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R g s A 3 B AR V0 A AR B, 38 A 2R TR] Mn™ W6 EE (0.1.5.10,15.20 mmol/L) T FFJBEE B A (Rhus chinensis ) Fh
WA O DA Al AR S AS AR It A0 B 7 15 .30 d 5 4 vl A B AR AR AR AL, S5 SRR (1) BERE Mn® W B T8 Eh R
FhF & ZERARA B3 7 80.0%—81.6% Z 0], K ZF 4 | k%?&éﬁ%ﬂﬁﬁ?ﬁf&ﬂﬂz?ﬁﬂlﬁﬁ%ﬁ@ﬁ%;ﬁ%mi%gmfﬂd%ﬂ
TR RS (2) B Mn® WREE AT S5 100 R A9 B4 SRR AR M 4 K a 4K b T Y 2 BUERINE BRAIL A A, 2
B MRS EEI TGS (3) Wha 7 d B, BEE Me® ¥R BT, Eh R OK 2 1 R S Ak 9 AL T (SOD) | it AL Y
(POD) it AL S (CAT) PR B2 ETF il 15,30 d i, & Mn® ¥R (15—20 mmol/L) F POD  CAT i% P FFAR 5 (4) Bl
387 d B B Mo® WREE R THR TSR TR O RS AR S R e 15,30 d B FE Mo VRSl 20 mmol/L Hif AT
VYRR 5 T R I R A i S AR (5) B Mn™ MR BE B9 T v 5 1038 ) ) A S 4 TS 8 (MDA S 3 T . BT A £
JRACELAG B8 T 3260 038 RE ), & P ) B SR b A AR M FR BB 3 T W BT B ke N R

KGR ER R B s AT R A AR A AR PR

Effects of manganese stress on seed germination, seeding growth and

physiological and biochemical characteristic of Rhus chinensis

WANG Wumin, KUANG Xueshao, HU Jiayao, LIU Wensheng "
School of Life Sciences and Technology, Central—South University of Forestry and Technology, Changsha 410004, China

Abstract; Screening candidate plants and revealing their stress—resistant mechanism are the key to phytoremediation. In
order to reveal resistance and the physiological adaptation mechanism of Rhus chinensis to manganese ( Mn) stress, the
experiments on seed germination and seedling growth of R. chinensis were carried out in this study. We examined the
germination and growth of R. chinensis seeds under different Mn>* concentrations (0, 1, 5, 10, 15, 20 mmol/L) , as well
as the changes of physiological and biochemical characteristics in leaves of R. chinensis seedlings after 7, 15 and 30 days of
manganese stress treatment. The results showed that; (1) with the increase of Mn>" concentrations, the germination rate of
R. chinensis seeds did not change significantly, ranging from 80.0% to 81.6% , while germination potential, germination
index and vigor index increased at first and then decreased ; other biomass indexes of R. chinensis seedlings showed a pattern
of increased at first and then decreased. (2) The contents of chlorophyll a and chlorophyll b in leaves of R. chinensis
seedlings increased at first and then decreased with the increase of Mn®" stress concentration and the extension of stress
time, and the carotenoid content showed a downward trend after 30 days of Mn stress. (3) After 7 days of Mn stress, with

the increase of Mn®* concentration, the activities of superoxide dismutase (SOD) , peroxidase (POD) and catalase ( CAT)
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in leaves of R. chinensis seedlings increased significantly ( P<0.05) ; after 15 and 30 days of Mn stress, all activities of
SOD, POD and CAT increased significantly ( P<0.05) at low concentration, while at high concentration (15 and 20 mmol/
L), the activities of POD and CAT decreased significantly ( P<0.05). (4) After 7 days of Mn stress, the contents of
soluble sugar, soluble protein and free proline in leaves of R. chinensis seedlings increased significantly ( P<0.05) with the
increase of Mn®* concentration. After 15 and 30 days of Mn stress, the contents of soluble protein and free proline decreased
significantly (P<0.05) when Mn®* concentration was 20 mmol/L, but the soluble sugar did not decrease significantly. (5)
With the increase of Mn®" stress concentration and the extension of stress time, the content of malondialdehyde ( MDA) in
leaves of R. chinensis seedlings increased significantly ( P<0.05) after 15 and 30 days of Mn stress. The results of this study
show that R. chinensis has a strong ability to withstand manganese stress, which mainly responds to external manganese
stress by enhancing the activity of antioxidant enzymes and accumulating a large number of osmotic adjustment substances in

plants.
Key Words: Rhus chinensis; manganese stress; seed germination; seedling growth; physiological characteristics

B (Mn) AR YR AT IR TR . 38 5 R LEHEA TR 6 BV F DA R s 1 A5 B AR A v & i
PERTY . R0, BBt B A4S xR e A i ) B R e SRR, R SR A
KT 35 R , KRG BRI RAL S B0 AR S PR 2 A B0 X5 4 B30 1 518 2
TR, MR AR R XEZEWIGHE A, SEEEARM I, MY 1EE BA AR FUERA
B AU . Hoh KA EA AR s B E R RIS Tk S A A Y T8 R bt
Jofr e AL B A TAT ) 1 52 1 DG A

Pl & 5 9 A KRR A B i SR B B L BT A R, R A R S A AR K 2 IR Y
SEMR) A ()1 B A L5 e A BRI B A — e AR e T v, S R T AR B 1Y A TR XA
W) 4T R A AR P T e B Jolh X6 b - & A R B E Y M A& TR A K
SR, A= AT SRR [FIR, Al e e — 2R 8 A ) Ry B DR IO 300 3 I R
FAVER ., B 58 T K G ( Glycine max ) 188 ALY 5 AL (SOD) | 3t S AL Wy i ( POD ) Filact 48 £k & 1
(CAT) FEMETHE ) R0 R /N2 (Triticum aestivum)) Hi5 15 V8 35 9 KB A 2 T V42 I 300 72 2 1 1
Fo YR B A A 5 EE % 1G5 A B[R] A S A B R R A7 BRI AR R AZ B A ]
NG R 75 4 ( Celosia argentea) ™ 38 M 7 bili ( Phytolacca Americana ) "' #1 M F A (5038 & 0L 2040
il ,SOD . POD \CAT & M FEAK , B B T W 0 & 12 T R A 40 i 32 203403 , P9 % ( malondialdehyde , MDA ) 7
RGN PR, R AR A S I AR BRI AT e s A ) P B 38 B AR DG AL X R I R B
H O

ERIRA (Rhus chinensis) M FL( Anacardiaceae ) Eh [ ASE ( Rhus) &M /INA  1EFR E KR4 K6 7
A RS o A REIE S R I R Ui ke 7R AR B e T IR B R AR
i 522, R SR R R S A T RO B R A A B A, L HOEORR < A, R — Rl ks
2y HRK BREORUIBRLAE TV A AL TECRE, IR, 2t e —Fh B B A P R L R T R TR AR R
FEHI A A R ERRRFEIZ X A SRYKRE bR, 2B R AT, 4RSS 2 IE %, U BZAE Y X S f 75 e 1 A
HRAFIERNRE ST, T, ERRAR B B AR S R & e, R 5 G s 2 b A s a i H W
SR, B AT SRR ARG G T BR85S A AR Al i AT o8 R RT3 BRI T A 4 A
XA R HE R

ASC VAR RAANE R WX G2, 15 Bl Ve 2 Ao B2 T Je b R AR i ¢ 4l iy A6 3, 00 308 5 S [] i 1]
A A B AR . H H 2R s AR A AL, AR SRR AT G R A T e IR
SRS IR
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He

3708 2 SO Eire 2%

1 #MREFE

1.1 Rk

ERRAFNFFE 2019 4F 11 H SRR T/ 4 IR 460 B8 55 1 (27°58'N, 112°51'E 14K 26 m) , i IX 14
SRk 52319.25 mg/kg, SR ARFIREEAY I E L) 5.0 m SRAENF BEPLIEEL 50 RER R ACRAR HAR 52 R\ /Y
SRS T S 00 5 B D XL, RS (A B AR R S 2% o A B R AR A8 Rl TR
oM 9.785 ¢; F KK 3 mm, FEh 4 mm

1.2 iR
1.2.1 AL
MRS B AH: e (5T, £ AR B 1 523 15 35 90.2% , HoFh K 3o T Fb 70 7Kk A7 B ik 1) B LA BEL A

F . RIT, ASHIE 58 R AR AT 37 457 5 i X ol 7 00 47 R ot Ak T DA 4R v 9 R BV 98 9% M R U2 3 90
min, #RJ5 7E 0.5% ) KMnO, %5 ¥ 12 30 min, 2245 FH 2 B 1 /KW e
R S S BRI v 458 5 64T, BDFH MinCL, - 4H,0 ¥ 8 1.5.10.15 .20 mmol/L 3£ 5 4~ Mn> ¥k i |, L)
R IRIBK I B AR IRAL(CK) , BEANREFRIL 25 Fifh 1, BN HE 6 A EE KB SR AN T A (IR
25 °C, 12 h EHR+12 h KGR f 7 Kk, & 24 h H—RERA RS 1648, DA I R e, &K
FE B IC SRR T 0 A O, AR IR BIF T B0 172 B R T R bR 52 3 R NI B FP 7 i & i i
KA, MEGEEY) & HHRF R R R KRR TG a8 SR,
1.2.2 4K
H AL RS (1D FRE RN B AT 150 mL Ty e AN TAUEAR b3S s 5K b 7k s F 12
Hoagland ‘B FR R FRER IR AL . Fr4h i 5—6 A B0, 150 -5 i & iR 00 A [R] A Min™ e 2 60 132, 6 i
4 (CK) Jiti LA %5 £ Hoagland FFRW . ZNETEFRAEEE A H kAT  E] 1 3 d W8 —UCE TR, 40 BIAE I8 I 5
7.15 .30 KREH @ Lyt A BA LT84
1.3 WEmH5h%k
1.3.1  Fprli & enil e
KEFF =13 d IEH K FFFE SR F4x100%
R =4 d IEH R SR T20x100%
KREFRE(GD =Y (Gt /D)
TG 1488 (VI) = GIXS
Kb, Ge NTE ¢ H IR ZFFN T80 Do R ZF RS N B
1.3.2 4w EE
B R SEIRAS G B Mn® W EEBEALIEEL 20 #4108, FHIERR R (0.1 mm) MR AR 25K, KT
B (REREREE 100 B, 3511 600 #F ) Peigt, o3 s b AT B840 64% s F 105 CARE 5 min, T4
i 70 CHEF 24 W HEMEE, W42 —KENEE Y,
MR b = Hb T 3o T E /b R T
1.3.3  4hdg A B AR AL bRl
FEWIESE 7 15 .30 RETHUR[RIAb BT E8 R AL 8 fif i R AT, #5AA B AR M 3 AN,
(D) M2 E &=
BUBTEE 0.2 g H 80% N BT S P2, LIS AE 24 3O EETH Tl 646 nm (663 nm F1 470 nm ALY
JEAE , #% Chavoushi %5 (5 B M4 E & i (me/g FW( fiEFR) ) .

(2) P BEE T
S8 Gao %57 WL  BUBHEEN 0.1 ¢ THOA MRS FH 5 mL A9BSR LR 2% W& (0.05 mol/L,pH 7.8)
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W0t = 5038, F 4 °CF 8000 r/min #5015 min, B EVERAFIN, SOD 16 MR FH AU Uik (NBT) 2305
LU NBT Y68 50% H—A SOD il i P 807 (U/g FW) ; POD I 1 5% FH A A1 A B vk 0 5 | DA 4434 Iy
470 nm AWEAETHES 0.01 —A POD BEHEPEEAAI (U g min™' FW) ; CAT 5 PE R £ ANkl 2 | LA%E4)
BN 240 nm AAROEIE I 0.01 S—A> CAT BHGEHERAL(U ¢ min™' FW)

(3) BB o

SRS LY W56 BORTEET 0.2 g PV MR o 2 P RO Lb (2 2 0 22 , 76 58 /M43 66 BE 1T T i 620
nm AL I ; AT PERR (& 2% s i G—250 B2, LAAF- 3G 118 1 bR, 7E 28940 6L 3T
TN 595 nm &b IR ; I 2URR B R B = B I, B 3% B K AR S mL, FE Ik KV
PRI 10 min, B HF S IEE THE T, K 2 mL I8R5 2 mL BRYEET =FF 2 mL vKEERRIR &, IR S e b /K Is
A 30 min, AHEHA 4 mL F2E T 3000 o/min 8.0 5 min, IH A A2, FIRRAELIMMOLE
TR 520 nm AbBYEOGAE

(4)MDA &

B8 Gao 4 Wik  BGHTEENT F 0.2 g, A A SER T 10% — 5 LRI ALAIHIR , T 3000 v/min B0 10
min, B2 mL $EHOK , AR ZEKVERT IR A 0.67% TBA ¥ 2 mL IR2), ¥i/KIE 15 min, 2515 FE O,
{8 2 48 6O BEHHLE 450 nm 532 nm #1600 nm 2005 V5 .

1.3.4 FEabag

FIH Excel 2016 Geit4ictls , i3V B{E 5hrifE 2 . R SPSS 22.0 #47 ANOVA FLK 2 J7 2253007, iz
LSD Z 8 W (8 3 PE/K R 0.05) X AS [l vk B b B R 1) 4% 300 A8 B A Ak 38 b 047 25 S v v b, AL
Sigma Plot 12.5 #172: &,

2 EREH

2.1 ANIRIVR RE R e 6 R R A I 5 4 i AR R

B AR IR 5 5 2 R EBUA R AR &, 56 13 KIS AP R F FE 8 R se ke, dhn F iRk
FihF R 23R AE 80.0%—81.6% Z [H] , AN[A] Mn™ Ve PR F R 2F R 22 R N3 . PR 43 R 50516 )
FEEON 2T SRR EH . Mn® HREEDA 1 mmol/L I Fh % 283 & ZF45 405 15 7146 0 =1 520 mmol/L I 5
%, 5 CK FF% 19.05% .9.65% .85.70% (£ 1)

®1 GMETEBATFRFER

Table 1 Germination of R. chinensis seeds under manganese stress

Mn®* ¥ B2 SRR B FEFIREL ILWAE e
Mn?* Concentration/ ( mmol/L) Germination/ % Germination energy/ % Germination index Vigor index
0 81.3%+0.08a 53.3%=+0.09ab 26.3+2.06ab 1562.6+385.40a
1 80.0%+0.05a 62.7%+0.14a 28.2+3.21a 1791.2+291.92a
5 80.0%+0.06a 52.0%=+0.11ab 26.2+2.64ab 1037.2+£533.02b
10 81.3%+0.08a 48.7%+0.09h 24.6+3.52b 883.4+98.41bc
15 81.6%+0.04a 47.2%+0.13b 24.6+2.44h 573.2+179.50¢
20 81.5%+0.08a 43.2%+0.09h 23.8+2.13b 223.5+28.58¢

[RIZEHE R [ /NS TR AN R e B 2 18] 22 53 235 (P<0.05)

R PRTE 4T E S TESRETHEEABES . BT EE Mo®™ HE R 1 mmol/L B K, 10—
20 mmol/L Ab¥E T Lk CK 25 T B ( P<0.05) ,20 mmol/L B Lt CK "R 23.98% , i FH 7 /=5 Wk B2 B R Bk AR 4y i A=
Kz, R ZFK R TE Y T ERIB ARG (E2) .
2.2 ERRAXTERRRAR M Bt A AR AR A

e 7 d B ERRRR I R AR R a PSR b i TSR a/b BIEI SRS, AR a MR
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b EAE Mn> ¥ 10 mmol/L Bt & , b CK 3411 6.84% 4.92% 44K a/b BEAMRIF AL KIAE MRS
T P BN A R, M ¥R R A 15,20 mmol/L i #4 2 5 F CK(P<0.05),20 mmol/L A} Hb CK 34 i
17.50% (£ 3) .

R2 HEMMETERRAYDEENE

Table 2 Biomass of R. chinensis seedlings under manganese stress

Mn** ik B UiESN EaS AR YT E MTHE HeE L
Mn?* Concentration/ Root Shoot Root dry weight/  Shoot dry weight/  Total dry weight/ Root-shoot
(mmol/T) length/ mm length/mm (mg/Hk) (mg/#k) (mg/#%) ratio
0 59.3x13.4a 15.5+1.4a 1.01+0.20a 3.40+0.33ab 4.42+0.40a 0.30+0.06a
1 63.7+7.8a 16.7+0.8a 1.07+0.13a 3.36+0.16ab 4.43+0.24a 0.32+0.04a
5 40.2+16.7b 17.1x1.7a 0.80+0.33b 3.60+0.39a 4.41+0.44a 0.23+0.10b
10 36.5+5. 8b 16.5+1.4a 0.65+0.11bc 3.23+0.27ab 3.88+0.33b 0.20+0.03bc
15 22.6x7.1c 16.6+2.4a 0.46+0.15¢ 3.21+0.46ab 3.68+0.40bc 0.15+0.06¢
20 9.2+0.6d 16.3+2.1a 0.26+0.02¢ 3.10+0.39b 3.36+0.41c 0.09+0.01c¢
x3 EMETHBRAMHRELEEESE
Table 3 Photosynthetic pigment content of R. chinensis leaves under manganese stress
LS IEPS Mn* e i M4ER a 2R b EiP l\? W42 a/b
Days after Mn2* Concentration/ Chlorophyll a/ Chlorophyll b/ Carotenoid/ Chlorophyll a/b
treatment/d (mmol/L) (mg/g FW) (mg/g FW) (mg/g FW)
7 0 1.90+0.04b 0.61+0.02b 0.40+0.03b 3.13%0.11a
1 1.96+0.10ab 0.61+0.02ab 0.40+0.05b 3.20+0.12a
5 1.92+0.08ab 0.60+0.01b 0.38+0.05b 3.23+0.13a
10 2.03+0.02a 0.64+0.01a 0.45+0.01ab 3.18+0.05a
15 1.88+0.09b 0.61+0.02b 0.46+0.01a 3.07+0.08a
20 1.83+0.04b 0.59+0.02b 0.47+0.03a 3.04+0.04b
15 0 2.02+0.10b 0.60+0.01ab 0.42+0.05ab 3.35+0.08ab
1 2.17+0.06a 0.62+0.04a 0.43+0.03ab 3.49+0.15a
5 2.09+0.17ab 0.62+0.05a 0.45+0.02a 3.37+0.29ab
10 1.94+0.02b 0.63+0.10a 0.45+0.04a 3.10+0.42b
15 1.71£0.02¢ 0.54+0.03b 0.47+0.02a 3.16+0.10b
20 1.65+0.06¢ 0.52+0.01b 0.39+0.02b 3.15+0.11b
30 0 2.00+0.04b 0.58+0.06a 0.49+0.01a 3.46+0.31ab
1 2.22+0.04a 0.62+0.01a 0.50+0.02a 3.58+0.02a
5 1.89+0.06¢ 0.60+0.09a 0.46+0.05a 3.18+0.37ab
10 1.46+0.02d 0.47+0.05b 0.40+0.01b 3.14+0.33ab
15 1.42+0.04d 0.46+0.03b 0.39+0.03b 3.06+0.13b
20 1.41+0.01d 0.46+0.06b 0.38+0.01b 3.13+0.39b

FW . fif & Fresh weight

JipiE 15 d B ER R iR a MFERER b i SIS R Y, Mo VR EE D 1 mmol/L B i
15,20 mmol/L B i ZEFEAK ( P<0.05) ,20 mmol/L 4351l [ CK % 18.32% ,13.33% , 4% K a/b AL T3,
HE DR SR RIS S Mo W N 15 mmol/L I, b CK #4110 11.90% , 20 mmol/L i fx
fiK, b CK TR 7.14%,

Jri8 30 d B FRRAH R AR a SRR b i S eI E BRI G Mn® MR 20 mmol/L B AR AIK,
A3l CK R R 29.50% ,20.68% , M 4% K a/b A AN B3, KIAE PR EZEH T REMBEE Ma™ KN
10—20 mmol/L A} kb CK i &K ( P<0.05) ,20 mmol/L B b CK FF# 22.45%
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2.3 GlMRE X ER KA F T A R T G R

ia 7,15 d W, ERROR R SOD I Ak 2 7 B M vk B2 B0 T T T R R B, M IR BE R
20 mmol/ LI iAFf i, 735 CK 19 1.40 .1.72 4, B 30 d i, ERARAI Ao A SOD TG PEAE Mn® He /N T
10 mmol/L Btk B (¥ 7785 11 FH785 ( P<0.05) ,20 mmol/L Fi SOD {44 CK 4 1.76 fi5 (& 1) .

Wt 7 d B ERIRACH o POD SRS Ma™ W HE (R 7185 T 7185, Mn™ V£ 47 20 mmol/L 35 U355 ,
CK 9 11.21 £, 8 15,30 d WF, POD Jf ¥Rl Mn® i B2 T e 52 B0 S T B R R 3, hif 15 d i,
Mn*" &4 10 mmol/L Bk BIH5 55, O CK HY 4.96 155 kil 30 d B, Mn® ¥k 4 5 mmol/L B A E 55, 2 CK
() 3.64 7%, 24 B3 % T 20 mmol/L B ) POD i 4 (P<0.05) (I 1),

36 7 d B SRR A CAT 35 FE Mn® 46 BE 00 TH i 0 T i, Mon® S BE 8 20 mmol/L B3k B B, M
CK /9 1.95 /%, Wi 15 30 d W, CAT {&ERE Mo ¥ B2 T S B ST R R RS il 15 d i, Mn®
WM 15 mmol/L AR Fe i, i CK AY 3.28 % 13 30 d B, Mn* ¥ &> 10 mmol/L ik BB &, i CK
4.39 1% ¥ B EE T 20 mmol/L I CAT IF P (P<0.05) (& 1),

1200 [ ~ 1200 [
= E
Z 1000 | s . 1000 |
=3 \ig =
A 2 600 r §::::= =2 600 |
22 N S
g 400 ¢ §= 400 |
K 200 ¢ %E 8 200 |
N o
0 K N =,
7 15 30
1600 - AL ¥ 5} ] Time of treatment/d
z a
£ 1400 |
£ 1200 |
7 1000 Mn>* ¥k JiE /(mmol /L)
=2 i e Do B®10
g %0 a B mi 515
OZ 600 a B N5 =20
< W) = BN
o s NEE
7 15 30

Kb BRI ] Time of treatment/d

B 1 $&HME FERKAKM F SOD.POD,CAT &
Fig.1 SOD, POD and CAT activities of R. chinensis leaves under manganese stress
SOD ; #BAE ALY AL Superoxide dismutase; POD ; i3 % (LI Peroxidase; CAT: it 48 {L % /i Catalase; FW ; i T Fresh weight; HtR & 1A
/NG TR AR e B 2 18] 22 53 2.3 (P<0.05)

2.4 ERAE X ER A R b nT i R | RV  AR  9 R B

fipiet 7 15 d B ERRRA T B b T PR S R Mn® R BE A T T, Mn® R EE IR 2 20 mmol/ L B i
FET CK(P<0.05) , 7050 CK 1) 1.46 . 1.50 £5, Wi 30 d B, AT MBS & i 5 Je THE FE Ry #a 34, Mn® Hk i
15 mmol/L W IK B[] |y CK 1Y 1.55 f5 (& 2) .

i 7 15 d B FR A 5 T AR S i R T R R S, M YR Sl 15 mmol/L B IR B
3R CK 1Y 2.40 2.39 4%, 38 30 d B, 558 7 .15 d B A9 E3AHE , 10 mmol/L A FIE( | K CK (12.14
fE(E2)

JBp3E 7 d B ERRRAC e B R 1 R RN A 7E Mn® R 10—20 mmol/L B B 3 T R
(P<0.05) ,Mn* ¥ B A 5 20 mmol/L B4 CK 119 5.80 £%, ZEMMA 15,30 d B, Ui B Il 2R & it 2 e TS B
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315 mmol/L B IKBIIEAE , 735 CK 11 7.96 .3.69 5 (1€l 2)

~ 14 - 8
= g
12t o
= ~
b A
wE 10F aa i E
=1 as
S5 Sf oy, T3
# 5 bp EE 4
S of H 2
=5 % K5
=2 4r ; Fe 5|
° a
—_— O
z 2 § 2
L 7 @ 0
Kb I 1] Time of treatment/d
200 ¢

1 Mn?" ¥k JEE/ (mmol /L)
ﬁE( 0o &10

JJ%? m1 815

= 5 20

i

=

Free proline content/(ug/g FW)

KbFE ] Time of treatment/d

B2 EE TEHEAM AREE TREES FERERSE

Fig.2 Contents of soluble sugar, soluble protein and free proline in leaves of R. chinensis under manganese stress

2.5 R EXTERRA Ao MDA &5 A

Bt 7 d 0 SHORTE Foh MDA B RHERRT Mo o [ Mol d
Y RE A PR AT W 22 5. WA 15 d I, MDA 5 4 =o2p BLQN
16 M WKRIEH 1,5 mmol/L AN F 15 CK Z B 8% FE o0 NE
25%,10—20 mmol/L B MDA Bk T4 (P<0.05). 53 Zgi : E
kit 30 d F, MDA £ BE7E Mn® 3 4 5—20 mmol/L 8 ol = N:E
AR 2 B3 TR (P<0.05) , 4231 CK 1) 2.69 .4.31 S ool B ||§§
5.73 7.03 {5 (& 3) . 0 S I §§§E

7 15 30
s AbHEE ] Time of treatment/d
3 itig
3 SEMMBTEHAKARM A MDA &8
He g “H- .
31 ﬁj ¥Eﬂ7/€52j H ﬁzjﬁ Fig.3 MDA content of R. chinensis leaves under manganese stress

FEPI T B E K 1 O T S AE P 7 3B S 50 R MDA 9 Malondialdehyde
HILEAR o AR 2 S LB E T A b A L 2
JEERESTRE RIS TG AR B s S R A ZE R IEE R AL . ASCUF RS R R B e T ERRR
7R 2335 80% L b, HARTR] Mn® ¥R T R F R TR E 25, X5 5 W3a X5 A [6] 5 Ff BE 5 ( Panicum
miliaceum ) W ¥ & ZER A0 2 G550, X UL R IR AR F B — 8 AR 52, AP & 2E 3 R 2F
TR 1 D IEBONAEAE W 25, RETHERR M A, X 55 W30 T 4 B (Xanthium sibiricum ) F 78 &
PRS0, Mn™ W 1 mmol/L B, Bl & 284 R ZE48 55 16 J148 5039 T i, X 2 R b 75 T AR R A
PIFP TR 2EI S . BRAE AT C R AR 7l &l B rh el T IR T B | IR Rl R
BRI TN ERAR G A K R E SRR E N m e T GRS, X 5HEmE T BT
( Phyllostachys pubescens) S A R £ 46255 ( Camellia petelotii) 2 A KR A R — 2, 8 B 4 G A
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Py A AR A R — R IR 5 . A SCHFESE R 7 B e X6 0 R AR &0 i b 138 4352 i 880N | i 6
AR AR 025 A0 P B A %o R R AR AR R T 2F . X S5 R I8 X248 15 ( Medicago sativa ) F1HE = I B
( Trifolium repens) "' @1 HISEMAAHTR] . 5 b b 58 R ACAHR S A < A5 i) S 385 85 - X 2F 28 K I B2 I, 3 5 485
i T 555 (Vigna radiata) FF AT A VAR, IR R A ARAE el 5 2 1 rp i 4 )8 11
AE 5P A PR EAEAE A, X AR B FEF R T2,

32 JtRBR

A O R BMY AT AR AR, 5 IEG i RN M AFR | E RES BT I WA Y G &R
BIBE S0 ARSCHFGEEE R B R SRR B B4R 2% a AR ER b SRR BIREE Mn® W T I Se TR
Pt 2R R a/b WA B2 a7 d BF 76 Mn® VR 10 mmol/L B H BB 8 42 EVE 5 i 15,
30 d B, 1 mmol/L B 42 i/, 15—20 mmol/L B H BLINHl B 42, X 5% Wl 35 46" 40 W 28 4R fa /L
( Pontederia cordata) ™" M F (4 R S EAME S8, XEH T TE LA ORI ET LR L H
S 50AEMTROLA IR R, iR AT AR R R AR T b it S 22 1 B R, (B = VR BE AR A8 R A
PSR T S5 R B BE IR, nH AR R A s HOR, Mn™ IS5 G RE B 1 R AR S R Mg |
Fe™ BUWIS , Mg™ il Fe™* &4 28 1 81 B4 1, Mg™  Fe™ A WAL 14y i 20 (i 45 i K G & i /b, D66 BE 70
5550 AN MR a EEENEAE P OORES SRS N, MTEE D FEMEAREOES gL
W, “HEBAARFRNIIGE, ASCUFsE SRR L B AR R MG N AU MR T SR ER a/b (H, U I LA = o
18T bR R SR T AR
3.3 PrE LS PE

SOD . POD CAT s A Y Bt A Ak 2 58 B T 220 T 70, 2 A 0 S P 1 S A DAY S B il , AT m) i
ol R ARG 1 S PR R A 5 Y L e SOD fgfSNE 05 #54Kk H,0, 1 0, , i POD Al CAT W il 4%
H,0,5 4 H,0 F1 0, , Wl FEARTE M A & i, SOD ,POD 5 CAT = Al Z 6] A P W] /£ T, SOD . POD |
CAT MR =K 6 PR B 55 LR D T Btk =K, AR SCIFGR 4 SR W, Bk 7 d B, R R I A
H1 SOD ,POD | CAT 75 PERf Mo™ e B AT mii FH . X SR e N RS Fahs F /N i /i SoD
POD | CAT {75 V75 Jilp3t 5i B2 i o I PRSI AR TR] ., HC Rt PR AR AB ) 32 B i 3 i, W] 5d i 42 SOD . POD
CAT Z5EHt E A BTG PEAIBT A A T 5 i 19 07 20 BRI 40 AR 32 3 7 A i) ool o 39 M 4, AT R 3 AL 400 248
JESZER | AEFFA AR IE B AT AE ) . &R0 SOD . POD 5 CAT JEPE R IHER AR B B Pt RE /1 .

A 15,30 d B, @& Mn® ¥R EE R SOD 3% PEAT3 S8 855 ; POD  CAT i PRI B 2 R K, 3 5 8 e R 3Rk
AR B0 R B K EL(Glycine soja) Y EE- S8R R M ( Nicotiana tabacum) " A A BEE 128 AL L —
., XSEH T SOD POD CAT JAAa YAk N B 2 i BT A AL, 76— T2 B 26 A ] i s JE 5 2 of by %o Jilp 3 24
55 AHLBE 2 TP Bl B) A9 4 5 B3, SOD \ POD | CAT 3% 432 21| — & B FE B30 i, Dd B 2k im vk B8 3o 4 Aisf
[i) P Jh 2 ol e R AR B S A 3R T BRI | DT ¥ 55 1 ORI e T, 2t OG5 40, e 4 S 3O AR W o
HIREAR . DRI, Bt SEC T it 28 0 3 Ao 0 TS oA 0 A A0 PG S 0 A e 7 306 35 Jfp 38 P — oo 3 AL
3.4 AIEEVERE RLEVEE I R IR

TEIBE I AR R 237 A 30 B Joih 0 - B0 B )42 K Ak | 0 A B A A il 2 AT DA s A 4 1
IEXFAILA , A AR A N 23 R B SR AT s vV M B 1 I 2R S5 08 38 R ) PR DR At P K 43
7, LAAERRAN A A A ARG 3, WAl X R R 0 O AR SCRF AR A5 R FR AR I B AT i
PR RV PE R U IR 1 e AT 52 B D AE sF B Min™ Y B T i i T (AR R SR A A
HAARFRAK, X 54 W0 T 5% 46 5 ( Cleome viscosa ) ™" /N K& ( Comnyza canadensis) . K¥THR VT ( Polygonum
perfoliatum) FEVNFIRE ™ BB AT Y & AR LA, IR A nT s P 2 R EE BB R
T, i R AT AR R R KA M | ATV N2 B A ML ST A B A RN BB R U, BT T AT (7K 43 1 5 B S s o A
FITAEP A 7 10 R, FEPRN I ATE R AR 2 RS 5RO RS, 5 5 I S iAs 4 A B
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[ B, T P P A T LR 4 S KM T B e A B ROK P B, A 8B L K ZEASHIESE o, — 2 B[R] Y B Mn®*
WL T, RGN B RE S i o $2 R AR NS B W W o & R e B AR — e ik, (HEEE
I3 DI R )1 R 5 R N ] P S VB AT W BT IS B G D X RS 37 T AL R B R S B
JRAG T 2 30— e 05 0 BRI 28 325 1R ) TR 1) R R g X e 1) — b AL
3.5 MDA &

MDA JEAE ) 4 I P ) A R B 27 W) . TR B PRI A0 240 B e %030 M 4 A 5 0 B P A 2>
IR, E R SR R S a A M R g i A AR Y MDA S8 i, PR, MDA 5 2 8 i ] S A 47 i A2 75
ERRRRE W RE R IR B R AR S AR SO A S R B8 7 d 3 Mn® VAR T 10 mmol/LL B4R
JRAKI I b MDA % 5 JC B R A2 4L 38 30 d 5 Mn® ¥R T 10 mmol/L I3 IR ALl #i it - MDA %
RO, X5 AR IKOF T BB (Ricinus communis ) 4T A MDA & A RN B NA TS
H Ehih R 8 (Vaccinum corymbosum ) ' 5 FBAA ( Pinus massoniana ) "> MDA 555t Fifi 301 3 J52 458 o 447 44
TR A — 3 33K 10 IH 7 2 e ) mf AR A 4 B 1 P B 40 oA 32 38 B b 405 5 SR R LT — @ P BE .
7T 224 A i 2 ek vy M 3 F ) S K I 5 JER A 52 213 AR T, o 4 B 8 A2 U A A o 4T 7R R i
Min™* V4 J3E 119 - v AR 300 s 1] 1 B4 T i 2, AN ITAEARR P AR MDA,

ARSCHTFESE RN ERIRATE R M8 R % 28 R B0, 76 Mo ¥RZ N 10 mmol/L if SOD POD ,CAT i 1 |
BB VAT YRR S AT AR, Ul IR D I T3 B R DA SRR TS Y SR R IR R

4 Hit

BN 3E T R R AR A ZE B, Min™ MR BE X & 2R BS54l i A R Bt Min™ Vi B 190 389 Jim iy 22 S 7
JE RS RGN R AR ER a MFERER b S EEZEAR M R BE T T A 2 0 R S 1 B R
AR AES AR a FFERER b SRR, A ST Mo® ¥R EE T 4 SOD . POD | CAT M Fifi Mn® ¥
BT i ARG 5 5 R U R AR A T POD (CAT 16 TRE, 4630 Mn™ VREEACEE T nT s PEME v vE a1 U0 25
SR F N, RV A e R R B T R 0 RN b B [ 4 SE R MDA S N, AR ST UL
WIER R A B SR TR RE ), R0 XAE S A SRR A ) , ' ReSE A ™ A2 18 38 8 15 ) ot DA B4R bt e 4k
it 136 2y ORI oy A ol 3 AT
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