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HAFRIRK AR E XIS A E AR X e RRIS D
R0#, ¥ 5, KEE, RS, RE
B R, 25 PR 7 15 (R M E R LA 5, eib410004

BE: bR 4E4 (Camellia oleifera ‘Huajin’)4+45 A X34, X R Ae4aF21 mmol-L 4240324, 24, 48,
100. 196 hiR K #72 cm, MEARK 4355, BRI A BRI BALAR £ 4547, LR AV K4 T E434 52
B 18] 38 e i 3 e, tm R AR AR A A AR KR B AR A 0973.10%, MR L i Rk Ae kAt E ] (HC)A 4% 0945 R
B RE T ; 45T R R BB A G BE(PAL)E MAR 5, TIAWB fo a0 RE 4L 60 504 5, % B A4LB(PPO)
A BN 454 5T B B (CPO)E MIEAK,; 48784032 3 T R 8 L LB (SOD). it Bk A B (CAT)Fnid £
A4 B (POD)E 1, 1K T H,0,42 A —BA(MDA)A=; 485 MR 3 T T MAE. TTIEWE G foif & 2R 4
. GAAR A H AR e R IRAHC 2 45 09 5% R I R ARG /) 1K T 4831, BT 099 R4S AR M £
WA AnEAKCPOE M, A AT 38 1R 18 M A K dn IR BE R AR B 7B BGETRAE N A RSB AT e 89
WA AT e RS a8 . & IRE IR AR AAF T B A A 28k S ALH| BRI T o RAR KA K

R AR K mIREE; 48 RAR B A MUR; AALEE

BE P8 A pHAG 5.5 1 R 1t - 438 PR A 4 A=
K PR R 72— (Safari%§2018), R R
2 B 2 45 55 55 (1) 5L W) IR (Delhaize Ml Ryan
1995), fI < AL AT DASE S5 i ) 9 BRREAR R,
AR 2 Bz 4 P e K 52 B AR, PN RS2 AR R 1)
R AN IR A, M FEUR R 4000, TR
Jolr A fe N ERURC AG [X 48 (K opittke52015) . H #if, XF
TR IR R T VLG AT TIR 2 09T, 40 B 4t
N B E N AR S5 AR Y () — 38 B [ (Zheng 55
2004), 2 Fiifis B A A A 8BRS IR T 7 40 B L
RPRERS, MR R A4 REY R
7 R AR B R 1 o R rh g A B AR (Li%52017;
Yang&$2011). [AII, FySRAb &2 itk i ok
MRAREY), BEPEN. PUREEZMAEY
W, B AN 2 B R & 20 (Hajiboland 55
2013a; Apak%52007). A #kiEfath, BHba T, B3k
Y e 540 B S ) (Nagata?$1992) . e
o5 AR 2K A &I fidd 2 i (phenylalanine ammonia-lyase,
PAL). Z%E L (polyphenol oxidase, PPO). iT
A ALY BE (peroxidase, POD)2E {13 11, AT 5 i
1oy 259 Jii 1H) & 1 5 4% i (Hajiboland%52013a, b).
A, 5 RE 52 i SE AL ) B AL 8 (superoxide dis-
mutase, SOD). i %A fb A (catalase, CAT)i& 4, 1M
X L MIPOD G TE X HLO0, A H 8 1(0; )4
(75 B S  /E F (Huang252017; 3 9 4% 55

2016). FIVEPERE. AIVATEEE . A HERES
T B A B E A B N PR SR AR, R
HIRZ A FE R I EAE R a8 2 v ] AL B OR3P 1
F(Mukhopadyay%5$2012).

W A5 (Camellia oleifera) &3 [F rg 77 18 I 41 45
Hhy X LR A B F R o (Yang5$2016) . B
FEA W 2% B & M ARpHAN i SR A B R A,
RS EREIL13.5 gke!, 2 MRS E BB
Y)(Chen%$2008). R Z W5t B, AN [F TR BUSHE
Y, TRV AR A R o AR KA W) R R AR
H, B2 BB 32 1 I 2 T HA A ) (Zeng 55
2011)0 SR, AR E R BE 0T i 5 AR S AR 1) 52
DA AE 3 B A0 R R A T 2% A T AR AR R AR A PR L
FMARE . VR AT LR, 1 mmol- LY
BIMIE R R 0T it 7 A KA ek 3 /E A (Huang
2:2017). AHFFTLLL mmol-L [ 4MJE£R AL 38 ih %%
LI, I 50 I TA) B URE DU 78 Tl AR AR AH DG AR FR AR
B, R F0IM A AR SRR IS R AR R L 1 A AM R R 0T
R AR Wy 2K Jo AR AN 0 AL AR S FR PR B2, B
AR B B gk ity 2 AR K I AR B R =%
Bk

Ig#s  2019-03-28  {EE  2019-08-04
BEh IR SR IE (2017NK2201).
* @ IER (yuanjunchina@126.com).
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1 RS 7

1.1 ik R s S &4

ARG LA 75 <484 (Camellia oleifera Abel.
“Huajin” )14 i i3 Ak} o 14 I 128 FRORH H: (1)
PR B A VB, BYRAC 10 eon (R4 A, +1-46
T H B RS TE E BRE HIR b, @ mK,
WIHEE T . 6 G, ik —8. WRREK
— . AR R TR B A T 16 cmx18
e (BRI B b, R e 15 B2 Bos R b DL
RS 29BN SIE AR AT . B A 5 I 5%
PR B N AR, BiGIR3A, BREE
FRM200 mL,  FRWHEL /7 (mmol-L™"): (NH,),S0,
0.713. NH,NO, 0.73. KH,PO, 0.1, K,SO, 0.46,
CaCl, 0.5. MgS0,0.41, Fe-EDTA 0.032. H,BO,
0.046. CuSO, 0.002. MnSO, 0.09. Na,MoO,
0.0026. ZnSO, 0.0091; A ipH 4.5 (Ghanati%%
2005).
1.2 AR R RSB EBKZNIE

Wi FR A WG, (2RI )7 1 LAl oA
AICLE#HI &1 mmol-L™ AP R AT, & 0A11
mmol-L™" AU F2 AL B i A5 40 1, B AL 34,
24, 48, 100, 196 hifIZ&HEARHI2 cmEs), AWK
B, IR 5 R 2 —-80°CUKAA H ARA7 A4l -5
Bro FALFEO hRRE i oA £ I TA] BeAN I b FEAR 2%
FE VR A o

HR 4 Safari%F (2018) [ 75 v2, FH AL B AT RENLIE
HR 10268 A= AR F 40 1 SR il 5 2B brid iR 2k 1) |
20 mmid, 43 0 52 AN [ R BEAS AR AT mmol - L
RAAFRR A B B ALK E, FFiTEARSRAE
XA A, RS AH X A K R = 8 R KW E i
KYHIIER K
1.3 R ENE
1.3.1 R MEEEA S REENE

SR FH AT R - AR K VT e ) 2 R U, 324
iR Je PR R & 56 B 14 5T 1% X (inductively
coupled plasma-mass spectrometry, ICP-MS; iCAP
Q, Thermo Fisher Scientific, Waltham, MA, USA)l|
ERTE.

NP RE 2 5y oy 85 2 LIS (2016) (1 7 14 K

N

MR A ST, s mLalizK, 4°C. 2 300xg 0
15 min, 3% EJEW; MUTE I TORF AR FA ) 7R A
IEUNB0% 1) 4., E PR30 min, B0 )57 L
TEWR, AR YUE 105 AR AR FR EE 111
FA I SR AR, EIRIR30 min, .05 5 HiG
W, EE2IK; Juie 105 ARF TR oE, =ik
%30 min, S0 57 BIGW, 2i/KBE2i, JIiE g
Jf B RH B B o e KH 4 DL %) 8 g BE i N 40
mmol- L' #E R 4% (%26 mmol-L" NaBH,) 5 mL, /K
W1 h, 4°C, 2300xg 20215 min, Wb FiEW, EE
2k, G I EIEW, NERRA S WP AL
mol-L"' NaOH 5 mL#E % #2284 h, s i, EE
2R, B BIEW, KB AIpH, NP4 51
(hemicellulose 1, HC1)414y; MiiE A6 mol- L™
NaOH 5 mL, #R3% &84 h, W& BiGm, EE2IK,
G WS, VKB MpH, AL 452 (HC2)
Y0y YUIE ] WMk sE, 60°CHET-EIEE, AR
RN - Y 3R JE I AT AE R AL 5y o B UL YRR
B R - X A8 /K VR i, TCP-MSTI 2 55 &5 &
1.3.2 {HpREEIRULEN 11 thik
BUAINES AR BRI e AR, 4= IRER 1.3.1°95 (1)
HE, 3 AR R . E R, FHCIfEHC2
I M BE . 22 I Zheng % (2004) 1) 5 1%, K H Ik 3
A E | W N1 mmol-L” AICLA10.5 mmol-L™
CaCl,, pH 4.5; #1227 #E A1 mL-min™, 4§10
min{C 8 — I, WOER I WM B fa FHICP-MSIl 5E 5
.
1.4 S 3BIEHRNE
1.4.1 B 2B X IBARNIE
PALEPEI € 2 B F 22 B A3 L R (2015) 11
J7iEHEAT; PPOTE I E 2 i Hajiboland 55(2013a) )
JERAT; WIS A Y (soluble peroxidase,
SPO). B 14t AL A (ionically bound per-
oxidase, IPO). AN 254 i ALY (covalently
bound peroxidase, CPO)Z: [ifiPandolfini%5(1992) ]
TIEAT 38, AT A e i 5O IO SR A I 58 v
P T A By 2K W 5 R 20 B 2 A 25 1 S 5
5E 2 W Heidarabadi%5(2011) 1 77 2347 .
142 MELEEEENEKEENE
SR 2R 2R WK (2015) 1 7 1E M 52 SOD.




CATHIPODE . SODKH & VY MLl €, CAT
T P P R R R o V2, PODYE 14 LA G K Ty
NP E . H0, 7 &8l E 2 5k & R 55(2009)
5 12K — R I i LA T
1.4.3 FLAMHE. AAMER. FERERART
ERENE

N [ (malondialdehyde, MDA)& & K H i
AEL LG 2 FRVE I e, T Vs 14 0 2 &5 FH R bL £
ENE, PSR A AR S B IR G-2507%
WE, Uit 25 G 20 Bk F e = ke, 3
S8 F 2 A I3 WL R (2015) VAT
1.5 HiEAIE

F4E 10 5% K FMicrosoft Excel 2013, {8, #r
HEZETHE R 7 225y W3 I SPSS 22,058 1%, 7 %47
7% F DuncaniZ, ffill €% H Origin 8.0,

2 SIEER

2.1 $EXTMBFRIMAE IR RS20

WELFR, fEANREIAPY, 1 mmol L 540
XTHZRAR AR R AL EH, 4bFH4 hfgHRR
K50 mmol-L 45 AL FE (X )R $2 75 4B FE 100
F1196 hjim, HRAA 73 00T HE 32 =131%1134%
2.2 SRTEMBFIRARR R
221 HFRRRESERHTHABSH

A A AR SR AR S O Ty A Qg A B S A A D b 5 T 1367
A 2800~ o
[ RSN
2400 g b
~ 2000 c
g 1600}
mﬁ{ e
4 i f f
a 1200 .
h
800 h
i
400 -
0 |-
0 4 24 48 100 196
Kb ERET H]/h
B 80
a
b ab
701
B 60
b
501
40}
0 4 24 48 100 196
Kb ERET H]/h
C 10000
[ ESid

TR S 4 B 35 B M 5 45 SR &1 2- AT

2.0

[ 70 mmol-L! Al .
I 1 mmol- L Al
1.6
b
4
c
ﬁ 12}
7 d
= e
g 0.8f of
f
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h h
L=
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AbEE R ] /h
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Fig.1 Effect of Al on root tip elongation of C. oleifera
FEE B I RVING P R R IR R 22 57 2. (P<0.05), T 1A
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Fig.2 Al contents in root tips and Al accumulation/distribution

on cell wall in C. oleifera
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7, ARAEE B i 2 B0 A EE ST [R] PO 385 i g 5 2 v,
FRARATAEER & B (BB A 30 hiN)~923.35 mg-kg', 4
AEFE196 hifHRASER & Fik2 494.40 mg-kg', /AW
H2.765. IR & R SRR S EA AT
Ak A, RVt A AR A B [ R i B =, AR
ALEE196 hinf HRIHH My BEER 5 F e X R 3.524%

Y1 BE AR & R AEAR S BRSBTS B
K2-BFT7~. FRACEEO hivf, 4 BEER & = AR R
SR B8 53.80%, Bl F5 A0 EE I 8] R4 0, 40
BERRS m A 5 LU E B R 42 1, 540 EE 10041196 hi,
Y BEER S BT o bR 2R 70% A L

BEAE T A AR A 4N B B 20 40 () 40 A 5 450 G P
2-CHlt7R: FRACFEO Wi, 5 7E 20 i BE 2% 2H 40 v ) B
FRSB e/ i A B0 A FELESF T F 386 o, L AR SRR
HC1H 73 i BRI &1, #5408 196 h3R0 hisf 4y
R T 4.3F05.24%; MHC2FI£F 4k 2 4 7 th 28 (1)
R EANEN. EALFE100/1196 hif, F5/EHC
Horh ) RRERE ST RRHAS.

2.2.2 GRERRYAEE LA 55 3T SRR IR BN 05

W3 T, 20 AR o 4 1 R A o 5 s ) 1 384
TR 3G, e 5 A 1 2 i R B R R B S R
P, OO LR R gn g, 2 R HC1i4H
Ji B RN 2 RS . HC2. HC2 [ 4 i B Xk 28 iy %
HERRNE, 21600 min (R110 h)/5, %240 fEEXT 4R
W B T A e o SRR HCIFTHC2ZH 2345 W b

2507 —— ffus

—— i -

—— Yl EE- R R-HC1
& 200 —— HHIEE- R -HC1-HC2
=
o 150F /"p’f’\”/;},\,\vxx()j xxxxxxxxxxxx
% &
£
2
i 100
Rl
=
B pE—

0 1 1 L : ,
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A 18] /min

B3 it 2 MR R G L BT 0 AT R PR 8 g 2 T
Fig.3 Al absorption kinetic curve of cell wall in

root tips of C. oleifera

30 o 2 B S BRI B 30% . 41%A115% . AT
DA H, HC1ZH 75 W% Bt 45 1R e 0 fe ik, L0 R
Moy
2.3 EXTHFIRRE YRR SIS0
2.3.1 AXTHFIRRPALFIPPOSE RIS
FRAL TR T PR T ARARPALYE 1, FEALTES h
I AR IS PALYE PE 5 K, B AL BRI [R] 1S 0, PALYE
PR TRk, (HABLTE196 hitf, PALIE HEA & T
FRALERO hitf; PPOSEME/EEE AL FES hivh HBLE R
R, B E5 A0 BRI (0] (138G 0, PPOYE LN 2 T F4E
i, (AR R B 22 (E14) .
2.3.2 SEXTMBIRREALYIR S 2RI
R 2R R 1 iy R 200 i e 5 S T 2 R B G A

151

—
N o N
T T T
]

PALJEM/U-min"-mg™! (B H)
w

0 4 24 48 100 196
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~ 25f
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Fig.4 Effect of Al on PAL and PPO activities in
root tips of C. oleifera
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PRI [E] 3G N 2 BT (E5) . ATE R & R A
ERALFEO~4 hA148~100 hif[a] B & ok, 455 &
EEEAR AL FE48~100 hist 3 ff ok MRS AT IA Ty
FHAH e 55 5 A & & 0 AR F AR 3 196 A1100 h
2 Bl i K AE
2.3.3 fEXTHEIRRPODIEM IR M

DT 5 0% BN IR SR AN 72 I PODE 4 4
K6 48 AL FRTT24 hat SPOEME 4R i A B 2
TR H; IPOVEPELEAR AL FERT24 hiR EFF(K, 24 h
JEIPOTE LI A T HARARAS ; CPOTE 1 7E 45 4b 2 A
4 hiT A, 4~48 hR AR (LA B 2, 48 hjis 3L HH

R

4.0
321 b b
be

241

1.6

AT S B/g kg (FW)

0 4 24 48 100 196
Kb B 8] /h

0.40 -

0.32

0.24 - cd

0.16

EEDEYE Eigkg™ (FW)

0.08

0 4 24 48 100 196
AL EEFF [8]/h

B5 SRl AR AR AR T VA M I Rl B 5 5 S B 5 R T R T
Fig.5 Effect of Al on soluble phenol and cell wall-bound
phenol contents in root tips of C. oleifera
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Fig.6 Effect of Al on the activities of PODs in different forms
in root tips of C. oleifera
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T A B 4R

2.4 SEITHFRIIMENEEE ZH,0, 2 =S

FRALFE R HEZSSOD. CAT. PODJEIEY 2
TR (B 7). SODEEEFR AL FRA hikf ik 3] B
K, BEJGFFAE, 48 hiG iR E AR L. CATIHE M
TEER AL EEAFN24 i B, B IS PEAIG, 48 h/E ig TG
B EZAN . PODJEME/EFR A HE4~100 hivf 5% =,
B2 R E2R, 1£196 i iE M 5 %, 44t
0 hﬁa“Hzozé:E%FL 1£0~24 hitfH,0, & & i35 FF
i, B 5 & A /MR E BT, (RIS BAR K
2.5 ’fnﬁ,ﬁmirﬁ"‘MDA\ HERER. Ak
. AMERSENEI

TR MRS MDA 75 5 b 2 55 b B (8] 36 0 2
FAEa 3, 7EARA0FR100 hivh [ B 5AE; HEL05 55
AR EALAIER24 hiE EF8 5, e LR EZE

SODIEHE/U-g ! (FW)

0 4 24 48 100 196
AR 18)/h

250 -

200 b

150

100

PODEM/U-min"-mg™? (R H)

0 4 24 48 100 196
puszingla

ey AIIEYERE S BT A O S B R A P
I ) ()38 0 52 BT H s, SHFEAR AL ER100 hilf ik 3
e (E18).
3 Wi
X 2 B R UG, BB A A A K e
HRRIARLC, Fam] LLIG IR mR AN N BE 2 W 5 &,
JEHIE Ko T2 2055 &, M50 48 B A4
(TabuchifiMatsumoto 2001); T ¥ 45(C. sinensis)55:
R FE R, — o W R AR 0 A AR i
K4 5223 F I (Li%$2017; Gonzélez-Santana
£52012) 0 AHFITRIN, ARIR FE R 50000 T 2R AR S i

KA B EAT A, AT BE A R d i A T A SR
N ¥4 k7  (xyloglucan endotransglucosylase, XET).

50

CATEHE/U-min™'-g (FW)
%) w S
—3 —3 >

i
>
T

0 4 24 48 100 196
Kb FRE 8] /h

0.75
0601
z
=
2 o4st
3
£
=
iH  0.30F
4,
<
T o0ast

0

0 4 24 48 100 196
AEER R E]/h

K7 Bkt 2R AR PR LB 1% S HLO, 35 R

Fig.7 Effect of Al on antioxidant enzyme activities and H,O, content in root tips of C. oleifera
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o
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MDA % &/pmol-g! (FW)
-]
T

—
T

0 4 24 48 100 196
BRI Al/h

9.0

TR S B/g kg (FW)
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0 30F
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AEZEI [8]/h
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KEEER [E]/h
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Fig.8 Effects of Al on MDA, free proline, soluble sugar and soluble protein contents in root tips of C. oleifera

N V5] JE Bl (endo-B-1,4-glucanases, EGase)5 %
B A Ui A S Bl LA S 4 1 5 3 (expansin) S5 AH G B
o5 DL ARG M BE I AR E, i A i 40 R
(SafariZ2018).

Y1 P BE 2 A AR AR AR 1 B R AU AL, BEE
FEAL IR A] B3 0, FREAR ) RAREIG I, MR
SRR 1) A L BE 1 43 T L E A, X SRR A
i BRI —E(Li%52017). FEABIDIE R, R4S
MY B S R e d M BE B ) B L AR, PR AR
HEN 5 AR T A A8 1 B R g D R 0T AR S B X
BEHCROFFEE2018). Bl 0 AL BRI ()5 0, Mo
70% LA R34 AR B4 M BE b, 3R BHAR 4 sk
AA®GENE RFEE /. AR g i EE 4R
F 2R FERBRHCIA 5 |, RIAHCTRIR R A
53 B BRI WSS R 7, X R 4 it B RS R 0L

S 2 g R —BU(EI3). AN A B PR SR
e — P E E Y LB R I 2 OBk, Jd i SRR R R AL
BEPRT A2, s e P R AL I o 25 H R AL, 424 5
R B 45 A 1 ML A, AT R R e L b
(Li%Z%2017; Gao%52014), HC1 2 FH4E - B2 @it
W B4R R R R [ 5 A - 2P e R 2 WE N, N (Triti-
cum aestivum). L K(Zea mays). Wi I+ (Arabi-
dopsis thaliana)%5#B 2 K HMLEE b 1) R 740 R AR
FEHCIZ 7y (Yang22011). AR T HABR Y
72, MR YH M BE SR I ATHC 14 73 P g RAK &
(4R, 2 B i 2% b LA Al 4 B A B SR IR 48 R AR
M ERAE T -
PALMEAL-ZR N R A AR, AT
G IR RGN, MRV A B 2 & 15 (Ha-
jiboland%52013a). ASHFFLE ], FribRE4 hinf PALYE
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PR S5 46 =, TT VA TR Y SRt B A AR A B
] E] (4 38 0y 3 0 (4 805), 2 BIPALYE LR & 2
BTV YER R A R, S NI BT RE 7T (Dixon
HiPaiva 1995)F145 & 25 fig /1 (Nagata®$1992).
IRZ TR . BB, S L AR 5 e &5
BIRE T S PALYE 42 5 (JuszezukZ£2003; Kovadcik
FiBackor 2007; DixonflPaiva 1995). i& B IKE4H
AEER, PALTEPESR My ATVA TR A R It & )
AR R AR R, AR THEIMAEKEE
(Hajiboland%£2013b). %55 Wy 24 )i 75 41 fg B -
1 RS e S R, MR AN BE | R4 %
Ry 25470 o 7 200 L (1%) SR A Do A1 &4 e A A it
{2 (Hajiboland55:2013b), 11 1 25 AR 9 24 fifg £ 25
A AP B il 7 40 A B I ) 338 2 LA s ) 3
(K5), XA &R TE4N MR RE E Sy~ T
G, RGN TR KA A F 2 00 (Ha-
jiboland%52015). 4 A BE 7L A T 4k 1) I 72 1 e %
AT A% (Pandolfinif1992), Ik LT &1
HEEON RPN 72 PODYE 1 & R AF A AL IS F2 1 5
TG . CPOREWS L5 R BHIR 2 Wi = AR S Bk, 3 n4m
i B A R, AR E A Ak, PRI T AR BE K RE )
(Heidarabadi®52011), 2 5 45 & &M & &1 FFC
W H PR BE #E CPOMY P4k (Hajiboland%5:2013a), {H A
BIFF2H R I C PO 1 i 2 B0 Ak 38 B[] 1 154 o o o
IS, (4t BE 25 5 8 & B R EFF, R RARTE
Y BE b 55 SR 25 A BRI T I AE S SR R B
o ()R] ] P (Hajiboland552015) . PPORE S K 1y 2
W B AR BRI, o 4T i e A B 2 1 (Yoruk
FlMarshall 2003), FEA0FE [#AE T AR 2SPPOYEVE, Xt
LEEN RS R
SOD. POD. CAT#4t % g 4 Bl 1) Bt Ak
Pl A7 25 T KT 3 BN BB 37 PR AL R PV PR AR, $R
M 32 1%, 3 J5 32 SODK M) 7K N OF Bk W H, 0,
F10,, PODFICAT# 4L 73 i H,0, W H,0F10, (E /)
“TA£2009). ARALERSE R T HZRIRRSOD, CAT,
PODFHE, BEAK T HRASH,OL MK E (1K7), RWIdE Bk
JFE 4R Ab B 5 T 52 S A P E AL B e T, ST
P A8 LR AR 2 20 i v 1 4 1 3 R S 4
(Hajiboland%5$2013b; Gonzalez-SantanaZ$2012), A
B 5T FH MDA 75 58 o B0 Ak B o [ 14 384 i 7 PRI I

TR, 2R WP A B S P K 3G ot J5E s i 7% 1%
AR (EHE2017). R, 4540 EE thil
TMRARR T . PR TEE A RS iR S
i, RS 7 A0 K PTis t (Mukhopadyay
2012) B B AR AR 71, RIS 32 B 55
(Hajiboland%52013b).

R EPTIA, W AR S 40 M BE 1 SRR ATHC 1 RE
SRR B DR B AR, R T AR S 24 B B AT AR B )
REERE ST, AR TR REBI R M, sl 74
YTV R E . AR, & AR RE 1 =
KWL, B AT P A A PR I, 84 5 2
FUBRR . BIE AP AR ), KW E BIK
JEEAMIE SR AR N S5 A T 22 b A B e AL ) A ] i s
TR
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Aluminum accumulation and its effects on contents of substances
involved in phenols metabolism and antioxidation in root tips of
Camellia oleifera

QU Xin-Jing, FENG Xue-Rui, ZHANG Ze-Lian, GENG Rui, YUAN Jun"

Key Laboratory of Cultivation and Protection for Non-wood Forest Trees, Ministry of Education, Central South University
of Forestry and Technology, Changsha 410004, China

Abstract: Cutting seedlings of Camellia oleifera ‘Huajin’ were treated with 0 or 1 mmol-L" aluminum (Al)
and the contents of Al and substances involved in phenols metabolism and antioxidation of root tips (=2 cm)
were determined after 4, 24, 48, 100 and 196 h treatments. The results show that Al content of root tips in-
creased with treating time, and Al content in cell wall was 73.10% of that in root tips. Pectin and hemicellulose
1 (HC1) in cell wall had strong Al accumulation and adsorption ability. Meanwhile, phenylalanine ammo-
nia-lyase (PAL) activity and contents of soluble phenol and cell wall-bound phenol increased, whereas activity
of polyphenol oxidase (PPO) and covalently bound peroxidase (CPO) decreased under Al treatments. Addition
of Al increased the activities of superoxide dismutase (POD), catalase (CAT) and peroxidase (POD), while de-
creased the contents of H,0, and malondialdehyde (MDA). Al supply also increased the contents of soluble
sugar, soluble protein and free proline. The results suggest that the strong capability of Al adsorption and accu-
mulation of pectin and HC1 in root tips of C. oleifera decreased the toxicity of Al. And 1 mmol-L" Al can in-
crease the contents of phenols and decrease the activity of CPO, which is beneficial to enhance Al-stress toler-
ance and reduce cell wall lignification. In the meantime, increase of reactive oxygen species scavenging and
osmotic regulation contributes to the stability of intracellular environment. Overall, the synergistic effect of
various physiological response under suitable supply of Al improves the elongation of root tips of C. oleifera.
Key word: root tip; cell wall; aluminum accumulation; phenols; antioxidase

Received 2019-03-28 Accepted 2019-08-04
This work was supported by Key R&D Project of Hunan Province (2017NK2201).
*Corresponding author (yuanjunchina@126.com).




