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Response of reactive oxygen and its scavenging system in leaves of Buchloe

dactyloides ( Nutt. ) engelm to water stress
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Abstract: The time course of reactive oxygen generation in plants under stress and the corresponding mechanisms of
alleviation in plants are often used as an important indicator for evaluating stress tolerance. However, the quantification of
the reactive agents and enzymes is complicated by genetic variations in experimental materials. Clones of °texoka’
buffalograss ( Buchloe dactyloides ( Nutt. ) Engelm) were cultured in a hydroponic system to investigate the efficts of
reactive oxygen, lipid peroxidation, and antioxidase activities in leaves under physiological drought stress induced by high
PEG-6000 concentration in the cultural solution. Superoxide radical ( O, ), hydrogen peroxide ( H,0,), and
malondlaldehyde (MDA) in the leaves were quantitatively regressive to the concentration of PEG-6000 over the time
course. On the other hand, the activities of superoxide dismutase ( SOD EC 1.15.1.1), guaiacol peroxidase ( G-POD
EC1.11. 1.7), and catalase (CAT EC 1.11. 1.6) in the leaves showed pulses, increasing at the early stage and then
decreasing gradually to the level of the control. The occurrence of peak activities of SOD, G-POD and CAT in the leaves
was earlier with increased stress intensity. These results indicated that both the time course and quantities of the antioxidase
in buffalograss are important for evaluating the defense response against oxidation damage induced by water stress.
Therefore, sampling time as well as the quantification of the antioxidase has to be considered for better understanding the

stress response system in buffalograss.
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L) 388 2o A T S 5 T S IO S B3t 7 A T 4 48 ( Reactive oxygen species, ROS) , 240 % il A AR ¥
(0,7) GHEMEA(H,0,) I REE H ik ( - OH) % (BT ALEE BN P RS B AL i B Rl
R XN g5 B , IR T AE IE % A 3B 00 T M TSR = 4 S5IE R Tah & F RS, TR SR
SN MHE ARG T EYERNEEERERE YRR AL RS, B LEF (SOD) (&) AR
-1 ALY EE(G-POD) AL EEE(CAT ) Z5iE ME4R 5 , B R ML AP R, i H AR i mmE > 4 &
s, AT S 400 P9 1F 45 ROS i K B ¥ B , o S B R % T 40 M BB o Ak LR E B RS L
T B R ARG

KEVFRER, R FRAEY AR K 3 8 7 25 8 55 BE , R R 20 M PN ¥ 1 48 7= A R A A AL R T
WA AE e R o WAE LAEERIBTGE H , B S R — Al S bt B AR 7] 4 J 3 4512k, 00 5 B0 45 SRt o o A7 A
BEZER, X085 REA R E BN R A BRES A —80E &, fE—ERE L T xR0 Ty E
PR SIERRVLH I8~ o B, BERRFE R 7Y 58 & — B H AR RS AR AL 22 R B i Rk, X B 53 AL X
T8 1 A B e B, 45 R BE B2 WM R 1 o

$P4- %5 (' Buchloe dactyloides (Nutt. ) Engelm. ) JyRASFHEF 4= B @ AE YY), Ji 7= b 36 vh FR IR A AL R 2 T
B, A WRSR AR AR PURRE S, R EE R R R R —  FEFE ARG AL i SR B Rk R S5 T L
FAI 2o [RIB, B A4 Bt 2 B () B B 2R AU e R AR ) , B BT AR T, B A B AR AT A — AR K N 5
W A KT RO IR O ) 25 AR 6 ik 7 ) ) 2 PR R S R bk R O R S A A 5 A AL £ R AELAA R o
E R S P25 B SLRI S FA DTS 1 AL T3 25 v B, XoF B 24 0 T 5520 o7 e B A AL LR BT S B e 0™
AT FE 3N LA ] — 5 PR 78 %) 8 2 B A AR bt R 5 7K A il 2 % B8 20 B - P B i SR AV B bt AL B 1

GRZMA , LA 7 B A e 7 33 5 0 AR BRI, HE MR R B A E MRV S,
1 #R5H=*
1.1 phRiEFR S5Ab3

BT 2006 £E 3 H—2008 456 A 7EH EAL R =5 B R HER 2= RO R BT A TSR E#1T. AIE
WRE WA BT TP 1 MRAE RABPH: AR AR T TOME A AR B3, DABRIE T R Ba it 25 R U 58 2 A ]

HERER 4—5 R HAR RUEA S MR 252 #k, BE A TRBEERF. BWRRRMER
FE PR E dom KARR KAEMRE E AR AR L, /K35 T8 SL SR Hoagland &R M KIEH 3555 1 A5, %
TERRFEDLS 73 8 4 40, 5 R 7E & A [A] PEG-6000 (0 ( CK) \10% ,20% 30% ) ek B Hoagland E IR+ o 437
FHEFR 2 0.12.24 36 48,60 . 72h B, BYHSE £ BIF B Fr, IR BRM R R S B AR, fR B8 it b (el &R 4, - T
BTAETRIEFRIE o XT3 28 M08, B ER 3 K, BNER 3 Mk, G RESR 1 KE
FW, pH =6. 0, F| I A E MR E, B R/KERE (24—26C/16—18C) , H R G HREE N
400pmolm s ™' | ZS SR N 40% —60% |,

1.2 Fi:
1.2.1 0, HFEMNE

MR Ke 251 07 s mg indB ik, FREX 0. 2g H&EH A, 32K SOmmol/L FyBEBR 2% vhil (& 1% K
PVP-40) (pH =7.8), M EHEWIMA Immol - L™ TR ER IR 51 7E 25°C F A~ 1R 60min, Z JFEFHIA 17
mmol - L ™" X L FEREER AT Tmmol/L ) 1-ZER%7E 25°C T B8 & v 20min,

1.2.2 H,0,FEHNE

KR4 Prochazkova 257 5 LR IIME B, FREX 0. 2g H&EM F, HILA Sml FU¥ B P ER - > & A 9800, 78
Bt BTk Fp A 503K, )R IAE 1000g TS0 10min, EIFWFINIA 5% KGR BREK Ak &K , [N R ZE
1000g FFESL> 10min J5 , 3 _E3EW, TIIENIA 2 mol - L~ AYBR BRY /5 7E 415nm F Eufa,

1.2.3 P _EE(MDA) & ENE
S 18 Buege 251" {7 IS IETR . FRER 0. 2g BTEEM i, IA Sml &80 10% =R RSBmO RA
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Y, WS 2 A% ARG TE 12000g T B0 15min, B _FIE W 2ml (X B 2ml Z8187K) ,BIA 2ml 0. 6% ) TBA,
RS EEB KA H RN 15min , TR A5 B0, BCEEWAE 5320m 1 600nm T EHLfE, MDA S&HIT A
K38 MDA (pmol-g™' « FW) = [ (A532 -A600)/155 ] x10° x FEBfE4" .

1.2.4 FEERATIEEL

FREL 0.2 g Mt H I AGE & 50 mmol - L™ BEBRZE v (pHT. 8,4 1% PVP-40) R /B AHHEED, F kWG
B .4°C 10000 r/min B> 20 min, B EERIFERZE S ml, T SOD.G-POD . CAT & MM 5E o
1.2.5 SOD jE MM E

¥ Giannopolitis 25 f 7 ¥k, 3 ml R MK R o & H B & BR 13 pmol « L™, & 1k A4 2 1 2 mk 1%
( nitrotetrazolium blue, NBT ) 63 pmol L', 50mmol - L' B B2 S vh ¥k (pH7. 8), MAE BB WS T 80
pmol-m ~*s ™" H BT T HBYE 10 min, JU5E 560nm MR IEAE , DABEERSE v Ve 25 5T . 9] NBT 385 50%
PR B R N 1 ANERE S BAL(U) .

1.2.6 G-POD JEH:i5E

¥ Kraus 262 747, 3 ml IR AW % 0.2% AAIAE 0.95ml,50mmol - L' PBS(pH7.0)1 ml,
FE 501,0.3% H,0, Iml, g5 Imin P 470nm T KGR IEZEAL
1.2.7 CAT {FHENE

¥ Kraus 2" 5 B AES S . 3ml R IRS W4 0. 15% ) H,0, 1ml,50mmol - L' (pH7. 0) B ik 22
P 1. 95 ml, B SOl J& 3 M, 0 5% 3min P 240nm T MIRISUE AR AL , CAT 5 P 5L LU 2 o 285 B T [
0.1 0 1 MEREHRAL(U),

1.3 FdRA3E RSt Hr ik

SR FH SPSS15.0 #4757 Z i e /N2 R BE VR K (LSD, P <0.05) , Fr B M E (B ¥ R N HE + br
R
2 ZR5H5MH
2.1 K4pfpaxs O, =433 H,0,H1 MDA & &1

Bl 1-A G52R8, X RN O, 7= A B R AS S M AR FFZE B I /KF 5 T PEG-6000 ALK 40 E T, it B
WO, BRERHBHARE. 30%PEG-6000 a5 T, RN 0, &EFEEEL LS, 240 J5, H™
HEREE FFHEASE, F 60h B ,0, " & RE A E(E, K 2. 70nmol - g ' FW, 209% PEG-6000 i} T, 3552 12
hJg, 0, ARERIFIHIER , R EL EFH#a%, = 72h B, 35F] 2. 60nmol - g ™'+ FW, 10% PEG-6000 i3
T, 7EREFRE 36h J5, RN 0, AREEIFHRIAE LT, E72 h B, 0 F N 0, FEA s R st BE A 6. 05 £F,
{HE] BAETF 20% PEG-6000 4bFE K 30% PEG-6000 4ZhHE . fi3é 3 8] (0—60h) ,30% PEG6000 £ {4 BF 4= E -
A0, FEAMERELEER FHELAIE(P <0.05), MkHa % 24h J5,20% PEG6000 Zb# - J 0, F=4
) 3 B 2 = T IR 109% PEG6000 ()i Ab#E (P <0.05)

Xf BRI A H,0, & BRI E AR R EBAROK T (B 1-B) 7K 40 ikE T, 1+ N H,0, &5 0,7
W& B AR LA —B, BIFE PEG-6000 Jiipie ¥k B 3 i 7t , B e B [a] A E K T 32 R« 30% PEG-6000 4%
7T, A A H,0, & EIGE BT, MHa %48 h, it H,0, S RKEIERE, K 4. 43pmol-g ' FW, Z FHEH
TF%. 20% PEG-6000 e, F H,0, & ELEREFVIHN 24 h W8 EA, Z )5 2 HE EAEHE, B
B2 60 h 5, HEEWMIEREB% . M 10% PEG-6000 Ha T, 73572 36 h /5, i 7N H,0, SR L
EFts

MDA R 15 ML B i Xt 40 M RS B E A5 E R AT 2 — o 30% PEG-6000 il 5544 T , B 4 oo
F P9 MDA £ B FFdh e b7, 3555 % 36h B, B i BT 1. Tpmol - g ™' FW $2F & 5. Opumol - g™ FW, 22
J& ,MDA FHE g4 28, 72h B, 3 F 6. 8umol - g~ FW, 7E 10% PEG-6000 i1 20% PEG-6000 2514 F , it H
MDA & 2L AR AR DL, 7E BB B 5 i) 0—48h P, MDA & B3N 4218 ,48 h J5 , FFa g i, & 72h

http ://www. ecologica. cn



7 Bokigk 45 EFAR R RS PR R R R GUXT K S0 a8 F e R 1923

i, 2033k 2. 8umol g~ FW 1 6. Opumol-g ™' FW (& 1-C)

O AR

Content of MDA/(umol-g”-FW) O, production rate/(nmol-min'-g™! FW)

H,0.8 &
Content of H,O, /(umol-g™! FW)
w
T

0 12 24 36 48 60 72

0 AEFRIS ] Time/h
8 [
7 —
=g O -=0=- CK
as Sk —t— 10%PEG6000
<5 4t —a— 20%PEG6000
S= 3L —e— 30%PEG6000
2 [
] -
0

1 1 1 1
0 12 24 36 48 60 72
AbBRI ] Time/h

Bl kOMETHFEMRF O, FEEE(A) H,0, ¥E(B)f1 MDA FE(C) HEIEEN
Fig. 1 O, production rate (A), content of H,0,(B) and MDA (C) in the leaves of Buffalograss under water stress with PEG6000
B EEAERR a=0.05 KF Fi/hNE E25(LSD, o5 ) , TIH

2.2 Jk4yfiExt SOD .G-POD i1 CAT i 1 BB

WE 2-A FiR, K5 AT, SOD {E 256 EFHE TR AL HLAL, ZE3E 55 2 72h, SOD i M % 2 %) fik
s AN [E M E SR EE TS, SOD 5 P K HAk Bl i KB W B [ A2 ZE B B 2251 . 30% PEG-6000 38 5544 T , #E 3G 3740
B 12 h Py, 0t 5P SOD {5 MV 3858 , 28 24h BHA B KME, ST RIEHRBER 1.27 f5(P <0.05) . ZJ5
SOD {HHE2 18 T R, 20% PEG-6000 i 4514 T, 7EX 37 & 36 h B, SOD & MK B (H, 2y 38. 24
U-min “g~' FW, 10% PEG-6000 fif}ifi 214 F ,SOD 3% 135 B 5 i {E (35. 50 U-min g~ FW) [ iisf i) 4k 42 4iE
R,ERZE A W ZJE, SHEAHE RN ERES,

KA, R RIS i ALY (G-POD) V& M2 356 B G TR LA, H BE PEG-6000 Ji
EYRBE RGN, G-POD TEMEFF4G T FE AR [AIE4S (&] 2-B) » 30% PEG-6000 18 T, 5558 % 24 h i, G-POD 1
PR BB =, 7 442. 94 ( AOD ;o min g~ FW) , Z J§ G-POD % F [, 20% PEG-6000 fif}38 T, G-POD %
P f = fE 4 BRAE 36 h, i 10% PEG-6000 i3 T, G-POD JEPEf M {6 H BUAEMHE J5 48 h, ¥55 2 72 h B, &4k
T - G-POD & HEYRE BIRARME, 5XF FRA 2 .

M CAT {EMEFE/K 40 i TR B 5 G-POD TEPEAR LA, B i w13 B 7, T f5 2 8L R 3
(E2-C) . FEMMEZE 72h, FAHAEMRM F CAT W HEE R EXTHRKF . HIE 2-C IRAIF H, b PEG-6000 Y&
HIREI, I B CAT Tk 3] e 1 (0 st A1 B 32 T . 30% PEG-6000.20% PEG-6000 1 % 10% PEG-6000 &4 F,
M CAT {5 PEEEAE 43 51| B3 RAE 3G 5% 2 24 \48h Fl 60h,

3 i

K438 AR A P TE MR B BRI AR T [ B i ZE AR R AR T A AL, S RE R G A A T
REZ B, B AR E M EERE 2 — . MDA S EBEMEER TR T EERREE™ , &%
IS 4E R N, B 7K o0 38 55 BE A3 T Rn o3 s (8] ) RE G B AR JE i o O, PRAR R H,0, WA RE L
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Fig. 2 Activities of SOD (A), G-POD (B) and CAT (C) in the leaves of Buffalograss under water stress with PEG-6000

THEa% (1) , EE AT (30% PEG-6000) ,0, " \H,0, FRRE /578 2 60h H1 48h AFE(E , X 57K
SrEERA T N KRR R R B I 0,7 PR R K H,0, SR LB,
Fi P9 MDA 58 th B 5 BE 3 KA a2 BT S BATERF SR IE T, i TIE TR ™ A4
TG BB TRE, KB 2 T AR AN 0,7 5 H,0, fREFEIRINAR MDA F BFETHH, 2
JEERE it AR BE R , B IS 8 MRS , BB AT K

TEESB A AR A 15 PSR RO N, BR3 40MsE ™ E 3 5 40, R A E N B LA 5 50 7, 8l %
RN S GR R, 5 S R T E L R S5 ™, Hd,SOD [ CAT (G-POD % ZHT AR L P EEN
EEEIRRREE . AXRES R TR, K MERIH , B SR E R R RN AN, SOD CAT . G-POD {E fEtipEZ
EFto 7E30%PEG-6000 #ITE K/ MHE T, G TEER R SR ( & 1-A,B) ,SOD .G-POD Fil CAT { P
B3 EFH(1E 2-A,B,C) ; B i i [E] 9 ZE <, SOD \G-POD il CAT {E PRI SE TG PR BIE(E , 2 J5 ik 1k
B THEE . X SFERSE " K e R OK R A AR RS R A — B A B
FKEWIKSHE T SOD CAT HI POD EHER IS BT ™ . AT AE 5 HRHAS B Rk SRR A 115 26 5
ATRER TR HE T , /24 SOD (CAT,G-POD 453 1 A K bR G Vs iR %, (HAEMNEJE 1,0, 5 H,0,
MR B, TR AEE & BT P R A 5 52 DTS

Z5 b, BFA4- B0 i SOD (G-POD LLK CAT X} 0, 5 H,0, & MR KITERR 327K 23 bihid 35 B2 % ol 38 I (8]
SN, 72 BELAR (20% PEG6000) /K 7 T , HT A AL B 2R 52 (X A BR AR = A 250, (5 227K 2 iy 16 55 BE A
st i) e ot — E LA, FUAR AU 1 T TR BRASCR B Z AR A 1A P9 pl 7™ A i B S PR SR 5 | S A 1
S, XA AN AT B X AT R K 2 M E XA A E R 2 — o (EIE AR R R YO
F I AR B A B PR R RGBSR A FFIRABT ST
B - B R EALARHM SR AR R Dr. Li Deying WA SCEERHE S SR

References :

[1] Fomazier R F, Ferreira R R, Vitéria A P, Molina S M G, Lea P J, Azevedo R A. Effect of cadmium on antioxidant enzyme activities in sugarcane.

http ://www. ecologica. cn



7

Bokigk 45 EFAR R RS PR R R R GUXT K S0 a8 F e R 1925

(2]
(3]
[4]
(5]
(6]

(7]
(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]
[21]

[22]

(23]
[24]

[25]

[26]

[27]

[28]

[29]

Biologia Plantarum, 2002, 45(1): 91-97.

Mittler R, Vanderauwera S, Gollery M, Van Breusegem F. Reactive oxygen gene network of plants. Trends in Plant Science, 2004, 9. 490-498.
Mittler R. Oxidative stress, antioxidants and stress tolerance. Trends Plant Science, 2002, 7; 405-410.

Foyer C H, Noctor G. Oxygen processing in photosynthesis; Regulation and signaling. New Phytologist, 2000, 146 359-388.

Huang S Z, Huang X F, Lin X D, Zhan Y S, Liu J, Fu J R. Induction of chilling tolerance and heat shock protein synthesis in rice seedlings by
heat shock. Journal of Plant Physiology and Molecular Biology, 2004, 30(2) : 189-194.

Shah K, Kumar R G, Verma S, Dubey R S. Effect of cadmium on lipid peroxidation, superoxide anion generation and activities of antioxidant
enzymes in growing rice seedlings. Plant Science, 2001, 161: 1135-1144.

Salin M L. Toxic oxygen species and protective system of the chloroplast. Physiologia. Plantarum, 1987, 72 681-689.

Amalo K, Chen G X, Asade K. Separate assays specific for ascorbate peroxidase and guaiacol peroxidase and for the chloroplastic and cytosolic
isozymes of ascorbate peroxidase implants. Plant Cell Physiology, 1994, 35(3) ; 497-504.

Wang B X, Sun L, Huang J C. The relationships between some free radicals and membrane damage and membrane lipid peroxidation induced by
osmotic stress. Science in China (Series B), 1992, 22(4) : 364-468.

ShiZ J, Du AM, HuZS, Xu D P. Effect of Soil Water Stress on Active Oxygen Metabolism of Chestnut Seedling Leaves. Forest Research, 2007,
20 (5): 683-687.

GeTD, Sui F G, Bai LP, Lv Y Y, Zhou G S. Effects of water stress on the protective enzyme activities and lipid peroxidation in roots and leaves
of summer maize. Scientia Agricultura Sinica, 2005, 38(5) : 922-928.

Chen Y Q, Zhu J M, Ye B Y. Effects of drought stress on active oxygen damage and membrane lipid peroxidation of leaves in Mango ( Mangifera
indica L. ). Life Science Research, 2000, 4 (1) ; 60-64.

Xu S, He X Y, Chen W, Li J L, Zhang J] M. Effects of heat acclimation on high-temperature stress resistance and heat-tolerance mechanism of
Festuca arundinacea and Lolium perenne. Acta Ecologica Sinica, 2008, 28(1) : 162-171.

Qian Y Q Sun Z Y, Han L, Ju G S. Physiological integration of photosynthates and changes of endogenous ABA and IAA in the connected ramets
of Buchloe dactyloides ( Nutt. ) °texoka’ after supply of water-heterogeneity // Organizing committee of 2008 IGC/IRC conference eds.
Multifunctional Grasslands in the Changing World ( II ). Hang Zhou: Committee of 2008 IGC/IRC Conference, 2008 : 388.

Bushra I. Responses of Buchloe Dactyloides to Watering Frequency and Defoliation. Colorado State Unverity, 1995.

Ke D S, WangA G, Sun G C, Dong L F. The effect of active oxygen on the activity of ACC synthase induced by exogenous IAA. Acta Botany
Sinica, 2002, 44 (5): 551-556.

Prochazkova D, Sairam R K, Srivastava G C, Singh D V. Oxidative stress and antioxidant activity as the basis of senescence in maize leaves. Plant
Science, 2001, 161; 765-771.

Buege ] A, Aust S D. Microsomal lipid peroxidation. Methods in Enzymology, 1978, 52 302-310.

Zhang Y D, Bramlage W J. Modified thiobarbituric acid assay for measuring lipid oxidation in sugar rich plant tissue extracts. Journal of
Agricultural and Food Chemistry, 1992, 40 1566-1570.

Giannopolitis C N, Ries S K. Superoxide dismutase 1. Occurrence in higher plants. Plant Physiology, 1997, 59 309-314.

Kraus T E, Fletcher R A. Paclobutrazol protects wheat seedlings from heat and paraquat injury. Is detoxification of active oxygen involved? Plant
cell Physiology, 1994, 35(1) : 45-52.

Wang A G. The oxygen metabolism of plant/ Yu S W, Tang Z C eds. Plant physiology and molecular biology. Beijing: Chinese Scientific &
Technological Press,1998: 366-389.

Liu G Q, Fan W G. Physiological response of fruit tree on water stress. Southwest China Journal of Agricultural Sciences, 2000, 13(1) ; 101-106.
Lv Q, Zhen R L. Membrane lipid peroxidation and degrease in wheat induced by drought and activated oxygen. Science in China (Series C),
1996, 26(1) : 26-30.

Wang J G, Zhang C L. The inhibition of DNA synthesis induced by ROS and drought resistivity of wheat. Acta Botanica Boreali-Occidentalia
Sinica, 2000, 20 (3): 376-381.

Jiang M Y, Yang W Y, Xu J, Chen Q Y. Osmotic stress-induced oxidative injury of rice seedlings. Acta Agronomica Sinica, 1994, 20(4) : 733-
738.

Jiang M Y,Guo S C. Oxidative stress and antioxidation induced by water deficiency in plants. Plant Physiology Communications, 1996, 32(2):
144-150.

Li CH, Yin F, Wang Q. Response of activated oxygen metabolism to water stress in different drought-tolerant maize hybrids and their parents. Acta
Ecologica Sinica, 2006, 26(6) : 1912-1919.

Zhang M Q, Yu S L. Mathematical analysis for the active oxygen metabolism in the Drought- stress leaves of sugarcane. Acta Agronomica Sinica,

http ://www. ecologica. cn



1926 B Ox ¥ R 30 %

1996, 22(6) : 729-735.

[30] Jiang M Y, Zhang J H. Water stress induced abscisic acid accumulation triggers the increased generation of reactive oxygen species and up regulates
the activities of antioxidant enzymes in maize leaves. Journal of Experimental Botany, 2002, 53 (379) . 2401-2410.

[31] WangHZ, Ma]J, Li XY, Zhang R P, Wang R Q. Effects of Water Stress on Active Oxygen Generation and Protection System in Rice During
Grain Filling Stage. Scientia Agricultura Sinica, 2007, 40(7) : 1379-1387.

[32] Zhu H'S, Huang P S. Water stress in soil and activated oxygen metabolism in rice. Journal of Nanjing Agricultural University, 1994, 17(2) : 7-
11.

SEHK:

[5] MK, BHE, PRBEAR, LR, X%, M55 HE KRR et AR A& BN ES. BYA BS54 FAEY% ), 2004, 30
(2): 189-194.

(9] ERS, I, BAH. BBEMHETERBSIG 5 EIR T AR —28 B iR R. HEBEE(B), 1992, 22(4) : 364-368.

[10] W2, LPTRY, $IAR, 2R AKATME XIS R R & AR . Mol BHEBESE, 2007, 20(5) : 683-687.

(11 #Hsk, BE7Yr, EFIE, BN, Mk KR035 RAR - BR4 lEE P A2 b 5 CH 3o R O A6 1 F I . o R B2
2005, 38(5) : 922-928.

[12]  BRi#, SRHE, TR KM (Mangiferaindica L. ) Sy AVHLTE MU MBI, A ArBREHIIE, 2000, 4(1) :60-64.

(13] ik, M40, PRe, ZEdte, sREIR. PUBUARXT S -3 ( Festuca arundinacea) il 2452 M 32 75 ( Lolium perenne L. ) HL 15 5L B J7 i .
H 25244, 2008, 28(1) : 162-171.

[22] EZHE. #YWRERE/RBCC, GERES. MYERSGFAEYY. Juat: BaghiRet, 1998: 366-389.

(23] XUEZE, BETE. SRBIX KRG A B AT PRIV 5441 ,2000,13(1) : 101-106.

[24]  BIK, MR TRREEAG RNZ BT AL S BEk. hEBE CH, 1996, 26(1) : 26-30.

[(25] ERWI, KA. WwHHEETER DNA & B S/EZ Wit Rk PdbmdyaE, 2000, 20(3) : 376-381.

[26] #HIX, B3CK, RIT, RISz, BBEMRAHEKBEINAME. Y%, 1994, 20(4) : 733-738.

[27] %I, WG K55 GG AL AR I PT AL AE . R AR BRI IR, 1996, 32(2) : 144-150.

(28] Z=iivg, F K, BB RIFIMRAEE AR ISR B FA M A i AR XK 2 il i ma iz, A2 3524, 2006, 26(6) : 1912-1919.

[29] SRAWE, RARZL. AKSMHRE T REM M AR BRI T, AR, 1996, 22(6) « 729-735

[31] EWIE, B, FaH, 4, KFEM, B4 KSMHEX KRELS LG A" MR RGE K. P E AR B 2007, 40(7)
1379-1387.

[32] Rbidr, BALE. HIOKMHE SAREEEAR. Bl Ry, 1994, 17(2) : 7-11.

http ://www. ecologica. cn



	07b109.pdf
	07b110.pdf
	07b111.pdf
	07b112.pdf
	07b113.pdf
	07b114.pdf
	07b115.pdf

