TN i 2 I 2R 3 s, 2R Zn BN
Bahn T 4 B AATE . 100 mg- L Zn YRANEE (P<
0.05) 38 i 7 A el B 1 5 &, T 100 mg - L
Mn X B 1 T B G B 50 (P>0.05)
24 MnZn BE—R E GBI EEZM F GOGAT,
GS.NR .GDH Egi& 1820

2 5 AT, 100 mg- L™ Zn ZEFRER = 1 0 A IR
ZY GOGAT.GS 151k, H T3.T9 i ,GOGAT.GS
BETHE(P<0.05), 76 T3 LLBR T B2 B KR A
GOGAT & PE43 5 X BEAY 211 ,4.47 4% ;0 B AR
GS [IE 2 SR X BE 1Y 1,74 .2.72 4% ;NR .GDH {54
WA AR R B 32 75, T3 Ab 3 i 3 (P<0.05) 425 T
B GDH [H3EE, Xt REfY 1.88 %5, 7 T9 AbFE
T LB R AR GOGAT EE 4351 g % B (T1)
[ 3.57 .4.64 1i5; GS 1h PEF B 12 3 (P<0.05) 2
B A NR S AR GDH 5 %4350y % BE (1) 2.56
3.19 1%, W] GOGAT.GS NR .GDH % PESZ Zn Mn

& 3 Mn Zn A EEXEESEREEDA Mn Zn 2RI
Table 3 The contents of Mn and Zn in the P. pubescens Bl.

Mn & 1i/mg-kg™!

Zn & i/mg kg™

SR 1 % i i % i T
T1 64.9+3.9f 99.6+5.8g 101.4+8.1f 270.0+16.0f 185.8+7.9g 134.9+16.3g 24.8 1.7
T2 67.8+4.9f 85.8+10.2g 103.6+8.3f 3 216.1+153.0d 3 136.5+202.0d 3 181.8+72.4¢ 2.4 1.0
T3 65.5+4.0f 92.3+6.8g 103.3+8.9f 5 673.1+216.7a 12 255.0£2 198.8a 6 394.9+344 4a 1.5 14
T4 1 016.0+£71.6d 1 561.9+135.7f 9 592.5+628.0d 1 493.0+£99.2¢ 1244.2+102.4f 1 175.0+£102.2f 5.5 1.2
T5 1 065.2+51.7cd 3 076.4+229.4d 5 526.6+297.9¢ 3 642+154.2¢ 2 831.4+169.0d 2 567.2+160.6d 4.1 1.3
T6 733.3+21.9¢ 2 468.6+300.5¢ 5 506.4+528.9¢ 5 020.4+335.9b 9 966.7+383.8b 6 075.0+330.1a 5.5 1.3
T7 2 155.9+175.9a 5015.2+213.0c 30 234.5+1 521.9b 1 438.8+114.7¢ 1 289.3+115.4f 1 131.0+83.0f 8.2 1.2
T8 1 582.1+48.7b 6 905.6+54.1a 31 670.8«1 571.1a 3 742.3£266.5¢ 2 376.8+80.4e 2 088.1+£132.9¢ 12.2 1.5
T9 1 172.5+62.5¢ 5 430.1+£393.2b 19 609.8«1 571.1c 3 804.3«137.1c 5107.3£310.3¢ 4 537.6+£247.9b 10.7 1.0

R4 Mn Zn MEXEEEM FRRPESE ZSR FEREBNTEEERR

SEA

Table 4 Effects of Mn and Zn treatment on contents of nitrate ,ammonium, free and soluble proteins in shoots and roots in P. pubescens Bl.

pOBL]

A% /mg g

A g g

T AR g g™

AL 1 Fi/mg- ¢!

Lipes Ui Pl R e i Lipss Ui
T1 7.1£0.2a 15.4+0.6a 447.5+12.3¢g 344.5+23.0e 17.0+1.6e 21.0+1.8e 20.2+0.2b 24.6+2.9b¢
T2 4.5+0.4¢ 13.7+0.4¢ 534.4+5.91 363.0+13.2¢ 20.5+0.7d 36.6+5.9d 13.6+0.9¢ 24.3+2.8bc
T3 4.4+0.3¢ 14.3+0.9b¢ 337.1£35.7h 176.0+14.1g 21.0+0.8d 70.9+3.6a 19.6+1.0b 71.4£1.0a
T4 4.6+0.4c 15.0+0.7ab 824.8+12.8e 517.2+11.9¢ 19.2+1.0de 22.3+0.7e 21.1+2.0ab 25.2+0.1bc
TS 2.5+0.1e 10.3+0.5d 973.1+7.9¢ 273.1+9.6f 20.0+1.7d 26.6x1.2e 19.6+0.8b 21.8+1.9¢
T6 6.2+0.2b 7.7+0.6e 793.5x14.7¢ 128.8+13.8h 24.3£0.9¢ 46.4+4.0c 23.2+2.3a 70.0+1.6a
T7 2.6+0.3de 13.7+0.7¢ 1 135.7#27.7b  392.7+10.5d 26.8+1.7bc 23.4£0.7e 18.8+0.9b 23.5+2.3¢
T8 4.4+0.3¢ 5.4+0.4f 1 407.9+£16.8a  735.6+10.4a 28.9+1.8b 24.2+3.0e 19.5+0.5b 27.3+1.8b
T9 3.0+£0.2d 4.6x0.1f 860.9+£13.9d 697.5+29.4b 37.8+2.2a 60.3+0.6b 19.6+1.5b 73.4x1.0a
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F 5 Mn Zn AAEEIFEEZM FRRH NR GS.GOGAT GDH BEgiE4#732
Table 5 Effects of Mn and Zn treatment on activities of NR,GS, GOGAT and GDH in leaves and roots of P. pubescens Bl.

GOGAT 514:/pwmol - g™+ min™!

GS 754/ mol cgh?

NR i /g g +h! GDH 7f4:/pmol - g™+ min™

QbR
I 1 o e 1 I 1

T1 7.9+0.8¢ 10.4+2.0d 99.8+2.1g 115.9+2.4¢ 16.0+0.5h 17.0£0.9¢ 12.5+1.2¢ 8.9+£1.9¢

T 10.1+1.6e 17.1£3.2¢ 115.4+3.4f 99.8+2.0c 35.7+3.3f 20.9+0.4d 11.5+1.3cd 11.6+1.5de

T3 16.7+1.7¢ 46.5+1.3a 173.6+1.6b 315.6+12.3b 49.8+1.8¢ 70.9+1.6a 10.3%1.6cd 16.7+1.2¢

T4 8.5+0.2e 12.7+1.2d 112.7+5.9f 101.6£6.1¢ 19.5+1.2¢ 18.4+0.2¢ 16.3+0.7b 13.2+0.7cd

TS 9.4+2.3e 11.4+1.7d 148.5+1.4¢ 86.0+3.8¢ 55.1+1.9b 24.7+1.3¢ 5.7+1.6e 5.1+0.7f

T6 19.7«1.7b 31.1+0.1b 187.6+3.1a 347.6+41.9a 68.5+1.0a 31.3+1.1b 19.1£1.4b 24.4+4.7b

T7 9.6x1.4e 11.7+0.6d 123.8+2.2¢ 107.9+7.1¢ 21.4+1.2¢g 24.4+2.0c 17.6+2.5b 15.1£0.5¢d

T8 13.3x1.5d 15.9+2.3¢ 142.8+0.4d 112.5+6.2¢ 45.6+0.7d 21.3+1.1d 8.2+1.3de 3.0+0.1f

T9 28.2+2.5a 48.3+1.9a 146.0+1.2¢cd 327.2+16.4ab 41.0+1.5e 20.9+1.0d 27.6+3.1a 28.4+2.2a
ESAITE N Zn [HREE A 10 mg- L7 1 S B R S A2 S
3 iR T I RN i A NHG ) R B, 5 R NH 23 . 1

AW, B Zn A0 TR B
A, T Mn A FEXHE BEA K EWARE (P>
0.05), ¥sHN Mn REFE— &R 2% Zn X R BN
AR WA . AIFSE R, Bl R A B R S5
RRtRh 7% 28, Hop 20 Ok RS R 2 B A Z M i1
R g e A D B S LA I 2 A 5 A, 410 o £
AR X GG R B Zn 5 YT, E R Y
Zn P B2 A KA, #E Y IRE ST Pb-
In EEMAT  MEEE a MR b SR DL
SRR T T Ph—Zn A8 VR PRGN T fa R e
a2 N X S AN Mn Zn & A 15 LA
Mn BB Zn V5 5504 I F -4 2 194 0 Mn Zn 28
AR T A B A B A R (4 A AN
FELE IR, 24 Zn ACFIVR ERAR Mn ¥R EETH i), J6
BERAREIR 0 Zn AR R M, W] Mn ib
BRG] T A BEO Zn IR, 35 A B ] 58
I TS B AR 22 X0 42k F IR AR AR, 3 AT BB 2 Min 7E %5 B
SR TR R IR & F Zn, AT REUE £
2O} Zn I o

NO: A A KB N Y52 —  ZER AR, NR
Al NOSHEAE R NOs |, J2 Al ) ORI FINO; 13 7 v
FRES— N, NR ] 15 NOs [RI8 S5, M TR 5 4
PRI, ABFREE R I, Mn Zn 24 0 PRREAS T 54
EEMWA KM RIS E G R, X SAREELH Mo
Wb PR BB AE R, R IEF AT,
F4) FEF ] GS-GOGAT & 42 [l Ak TTHL A I K 3
1t GDH e SR ok i s 37, AR 2RI, 24

Zn [ R 100 mol - L, S FRAK Tt e S A &
i, E T R R GS GOGAT 1y iE#E (P<
0.05). NHi & REALAT AESE T GS .GOGAT JE[H]
MZRIAZ RN, HIG PSR 25 R o B 10 mg- L7 1
Zn R ASBESR ZU LA GS . GOGAT TR M, Hik 3|
100 mg- L™ B 2 2 L 1T GS.GOGAT [T 1, GS -
GOGAT I8 NH:i ¥4k A NOs, M AR N NH: ()
Er PR SR AR NHI ) & e SRS — e R
TR AT DL i GDH #b 4% 2 R 12 R 22 i 24
AR, GDH 5 GS {EVEFE LR E K LB il
FEIU T AH B B 26 R, X AR I 45 R “AE TS )
T8 AbFERT, GDH 36 M i F#AIK, 1M GS.GOGAT i
PER AR, LR 7= A 9 NHG 35 5 ] i s 1 1
1) GS-GOGAT i&12iH bk, Ji7 Ji 8 GDH,

P B 1) A 200 L I3 R 5 o 24 e i I 1) 3
SELH BN AY , TR A M A FRAC S o AR A AL
s, "R i & SRR A — e R b A R AR
BB L) Zn JE52 00 2 B il o 28 H IR i T
RS AE IR R I — e WA Mn Zb 3R AT
R ) B B Zn YR AR R TR U S A
GATR O 1 A HG I D0 ES B132 7 R V5 S AR R, R
I 22 R 1 SR FRUA FT LAZR v, 7E Min Zn K5 A0 FH
N Zn BUHEEE Dy 100 mg- L7 I, i SRR i g A
PR O 5 35 (P<0.05 )34, Jd B SR N il = il 24 iR &
SRR RT AR S e B Zn XHE B 43

4 g

(DFEBEAE Mn Zn A T5 YA R X Mn BAy
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R RER 22 R R

B BT 2P, X Zn W FUAERHURK, 100 mg - 17! Zn AR P
3 (P<0.05 )3 1 R B ZE A A K, Mn 15 i1 E 22 fift
Zn }FE RS R AHNAE R .

(2)Zn AR BZ6 Mo BRI, & Mn A940 3
W —EMTROL T, MEBEHR Mn WEESFEE Zn
UL TR T et T ARG 1 e v P F) Mo S 24 1
ZIXS Zn BRI, B Mn Zn PITCER XL B E R L
IR EAAERS IR

(3)TE—EWRE Mn ABRYEFEIN , ik (100 mg-
L)Zn Kb HRT 2 5 R B 2 M AR GS . GOGAT
NRGDH 8 Pk , 07 2 22 IR Ll ¥ 1k S o i)
I, AL AT LA A NHISHEMA 45

Sk

[1] Gang W, Hubiao K, Xiaoyang Z, et al. A critical review on the bio—re—
moval of hazardous heavy metals from contaminated soils:Issues,
progress, eco—environmental concerns and opportunities|J]. Journal of
Hazardous Materials, 2010, 174 . 1-8.

[2] Jose E, Claude L, Stephan R, et al. Heavy metal concentration survey in
soils and plants of the Les Malines mining district( Southern France ) :
Implications for soil restoration[J|. Water Air Soil Pollution, 2011, 216
485-504.

[3] HI/NES, 2 Ak, B, 5. AR Cd Zn X E A F AR BA: fb

FRE 52 0 S AR S BE Ty BT, Rl FREE R} 242741, 2012, 31
(8):1483-1490.
TIAN Xiao—xia, MENG Lin, MAO Pei—chun, et al. Effects of Cd and Zn
on the physiological and biochemical characteristics and accumulation
abilities of Elytrigia elongate[]J]. Journal of Agro—Environment Science,
2012, 31(8):1483-1490.

[4] Min Q, Chao C, Yi—zong H, et al. Characterization of soil heavy metal
contamination and potential health risk in metropolitan region of North—
ern ChinalJ]. Environ Monit Assess, 2011, 172.353-365.

[5S]1DOU C M, FU X P, CHEN X C, et al. Accumulation and interaction of
calcium and manganese in Phytolacca Americanal]]. Plant Science,
2009, 177.601-606.

[61 2 F51R, L B, X i, 4. 4 FhGe A P0g -3 4w Mn (I
BAEEHITEL TPl L%, 2010, 41(9):951-954.

LI Xiu—juan, QIU Shuo, ZHAO Jian, et al. Studies on manganese ab—
sorption and soil remediation of four ornamental plants[J]. Guangvi A—
gricultural Sciences, 2010, 41(9):951-954.

(7] B . AR Zn X 35 -E 4 A BAE AR AR AR A 52 R )] ROl
Fl2f, 2012, 40(12):7354-7355, 7358.

JIA Ruo-ling. The effect of Zn on physiological and biochemical char—
acters of leaves of Helianthus tuberosus|J]. Journal of Anhui Agri Sci,
2012,40(12):7354-7355, 7358.

[8] BETF 5. ) PUAE 4 58 R0 DAY AR SR SR BB S BE 5T (D). B

A PEIRE A, 2011 :31-40.

HUANG Fang—fang. Ecological environment and governance restoration

of Guiping open—pit manganese minning area in Guangxi[D] Guilin :
Guangxi Normal Universty, 2011 :31-40.

[9] #r.OE, BRIDEIK, ACHIGE, 45, 13 4 5 G is e M HAR = Bk E
SHEARVTEIEET]. 5 TRE=4R, 2011, 5(7) : 1441-1452.
CAO Xin-de, WEI Xiao—xin, DAI Ge-lian, et al. Combined pollution of
multiple heavy metals and their chemical immobilization in contaminat—
ed soils: A review[]J]. Chinese Journal of Environmental Engineering,
2011,5(7):1141-1453.

[10] X% A, Jg AL, 4 4. Cd-Pb R AT5 YL 5 1FF 3 M A iai i

Az K R S R R R PE ISR ], SRS RL 242442, 2006, 26(12)
2039-2044.
LIU Jia-nii, ZHOU Qi—xing, SUN Ting. Growing responses and hyper—
accumulating characteristics of three ornamental plants to Cd -Pb
combined pollution[]]. Acta Scientiae Circumstantiae, 2006, 26(12) .
2039-2044.

[11] BASEE, Mrimtt, KT, 45, Pb Zn X8 & AR (/N #5550 B4
ARG PRS2 ], 7K - fRfp2i, 2007, 21(6):86-91.

HU Zong—da, YANG Yuan-—xiang, ZHU Xue-meli, et al. Influence of
Pb, Zn on activity of SOD, POD and CAT within roots and leaves of hy—

H

peraccumulator ( Carex gentiles Franch. )[J]. Journal of Soil and Water
Conservation, 2007, 21(6):86-91.

[12] ZEgse, (L B, B 0, 55 8% VBR B A T A AN f e 5T (Hour—

tuynia cordata) W23 % 5 1 BT SA AU R G52 [J]. A= 24,
2007, 27(12):5441-5445.
LI Zheng—zheng, WU Jun, TANG Ya, et al. Effect of Pb, Zn and their
interactions on the chlorophyll and an tioxidant enzyme systems of
Houttuynia cordata Thunb[J]. Acta Ecologica Sinica, 2007, 27(12):
5441-5445.

[13] T BA, M-, J/NGg, 5. xRS R T A AR . SR 53 A7

FAEEIE SR MT]. P24l (A ARPE AR, 2010, 49(4)
118-124.
YU Fang—-ming, TANG Ye-tao, ZHOU Xiao—yong, et al. Effects of cad—
mium on uptake, subcelluar distribution and chemical form of zinc in
Arabis paniculata Franch[]]. A cta Scientiarum Naturalium Universitatis
Sunyatseni, 2010, 49(4 ). 118-124.

[14] Ke—jian P, Chun-ling L, Wu—xin Y, et al. Manganese uptake and in—
teractions with cadmium in the hyperaccumulator: Phytolacca Ameri—
cana L|]J]. Journal of Hazardous Materials, 2008, 154.674-681.

(15X A, ARG, PRI, B & A B ZO A 10 e AR (). AR
AR, 2009, 29(10) - 5450-5454.

DENG Hua, LI Ming—shun, CHEN Ying—xu. Accumulating character—
istics of manganese by Polygonum pubescens BlumelJ]. Acta Ecologica
Sinica, 2009, 29(10) : 5450-5454.

[16] X e, ZEWAIE, WRoe B, 45, 5 /A0 B2 G B P Y LA 53 A
LA EFEZSI. T PR 224 (A AR 2RR), 2010, 28(1) 58~
62.
DENG Hua, LI Ming—shun, CHEN Ying—xu, et al. Subcellular distri—
bution and chemical fractions of manganese in hyperaccumulator Poly—
gonum pubescens Blume[J]. Journal of Guangxi Normal University :
Natural Science Edition, 2010, 28(1):58-62.

[17] 4% e, XA EE, Ty B, 4. Mn %R & 4R A0 9 56 B 22 (Polygonum



FHW, % Mn Zn B R T5 et i BEUR SR S0 523

pubescens Blume ) FU A AHLIR 52, 4l AR 7254, 2011,
30(12).:2422-2427.

LI Yan, LIU Ke-hui, YU Fang-ming, et al. Effects of manganese on
enzymatic and non—enzymatic antioxidative defenses of the hyperaccu—
mulator Polygonum pubescens Blume[J]. Journal of A gro—Environment
Science, 2011, 30(12):2422-2427.

[18] F Wi, 2= e, XAl 25, 25, Mn 588 5 45 A 4 e B SR K 24

1 Mo WSO A R SE I [T]. FREERE2440, 2011, 31(8):
1783-1789.
YU Fang-ming, LI Yan, LIU Ke-hui, et al. Effects of manganese on the
growth and nitrogen metabolism in hyperaccumulators Polygonum
pubescens Blume and Polygonum hydropiper L.[]]. Acta Scientiae
Circumstantiae, 2011, 31(8):1783-1789.

[19] s ERLEBE R AR BROETE . B 9 A 327 S50 48 R M.
U5 R R, 1999:152-154, 156-158.

Institute of Plant Physiology & Ecology, Shanghai Institutes for Biolog—
ical Science. The guidance of modern plant physiology experiments[M].
Beijing: Science Press, 1999:152-154, 156-158.

[20] Sanchez E, Rivero Rosa M, Ruiz Juan M, et al. Changes in biomass,
enzymatic activity and protein concentration in roots and leaves of
green bean plants( Phaseolus vulgaris L. cv. Strike ) under high NH,NO;
application rates|J]. Scientia Horticulturae, 2004, 99(3-4).237-248.

[21] Bradford M. A rapid method for the quantification of microgram quan—
tities of protein utilizing the principle of protein—dye binding[J]. Ana—
Iytical Biochemistry, 1976, 72(1):248-254.

[22] E5 45 A A B A AL S0 IS URIE R M. 28 . BT« e 55 20
# th kL, 2006 125-128.

WANG Xue—kui. The experimental principle and technology for plant
physiology and biochemistry[M]. The second edition. Beijing: Higher
Education Press, 2006 : 125-128.

(23] SR ) W8, i, A5 BRER A A 1T YO SN R R AE I Bk
FEFRRRFEBIEIRT]. K L OREI, 2010, 24(6) - 145-149.
ZHANG Jian—ping, LIU Peng, JIN Yang—yang, et al. Effect of Fe—Mn
combined pollution on biological toxicity and hyperaccumulation of
Phytolacca AmericanalJ]. Journal of Soil and Water Conservation,
2010, 24(6): 145-149.

2417 LA S A, SEORY . BRBMA X ARRER AR R i A

A TI52MA]. A= A5242%0k, 2008, 27(2) :278-281.
LI Shan, CHENG Zhou, YANG Xiao-ling, et al. Effects of Pb and Zn
stress on Trichosanthes kirilow seedlings growth and stress—resistance
physiological factors[]]. Chinese Journal of Ecology, 2008, 27(2):278—
281.

251X mH, A%, F5ERE. A AR S R R LS Y
ST BRI PHALHII A1, 2004, 24(7) : 1355-1361.
LIU Li, GAN Zhi—jun, WANG Xian-ze. Advances of studies on the
regulation of nitrate metabolism of plants at nitrate reductase level[]].
Acta Botanica Boreali-Occidentalia Sinica, 2004, 24(7) :1355-1361.

[26] FVEKFS, HUE 2, SRAEDE, 55, TR ETR P U E R BOR H A R AL
BT IEL]. AR 22243, 2012, 31(5): 1302-1310.
SUN Qiu-ling, DAI Si-lan, ZHANG Chun-ying, et al. Mechanisms of
mycorrhizal fungi in promoting nitrogen uptake and utilization by
plants: A review[]]. Chinese Journal of Ecology, 2012, 31(5 ):1302-
1310.

271 T, PhoRss, /NG, 4. BRxh i SR Ar A IRk p I+ R R AR
SEMRBFET]. AR, 2008, 45(3) :497-502.
YU Fang-ming, QIU Rong-liang, ZHOU Xiao—yong, et al. Effects of
cadmium on activities of key nitrogen metabolism enzymes in leaves of
Arabis paniculata Franch[]J]. Acta Pedologica Sinica, 2008, 45 (3):
497-502.

(28] SRR, T3 i, 7RI, S5 R AR E A SR A SR G
PERSZR]. R A 75241k, 2008, 32(6) - 1407-1416.
ZHANG Zhi-meng, WAN Shu-bo, NING Tang—yuan, et al. Effects of
nierogen level on nierogen metabolism and correlating enzyme activity
in peanut[J]. Journal of Plant Ecology, 2008, 32(6) : 1407-1416.

[29] %  2F, WARES, RSB NaHSO; X /INAZ AR Bl AR A I A U2 ARl Y
SN [)]. 3R, 2005, 36(6):913-916.
QIN Xue, CAO Cui-ling, LIANG Zong—suo. Effect of NaHSO; on ni—
trogen metabolism of wheat at reproductive stage[J]. Chinese Journal of
Soil Science, 2005, 36(6):913-916.

[30] BEA HH, BRUNAL. BFEHE FRR w0 I ik ST S e = AR 52
WALT]. BV, 2003, 24(4):57-61.
SHI Mu—tian, CHEN Ru—kai. Effect of zinc and molybdenum nutrition
on yield and quality and nitrogen metabolism in leaves of Balsam pear

[J]. Chinese Journal of Tropical Crops, 2003, 24(4):57-61.



