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Aluminum stress with seed germination and seedling growth in

Phyllostachys pubescens

LENG Hua-nan, ZHENG Kang-le, LI Guo-dong, GUI Ren-yi

(The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Lin’an
311300, Zhejiang, China)

Abstract: Based on the effects of different aluminum (Al) concentrations (0, 50, 200, 500, and 2 000
pmol - L") on seed germination, seedling root growth, superoxide dismutase (SOD), peroxidase (POD),
and malondialdehyde (MDA) in Phyllostachys pubescens (moso bamboo), this study determined the level
of Al tolerance for moso bamboo through comparison with two rice cultivars: Oryza sativa  ‘1R1552° (Al-
sensitive) and Oryza sativa ‘Azucena’ (Al-tolerant). Results showed that an Al concentration of 200 wmol -
L™ did not significantly inhibit seed germination of moso bamboo, whereas with 500 wmol-L™", germination
was inhibited but not significantly. Also, an Al concentration of 2 000 wmol L™ resulted in 50% survival.
For the 500 wmol-L™" Al treatment, seedling root growth was inhibited in 1 d, and with continued Al stress
growth within 3 d did not recover. However, with continued Al stress, root growth in ‘ IR1552°

recovered within 3 d. Meanwhile, with Al stress for 3 d, there was no significant increase of SOD activity
in the root tips of moso bamboo (P = 0.153 1), but POD activity for moso bamboo (P = 0.018 0),
‘IR1552° and ‘Azucena’ (P<<0.05) were significant. In addition, POD activity and MDA content in
the root tips of moso bamboo were higher than in  ‘IR1552” . These results showed that P. pubescens had a
lower Al-tolerance than ‘TR1552° indicating a moderate Al-tolerance in plants. [Ch, 3 fig. 3 tab. 29 ref.]
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LA I AT, 2 000 wmol - L7 ¥ BE S BAT R ZF R Ge it iR SO EE , SRR kR ), HREE R
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MR T AT, 8BS 0, 50, 200 wmol - L' B, BATHNF 1Y & ZF R A ZFH LR, HHkE
500 pmol - L7 B & ZEF AL ZE AT Mgl , HAR 2 M40 HE S 2] 2 000 pwmol - L7 B, BAT
R ZERAE BEIH, BER TR —25, 2 000 wmol - L™ AP BUE

1M 2 FOKREAE & 285 1A B e am il , (RAE & 285 b, BUSR KRS TR1552 £ 2 000 pmol - L
W BE T Bl R I

x 100 1,
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Table 1  Effects of Al stress on the germination rate and germination potential of Phyllostachys pubescens
Fo ) K& IR1552 JKF& Azucena B
(pmol L) B2 1% K2 1% K% K2 1% K2 1% K%

0 55.33 £ 9.87 aA 84.67 £ 5.03 aA 49.33 £ 945 aA 80.00 = 529 aA  15.33 = 5.03 abAB 57.33 £ 6.11 aA
50 55.33 £ 643 aA 86.67 + 231 aA 48.00 + 8.00 aA 80.67 = 1.15 aA  26.00 = 5.29 aA 60.00 + 12.17 aA

200 54.00 + 9.17 aA 80.67 + 4.16 aA 42.67 £ 9.24 aA 82.00 = 4.00 aA  20.67 = 9.87 aA 56.00 + 8.72 aA
500 54.67 + 13.32 aA 84.00 = 2.00 aA 38.67 + 231 aA 7533 + 643 aA  16.67 + 5.03 aAB 53.33 + 7.57 aAB

2 000 2.00 = 2.00 bB 84.67 + 6.43 aA 40.00 + 9.17 aA 76.00 + 4.00 aA  4.67 + 3.06 bB 33.33 +4.16 bB

B NG TR A B B E KT (0.01<P<<0.05), K57 HRR A IR % KT (P<0.01),

* 2R, SRR A 5K A TR1552 9 &
FRAWMBERLR, MXRBLIHEREL 1, X
PRI 7K R TR 1552 (AR ERUSPE . (HAR MR B 57K
FIIR1552 R ZFHRTC R EMERR, HXRHL
XHE AL RN, WA K S TR1552 7540 8 35 MR 58
e, R BRI K S RE T, Rl LAAE AR B 3 2R
gt A EA K, e 5 KR Azucena )
RFBMEFHZ TR EELR, HMHEX
RB A HE Y BN, B L AR L 48R aa
HEMMEFRAMEFRRAT BEEXR,
PR T A A X T3 R OK R R T U AR R
HHAR S 58 1% T 7K F TR1552,

®2 HRAEBRESENMFRAFENELFY
HITERX R
Table 2 Correlation coefficient of germination rate and germination

potential of P. pubescens

) R IR B 2R

e KRG IR1552  JKHd Azucena T
R H 0.595 - 0.631 - 0.864*
R — 0.974%% - 0.668 - 0.993%*

Y] % KR 0.01 K B RFME; * HIR 0.05 KV LB #H
iTPS

R, SRS, BT 2 1 5K TR1552 &8, MAF T KRRV E T 48 S

iEE7/8
22 SEXEMHERERBRIG

%3 W, AP (1 d), BURADUKES IR1552 AR 0 5 B AT B AL, Hh 30 v ok B2 4
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il (>200 pmol- L), M52 AUKFE Azucena [FIFEA mk BEAIHIM S, (HFE 200 ~ 2 000 pmol - L' ¥ EE T,
AR AR A ] B /b, R B L 32 PR SR A — T, B AL BRI (2 ~ 3 d), 2 MoKFE AR A K RE

WA ANFERE RS, LHIEKFE Azucena, BIEELAT |,

) JTAR A1 ) R B R F K R TR1552, {H B st

) HERL A R BE T . Ik, AR LEOKRE, B AT 40 AR B2 5 U RUKAS TR1552 AHZEL, HEEAR,

®3 B EMLYEREIHREH M

Table 3 Effects of Al stress on the root relative growth of Phyllostachys pubescens

Kb B8 ]/ §EHR I/ (ol - L7

HRAH XK /%

JKFE TR1552

JK A Azucena

0 100 £ 29.33 aA
50 88.51 +32.98 aA
1 200 7241 + 39.42 aAB
500 32.18 + 12.46 bBC
2 000 20.69 = 9.12 bC
0 100 + 38.03 abAB
50 136.36 + 22.73 aA
2 200 87.12 + 33.45 bBC
500 45.45 + 18.56 ¢CD
2 000 22.73 + 16.07 cD
0 100 + 48.1 aA
50 99.26 + 45.52 aA
3 200 75.37 + 38.06 aAB
500 36.76 + 18.67 bBC
2 000 22.06 = 12.3 bC

100 + 42.16 bAB 100 + 26.08 aA

166.67 + 66.67 aA 83.17 + 37.39 abAB
50 + 35.63 ¢cB 84.16 + 17.93 abAB
90.48 + 37.09 beB 71.29 + 32.66 bAB

79.17 + 35.36 beB 57.71 £ 15.65 bB

100 + 3595 bB 100 = 31 abA

151.79 + 28.51 aA 107.76 + 19.64 aA

51.02 + 28.4 cC 83.27 + 32.13 abA

46.03 + 22.34 cC

254 + 18.6 cC

100 + 36.25 abAB

128.57 + 25.94 aA

76.36 + 43.76 bcABC

4091 + 28.23 cC

57.95 £ 27.03 ¢BC

74.29 + 31.3 bAB

38.1 £ 17.14 ¢B

100 = 7.09 aA
72.89 + 15.37 bB
60.29 + 23.53 bB

35.7 £ 22.05 cC

11.97 + 4.65 dD

P NG PR R RAE B EKOF (0.01<P<0.05), KGFHFRkFH 2% K F (P<0.01),
23 EMHHEFREPEIJdEESLYMELE, SELDENE BT

ALY B AL Y A R P B E SR, EMYPLS e A EAE R EENEN . MY
A TS A, R A AL il RE A A B A SR A T e A TR R R BT, B A ) A M R L S A, B

A M 2t F R, B 1 R, JKFE IR1552 7240
WET RS, BT “Em—k—m" MR, KRG
Azucena W BH 5 Bifi 25 50 v B TH w2 FROKRS 2O i
BE (P=0), MEMNNEADEBEZRAK,
W (P=0.153 1), BIBATH AW B AL B X oh 560 e
(AR Ak S AN K

It 484K ) Tl AL R A A P B e R AR Y — R DR
il P2 a] L KRS IR1552 ot Ak Wy i 5 8 ALy
B A AR L, KRR “m—IR— " 2 A
X% (P =0.000 2), /KHH Azucenality it S 1k ¥y i 5 H A 1k
YLl BAME S WRET ST, 2D
FHK(P=0.008 4), BATTET Y A BT 3
TR (P =0.018 0), Ui BIAHXS T8 A L Pk (L, 2o 4k
VIR B 7 v 6 ER B0 B R i A FH

8 -
T~ 6
K
& |
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e, |
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B 1 4t 2404 %R AR ALY

A Bl 7 P 0 e
Figure 1 Effects of Al stress on activity of SOD in the

seedling roots of P. pubescens
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VA R A0 M B o A A R B 2 — AT DASRR ARG T AR Bt T LA AT ) X A A
BMAEGE 1. B3 T EBATFKRS IR1552 B8t “S——m” s, HhEMEREADN
T %) J B JR e B B T UK RS IR1552; /K A8 Azucena AP [ 0 I3 12 JBE JR Mk J3E 0 24 Kb A 084 5 IR
A, I EZ R AN

- 1000 10
T ~
= 800 T 8
g -
2 600 | i 2 6
g |f E
K 400 g 4
= I
w 200 iy 2
g2 0 EH FH i F HH 0 =2 HH HH HH
0 50 200 500 2 000 0 50 200 500 2 000
Bk E/(umol - L™ IR B/ (pmol - L)
o/K FBIR1152 w7K f%Azucena BEEAT oK FEIR1152 mk #EAzucena BEAT
A2 é“ﬂiiLXﬂ‘%’r’r%%#&%ﬁ.i%%% B3 il 2GR ARG
EEE Figure 3 Effects of Al stress on concentration of MDA in the
Figure 2 Effects of Al stress on activity of POD in the seedling seedling roots of P. pubescens

roots of P. pubescens
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3.1 EffHmsat

FRXAE ) BT A RSN, AP RN TR, BESE RIS R WA R AH TR, BFSEERMT, BRHE S 0.50
pmol - L' BI 2 X =% Brassica campestris F & 2F M HI/E ™, 1M #5 £: 5 Leonurus heterophyllus W fig
5% 25 1.00 mmol - L™ 81 4k & 215 A7 I AH XoF 48 A1 ¥k B E’J!fnﬂj}lﬁ_fiﬁﬁ B JERESEAE AR I, BN 0.37
~ 3.70 m mol - L™ £A ¥k 5 Ab B AT $2 =1 FF & Fagopyrum esculentum T [F) B & 5 S HoFh 1 & J5 MR (14 A=
K, HEWKERT 37.00 m mol - L7 J5 JFAA i BRAM A ™!, Xb B AT 7R UL, Ba 0 kB2 KT 200
pwmol - L™ J& | JFHA H BUAR AR Sl O 00, A *HHQJ@H, TRl XF R L BCRURR, (BAE R )
J& T AR 2 K F-

OV R R AR A AR AR B T A R R IR WP R, KIEAR Pinus taeda & — M SRR HEY)
40.00 wmol - L7 ¥R BE LA M ARAE R I A BN HI, 7E 580.00 wmol - L7 B, B 30%>'; KT Glycine max
JE R U AN, 7E 5.00 wmol - L™ (Y3 B2 F A 7 HE 7 AR A K g A1l ) 0 H)ﬁ'?ﬁﬁ@ﬂ*ﬁ%ﬂ‘m
Cajanus cajan FE58 2355 20.00 ~ 30.00 wmol - L™ ¥ B B 4 9 41 i) 27 XT?EE%T/J — g FARAR
PR FE R UL, B ATC 0 Az e R A R, H2E ROk, —MAE 70.00 ~ 1 100.00 pmol - L', #H
XA I, B ATL MR A RS R R AL, AEHRE KT 200 ol - L S JF BB A, 500
wmol - L™ i 1 d BIFF 4f H BRAR A= 4 B 0 ) K 249 29% ()47 e . AR X T X3 B8 /K FF TR1552 FI7K RS Azucenat
SE2 FOKRESRUL, BATRE TMEUREMAEY), HNBEMEYRE, ETrhSm2K, BA—Em
T 45 Fpfp 3 1

PR, DA A 2 SR 4l e AR I 3l ) 2 KB 25 5RO, B AT Y i AR 2 M T 40 BUBOK A
IR1552, FEfi# 5 b s+ i 2 KF
3.2 EMYPEIERMEE E LN

VA DL R T AR W f ol e, 7EZE RN A IRBR I R AR . IEW AT, M
PR TP SR 7 A RS B AL T AR S 25 P b, (HAEEEE N IR TG M S A Al 7 2 R T
Vi kr A BRI RE Ty, S n R o AR A R A R 2 AR T A Al I A e 4R ) 4
R MPUEAY FORSE M, MK, BT R ol A Y B B S e TR FCR,
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RV S A B AL B AN 22 5 B AT TR BRI A TR AU Y 221G 0 A T R AR TR B L ATk T R U R T A
FRFEXR, 8 MY TES SH P, 5K IR1552 #[F, BAT 0SSP s BT Bl 2 40 vk
BT E—R—m " ER X UL B AT HUK RS IR1552 52 57 W36 1) 52 Wi Bl 25 67 vk 5 38 45 3 i
MR, HIEMEEEBRAE a2 B TR, HRRRMHaSE— D nse, Bos HIEFm LS, fe i
AALP G G MR, A I A EE T, M, AR ARUKAE Azucena (3 A0 W G I DT IR
L I AR TGS O PR, ELRE G SR B T gk 2B, ARELH T O AR R AR . N B
Mok, 2 KR A E R R, MBI B3, U BT i i S X 8 38 B Y
FREEAR T3 2 ROk AR, PR BATG I B AR TR AR — DI &R

XTI BT S, BRKFE Azucena 4, KUK JE A9 ER AL BE (50 mol - L) {7k #F IR1552 FIEATHR R
PN T Jo TR R VR B O R A BT AIG  T Bi R BR VAR B ARG N, TN I REAH L RG A, 3A B W EOK
(P<<0.01), Ti* T 7KFF Azucena, WIEANTE B 7KV (P<0.05), FrLL, AbFERIHE X KAE Azucena Y
PN R SO PR R MR BE R — S SE R, X AT R TR1552 (52 IR O, BRI R WIAE ™ R e T
JIg B i AL R, B AT RN K FE TR1552 FL/K RS Azucena 25 %) H BR3P il 22 G0 N A AR AN iy 268 1777 66 40 it
Z R EGERL

TEAEIE 50T, BAT A ALY BRI N B LY 2 FloKRE R AR &, TR A A B A SO B AT AR
AR, RALEF-I BATR RS 7 BG4, A5 BB Sk, 5 A 5w 9 P 4 0 ke £ 45 4
LI H A RE Sy, DO TRT Sz Bl FE o AR g M 22 2 X — S5 R I T ENIE 1 AH LI ROK RS, BATIR T
FRHURAIREY)

S E 30K .
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