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Comparative experiment on drought-resistant characteristics of
different oat cultivars
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( Oat Scientific and Technical Innovation Team , Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019, China)

Abstract: For breeding the drought resistant oat varities, 21 oat cultivars which were widely planted in Inner Mon-
golia’ s main producing area were used as materials in this experiment. At jointing stage, 25% field capacity was used on
oats for drought stress simulation, and physiological indexes in leaves relating to drought-resistant characteristics were an-
alyzed in order to compare the drought resistance of each cultivar. The results showed that, the SOD activity of Bayou 8,
Youmai 4400, Yan 2006 improved by 113.6%, 150.36% and 140.15% respectively, while the POD activity of Bayou
8 improved by 99.1% . The praline of Bayou 8 improved by 230.66% , while its protein decreased only by 9.6% . The
MDA and REC of Youmai 4400 improved by 14.3% and 46.27% respectively, while the index of its drought resistance
was large. The synthetical drought resistance was estimated by membership function method and validated by clustering
analysis, and the similarity degree of these two methods was 71.43% . The drought-resistant types of the 21 cultivars
were divided into 4 types in the estimated result, and they were separately strong resistance, resistance, middle resis-
tance and weak resistance. There were 2 cultivars in the type of strong resistance, namely Bayou 8 and Youmai 4400.
Drought-resistant cultivars were Yan 2004 and Yan 2006. Middle drought-resistant cultivars were Baiyan4, Qingyongjiu
4400 and Xinyuan. The other cultivars were weak in drought resistance.

Keywords: oat; drought-resistant; characteristic; physiological index; membership function method; clustering
analysis
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i, PVP)5.0 ml /B AZERD, F ki AT EE4R R, 15000

FREEZWREEYREZNEEREKD, hE
HERXEMAN TRV, TRREREL
A, FREZERBREDNTEY g BEK
43 BRI R L R R SR B B KR L A = i
BYERAGETMHWEEHR, TEXE T A
YIRERS o EAL K BRI B (MDA) S B AHES, B
LR mn A IR ARG AR K, VR FT O o 358 AR
P EHE ¥ (SOD.POD) R TEE A E B E B AT R
SHE#ERGE, AT BT REAS, x2m %&xt
BENBBERTM TR, EREATELGTI
AHERSEAR, MABRHEASE TR, ATA
SrpixtEkE BEE BRIOSEYMN R FE T
SEREFEMTHEELE, ARBEREH F
A BRI RS ENIRBER D . RRB UK
Sl B IR X MR R X I AR W 21 N8 SR oA
B ERERVHRATR2ME, MEHT SR,
PR SA TR, 58 BB B4, hilE N
B SRt B FK 4 R OR R R L3R R
I AR
1.1 ##

ENME T EMERXE 21 MHESR(RE 1),
1.2 REigit

BB T 2010 4 4—8 AEMFFAE TR E 2
AT AT, SRR, 842 22 om, £
=28 em, BEAFKME KHHEEZLE 6.5 kg( T
H), BEMERMR _ S (& N18%,P,0546%)2 g, [}
2 (& N46%)ENKIE, WEARTBIE, SHE
JIEHEK 1.45 kg, AR 50 B, F = H 25
o TERTPIAFF R EK (HERKE 25%, -3
BKERH 5%,)— o BB XA frad w4 b B,
B3 RER 3L 126 2,

BRATHADE L ERFES N L HELN
1.22g kg7, HHLIR 29.55 g+ kg™', £ K 3.51
g'kg™!, 2P 1.21 g-kg™ !, 58/ N 30.09 mg-kg !,
K135 mg-kg™', pH fH Ry 7.2, HEHFFKE 16%, +
BMEKERN3. 2%, BAKHEIFKE R 100% M &
FKENLEFRRESKEN 20%,

1.3 BRRIERFRNES %

R S B 23 HERE, RIS — H B
FERRYHET HEABRERHE, B TREKE
PR, U A R
1.3.1 Bk eg4RI FREL 0.5 g A BEREBYRE, fin
0.05 mol* L', pH 7.8 MBEBEE IR (& 1% 1

x G BHELHL,4CT &L 15 min, EBEBRERE
10ml, EER ARG, A THEELY LR
(SOD) it E AL P EE(POD) T4 .3 — R (MDAl 2 ,
1.3.2 SoD#HAz HEBEZRSMgre,
LA SR 91 L P9 (NBT) SE B LA SR 50% H B
H—AEE AL, Usg ™' min™ 'R,
1.3.3 POD &M E RMAIABRE R, U
U-g™ " min~ ' FR/REEE S B0,
1.3.4 MDA &EZME RHAMREHRZEKILGEH
72%[12]0
1.3.5 AAxf& $£3E F OAKTON35661 — 46 %I
SR EN
1.3.6 BEARSENT FAH=mE,

®1 HRARHEREKE

Table 1 Name and source of the tested cultivars

Bt 3]
s w4
' Hulled Breeding
Code Cultivar or naked source
WRKE 18 2F 3
! NND1 B Nakod Inner Mongolia
W35 R
2 NY3 B Naked Inner Mongolia
3 RE Paul # Naked % EH America
4 KIE Large ot # Naked H# Gansu
5 A#% 75 BY7 K Hulled FHHA Jilin
6 Hi#% 25 BY2 #£ Naked HHE Jilin
7 B3 85 BYS 2 Naked HHA Jilin
8 A% 4 5 BY4 #£ Naked HHAE Llin
9 gk 35 BY3 #£ Naked T3t48 Hebei
10 ik 15 BY1 #£ Naked FJt4 Hebei
11 gk 8 5 BYS # Naked L4 Hebei
#wR1 5 2t
12 YK1 B Naked Inner Mongolia
EER1E 2F £
13 MY1 B¢ Hulled Inner Mongolia
14 % 2006 Y2006 #£ Naked LIPG4 Shanxi
& 4400 L
15 YM4400 # Naked F¥% Qinghai
HAA 440 L
16 0YJ40 B Hulled H# Qinghai
17 ﬁg&n‘% 5B Naked WL Hebei
Rk ik
18 XY oat K Hulled Xinjiang
B%15 2F -
19 CY1 #R Neked Inner Mongolia
20 Y2004 # Naked 17§48 Shanx
2 A 105 ¥ Naked FARE Jilin

BY10
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1.3.7 TEMREGLENET RAEZELHREHR
?£[12]o

1.4 HBSWH
RI¥HE R A DPS(8.0) & Excel G114 47
BT

1.5 mPEaEEa

TRl SRS YR FISR R REOE ST/
1.5.1 Z#HEE{FEEGTE

BRI R R = KB T AR A /X R
RE
1.5.2 £BEJHHNHEF &

SEEERBE(ERRX)ITEAR: U(x) = (x
-ay)/(ay-ay);

B RBE (AR IHEAR: U(x) =1-
(x-a1)/(az- a1);
R, v HIFIEME; a). 0, B SEMBF—
iR B/ MEMBKIE,
1.5.3 HZEHESE HESNRFHEMERH
BRERNTEHE, BERRREFHER RN

AWE 1K, x=0.7, B 2R ;2 %,0.5<2<0.7,
HER;3%,0.4<x<0.5, FHA;4%,0<x<
0.4, 5FHE,

2 HR5ath

2.1 FERMAXHH POD #1 SOD iEFERI= M

B3 2 54, K4 EE T, it /A SOD.POD 1
A5, H SoD EHAEE AR, % POD &
&, P SOD JEHEF 08 B B K S R 3Rk 8
B E 4400 F3E 2006, HIE SRR 113.6% .
150.36%F1 140.15% , AL F /5 #9 SOD & ¥ 2 H B
TR 25 BABRNIREAA 40, UTHF
8.79% ;T POD W&t L A EER KM RMARE
4400 35k 8 5 3 2006 % 5 Fp, B F R 61.5% .
99.1%7164.62% , 4L B/NY R F KA 440, 3 POD
EHEALFE 7.78% ,POD #1 SOD Al R G A H B
#,FREUE T8 TR RS R E R A i
FALEY, AT R HIE B4, H R RS
FRIBERK AR ER,

. %2 FTEMHETARERNMKERMAF SOD X POD FETL
Table 2 Changes of SOD and POD activity in different genotypes of oat leaf under drought stress

POD/(U+g™"*min~")

SOD/(U-g™"*min~")

q

i i 4 e RS yim wm o REK

Treatment CK coefficient Treatment CK coefficient
1 MR KE 1 5 NNDI 2.48+0.27 1.61+0.21 1.55 3180 = 468 2064 + 313 1.54
2 A 35 NY3 ©2.08%0.35 1.78+0.13 1.17 3151 + 462 2743 + 335 1.15
3 % Paul 1.92+0.38 1.42+0.15 1.35 2713+ 170 1762 + 189 1.54
4 K##E Large oat 2.45+0.28 2.21+0.44 1.1 3106 + 306 1999 + 98 1.55
5 Bk 75 BY7 2.20+0.38 1.53+0.25 1.4 3649 + 331 2311132 1.58
6 Hi%2 5 BY2 2.46£0,17 2.19+0.29 1.12 2231+ 380 1936 + 302 1.15
7 [# 8 5 BYS 1.88£0.21 1.57£0.14 1.20 3477 + 305 2221 + 148 1.57
8 [#%4 5 BY4 2.08+0.30 1.87+0.20 1.1 2675 + 397 2259 + 259 1.18
9 Mk 35 BY3 2.39+0.18 2.17+0.09 1.10 2535 £227 1397 £ 312 1.81
10 Wik 15 BY1 2.13:0.23 1.92+0.05 1.1 5018 + 440 2587 + 188 1.94
11 Mk 8 5 BY8 2.4120,14 1.21£0.27 1.99 4503 + 190 2108 + 235 2.14
12 #E 18 YK 1.75+0.08 1.38+0.17 1.27 3231+ 86 2831 + 266 1.14
13 FH 15 MY1 1.90+0.22 1.58+0.48 1.20 3914 + 258 2759 + 384 1.42
14 7% 2006 Y2006 2.4210.45 1.47£0.24 1.65 2925 1 51 1218+ 223 2.40
15 B3 4400 YM4400 1.89£0.20 1.17£0.27 1.61 3087 £330 1233 £ 177 2.50
16 FKA 40 QY440 1.9410,11 1.80+0.61 1.08 3539 + 387 3253 +259 1.09
17 Eik# 25 ZV2 2.21£0.17 1.47+0.32 1.50 1731 £ 341 1228 +229 1.41
18 FrEHE XY oat 1.92+0.67 1.57+£0.29 1.2 2769 + 244 207+ 97 1.25
19 #H%15 e 2.25+0.25 1.92+0.27 1.17 2701 + 123 1728 20 1.56
2 1% 2004 Y2004 2.17£0.21 1.38+0.15 1.58 3867 £ 250 2014 + 297 1.92
21 (3% 10 5 BY10 2.25:0.07 1.84:0.22 1.22 2437 £ 297 1743 + 240 1.40
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2.2 FREpEANHAMERSBINTEHERS
| {:pp 2] :
B3R 3 AW, T R Ha T AR 2 E R E
FHRERSENAE . HRABRHEASRETRE,
HPmERAEIBER AN RME K S 5 . AK
Kk 15 Mk 35 kF 4400, HiH M5 & 571
FE T 230.66% .119.14% .126.87% F1 103.93%,
TACIEE RN SR T KA 40. 85Kk 25, 1
HEKA MO MIBEREE T 1.26%, TEK%K
2EMMERSEBIUTE 9. 4%; T BRHEASE
AR BB/ SR A ik 8 Bk 4400, 7
S HEREZFLF, ETHEEES N 9.60%,
1.45% \18.52%F01 17.65% ,ZEALBB B KK G Fh A
Hkik 25 WM3 5 KKk 2 5 TR S54.51%, 1
A3 5T 52.63%,
23 FEBEMNHEFANBSENT_ESRHN
®
MR AR, TEMET , ARIEHEBHEE R
PR BEEMM, AR SR LR, KPR

TEERBME SN &R REE 4400, {TH h0
13.4% , A_BEREMBERANSAMASHRT
5 HKHk 2 B, 4 B0 147.9%F 146.20% ; Xt
HER FFHEER/ ISR EAR TS MK 15,
Wik 8 SMAE 400 FHFF, AR 1%.
33.3%.38.46% il 41.67% , FALRE B K SFE
BAA M EEKE250FARTT 220%
136.36% o
2.4 REMEEEH

M RE RS ITE 21 MbRHEE R R4
KA AFENEN B PREMASER
BRI4H(FRS), Hp, BRETER SR 8 S
FeFE 4400 B FR L LR B FAE AR KK 1 5
7% 2006 B b, PRI BRI SR EHREEL Q7
5.5 1 SHINGH BNEREFA#I B K
ME AP HH2E5 Q45 AME T HAA
440 .3%8 1 5 HK# 2 5 G105 k1 5 &
% 15 Mgk 3 -5-F03% 2004 3£ 14 N ERP

£3 TRAMATAREZERDAZH A TREEASREFEMRERNTL
Table 3 Changes of protein and proline content in different genotypes of oat leaf under drought stress

PRER/ (pg g™") AHHER/ (mg g™")
o Em o ma  ow RR
coefficient coefficient
1 PR ATL 1 5 NNDI 294.54 +36.74 134.41£5.71 2.19 60.5212.32 91.82+10.98 0.66
2 W 32 NY3 184.66 + 17.46 135.55 £ 14.99 1.36 44.78+6.32 94.56 + 6.33 0.47
3 #% Paul 324.03£41.27 178.78 £+ 28.42 1.81 42.71+3.21 83.08+15.12 0.51
4 KHF Large oat 128.16 + 34.36 70.14 + 30.20 1.83 73.98+12.08  103.60+14.30 0.71
5 B#% 75 BY7 278.03£20.23 42.77417.95 1.15 76.89 +4.09 94.37+7.73 0.81
6 A#% 25 BY2 278.63£27.77 178.50£24.24 1.56 41.86+8.44 73.92+10.18 0.57
7 Hi% 85 BYS 238.79 £ 19.61 207.23+6.47 1.15 50.85+3.35 90.06 +3.44 0.56
8 A#% 4 5 BY4 446.51+59.79 239.65 + 12.09 1.86 32.47+4.83 43.58+6.54 0.75
9 R 3 5 BY3 523.68+25.48 230.83113.03 2.27 82.29+13.09  145.91+£21.39 0.56
10 H# 15 BY1 165.56 + 27.68 151.48 + 56.32 1.09 71.34+6.46 120.66+25.04 0.59
11 Hlg 8 5 BY8 238.51+30.69 72.13£10.17 3.31 85.81+4.41 94.92+8.48 0.90
12 #F 15 YK 507.00 + 14.60 305.06 + 17.66 1.66 59.41+5.89 96.98+5.82 0.61
13 M 15 MY1 317.98 2 15.88 197.84 + 20.06 1.61 53.34+4.06 76.47+5.43 0.70
14 7% 2006 Y2006 371.21+4.01 218.89 +49.01 1.70 67.17+6.43 98.38 + 10.48 0.68
15 FeE 4400 YM4400 315.30+ 16.90 154.61 £ 17.51 2.04 74.76 +5.84 75.86+6.72 0.9
16 FAA 440 QYH40 387.62 % 14.08 388.11+35.00 1.00 70.27+3.53 93.52+12.36 0.75
17 Hk#h 25 zZn2 240.22+22.42 218.89 +39.83 1.10 45.14£6.46 99.23 1+ 16.66 0.45
18 FEME XY oat 411,15+ 12.75 243.05 + 44.62 1.69 66.27 +2.87 80.47 +12.65 0.82
19 ik 18 vl 250.64 £25.16 181.91+25.74 1.38 72.58+4.38 101.60 £ 13.72 0.71
20 % 2004 Y2004 392.74+27.34 264.40 £ 10.67 1.49 44.3716.33 71.73+10.91 0.62
21 Fi#% 10 5 BY10 142.76 + 36.84 119.34+9.01 1.20 51.58+4.17 93.17£9.00 0.55
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Table 4 Changes of MDA and REC in different genotypes of oat leaf under drought stress
W /(amol-g™") Xt T4/ %
S BHE . - HRRK . T
Code Coltivar Treatment Ci( Drought Treatment CK Drought
coefficient coefficient
1 A& K% 15 NNDL 28.17+1.45 15.42+2.49 1.83 0.49+0.04 0.28+0.04 1.74
2 A% 3 5 NY3 37.42+2.77 18.06+3.28 2.07 0.73+0.04 0.35+0.06 2.12
3 2% Paul 30.28+4.5 14.19+3.66 2.13 0.87+0.08 0.36+0.09 2.42
4 KF%FE Large oat 33.47+2.25 12.17+3.27 2.75 0.84+0.17 0.290.10 2.9
5 A#% 75 BY7 30.17+ 14.44 12.17+1.8 2.48 0.51+0.10 0.51£0.12 1.01
6 (% 2 5 BY2 37.29+3.94 18.64 +4.14 2.00 0.73+0.21 0.41+£0.03 1.80
7 7% 8 5 BY8 30.29 +5.49 14.12£3.5 2.15 0.36+0.15 0.24+0.07 1.50
8 H#% 4 2 BY4 30.12+4.53 13.48+4.0 2.23 0.66+0.09 0.27+0.11 2.44
9 # 35 BY3 33.46 £ 4.41 14.45+2.62 2.3 0.4820.07 0.33£0.07 1.45
10 Hitk 15 BY1 23.96+4.09 9.35+0.89 2.56 0.48+0.16 0.36+0.05 1.34
11 Hitk 8 5 BYS 32.60+4.52 18.06+1.28 1.80 0.54+0.08 0.39+£0.12 1.38
12 #H 15 YKI 28.64+3.62 16.71£2.34 1.1 0.45+0.06 0.28+0.06 1.61
13 FMH 15 MY1 30.58 £ 4.20 16.39+0.73 1.87 0.51+0.19 0.37+0.05 1.38
14 % 2006 Y2006 29.25+6.53 12.90+1.22 2.27 0.53+0.09 0.25+0.09 2.14
15 i 4400 YM4400 13.54£3.7 11.9420.95 1.13 0.51+0.06 0.36+0.05 1.43
16 FkA 440 QY440 27.94+3.49 15.81+2.43 1.77 0.64+0.11 0.22+0.08 2.85
17 Bkt 25 IZY2 34.32+2.84 13.94+1.19 2.46 0.78+0.14 0.33+0.14 2.39
18 FIRIRE XY oat 25.68+5.58 14.52+3.68 1.77 0.50+0.02 0.24+0.07 2.09
19 BH1E vl 28.39+3.39 14.06+3.28 2.02 0.27+0.09 0.14:0.05 1.93
20 #% 2004 Y2004 41.81+3.46 14.32+1.85 2.92 0.38+0.07 0.22+0.08 1.73
21 E13% 10 € BY10 31.53+6.0 14.71+0.73 2.14 0.67+0.22 0.29+0.09 2.31
£5 AAEAUKERBENE Ui« )ERIPESEEG
Table 5 Comprehensive estimation of drought-resistant characters and dependence functions of different oat cultivars
i S pex LA BRI gaw  pom wmnms voTsE Gt
Code Cultivar REC POD SOD Proline MDA Protein Average Estimation
1 MK KT 15 NNDI 0.62 0.55 0.32 0.52 0.61 0.39 0.50 #i Drought
2 Mk 35 NY3 0.42 0.17 0.04 0.16 0.47 0.04 0.22 55 Weak
3 RE Paul 0.26 0.36 0.32 0.35 0.44 0.12 0.31 % Weak
4 KFH Large oat 0.00 0.11 0.33 0.36 0.09 0.49 0.23 55 Weak
5 H#% 75 BY7 1.00 0.44 0.35 0.06 0.25 0.68 0.46 i Middle
6 H#% 25 BY2 0.59 0.13 0.04 0.24 0.51 0.22 0.29 55 Weak
7 H#% 8 5 BYS 0.74 0.20 0.34 0.07 0.43 0.21 0.33 55 Weak
8 Hi#% 45 BY4 0.25 0.11 0.07 0.37 0.38 0.55 0.29 33 Weak
9 itk 3 5 BY3 0.63 0.10 0.51 0.55 0.34 0.21 0.39 5 Weak
10 Hitk 15 BY1 0.83 0.00 0.60 0.04 0.20 0.26 0.32 5 Weak
1t Hi#k 8 5 BY8 0.80 1.00 0.74 1.00 0.62 0.84 0.83 & High
12 #F 15 YKI 0.69 0.27 0.04 0.29 0.67 0.30 0.38 55 Weak
13 i 1 5 MYl 0.69 0.20 0.23 0.26 0.36 0.46 0.41 f Middle
14 #% 2006 Y2006 0.41 0.65 0.93 0.30 0.36 0.43 0.51 $t Drought
15 T&FE 4400 YM4400 0.78 0.62 1.00 0.45 1.00 0.99 0.81 3 High
16 FHAAX 440 QYJ440 0.03 0.08 0.00 0.00 0.64 0.56 0.22 55 Weak
17 k25 1ZY2 0.27 0.51 0.23 0.04 0.26 0.01 0.22 59 Weak
18 HFEHE XY oat 0.43 0.23 0.12 0.30 0.64 0.69 0.40 ' Middle
19 H% 15 cvl 0.52 0.17 0.34 0.16 0.50 0.49 0.36 5 Weak
20 & 2004 Y2004 0.62 0.58 0.59 0.21 0.00 0.31 0.39 5 Weak
21 B3 10 5 BY10 0.81 0.23 0.22 0.08 0.43 0.19 0.25 5 Weak
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2.5 ARMBRKELHBESIH

WEARIE BT 2 1 6 MR LI E
Z Bz DPS #4xt 21 /N S Fh k4T RK G R B
BT, AR (B 1) 7T 50, 7ERRICEE RS 4. 83
AR K 428,004 R 4 MR BRFER, H PR B RK
AL R I 8 S E 400 FLE AR LR RS
FhR3EE 2006 FIHE 2004 L F SR, D HL R RN &
RN B 4 S FHKA 40 FFEMRE =N AR, 2
fh R A SRR SR,

3 Gt

3.1 mBRMSHREHARPERPXE

BEESIRNEGEFREAN, EHESIRE
R 1t AL, 2 0 B 40 L 1E B AR, AR P AR
PR S A ETL, BREEEE RS BRZER
z‘gjﬁ-?@m-l“]o éf\‘[ls]\ﬂeﬂ‘(ﬁ[ld%ujﬂﬁﬂhﬁ
BERT A AP B I B 6 A, FERDE TR HE
MMEEAE. AR&FHET R85, POD
SOD 5t F 1 08 BE R IR , AR4P BB 4 b 78 BE K B
SRR, X SHR PR %R -, &
BTtk 8 S Tk 4400 BN & 7P B IR 7 B T 1
TR R T HARGRR

0.00 2.42 4.83 7.25 9.67 12.08

1 ANMRERMRERBEASH
Fig.1 Cluster graph of drought-resistant
coefficients of 21 oat cultivars

3.2 MRMESTENEA HERTBHXR
AEHEOREYARBEIRTEARNE
Edghn, KA BT LR MBI AN E AR SRS
FHEKELS, ETFRMET, 25| RBEASEE
REIEAE KR A=Y, XA E R EE
R, SESRTH"Y . BEREIESHRYE

MR EERG, AR ANHERRAESINE
EAXIS O ABFANBERS2ERRREK
SR HT R IR, Wik 8 B Bk 4400 B AL AN R
BREAREL THAMM,
3.3 HEHER_BSB ENBESENXR

R OB REES SN, & RPAERTLY
HEEIRZ —, ERBEENE T, RN RS
SHF-YRE, SEYMZHEREEEALD, #
YZHERE/N, MR _BRAETMEED, &%
% 4400 PR KIE 1 S A KNG 8 X =AM
TEAE FTHEER/D, XEARRERE T ELE
B, A EARE., TEWMAT, TESFBUEY AR
PG R AR 28R, AREEEE A 5
BRI SR, AREZRBRE /. aPRPEHE
75 Mtk 8 5 5 1 5 fkF 4400 X 4 A, H
SRBHENE/N, TR R, AR PHR B
it F NSRS RANEEERMAX, X5
R B —3
3.4 REFPSEAIH

BIAGEBREED e mEl Sy H
PR ER, BRATRE BB T RMELRDIT,
#EBHTH-ENEL, 2REP, RERLEE
R RER AR S RESMBHNSERTEE—H
R Nk 8 Bk E 4400, KB MBI B R &R
18 i3 2006 L ARG, FTFEE AR R R
M EHRERBMAE 144, KRB REEGRESTHE
FIRREER 71.43%, W 0L, BFh4r KT X Hi R
HIsr K BB — B SR AT TR
R, HBEEH SRS, BT EX AR
PLER 21 AR A A BRI FRAEAT ST LR, R 4
SR, R ReE SR B R AP A L R
WHE

8 % X W:

(1] dRs mhE B8 4 REEEEFIRRERENK
[J]. ZK4E4 ,2006,26(3 ) : 233-235.

2] = B AFFEANERELHHTHEPREENFR
(). Bk 5 &4, 2008, (9) :5-9.

(3] Bsotfn, WEH,KHZ ARATREBAKXATREEAXETHE
TR TR LB (] e 1R, 2005,31(10) : 1284-1288.

(4] WEE. REIATFHEE 02 HLMRKUI] FYRE,
1998,(6):1-4.

(F# %218 R)



218 T2 X A5

%31 %

(1. 588 ,2002,30(4) :193-203.
(5] & 4, %h# 4. MODIS 7 3% E B st Bl 3 o 19 B i R B 55
[J). B L BB R, 2011,89(2): 1-8.
[6] Running S W, Nemani R R, Heinsch F A, et al. A continuous satel-
lite — derives measure of global terrestrial primary production[J]. Bio-
science, 2004,54(6) ; 547-560.
(7] Zhao M, Heinsch F A, Nemani R R, et al. Improvements of the
MODIS terrestrial gross and net primary production global data set[J].
Remote Sensing of Environment, 2005,95(2):164-176.
[8] M B, #3C7, ™HeH. & T MODIS % Bt 7 R B
A RSHET]. MRS 2R ,2008,19(6) : 716-720.
(9] EZHE.4 &,9 5. ET MODIS HE K 2002—2006 4
E R NP 2 T[J] . B L BRI, 2010,87(4) : 113-116.
(10] b BE, THSE, ShmtE, % AR EHRET R UM%
#sEE 1] R TE¥M,2006,22(2) :22-26.

[11] W5, 50 B, ERE . RAEBRE R T2 NWHERN
FRRN[1]. FREBIF,2010,27(4) : 600-606.

[12] % 3L, EWH.Z M. XPFENEEFTH VICIAUEE
EHSFRMMAXERE . TRBR R LHE, 201,29
(6):173-178.

[13] Roxana Savin, Emilio H, Satorre A J, et al. Assessing strategies for
wheat cropping in the monsoonal climate of the Pampas using the
CERES - Wheat simulation model[ J]. Field Crops Research, 1995,
42:81-91.

[14] BmIE,BXME, VinayNangia, % . DSSAT B RIS B PG & /N EF
PHERHES R RDBERBIE( 1] T2 KL B 5T, 2010,28
(3):64-70.

[15] BEF, FAV. % B,% ETEREANEILL/NERIE
A KRR REAUBIRI]. SR ¥EM ,2005,63(2) :204-215.

[16] # &, F4% K07 EYEYRESHETRERI.
e 56437, 2010,30(11) : 3098-3102.

[17] BREGR. B RE¥E(M]. Jb 5T L5 K 4 KL, 2001 157-
160.

(18] £ W,HKEN, ZHA. HFEER 1951—2006 £ BEFF
FIMB S 548 (1]. BRI R ,2010,29(3) : 572-578.

[19] =%k, EMeH BREHEARSRUMAIM]. T PERIA
2 WA, 2008:296-297.

(20] XHE.Bk B.ET DSSAT MBS HELN AR & FH
ZNEFBENORW[I] R TR, 2011,270G8 7] 2):
74-79.

(EBEZ 11 R)

(5] BRO# RIS MY AR GE [J]. 4 BEE T,
1991,27(2) :84-90.

(6] A&, ZFHER, RAR. TRUHEEG T /NEENEEHNA
CRERR ek T]. HYREREER, 2009,10(2):
255-261.

(7] XUBHE, WA, Tk e, %5 . 4 3K 4 B 3E X e - 1 8 %
TYRSENERE]. TG ,2009,29(7) : 1432-1436.

(8] 3K, EWE, HEM,%. EE RSB EHLSE IR0
FE[)]. E KRB, 2006, 14(5) :87-90.

(9] WME FH, FTHEA.%5. REHABHLEE I SERPR
(). TR R BFF,2005,23(3) : 33-36.

[10] BFEH,T B3P ¥ EEBEENEREHECERT
WEREEVHNT]. TR R R B , 2008,26(6) : 166-171.

(11] EZE,BhE BAE. KEHFEEYELBOREI].
AR, 1983,9(1):77-84.

(12] F%ZF HYAB4AAZREERAER (ML LT . BEHET
H RRAL , 2006:171-238.

[13] Fridovich I. Superoxide dismutase[J]. Annual Review of Biochem-
istry, 1975,44:147-159.

[14] %% PECHERKAME TERE TR EBEME]].
WL R4, 2004, (3) :271-277.

[15] F =, FZHV.FHFE ARGHLPENTRERLEESSH
1] TR KEHFR,2010,28(2) :17-20.

[16] SRAKE, KM, AR, F. EREBRFHLEEHRHITR
(J]. Atk 48], 2008, 17(3) :143-146.

[17] SBRF BENK. T &% mEARAHTREEEI].
TR RAEFFR,2010,28(4) :94-99.

(18] BRHDN, EDRIE , F 4, % . CP* M RPN MB/ERI].
TR IR A48 (B RPHEAR) ,2006,34(2) : 113-116.

[19] Blokhina O, Virolainen E, Fagerstedi K. Antioxidants oxidative dam-
age and oxygen deprivation stress: a review[J]. Annals of Botany,
2003,91:179-194.

[20] Blum A, Ebercon A. Genotypic responses in sorghum to drought
stress 3. Free proline accumulation and drought resistance[J]. Crop
Science, 1976,16:428-431.

[21) BFX,FER,REAM, 5. FREERME T /MR 8EEE
MA—RYROGEEEAI]. BYREREER, 2009, 10
(2):255-261.

[22] W% 930K, AR BBEPET EXR4H Bkt EE
AR ER IR ST [T ). 0 B Ry K% 238, 1996, 27(3) 1 207-
210.

(23] & MEHE BES F U BEMHEPRRELEE
(1] ElrFl % ,2008,25(1) :21-25.

[24] 2R3, FMR, AWK, RRE SRR RS E
[J]. 76424 , 2004,33(1) : 8-12.



