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Characteristics of Manganese Accumulation and Physiological

Response of Rhus chinensis under Manganese Stress

WANG Wumin, HU Jiayao, LIU Wensheng, ZENG Wenbin”

(Collage of Life Sciences and Technology, Central-South University of Forestry and Technology, Changsha 410004, China)

Abstract: In order to reveale the characteristics of manganese accumulation characteristics and tolerance
" concentrations of 0 (CK), 1, 5,
10 and 20 mmol * L' on the growth, physiological and biochemical characteristics and manganese accumu-

mechanism of Rhus chinensis, this study investigated the effects of Mn®

lation characteristics of R. chinensis seedlings of half a year old by pot experiments. The results showed
that: (1) under the conditions of Mn®" concentration of 0—10 mmol « L ', R. chinensis seedlings grew
well. When Mn”" concentration attained to 5 mmol » L.”', the leaves spread, were dark in color and grew
best; while Mn®" concentration attained to 20 mmol * L™', some leaves showed brown spots and wilting
and curling. With the increasing of Mn®" concentration, the biomass of R. chinensis seedling increased
significantly at first and then decreased, and reached the highest when the concentration of Mn’" was 5
mmol « L™'. (2) With the increasing of Mn®" concentration, the photosynthetic pigment content in R.

chinensis leaves increased at first and then decreased. When Mn®" concentration attained to 10 mmol « L™',
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the photosynthetic pigment content in R. chinensis reached the highest. (3) With the increasing of Mn*"
concentration, the activities of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), and
the contents of soluble sugar, soluble protein and free proline of R. chinensis seedling leaves increased at
first and then decreased, and most of these values reached the maximum when Mn®*" concentration attained
to 10 mmol » L', Malondialdehyde (MDA) content of R. chinensis increased with the rising Mn*" con-
centration. (4) With the increasing of Mn?' concentration, the manganese content of aboveground and un-
derground part and total manganese content of R. chinensis seedlings gradually increased. The bioconcen-
tration factors (BCF) of R. chinensis decreased significantly with the increase of Mn”" concentration, and
all of them were higher than one. The translocation factor (TF) increased significantly, all of which were
less than one. This study showed that R. chinensis has a strong ability of manganese accumulation, trans-
portation, and manganese tolerance. R. chinensis belongs to the manganese-tolerant plant, which stored
manganese in roots. It mainly deals with manganese stress by accumulating osmotic adjustment sub-
stances, enhancing antioxidant enzyme activity and accumulating manganese in roots.
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PR ARG H IR R, R IX )
W EER 20 cm & 14 cm AT B4 3 Bk
ERRRAR G . A By R 2 4 VD RN B2 Bk A R R
2+ VIRAT AL, 2 i AE A K 2 L R AR KRR E
JEMA SR W HEAT A, R B E Y O
(CK).1.5.10 #1 20 mmol « L™, § Hoagland & 3%
WR A MnCl, « 4H, O #4784 B, XF B 2H (CKD
Jiti A 55 it Hoagland ¥ %W, B AW BE AL 38 12 25
FEWIE 20 d 50 ) B AR W o AR AR AR DL R
i, W aa Al 2 B8 K PR AR B R B T
£ 3 d ¥ 1 K Hoagland &3 .
1.3 MEMB5AH*
1.3.1 £#E KW s EmIK. 5 B s
ML 4y . 25 B T K 784 v v, R
0.2% EDTA = 2 h % B 3R 10 W R 25 1 . 48 105
CAT 5 min,75 CHET 3 d EfE & FREUH 355
AR #4rT8L IF AR e L. AR e b = bR
Sy A
1.3.2 XEBEEE  HUREM I 80 %6 4 B
FESEI, A 583 B BETE N 646,663 T 470 nm
Rb B Y {E L # Chavoushi ZEM gy 7 kit &t g &
frelmg e g CUEEED RS MRS =,
1.3.3 BERATYRESE S8 Pan
s FHECHR Lo €830 5 $h R AR i i) s Ml 5 6
2 L $p 5 W VR DU S AT R B P i DA IV R
FI (BSA) A bk o 5 2 1 B — i f €2 325 00 52 i 8 Il X

i A
L34 HERMEBEE S0 Gao Mk

BOgr et 5T B0 ek b, B 5 mL @R R 2 b
W (0.05 mol« L™, pH 7. ) ¥ M THFE E A3 .4
‘CF 8000 r e« min ' B> 15 min, B35 f&#100,
AL 7 Ak Tl (SOD) 346 1 20 i 14 e (NBT) %
W5E DL NBT Y68 5 50 %6 S — /> il 15 4 5
HE(U « g b st B EE (POD) 15 74 FH A 81 A iy 72
W A28 N OD,,, T 0. 01 9 — i35 1 5
(U« g '« min ) ;ad AL E B (CAT) I P %
AR R 22 L LA S B OD,,, B2 0. 01 S — A
BTG PERAAL (U e g ' e min 1),

1.3.5 AZEBEE 2ZM Gao & k. BUbr
i 5 %0 =S SR ES A1 KR .3 000 ¢+ min

L 10 min, RAFEEBOK . F AR EL Lb 22 R 1k DU
FE B (MDA & &,
1.3.6 EEE EYEERBMBERE KHik
Gy CH E A 5 R R T AR, R PEALAT
PRI (20 EDJERE . E DY 300 CHY 1
h, 500 CRp 1T 5 ho BIKAM, RHEM 2 mL
50% HCL, /K3 2 25 mL 25 5 8. R T 1 i
A6 EEH (AA-70000, Shimadzu, Japan) Ml & 48 &
UYL OJREMGT R E Y E R R RO S R
WEERBOV Y IR N & SRR S R L
{H s 38 ZECH M 3o 50 i 5 MR o B i
1 HEAE .
1.4 HELIE

JH SPSS 22. 0 Xl 42 F s #0147 5 K 3R O 22 3 B
(ANOVA) AV BE Z B ] LSD #1722 8 4%
(P<C0.05),ff ] SigmaPlot 12.5 %
2 RS0
2.1 $EApE3TE AR E KM

e ab B 20 d J5 . ER IR ARFE Mn® W BE S 0.1,
5110 mmol « L " & FA KK &R R4, H
LA R E S E P B A, H Lk
AFE S5 mmol « L 'Mn® 2 F0F R &F )&, 0 5 Ei (4
B MIFE 20 mmol « L 'Mn®" 254 F # Bk AH 43
U B R (YR =5 E SSULEE YL DR

1R FHRIEAA Y E R M W E TR 25T
WG TRk, Ho SRR R TR AR
[l Mn”" ¥ B 2 ) 22 5 8 1 3 s b R o0 T8 s+
FAE Mn® Wy 5 mmol « L B & . 28 91 e CK
BRI 42. 72 % M 31,73 %, HAAA I 5 CK &
BEEF R AE Mn® #E N 1 mmol « L' B
By BEIT e CK 30 13, 32 % . {H 4% He J3 W 30 4k 23
5 CK Z R #2255 (P>>0.05), X i W4
R ER A A YA T RS E R R 5
(18 75 2 A5 7 A HL S v ok R 4 LA — 5 T
2.2 $@ A8 3T 2R B AR I A B e R A 5 T
2.2.1 HEBREGE MR PIGER a b4t
F b MRS M E SRR M W E TS 2T
J5 B AR A #a B, IR E Mn®T N 5 mmol -
L' it e, B4 910 e CK 38 im0 15, 38%6.7.33%
F27.04% , HIFE 20 mmol » L™ Mn*" B} 511K, 4
S CK B#AR 12.19% .13, 33 % A1 10. 24 % ,{H 45 ¥
EMaA k2 CK TR EEZESR (E 2. 1),
[, Fh A T2 R a/b WAEATE Mn® ' ¥R AL



4 1 FAEH S R 0 T SRR 5

g

A8 Ko AR B S A AE 631

I mmol * L ' Mn®

0 mmol * L ' Mn®

5mmol * L ' Mn®

10 mmol * L' Mn®™ 20 mmol * L' Mn”

(IR 30 B I Y 7 N A 2 U R

Fig.1 Morphology changes of R. chinensis leaves under Mn"" stress
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Table 1 Changes of single R. chinensis biomass under Mn*" stress
Mn”" ¥ i B2 73 o RS T E BT E W
Mn®" concentration Aboveground dry weight Underground dry weight Total dry weight R ﬁ .
) / / / oot-shoot ratio
/Cmmol « L™ ) g g g
0 0.1740. 04a 0.0740.02b 0.244+0.09b 0.427+0. 08ab
1 0.1940. 04a 0.0940.02ab 0.294+0. 06ab 0.49-+0.02a
5 0.21£0.01a 0.10£0.01a 0.31£0.02a 0.48+£0. 04a
10 0.16+0.01a 0.07=+0.01b 0.237+0.01b 0.414+0. 05ab
20 0.1640.01a 0.05%40.02b 0.2240.01b 0.33740.12b

T« [ G0 A R /N5 5 B AN R R JE (] 7 0. 05 /K28 5 2 3% (P <C0. 05) . T [l

Note: Different letters within same column meant significant differences among treatments at 0. 05 level (P<C0.05), the same as below
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Different normal letters indicate significant differene among trecuments at 0. 05 level, the same as below

Fig. 2 Changes of photosynthetic pigment content and chlorophyll a/b in leaves of R. chinensis

seedling under Mn®" stress
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J& CK 9 2. 80,2, 49 4% ; H il &9 Il & M 2% b 75 1.5
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I T CKL A CK A 1.85.1. 18 f5., Hir,
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Fig. 3 Changes of soluble sugar, soluble protein and free proline contents in leaves of R. chinensis

seedling under Mn*" stress
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Fig.4 Changes of the superoxide dismutase (SOD) . peroxidase(POD) and catalase(CAT) activities in leaves
of R. chinensis seedling under Mn"" stress
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R. chinensis seedling under Mn"" stress
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Fig. 6 Changes of Mn content in parts of R. chinensis

plant under Mn®" stress
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Table 2 Root bioconcentration factor and translocation

factor of R. chinensis seedling under Mn®" stress

T AR Hiz R A
Mn®" concentration Bioconcentration Translocation
/(mmol + L™ factor factor

0 118.10£5. 25a 0.357+0. 04c
1 22.0244.15b 0.5040. 11bc
5 7.63+0. 54c 0.557+0. 15b
10 5.48+0. 50c 1.0140. 05a
20 4,0240. 27¢ 0.86+0. 15a

i 2 JOR A 0 T M3 L R o A B R 4
B2 3 116.88.3 709.97 F1 3 316.01 mg « kg ',
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3.1 ERMEBEGTHERAYHEKER

FEP) I RE W8 2 I HE X il B 4 W 17 e L ) 7
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) A AR B0 BB 06 25 5 S W H AL 400 KT 4 2 A
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A, UL — B R Mn™ " AR FE AW A K.
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TLE .S 52 R A R AR A HE AR Y AR
K&t a, B T2MEREEEA S 1
FEY) A0 2 AT 532 Mo BORE T, Mn® " B AT 5058
M2 4 B8 1, o it YRR R AR R IO Ca®' L Mg”
Fe'" G H A E F oKW 28w, X5
B e LR A T A A K B R AR
B A KRG HRE N ER R
3.2 EMEEHTHRARYENEEREUFE

ARG A E A R S i R A AR
FIEY . ARBPFE SRR W A 1.5 mmol « L 'Mn®"
WEHTFERRA I g R a SRR b R MR
T AN e EASHIE Y B Mn® T R (20
mmol « L™ D ALIT b kAR M5 R & 5 A if TR,
B CK Z A B #E %R, SO ER a/b
MR W% A, A BRI TR a1 T
W (Citrus grandis)™" it b b g £ &5 B EA %
RIS 5 45 46 e BE R 7K A8 (Oryza sativa )™ I
R4 R a/b WA W 172 Ak Tl P 00 1Y 9 3%
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PR B B /NS L 2R TR R R A b 36 2 BELAG
Xof i FEURR AR AR ) 1) I 2 2K G I, DT 552 Wl R 0 0
PERSS AR T BA — G Sl it 52 e i R R
BT IR A AR . AR SR T SRR R 4
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JRAC I rhR] P 1 W R  E ARR O I R K
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W TV AR RN S I 2R % & 5 10 mmol + L
AEFRR AR L B 2 RE(E A 2 T 1.5 mmol » L
LB, X 55 30 R #AE B (Cleome wviscosa)™ |
/INKE (Conyza canadensis)  FLAR VT (Polygonum
perfoliatum) F YT RE R 98 7 98 4 R A
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era) B FEVAN YR TR MBS -, HE
PRI A R B2 1 i 30 B 4% 02 1 38 38 R T W B I
JSG o DATITT 308 2ok 88 v JHG 25 5 R Y 5 R IR OR 7E 300 58 T Y
T A2 P 5 T ok v VA R ) Al M 3 S BB IR I e A L 45 A
BELAS 192 35 1 1 B 5 8 (98 38 A 1 O A7 L X 4k
JR A A 18

P A AL RGeS AR ) I X 390 1Y) A R
TEIEH T RN ROS 9 7= A= F17 B Ab F #H
XF B 245 A b A AR N ROS A3 Bl J2: il Pt 404k
Rk, Hh SOD.POD,CAT 2 ¥ bt Ak
it 2 2R 498 10 R S 2 L o e A ) G B B R A

b7 801 6 S B . SOD g I 4k O, F H, 0,
1O, .1 POD 1 CAT w4k H,O, %~ H,O
O, 53X = Fffilg 2 8] P[54 FH AT A7 80 AIK ROS 19
RS D3t G A g T A 461 L LR v A B
B2, Mo W BEE/NT 10 mmol « L' B, ABFSE
A ER Bk A 1 SODLPOD,CAT % P bl Mn® " ¥k
(0 FH v i T v . TRVRE L B A AT e PR e Ak
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