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Abstract: Camellia oleifera is an important woody oil crops in china. In hydroponic conditions, apparent and related
physiological indexes changes responding to short-term treatment of manganese ion with different concentrations were
tracking analyzed in the present research in order to understand the early physiological response rules and tolerance a-

bility to high manganese stress of C. olei fera seedlings. Seedlings (Xianglin No.7) for researching were provided by
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the C. olei fera breeding base of Hunan University of Science and Engineering. Seedlings were cultured in Hoagland’s
nutrient solution with different manganese concentrations of 0.005 (CK), 0.1, 1, 4, 8, 10, 12, 14, 16 mmol « L,
Then the apparent changes with treating day were observed. and the activities of superoxide dismutase (SOD) and
peroxidase (POD), the content of malondialdehyde (MDA) . soluble sugar and chlorophyll were determinated by
methods from references. The results were as follows: (1) Leaves appeared chlorosis, brown spot, shedding when
manganese concentration reached 4 mmol « L' and part of the plants died when concentration exceeded 8 mmol * L ;
the symptoms became more serious with concentration came to a higher level; (2) With the increasing of manganese
concentration, the activity of superoxide dismutase (SOD) and peroxidase (POD) and the chlorophyll content in-
creased first and then reduced in leaves, and the enzymes activity dropped more dramatically when manganese con-
centration reached 8 mmol * L' ; the content of MDA and soluble sugar kept increasing and showed more significant-
ly as the concentration exceeded 8 mmol » L' ; (3) With the increasing of culturing days, soluble sugar and MDA
content in 8§ mmol » L' group kept increasing while the chlorophyll content decreased continuously, POD and SOD
enzyme activity increased in initial stage (0—20 d) and turned into opposite later (20—50 d); in these groups with
concentration lower than 8 mmol « L', the variation amplitude of each indexes was more gentle with the concentra-
tion decreased. (4)The change degree of SOD activity was always greater than that of POD during the whole treat-
ment process (Paired ¢t-Test, P<(0.01). These results indicate that effective physiological responses reduce the toxic
effects of manganese stress making C. olei fera seedlings show a good tolerance to manganese(<<8 mmol * L"), the
antioxidant enzymes such as SOD and POD play an important role in this process.
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Table 1 Comparison of the apparent changing among different groups
Concem;;ation brown spot leaves ( %) Ratio of shedding leaves (%) Ratio of death sign plant (%)
(mmol « L") 20 K %50 K 20 K 50 K 20 K %50 K
The 20th day The 50th day The 20th day The 50th day The 20th day The 50th day
0.005 Oa Oa Oa Oa Oa Oa
0.1 Oa Oa Oa Oa Oa Oa
1 Oa Oa Oa Oa Oa Oa
4 2.1b 3.4b * % 0a 1.4b * % 0a 0a
8 7.7¢ 13.8¢ ** 3.1b 6.3c *x* 0a 0a
10 16.3d 47.6d ** 5.7¢ 38.8d ** 4.3b 25.0b * =
12 25.9e 86.8e * * 14.7d 72.4e % % 20.7¢ 81.8¢ x x
14 48.41 100f * * 45.5e 100f * * 31.0d 100d * *
16 77.9¢ 100g * 50.0f 100g * * 40.9¢ 100¢ * %

T AS[A) T B R ) — 1A (5] Ak 26 2 16) A ) s (] AS ) o 32 ) 039 2 S bl B 35 5 o 37 [ — b LA KE — FMLAR AR AE 4 20 K55 50 K 2 [i] CHf R ¥ BE A [e] i

[y 22 S 3 . N IE.

Note: Different letters indicates extremely significant differences exist between different treating groups in a same cloumn(One way ANOVA, P<C0.01); * * Indicate ex-

tremely significant differences exist in a apparent changing index between the 20th and 50th day in the same treating group(paired ¢-test, P<C0.01). The same below.

B 1
Fig. 1

[

AR AT (16 mmol « L) 88 13 RIMASH R4k (F0) &3 i) LR CAD
Chlorosis (left) , brown spot (left), shedding (right) of the Camellia oleifera

leaves under high manganese stress (16 mmol * L', the 13th day)
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Table 2 Change rate of the POD and SOD activity in

each treating group relative to the control group

4k % Changing rate (%)

353

Concentration
(mmol + L")

520 K
The 20th day

5550 K
The 50th day

POD SOD POD SOD

0.1 17.9 47.1 %% 26.9 70.5 %%
1 46.2 83.0 % 58.7 118.8 **
4 62.8 139.6 % x 78.1 169.5 % x
8 90.7 141.1 %% 58.0 100.8 * *
10 - — 9.8 14.7 %%
12 - — 5.8 23.2 %%
14 - — — —
16 26.4 111.4 %% — —
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AL R 5 AR ) K oy T AR M A L 3 2 il iR &
Az b S A T R IR I A 45 4, MDA RN IS i 1) 3 4
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B 0 A AL L A A R G BN Dy S 3 ok A
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AR5, 2012 X BTN 5, 2014) . BF SR & B R 2R
20y VT O0E A [ A Y BE 79 o 7+, S R BE R TS 8 mmol -
L5 B0 P 20 R B T MDA 3 8 ) 75 ¥ B2 K
T 8 mmol « L' Z 53BN 2 . R AE 40 M 78 16
B2 SR BEAT I8 8 IR T LA 0 4t A DR K B8 ) B AT %
PR B AE W B A B 8 mmol « L5 2R3 AN i) 45
RAWAEE T3 — sl G WA, 2012) 0 5 —J7 Tl 4
EORERERT 4 mmol « L' ZJ5 K T4 84,
HAEWE XS] 8 mmol « L5 FREHEI L, 48T
SR VB B T Z IR A WO e A, DR R T i
23 RS B T 09 2 DT S R A Sz BE
DL R R i AR S5 A i I I A S B R R 5N
WD G AE, 2012) . A B3R JUAS A= B8 bR (19 22 4k
MU FT L 2 1 B TE B VR R T 8 mmol « LAY
32 B ) B B30 B RO 2R R 5

LR 110 2 UL 72 A A s e 5 P A= B L 1Y B
. WEFE R AR (0.1.1 mmol « LK
P B R WAS Ak 54 .8 mmol « L H H B /D E o 72
ERFIBETE PG 510 mmol « L' K B iy v B 40 76 35 5

50 d B2 BEAS [A) A2 BE SR R 4 . AT ULV AR 4
HXET 4 mmol « L B %E MR, BB AF 8K B 0]
(50 d) A &R £ 2 00 BR AR N B R AR R 52
W) 4 W FE FE 4 ~8 mmol « L' X [A] B, 4 B LB 7
— 7 s 1 PN A AR A A PN AR 1 N R e {HL B
P[] S22 A48 A G0 205 SR T B 5 B vk B R 3k 8 mmol
L SRR R A A5 I 30 P 2 A R AR N 38 i
R 3 4 o R SR i S 0 R 2 T o T A b
F G0 T REHRAR A 0 [, 20 RS RE 4 KR IE R 45 0 RN o8
BCIEH A S S AT (E A, 20145 5K £ 55
55,2009 MR R, 2014) . LR 2% A BRAR AR L B3R
UL P R B A e 7 72 Ak LA S T 0 25 ) W 9 % &0
HAR W4 RE J1, H 8 mmol « L' A 8 HAf
it 52 Il SHE

Sk

Chang SQUH i) , Peng KQGEZTLH)) , Zhang YLK , e
al. 2008. Effect of Mn addition treatment on accumulation of
Mn and physiological active substance in tea plantsCHIl Ab FH X
ARBER O B SRR AR AL WM FO (1], J Tea Sci (GRMFE
%), 28(5);: 331—338

Chen YZ(BR#E2) ., Tao YM(FE W), Liang ZXCEHRFE), e
al. 2008. Effects of protective enzymes of Phytolacca acinos un-
der Mn anganese stressCifi W38 %} 7 i ( Phoytolacca acinosa ) 15
R LT]. J Biol CEHI% 245, 25(3): 44—47

Delhaize E, Gruber BD, Pittman JK,et al. 2007. A role for the
AtMTP11 gene of Arabidopsis in manganese transport and tol-
erance(FlFg I+ AeMT P11 Fk X 75 % 32 B ARG T 52 of 09 46 D
(V1. Plant J %253, 51(2): 198—210

Fang Z(J71E)» La SHCEAfE4), Zhang FSCHEAR 8. 1998,
Study on tolerance of different wheat cultivars or lines to
manganese deficiency (/R [l /)22 & Bl (fb 20 T Bt 46 58 1 1)
W58 [J]. Plant Nutr Fertilizer Sci (Fi¥)E 3% 5 IE £
). 4(3): 277—283

Feng JP, Shi QH, Wang XF. 2009. Effects of exogenous silicon on
photosynthetic capacity and antioxidant enzyme activities in chlo-
roplast of cucumber seedlings under excess manganese (#h i fid: Xf
bt S PR AN A B R T BT S AL B T M Y 5 D
[J1. Agric Sci Chin C(REAF) . 42(8): 40—50

Gong JFCE ZKF5) . Zhou YC(EZ#) . Li XY(ZE/INAK). e al.
2012. Responses of physiological indices of Pinus massoniana
seedlings to high manganese stress(Zh FEAM 4 1 A= H H8 b5 4 15 4
T3 M RO LI 1. Chin J Ecol (A:75%:2%3) » 31(3): 520—525

Hou LPURH ), Wu JHCRBAE) , Li YX(ZEHD. 2010. The
effect of lacing and overplus of manganese on the yield and the
flavor quality of the tomatoCH{ 4 Fl 22 4 % 2% i 7= & e JRUBR
BRI ], J Nucl Agric Sci AR » 24(1) : 83—87

Jiang CD(Z A IE) , Gao HY (EHFIE) , Zou QUARES). 2002. En-
ergy-dependent quenching of chlorophyll fluorescence is de-
pressed in Mn-starved soybean leaves (Hit4% F#A% K & FriH-4¢
FEHRMEBEAEEIOLI]. J Plant Physiol Mol Biol (V¥4
W5 5rF A EHD . 28(4) 287291



6 ] JE B A5 < 3 2R 0 10 A [ 98 R 8 1 B S0 A B ) e T i BE 1 ) 4R 929

Liang WB G » Xue SG (f#E4EE)D . Shen JH (GEHFL) » et
al. 2011. Manganese stress on morphological structures of leaf
and ultrastructures of chloroplast of a manganese hyperaccumu-
lator, Phytolacca americana Cif; iy 360 % 2 7 B Bifi 0 7 T8 2% 245
T4 B - AR A S I RS D LT ], Acta Ecol Sin (CEZ5%:480
31(13): 3 677—3 683

Liao YOEPFH), Yan RL(F % %), Gong L] (ZEA %), et al.
2014a. Manganese ion enrichment law and physiological re-
sponse in Camellia oleifera seedlings (IHAX MBI AN & F &
SRR T L 5 A B B (W] 9 56 RO [J 1. J Henan Agric Sci G
AR . 43(5) . 48—51

Liao Y (B, Yan RL ([FZ€¥), Zhang JJ(BRAER) . e al.
2014b. Comparison of physiological response of roots and leaves
in Camellia oleifera seedlings at initial stage of Mn stress(iHi 2%
45 VAR I I X R4 B e 38 AR B e R REAE LE 8O [T . Nonwood
For Res (ZHMMEFE) » 32(3): 134—138

Liu JPCXIEE ). Li CD(EAFZR) . Sun HCUHMNEL ), et al.
2008. The physiological mechanisms and relationship between
Mn deficiency and senescence of transgenic Bt cotton(f% Bt & [H
A 5 RN R L HABYLED ], J Qingdao Agric
Uniw: Nat Sci Ed (F 8B ML K224 4R« AARBLERD . 25(3)
163—167

Marion M, Christoffers F, Braun HP,er al. 2003. Effect of man-
ganese toxicity on the proteome of the leaf apoplast in cowpea
CHf 33 X UL S R R AMAZE AU B2 D [T, Plant Physiol
R A3 . 133(4) : 1935—1946

Reichman SM, Menzies NW, Asher CJ.et al. 2004. Seedling re-
sponses of four Australian tree species to toxic concentrations of
manganese in solution culture(ZK 55 2% {4 3 I 1Y A AS 5] 5 A
B T 4 W8 A i B0 [T, Plant Soil (FE 9 +38) . (258) .
341—350

Ren LMD, Liu PCRIB). 2007. Review of manganese toxici-
ty and the mechanisms of plant tolerance (i 7 S 48 49y it #4: AL B
R[] Acta Ecol Sin(EZ¥4R) . 27(1): 357—367

Shenker M, Plessner OE, Elisha. 2004. Manganese nutrition
effects on tomato growth, chlorophyll concentration, and super-
oxide dismutase activity Cifi %F A AR AR & PR R &
AL ) B AL B M2 WD [T, T Plant Physiol (i 4 A
), 161(2): 197—202

Sun LX(#ME ), Zhang IM GRIZH) , Cai SZ(ZEHE), er al.
2014. Physiological responses of Taxus chinensis var. mairei to

SO, stress(Fg J7 &1 542 b Z & 4k B W 300 1 A= B8 i fip ) [ .

Chin J Ecol HEZS% %350, 33(7): 1 811—1 817

Sun YZ(Fh EE), Zhao YLGRIZEM) , Yang XQUH/NEE). 2008.
Study on the effects of Mn stress on the physiological resistance
of 3 kinds of flower plants 4 Flf 38 XF 3 Ff A€ 55 A8 9 A= B BTk
BISEmD [J]. J Anhui Agric Sci CEBR ), 36(7); 2
644—2 645, 2 648

Wang J(FE4) . Wu HEBFF) . Xue SGREA D » et al. 2014,
Manganese stress on the ultrastructures of a manganese tol-
erant plant. Polygonum perfoliatum L.k B30 %3 F1 42 V3 40
MBI AE B IR (1], Acta Ecol Sin CEZSZE4R) » 34(4)
798—806

Xue SG(#E A4 ), Chen YX(BR¥EM), Lin QUAKE ), er al.
2003. Phytolacca acinosa Roxb. (Phytolaccaceae) : A new man-
ganese hyperaccumulator plant from Southern China (F[E & %
KI B T R A Y BB [J]. Acta Ecol Sin (H: 2% %
), 23(5): 395—397

You MHUi#3E41). 2008. Analysis of the current situation and de-
velopment prospect of Camellia oleifera industrialization in Chi-
na(F F A AR PR 5 & SR AT /00O L], T Anhui Ag-
ric Sei CEBARW AL, 36(14): 6 119—6 121

Yu FCTK), Chen YP(BRIR M), Yang ZJUHHR) et al. 2014.
Effect of low temperature stress on antioxidant enzymes activi-
ties in the subcellular of two Sabina species (i I F 38 X 95 F &2
L) AT S0 200 B B 4 Ak B 3 M 1 S D [T, Gudhia (7 P AH
), 34(5): 686—693

Zhang YX(3k % 75), Huang ZB(E R 18, Zhang HM K £ #).
2009. Antioxidative response of Phytolacca americana and nicoti-
ana tabacum to manganese stresses R Fili FUH X34 W03 (1) L&
M RS LT ], Enviro Sei (RIEFEF) , 30(12): 3 676—3 683

Zhang YX(5K E ), Li LE(ZEMIE), Chai TYCCERIE) . e al.
2010. Mechanisms of manganese toxicity and manganese toler-
ance in plantsCifi X1 HE %) 85 F K A W il 466 AL B8 AIF 5% 0 ) ) [T ],
Chin Bull Bot HE¥)"#40) , 45(4): 506—520

Zhang ZLGKE E) . Qu WQUEE ). 2003. Guidance of plant
physiology experiment (A ) 4= BR2Z 525548 §) [ M. 3rd Ed(EE
3 ). Beijing(dt 50) : Higher Education Press (5 2 # & H R
1)

Zhao YLGRAZL TN, You SHUiE 1), Liu J(XIAS) set al. 2014,
Experimental research of phytoremediation properties about Phy-
tolacca acinosa on Mn-contaminated soil (i Fifi X4 15 42 + L /4 &
HRWTOL]. Guihaia 7 VEHEYD) » 34(3): 344—347

L L L T L T L L L LT L e e L L L L T LI L T

( F458 879 11 Continue from page 879 )

BHCHI D [J]. Chin J Chin Mar Med (H[E W 257235, 32
(4):300—302

Wang YCEHD) , Wu LFCREFIF) , Yu ZL(&EH25). 2007, The role
of jasmonic acid and methy jasmonate in plant induced disease re-
sistance GRFTIR X BR7EAE W 75 S buwm b M E RD (.
Biol R 238, 17(1) :11—12

Xie YJCHt B . He ZP(l M) » Lin WM A ). 2013, Effects of

methyl jasmonate on the growth and accumulation of picfeltrar-

raenin glycosides of Picria fel-terrae Lour. (GEF] B2 H g X 77 %
SZHEREEZSHRBMNE BT 1], Grops EW 22 &),
(2):80—84

Yang BECH 45 25 - Jin ZX (M H . Li IMCZ 140, 2008, Dy-
namic analysis of the secondary metabolites contents in the leaf-
blades of Heptacldium miconioides (& FAEM A W A AR 7= ¥
ESEREBIESN]]. J Northwest For Univ (P8 bR 24 B 2F
#2), 23(6):155—158



