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Response of Biomass, Al-accumulation and Protective Enzyme System of Oilseed Rape to Aluminum Stress

WEI Dong-ping'?*, LIU Peng', XU Gen—di', CAI Miao—zhen', WEI Jian—feng*

(1.Key Lab of Botany, Zhejiang Normal University, Jinhua 321004, China; 2.College of Agriculture, Guangxi University, Nanning 535005,
China; 3.Lushan College of Guangxi University of Technology, Liuzhou 545616, China; 4.Guangxi University of Technology, Liuzhou,
545006, China)

Abstract: A solution culture was conducted to study the effect of aluminum(Al)on a tolerant genotype (XZY2 )and a sensitive genotype
(7S758 )of oilseed rape. The biomass growths, Al-accumulations, activities of protective enzymes and contents of MDA and proline in leaves
of oilseed rape seedlings were investigated. The results showed, after being treated 7 d, the dry weight of root and shoot and biomass of XZY2
decreased significantly by 13%~36%, 13%~36% and 5%~17%, the corresponding decrease for ZS758 were 30%~53%, 12%~20% and 16%
~28%, respectively. The decrease of biomass was more significant in 7 d treatment than in 14 d treatment and the ratio of root/shoot decreased
with the increasing AI** in culture solution and treated time and the plant height decreased simultaneously with the same trends. Al contents in
roots of both varieties increased under Al stress, which were much higher in Al-sensitive genotypes XZY2 (3.94~5.88 pg-g™)than in Al-
tolerant ZS758(4.96~7.54 pg+ g™ )in 7 d treatments, and were even higher after being treated for 14 d. The protective enzymes were activated
by Al, especially the SOD, after being treated by 200 wmol - L™ AI** for 7 d and 14 d, the SOD activities increased 2.50 times and 2.03 times
in XZY2 and 2.02 times and 1.83 times in ZS758, respectively; In contrast to SOD, CAT and POD were less affected by Al stress. In addition,
compared to 7 d treatment, the activities of SOD and CAT decreased but that of POD increased after 14 d treatment. With the increased Al**
concentrations in culture media, the content of MDA in leaves was lower in the XZY?2 than in ZS758, while higher content of proline were ob—
served in XZY2. It suggested that tolerance of XZY2 to Al than ZS758 was partially achieved by excluding Al from root tip and increasing the
protective enzymes activity or proline contents in leaves of oilseed rape.
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Figure 1 Effect of aluminum stress on dry weight of oilseed rape
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Figure 2 Effect of aluminum stress on root/shoot ratio of oilseed rape
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Figure 3 Effect of aluminum on plant height of oilseed rape
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Figure 5 Effect of aluminum on SOD activity in leaves of oilseed rape
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Figure 6 Effect of aluminum on CAT activity in leaves of oilseed rape
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Figure 7 Effect of aluminum on POD in leaves of oilseed rape
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Table 1 Effect of aluminum on MDA and proline contents in leaves of oilseed rape
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Note: Data in the table are average of 3 repetition + standard error; Different letters in same column mean significant at 5% level.



5527 545 6 1) AR

A 2355

28 W AL BE R EERINTR  HOE HEZ i B %, Ul
WISHISRAR 28 52 B 1475 R T AR st L3850, AN T3l
SR ZR L FR X 7K 73 3 IR BT o A 3
[HFERF] 14 d I, TR ABGA SR 1 R, R~
Sk L SN AR 3, T e R A e B ARE L/ TR i
Ab3E

HRARJE LB A AL #5308 1 22557, 7 L
SRR AR R T2/ AL BOA 2 Al E 1
RN, BTSRRI, AR AL BORUEAE S Al
TERIHRRR LR A G, MR AL R B SR A fip
AR [A] 5L R GRS, AR b R 2 AL AR
BRI AL S AR AR, ol 2 AN, 22 Al
WIS RIS AL B A ALY R Y T e T2 i L
Th, SHETATE F R NZE SR IRMSEEY) RIS
ZEIS—B 2R EP N Al ETBEAR T, X 5
THARER A RFERBOHLEI A O . e m B E Al
AR BRI AL i fa) T3 B THGE, B
T 3 T A PAAIL AR 2 — o S gan ol 1 4
< e, Sl FAA ] I A AR , LAY 1) 25 i
iz kay, AT G0t 28 (A I3 3, S A xt & s
FRTRF R o AR AL 2RI — SRR AL 54 e T
KRR THIRL 758, X A BEZ 1 T Al RN T A
A — PP EEAEPLH Al AL s CR AT B8 B SN HE AL
REST, WARAR M- A DLIR BIAR AR ISR 5 AL BT,
PUCARIFAE AR NELAR Y AL KO, i 1 5 A 40 i
BT

WFSER BT S0, AL rae T AB P R P4 £ 4 i (A
POD (CAT SOD) (i P IS A Al i 1 A
Ko BRAP B MR e R AL N 4R T H TS B E
B, BRAR 1 S AOKPRRE AR AL PELS, feZ,
SRARAPBEETS LT R, S EOE Y R NI A A AR R
5 R HRAR i AT (A Ay A A B e 52 25
Wi o 3 SMIR I 2 98 B T P R A A
S, BEREREAR M 1B 2 3, By L 4K , PR 4
MR AR ETE, SCRETS BRI ISP AR
TELEMIR O THIZEHG AR A MR P L B it B = 5
o —MOLT , M 2R 1 2 S A A4
ST i , AR LA FOKPREAE Y B FNESE . A
Kb, BEE A0 A BN, il Ay SOD
CAT H1 POD {f PEFfZ Thig , 2l Xt Al il )1 i
PERCRE, Xof TR A TG M4 B BB 3 DR I 4G
P SEHEEA BRAE D, e —E R L R | Dol sl 41K
Pt ALBRA . NFRE 7 d FRA 14 d B , -9 1§

TEPELEN A 7 d B0 BT ZER T iE 14 d iRy
TR B R, B A MDA S SR T AR A
R AEIA 7 d B A IR N bE 14 do 3BXAF
BT LR T UL T T i PR B R S R AT i 4R
AR, SRT AR 58 A —30, Wi 14 d B, i
TR PR R 0L B AR RE 7 B AR , Yok S [ e 4
TR R S i, DA FE I R X AR ) g
FIBETIRE, T AL PERCR WA S B P i
AR O R B R T AL PR 22 A w758, (HED
i dntl , Wt B g MDA S8R R T e 7 d,
TP TG AR R T AL 5 E ARG Ak &%
I EM LAY RE S AR . 53 —TJr 1, SOD FICAT
TP ) 184 M RN 268 5% 1 PR AE TBE 7 d B R iaE 14 d,
1Ml POD 1545412 . POD I PETEMME 14 d BRI 5H
(IR B AR VE R, AT e B — O g i )
HERE RIEEFE RS, WrTEES POD Jifg
FEPEA DG, BRTIAH POD TE53if H0, IR0 PN ik
ZE MR, i T A AR 7R 55 B e R 25
A AL, 2 5 OB I R BT R iR R
LA K 20 M BE B K AR5 5 2 B SRR T i, X
FEA)E 5 A BRAC I A7 T 52 m , POD T P Y3
SRS EHE TSR R, I T A
MR, AT THE— Lo

SR -

(X M. BRFEAYIZ IR G T B BIRa RS, FRER2 5HOR, 2001, 4
21-23.
LIU Bin. Formation, harm and prevention of acid rain[J]. Environmental
Science and Technology, 2001, 4:21-23.

(2] Z= PRz, P 2L M. JEat Rl kL, 1983, 121-122.
LI Qing—kui. Red Soil in China[M]. Beijing: Science Press, 1983. 121 -
122.

(3138 B, SBERER, F3CA, 5. 1 2 A0 X B LD A =™
IR M EY 43R, 20006, 28(1):55-58.
WU Ji, GUO Xi-sheng, WANG Wen—jun, et al. Effect of dolomite ap—
plication on soil acidity and yield of rapeseed on yellow—red soil[J]. Chi-
nese Journal of Oil Crop Sciences, 2006, 28(1):55-58.

(4 AL ALE A, SO, 56 SAF e 5 03 B B AT FE 0], T
AR, 2002, 17(5) :40-43.
YU Li-ming, WU Dong-sheng, WEN You-xian, et al. Developing e—
quipment for dehulling and separation of rapeseed[J]. Chinese Cereals
and Oils Association, 2002, 17(5) :40-43.

[5] BERG3E, JEAGR. SR 5T /LRI E LI i AR 1. 3B
38 47, 1989, 8(4):68-71.
QIU Guang—kui, PANG Shu—wei. Spectrophotometric determination of

activated aluminum in soil using eriochrome cyanine R[J]. Journal of



2356 AP AL A TSP AL B AR il 2R ST 1 R

2008 4F 11 H

Instrumental Analysis, 1989, 8(4):68-71.

[6] Iz, W72 245 A A A I R M. JE st R EHAR T R
#t, 1993. 73-157.

BAI Bao-zhang, TANG Xue—jun. Test Techniques of Plant Physiolo—
gy[M]. Beijing: Chinese Sci-Tech Press, 1993. 73-157.

[7] R b B E AT BT, i B2 A
A RE SR FE M. AL ST Bl L, 1999.

Shanghai Institute of Plant Physiology of Chinese Academy of Sciences,
Shanghai Academy of Plant Physiology. Modern Plant Physiology Alab—
oratory Manual[M]. Beijing: Science Press, 1999.

[8] W HATY, £ LAZE, X 5. ARIEDE IR 5 8N it S KRR

I REIE SN[ A A B4R, 1991, 17:177-182.
ZENG Shan—xi, WANG Yi-rou, LIU Hong—xian. Some enzymatic re—
actions related to chlorophyll degradation in cucumber cotyledons un—
der chilling in the Light[J]. Acta Photophysiologica Sinica, 1991, 17
177-182.

[9] Sreenivasulu N, Grimm B, Wobus U , et al. Differential response of an—
tioxidant compounds to salinity stress in salt—tolerant and salt—sensitive
seedlings of foxtail millet(Setaria italica)[J]. Physiol Plant, 2000, 109
435-442.

[10] Fridovich I. Biological effects of the superoxide radical Arch|[]].

Biochem Biophys, 1986, 247 :1-11.

[L1] SBRZR, SR, = N, A5, SR IHME XA [ 55 R 22 FE D A4

PR R 5 B RIFR 5 B e [T]. AP 575 HERL 270, 2003, 9
(3):324-333.
GUO Tian—rong, Zhang Guo—ping, LU Wang—yin, et al. Effect of Al on
dry matter accumulation and Al and nutrition contents of barleys differ—
ing in Al tolerance[]]. Plant Nutrition and Fertilizing Science, 2003, 9
(3):324-333.

[12] R, S5 5E, IEG 2L, A5, FR P38 X 7K A &) i A B 10 1Y 52
WE[T]. AL BREERL2A27 40, 2006, 25(1):34-38.

XIE Guo-sheng, Fan Xue-lian, Shi Rui-hong, et al. Change of the
physiological characteristics of rice seedlings in response to aluminum
stress[J]. Journal of A gro—Environment Science, 2006, 25(1 ) :34-38.

[13] ZEgtl, BSE I, XRGE . £k A SRR T MAR RIE A 1)
FEAET]. YEYI241. 2004, 30(9):947-952.

LI De-hua, HE Li—yuan, LIU Wu-ding. The Al-tolerance evaluation
and anatomical characteristics of roots in inbred lines of maize[J|. Acta
Agronomica Sinica, 2004, 30(9):947-952.

| 14] Delhaize E, Ryan P R. Update on environmental stress : Aluminum tox—
icity and tolerance in plants[J]. Plant Physiol, 1995, 107:315-321.

[15] Delhaize E, Craig S, Bennet R ], et al. Aluminum tolerance in wheat
(Triticum aestivum L.)1. Uptake and distribution of aluminum in root
apices|]]. Plant Physiol, 1993, 103:685-693.

[16] Rincon M R A, Gonzales R. Aluminum partitioning in intact roots of a—
luminum—tolerant and aluminum—sensitive wheat( Triticum aestivum L.)
cultivars|J]. Plant Physiol, 1992, 99.:1021-1028.

[17) A7, BRNE IR, Rk, 45 ORI R oK A 22 R0 R
TP EFE SR, 2004, 10(4):374-379.

LI De-hua, HE Li—yuan, LI Jian—sheng, et al. The characteristics of

nutrition in maize with different Al—tolerant[J]. Plant Nutrition and

Fertilizing Science, 2004, 10(4 ) : 374-379.

(18172 ¥, WArE, 4 5, 55 N IR)/INAZ it R it 85 1k 2 S5 9 LE e
FE). 2N EY AR, 2006, 26(5) : 79-83.

LI Yang, LUO Li-ting, YANG Guang-xiao, et al. Comparative study of
aluminum tolerance in different wheat cultivars|]|. Journal of Triticeae
Crops, 2006, 26(5):79-83.

[19] ¥ 44y, JEHR )y SR SRR EE RO BT SR [T]. Mol R 272, 2005, 41(3)
43-47.

XIAO Xiang—xi. Characteristics of aluminum absorption by Longan(Di—
mocarpus longan )seedlings[J]. Scientia Silvae Sinicae, 2005, 41(3):
43-47.

[20] 22, sRAEAL. AR ERAKE T 20040 Sl B AR i i 5 R AT
HASIAEE, 2007, 16(1):186-190.

LI Hai—-sheng, ZHANG Zhi—quan. The absorption and accumulation of
aluminum and mineral nutrient in tea( Camellia sinensis Junder differ—
ent Al levels[J]. Ecology and Environment, 2007, 16(1):186-190.

[21] Dong B, Sang W L, Jiang X, et al. Effects of aluminum on physiological
metabolism and antioxidant system of wheat ( Triticum aestivum 1.)[]].
Chemosphere, 2002, 47(1):87-92.

[22] Devi S R, Yamamoto Y, Matsumoto H. An intracellular mechanism
of aluminum tolerance associated with high antioxidant status in cul-
tured tobacco cells[]]. Journal of Inorganic Biochemistry, 2003,97(1):
59-68.

(23] M8, Yang Y S, TRHEH, 4. H 5 4 FhHRTAKIY X BR hic A 2E
BLRIBITSELI ] ARSI, 2005, 29(4) :644-651.

LIU Peng, Yang Y S, XU Gen—di, et al. Physiological response of four
southern herbaceous plants to aluminum stress[J]. Acta Phytoecologica
Sinica, 2005, 29(4) : 644-651.

[24] /5 ¥ih, BT, AL IGRIAT 9 RIS AR R R R AR Bk 56

FRMAAL TR A A S5, 2004, 25(2) : 186-190.
GAO Jie, CAO Kun —fang, WANG Huan —jiao. Water relations and
stomatal conmatal conductance in nine tree species during a dry period
grown in a hot and dry valley[J]. Acta Phytoecologica Sinica, 2004, 25
(2):186-190.

[25] BEVRAR, SR SR, FR 22k, 45 M-S AL EXT NaCl B0 T 5140

R SR RBT DG SRR A2 )] A= 25244k, 2007, 27(2)
546-553.
FAN Huai—fu, GUO Shi-rong, JIAO Yan-sheng, et al. The effects of
exogenous nitric oxide on growth, active oxygen metabolism and photo—
synthetic characteristics in cucumber seedlings under NaCl stress|J].
Acta Ecologica Sinica, 2007, 27(2) : 546-553.

[26] S5k, BRAHA, j5RITI, S5, 55 (A XS] PEVE Y a R SR A
PRS2 )] AR 25574, 1995, 15(1):104-107.

PENG Jia—gui, CHEN Cheng-rong, LU He—-ding, et al. Effect of on the
morphological and physiological characters of crop varieties with differ—
ent tolerances[J]. Ecologica Sinica, 1995, 15(1):104-107.

[27] Wang C Y, Ma Y X, Zhou S M, et al. Effects of water logging on the
metabolism of active oxygen and the physiological activities of wheat
root systems[J]. Acta A gronomica Sin, 1996, 22(6):712-719.

[28] Wang A G. Activate oxygen metabolism of plant. Plant physiology and
molecular biology|M]. Beijing: Science Press, 2001. 366-389.



