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Abstract Hydroponic culture experiment was carried out to investigate the use of exogenous organic acids in aluminum
detoxification at the germination stage of four hybrid rice varieties. Root length and fresh weight of root, root leakage of
electrolytes were detected and antioxidant enzymes(e.g.POD, CAT and APX) activity levels also analyzed . Results show
that 1.5mmol/ L. aluminum treatment slightly hurts rice seedling root and POD and APX activities increase distinctly,
though that of CAT has no significant change.Al stress is differentially alleviated after the addition of three different or-
ganic acids.Succinic acid shows the most obvious Al stress alleviation. Citric acid,malic acid and the mixture of citric acid
and succinic acid have specific effects of variety. At the same time, POD and APX activities exhibit a downward trend
while that of CAT changes relatively little after addition of exogenous organic acids, suggesting that metabolic homeostasis
of reactive oxygen species (ROS) is disrupted by Al stress. The activity level of antioxidant enzymes in mitochondria is
then regulated by exogenous organic acids which causes detoxification of aluminum toxicity during rice germination.
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283901 Ho 02 5 10min, MR A RIKFZE K vk 2~ 3 5 . 2 Fp 2d, ARk 4~5 ¥k, 33°C A%
Td, PE 3k Kk 2R — AP 746 TR IR L (A2 9em) FFAYIE IELR |-, N85 J5 M 30 ki, HH Yoshida %
WK KRGS I AT AN E AL B, Al LD AICL - 6H. 0 JE U424, 8 DA B> 9K Yoshida ¥ (CK) |
Yoshida ¥ + AlC1.5mmol /L) (Al 138, 1 ). Yoshida &% +A1(1.5mmol/L) + 3 2 (1mmol/L) CAl
YRR, 1) Yoshida ¥+ Al (1.5mmol/ L) +#7F R (Immol/L) CAl Bl +#7 82, 1) | Yoshida %
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Tab.1 Effects of exogenous organic acid on root elongation of rice MEKELIB TR, KBERMEZM BE/H
seedlings exposed to 1.5mmol/L Al Kl 52 R DA AL 30 I B X R e
o i /om Length of root X ) 5 A T B D 335 45 A i
Treatment || f 725 44l 725 WAL B L AL 938 Wi —2, EELRWPHRMANRE, B 12
Eryou 725 Jinyou 725 Liang youpeijiu Yueyou 938 . 7 b N " ™
’ ’ S : IR A A5 0 2 Ak L eP O LB R A SR
5.1240.5 5.8840.¢ 5.8841. REESE N . N s
CK 12+0.58 8840.96 88+ 1.24 7.404+1.73 E‘jﬁ%’*—f*%ﬁﬁx\‘]’“ﬂ/ﬁ[:725”5’:]145%}3(4%0 E'Z%
1 3.9840.77 4.42+1.12 3.5240.79 4.64+0.62
mxt WA 7257 @ 7257 ML L7 18
I 8.0441.65  7.56+0.29  6.36+1.18  6.40+1.06 ) _ PN -
Il 8.14+1.09 4.9841.00 3.84+1.06 6.2041.47 /ﬁl: 938”5,:]22%%{/'5%4&@%’ﬁmﬁ‘é%dﬂ:}:mm
( o - o . FORR 28 50 W6 19 A7 HILIR o AN [] AT It AE 45
N 8.4241.17 6.8040.66 6.2840.64 5.94+0.10 ﬁ*ﬂ@ﬁ#mlﬁ]ﬁm@ﬁxﬁmlﬁ]ﬁﬁéﬁmﬁ
Vv 4.784+0.97 4.924+0.33 5.2241.38 5.68+1.18 .
Vi 5.584+0.64 5.90+1.14 6.54+1.65 9.524+1.91 5‘&%0
S o o o H Excel F1 DPS %i4fs b P 38 58 % AR e He
VI 7.4241.64 5.8441.32 5.1640.86 5.86+0.76
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E0Al Tab.2  Effects of exogenous organic acid on ratio of root length to shoot length
[ 1 AT, AL R b 3 S of rice seedlings exposed to 1.5mmol/L Al
Sk RS AR T 1Y B A I S, AT A Ak B[] 22 S R /H K
EI% . j\j’ﬁi\l ftt 7J( %Fj )F)J_ 7H'ﬂﬁ‘1 ,_I,_ iﬁ( Treatment  Difference of all treatments Ratio of root length to shoot length
1 F KT I fk 725 44k 725 WA B L Ak 938

f o ABAERS SR AN B AR

Level of significance  Eryou 725 Jinyou 725  Liangyoupeijiu Yueyou 938
A A~ AR R A FE G T S I » »
PP AR R Z T I H A AT B 1R CK ab AB 0.291 0.311 0.421 0.506
ORI 2T AL 1 ¢ B 0.238 0.213 0.238 0.334
37K A B RE B R EE A BT 3 1Y I a A 0.501 0.404 0.469 0.443
JE R 4 ) VT 58 2 FE A XA AR Al m abe AB 0.464 0.238 0.309 0.444
W WA B 38 R, T AL S R A N ab AB 0.474 0.354 0.418 0.396
PRI 38 %) HH i A PR E W M V be AB 0.329 0.228 0.331 0.405
T“JJK%E’W{EE%U}T Al ﬁﬂb’?ﬁ(i{é Vi a A 0.373 0.330 0.487 0.716
BB % s % 5 B Fageria | VI ab AB 0.484 0.316 0.369 0.436
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7257 AUk BEFARR NG  CA'T 176 1 BH 0 34 i, 1 A% i 3% B MR + S S MR 5 L A T A 2 Fh A MLIER 4L Aok 1
CAT WE M FREE/N, X400 7257k Uk 3R IR I A J5 B HA 2 B HLER SR AU A S 19 CAT WM& . 3¢
R BERIMAJG . CAT WHME R . TR Uk i, Al A BRJS CAT W& MRS N, 3 v] G2 8 “ M
REOU TR AL P50 ) R L BEAS 0 A BT T 1 0 AR RO N B L 6T N AL R 1 A5 Ak B R L B
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Tab .3 Effect of exogenous organic acid on activities of POD,CAT and APX in mitochondria of rice roots exposed to 1.5mmol/L Al

i POD i i&HE/U-g~! CAT MTlitE/AODyy g™ e mm ™! APX FGEVE/AODygy o™ "o min™!
Treat- Activity of peroxidase Activity of catalase Activity of ascorbate peroxidase

ment I 725 448725 PMEEIL BAfE 938 M4k 725 4tk 725 PAPEREIL Ba4i 938 I 4E 725 4fk 725 WEIRSE JL B4 938

Eryou  Jinyou Liangyow Yueyou  Eryou  Jinyou Liangyou Yueyou  Eryou  Jinyou Liangyou” Yueyou
725 725 peijiu 938 725 725 peijiu 938 725 725 peiiiu 938
CK 1063.76  966.52 1060.93  738.96  10.65  9.63  7.50  14.74  450.36 1048.04 1158.60  1847.39
| 1518.69  782.91  3226.67 1234.95  8.99  7.44  14.31  12.25  887.89 1861.54 1893.33 2315.49
I 864.70 769.12 1583.09 1306.67  6.76  6.43  10.58 6.43  660.69  915.58 1239.19 1117.14
Il 670.22  955.20  752.91 1158.08  3.24  6.24 5.30 5.23  489.86 1080.65 523.61  922.68
I\ 949.56 1017.69 1912.75 749.58  21.81  8.22  12.53 8.14  539.16  953.29  870.81  545.36
v 787.45 2091.63 2096.53 1571.28  6.13 11.70  4.12 7.79  701.85 1069.72 1742.08 1338.46
kil 861.39 492.63  985.25 575.57  8.99  1.68  4.54 2.21  958.75 1526.55 818.01 1183.23
VI 526.95 964.14 1235.45 588.68  1.86  1.63  5.04 1.85 1116.77 1426.30  424.60  781.91

APX GRS AL , B 38 3 AT AL IR MR AL ACFR R APX %M S 30, 3 a] g2 R AR ok B8 AL i
TR R A A S T AN N TS RS BRI APX KRR, DATE BRAR N A TE PR . T SRR TR
3 FAYLRIG , APX 16 M AU, S04 AR T T8 7257 P46 IR + 3R HN R AL R APX 6 1%
Bl s XA 7257 ER IR + 3R HER AP A IR BRI R P APX UG ME w6 TR AL L, R R R
g AR APX 6 R s T B 938, SRR SERR AT B L ER R BRI APX WM. BU
WL R i AL W1 T ( Ascorbate peroxidase, APX) J&F] F TR ML AR ( Ascorbic acid, AsA) A HLF LAY H2 0. 1)
W AR AE TG RN AT L 06 T RO R b R AR D 8 A 7R B MR R P A S
OB IR I R —— 4 D6 H K0 2 1) Hi 38, 5 02 00 7 2R 1R 0% M RS BRI &R b nTRE L AF 7E APXL 5 POD,
SOD, CAT ZEAHE WM L[ 2 5 W5 Wl B i v 05 B, IR 3 Fh 36 4035 Bk I 15 A8 fh ik vl & 3R,
1.5mmol/L Al B8~ , POD F1 APX X 1if 1 S H 45 1) 2 32 1, e 32 2 0 76 1 SRV BR VR .
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FORFE AR AL T KRS 2 AR 32 B R0 E AR I A ALRR S . MOE A8 AR R A R bR A . AL B
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