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WE ARG E T HEE 13 DK 7 AU AA S AP R 106 (3 A0 R Y 2R PIRF I, I GGEbiplot
AR RS 43 BT LU AE T 45 PRIR 2 TA) 8 DG R B R 52 M 8 B BT , 255 PP M6 22 i Y A6 WU e 22 0 B2 i b b B Tk g R
FIFAME ., S55RR, T A SRR G FET R A 2 R 5 T Ml & B 1 e % 2 B 2 IE A E G R (r>0. 5, P<0.05),
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Evaluation and selectionon drought-resistance of germplasm resources of Avena

species with different types of ploidy
PENG Yuanying' *, YAN Honghai' ,GUO Laichun®, REN Changzhong’

1. Triticeae Research Institute, Sichuan Agricultural University, Chengdu 611130, China;

2. Baicheng Academy of Agricultural Sciencey, Baicheng 137000, China

Abstract: Drought is one of the most limiting factors in oat production worldwide. It is important to utilize the genetic
resources of wild oat and its relatives for the improvement of drought resistance of cultivated oat. This study characterized
and evaluated the drought-resistant traits of a selected set of germplasm accessions representing various Avena species with
different types of ploidy, and selected the wild germplasm of oat species for the genetic improvement of drought resistance in
oat. A pot experiment was used to subject 106 oat accessions, 13 diploid species, 7 tetraploid species and 5 hexaploid
species of genus Avena, to water stresses to determine the drought-resistance based on relative electric conductivity, soluble
carbohydrate content and malondialdehyde ( MDA) content, etc. The correlation coefficients between different drought
resistance characters and their contribution to drought resistance were analyzed using principal component analysis, and then
comprehensive evaluation was conducted to reveal the potential and utilization value of the oat wild species for drought
resistance improvement. At the first rewatering stage after 10 d drought stress, only 4 of the 106 accessions were entirely
withered, and about 70% of those accessions could be recovered in various degrees after the three times of drought stress
and rewatering treatments. The results indicated that there was an increase in the relative electric conductivity, MDA
content and soluble carbohydrate content measured at different stages of drought stress. The survival rates and growth
indicators of the accessions were significantly correlated with the extent of the increase in soluble carbohydrate content under

drought stress, while MDA content and relative electric conductivity were closely related to their drought-resistant ability.
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Integrated evaluation of morphological and physiological characters under drought stress revealed that some accessions of
diploid Avena species, A. atlantica, A. wiestii and A. strigosa, tetraploid species A. murphyi, cultivated and wild
hexaploid species A. sativa and A. fatua can be excellent germplasm resources for drought resistance improvement in oat.
The drought-resistance of A. wiestii, A. strigosa and A. murphyi could be utilized by distant hybridization with cultivated
oat due to their close relationship, while that of A. atlantica, which had not been used as a donor of cultivated oat, could
be transferred by cloning the drought-resistant gene and transferring it to cultivated oat. The drought-resistance of Avena
species is not simply decided by genes or environment, since there was no relationship between drought resistance and
species or the origin of the lines. Therefore, overall evaluation should be carried out to select the drought-resistant

accessions, and to use these accessions in the genetic improvement of oat for drought resistance.

Key Words: Avena L. ; germplasm resources, drought resistance; GGE biplot; genetic improvement
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TRERGIED RO EEHRR LR FMHER S TREAETED = RA S TFBD SRRy
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BEeE O T2 o0 A0 TALAEAL 6 [ 355 RIXBAE N T R R 280 X, AR 2B e WLl e e e
BT o] (4 A DI, QAR AR BT HEAE A, fatua JUTTEE S A 73 A . TR, 8622 @ ) A A B 58 1Y
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MG (B 7Y G TR G (38 R VAR 7 R AR RN 0 LLRCE SRR R T R T AT
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Table 1 The diploid accessions of Avena and their plant status after drought stress

4 T S Fefs P e P TR ARG B
Species Specific type Genome Accession No. Serial No. Origin or source Plant status afterdrought stress
A. atlantica B b Wild As CN 25849 9 JEE 1% 5 D2
CN 25859 10 JEE % RF
CN 25864 11 JEE 3% B
CN 25887 12 JEE 1% BT
CN 25897 13 JEE 1 AF D2
A. brevis Hp A F As Ciav 1783 20 T, PR AR D
Ciav 9113 21 el D3
PI 258545 22 GikEN
A. canariensis 7 A=l Ac CN 23017 23 JIARFHE &
CN 23029 24 JIARFHE & D3
CN 25442 25 JIARFHE & D3
CN 26172 26 JIARFHE & D3
CN 26195 27 JARFHE & D3
A. clauda 5 A i Cp CN 19205 28 A7 9 D
CN 19242 29 +HH D3
CN 21378 30 i i D3
CN 21388 31 Wiy 7R 2 ) I D1
CN 24695 32 THH D2
A. damascena P A= Ad CN 19457 33 BRI B
CN 19458 34 B IE.
CN 19459 35 BRI D3
A. eriantha 5 A o Cp Ciav 9050 36 e[
PI 367381 37 PYPES . i
A. hirtula P A: B As CN 19530 42 THH . R
CN 19739 43 B IR B I D3
CN 21674 44 . B
CN 21703 45 JEE % BF
CN 22633 46 e
A. hispanica p A= A As CN 25676 47 % 7F
CN 25727 48 %5 7F D3
CN 25766 49 W T C
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g1
4 e H 4l M i St Uit TR A R AR B
Species Specific type Genome Accession No. Serial No. Origin or source Plant status afterdrought stress
CN 25778 50 % 7F D
CN 25787 51 % 7F D3
A. longiglumis A ol Al Ciav 9087 52 B IR B I B
Ciav 9089 53 GI[EA2 D3
PI 367389 54 Gikn
A. lusitanica Py A= Fp As CN 25414 55 VUYL
CN 25885 56 JEE 1 A D3
CN 25899 57 JEE 1% 5 F D2
CN 26265 58 GikN D
CN 26441 59 YL C
A. strigosa FbEFh As PI 83722 111 RHI R C
PI 158246 112 PP Ak C
Ciav 9066 113 IR ZRmg D
PI 436082 114 BH. e A
A. ventricosa B4 i Cv CN 21405 117 B IR % I C
CN 21992 118 FET HEI c
CN 39706 119 Wy ZE R 51 D
A. wiestii YF A=A As PI 53626 120 Bk, B D
Ciav 9053 121 e N N3 B
PI 299112 122 S| D
F2 HHAHREZRENEEH R TEMEERNERRR
Table 2 The tetraploid accesions of Avena and their plant status after drought stress
Fh i BLH 2 FEf5 s e Ui, TR E R ARG B
Species Specific type Genome Accession No. Serial No. Origin or source Plant status afterdrought stress
A. abyssinica Fe 5P cultivar AB PI 411163 1 JESL R A
PI 411173 2 BRIEM I B
PI 411359 3 JE ST D2
A. agadiriana HF A i AB CN 25837 4 JEE & T B
CN 25854 5 JEE & D3
CN 25856 6 JEE 1% AF D3
CN 25863 7 JEE &) D2
CN 25869 8 JEE % AF o
A. barbata A A AB PI 296229 14 i3] D1
PI 337802 15 T HH D
PI 337826 16 T i D2
PI 282723 17 IDRERT|
PI 337731 18 i M C
PI 367322 19 A D2
A. macrostachya Yp A= Fh CmCm CN 24393 60 By IR e | IE. o
A. maroccana W A o AC Ciav 8330 61 JEE 9% F D
Ciav 8331 62 JEE % AF C
A. murphyi [gacyil AC CN 21989 63 PPt A
CN 25974 64 JEE % AF A
A. vaviloviana Lgacyul AB PI 412761 115 JENT B
PI 412766 116 BRI LI C

http ; //www. ecologica. cn
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x3 HIKHRZBEABEMBETRMEFHERKSR

Table 3 The hexaploid accessions of Avena and their plant status after drought stress

4 g WA B P SR U b TR A R ARG B
Species Specific type Genome Accession No. Serial No. Origin or source Plant status afterdrought stress
A. fatua PP A Fp ACD PI 447299 38 L Ho B

PI 544659 39 N B

PI 545459 40 274 C

PI 560776 41 +HIE D2
A. sativa ssp. nuda ARIEFH AR R ACD Ciav 9009 65 JIlIE - PN C

PI 401795 66 fap 2 D

PI 401812 67 P o
A. occidentalis Hp A F ACD CN 4547 68 AR FIHE £ C

CN 23036 69 TR 5 C

CN 25942 70 JEE V%5 DI

CN 25956 71 JEE % A D2

CN 26226 72 AR FIHE 5 DI
A. sativa F s A ACD PI 40650 73 P HO

PI 48085 74 TRIHF I

Ciav 1946 75 P P D3

PI 93751 76 S A

PI 103669 77 WA

PI 103670 78 RIS

PI 175021 79 2153 D2

PI 194896 80 BRIEMR LT D2

PI 258641 81 HEE A

PI 258644 82 FE

PI 258649 83 LS

PI 258656 85 e

PI 258658 87 B D3

PI 258663 89 e C

PI 258666 91 DB N2 A

PI 258724 94 2 W B

PI 258734 96 2 B

PI 411426 97 +HH D

PI 411439 98 +HH D2

PI636013 99 9 2 F) B
A, sterilis g A4 i ACD PI 411503 109 BT 7% K 1] IE.

PI 411656 110 WRIEM LU

1.2 MR IR S AL B

ARG FOR IR T DU A R, TN ARS8, 3 pH6. 7, A LR 18. Tg/kg, 2R 2.8 g/kg,
AL 12.4 mg/kg, MU 116. 8mg/ kg, LI HIRIRFK BN 20.2% o 25— B HIBRHER % 0.6 kg
S, SR PR R ) S K ik

I BPRHERN 3 ALLINETT 3 WA, 0 A A 20 KL, T A QU K U240 15 em J5F, IR A K A FLI AR —
B 10 BRATEEHEFTH 1 0T FHa AL B, SR 7 138 (25+5) % B HTEIFR KR 10 d 5 S KO WSS AR AR
FORBL . LATEH 5K (3 Tl K IR 1 709% —80% ) %t AR

B 1 USRS MV R BRI TER 2 YT 3 24 5 K e e 2 RS K Y (25 +5) 9% I, PR I%
IEEREE 10 d, 55 2 WERDK, BEIGHEATHS 3 YO RIZR A T R e . AR UCT S0 IS G2 TR B 19 4705 1
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B, X5 1.2 3 B S T A RIS 25 2R AR, 230 L D1,D2 1 D3 R, 55 3 IREKJE 72 h i & 17
TR N H A KRE, LA B, C, D4 Ko Rom bk ZEE 0% —20% , 20%—40% , 40% —65% F
65% —90% .,
1.3 AFEEbREIE

HL RGN E 2 B2 B AR A ik AT PR AR EY 0 B B S AR A 40 B 5 T I (MDA)
o I 2 SR A T AS S Y A ik, D2 BRI 45 00 a8 ok L ekt BRI S b ad b RLAG MDA 55 5oR 75
HERR A 53 62 n iR M 5 0 52 2 HE Y AR 5 AR R AT ) O b T SR a5 AR PR T 3 b 7 i L
X BEBE IR EL

RRIER 3 NEE, FWIEER 3 R, SPSSI1. 5 #H74 LMGH 01T . 50 458 191,
12 I BEA RLE 7~ IR 2 HAESE R B9 GGEDbiplot 2 X A5 Az B b 1] A9 HH Sk S 5 P Rk 2 i) ) 56 &
4T GGE SR 48T,
2 BER545H
2.1 Wi X A KR A B

B 106 A RHE T FAC RS B IR R R 2255 A 34 DR T R rh =55 200 o 1 1k
TRABEACE 4 A BHITA R ARAENE , A 30 MRV BIFESS 2 FI%E 3 IR R IR & EE, ZKIIA
REMRAE o 3 T SRS A M bR Y 22 75 A ny #4853 5 D1 D2 1 D3 3Ron . HEliY 106 4y A1 L g 72
AR 3 T RN BS54 1 36 2 Ak 3 43580 Hh T 48 3 IR TR AL BEE KIS 72 h INFHEZE TR — A%
& DOFERF SRR AR GL A B .C.D RRFEBRBEM/NEIR, NEDATLES FET2WE T, #E0NE
KAGOLAEA R PR A R — PR R B R 22 5 . A 10 AR AR 4 3 IR TR A0 3 H e AT 4a K
ZHHEMRREAE R K G 72 h IR BEH A ROIRE A RRAS A 9, B Sepr kit 20 ik 52 21 SR A A 1)
PR FRK BB B SRk D AR B R BT R . X 10 Rk BR 5 SIS RHAREER TR RESN I A
FERH 5K A, atlantica F1 A, strigosa, LA S AC FER VUK A, murphyi B9ER5 R R
2.2 TEBAXHSR MDA & &M AR o s i s

FETRAET A2 A RR B ARG H S 3808, G A A 1) P 5 SR 1 ik 1) 58 287K | ol DU AR B %) e 22 7
TR0 )5 Z 05 E AR, R 4—3 6 Rl LI X B S R AR F AR R k22 7 &
B 5 e )5 7 A 0 43 T BEAEAS R b R ) — P Rl oA [R] B B T A 7 22 5, M 12 319% —90. 38% A5 1R 3L T
AN TRIARE X S 038 A N 52 T3 ASTR] A F S 23 B A S 1) T S S 10 3 BEAIR T 20% mI R RN 4 4, 43
SR 7S AT AR 0 R A 1) 2 AN SRR AR A Fh A, atlantica 1) 2 DN JEHRE.

x4 TFELERZEEMAEXESE MDA fISSCEE

Table 4 The relative electric conductivity, MDA and SSC content of the diploid accessions after drought stress

A HL NS 8/ (pmol/g) LA MR i/ (mmol/L)
e = Relative electric conductivity MDA content SSC content
Serial E YLy 2 RE / 2 iE /0
Species . o P e g PER gy PR
0. ) Injury 3 Injury 3 Injury
CK Test CK Test CK Test
degree degree degree
A. atlantica 10 0.176 0.284 13.16 0.0305 0.0412 25.98 0.021 0.346 1543.04
11 0.457 0.667 38.74 0.0452 0.0809 44.19 0.396 0.878 121.65
12 0.179 0.280 12.31 0.0258 0.0282 8.75 0.117 0.749 539.45
A. brevis 20 0.167 0.437 32.41 0.0225 0. 0461 51.24 0.405 0.761 87.82
22 0.262 0.641 51.35 0.0191 0.0434 55.91 0.284 0.477 68.05
A. canariensis 23 0.183 0.529 42.40 0. 0290 0.0538 46.21 0.293 0.777 165.37
A. clauda 28 0.268 0.554 39.04 0.0217 0.0277 21.71 0.203 0.436 114.49
A. damascena 33 0.207 0.414 26.08 0.0339 0.0458 26.05 0.096 0.438 355.71

http ; //www. ecologica. cn
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Yk 4
RN SR N S/ (pmol/g) N PERE S &/ (mmol/L)
e A=) Relative electric conductivity MDA content SSC content
Species Sg‘:'l o nhs ﬁiﬁi % m e %ffi % m nhg ﬁiﬁ; *
CK Test degree CK Test degree CK Test degree
34 0.451 0.770 58.12 0.0170 0.0867 80.38 0.536 0.690 28.70
A. eriantha 36 0.323 0.782 67.79 0.0284 0.0976 70.92 0.357 0.378 5.83
37 0.057 0.583 55.83 0.0289 0.0624 53.71 0.513 0.733 42.68
A. hirtula 42 0.382 0.768 62.46 0.0337 0.0861 60. 84 0.623 0.950 52.50
44 0.119 0.566 50.70 0.0396 0.0614 35.49 0.307 0.454 47.97
45 0.466 0.761 55.23 0.0288 0.0527 45.23 0.512 0.749 46.29
46 0.172 0.510 40. 82 0.0284 0.0383 25.84 0.222 0.527 136. 64
A. hispanica 47 0.189 0.520 40. 87 0.0233 0.0291 19.91 0.220 0.498 126.40
49 0.463 0.595 24.56 0.0529 0.0618 14.53 0.258 0.881 241.95
50 0.102 0.705 67.15 0.0315 0.0679 53.55 0.211 0.316 49.87
A. longiglumis 52 0.117 0.396 31.61 0.0343 0.0503 31.67 0. 166 0.269 61.83
54 0. 146 0.325 21.01 0.0314 0.0395 20. 44 0.122 0.412 238.17
A. lusitanica 55 0.168 0.410 29.08 0.0240 0.0331 27.53 0.208 0.814 290. 68
58 0. 186 0.839 80.27 0. 0404 0.1419 71.53 0.208 0.215 3.28
59 0.235 0.445 27.40 0.0353 0.0576 38.72 0.262 0.563 114.48
A. strigosa 111 0.177 0.366 22.98 0.0136 0.0266 49.15 0.131 0. 650 395.64
112 0.351 0.637 44.08 0.0170 0.0334 49.03 0.183 0.426 133.13
113 0. 186 0.922 90.38 0.0137 0.0495 72.40 0.300 0.302 0.70
114 0. 196 0.437 29.96 0.0273 0. 0400 31.62 0.173 0.398 129.53
A. ventricosa 117 0.202 0.733 66. 61 0.0494 0.0537 7.97 0.152 0.494 224.34
118 0.249 0.596 46.23 0. 0466 0.0536 13.01 0.173 0.414 138.98
119 0.185 0.679 60. 67 0.0214 0.0616 65.25 0.297 0.487 63. 64
A. wiestii 120 0.167 0.755 70.58 0.0241 0.0834 71.12 0.279 0.293 4.95
121 0.152 0.482 38.94 0.0334 0.0597 44.11 0.340 0.735 116.37
122 0.162 0.360 23.58 0.0196 0.0296 33.83 0.319 0.874 174.53
*5 TRAEBMNEEFEHEHEXTESE MDA #1SSC 28
Table 5 Therelative electric conductivity, MDA and SSC content of the tetraploid accessions after drought stress
RN SR NS/ (pmol/g) N PERES &/ (mmol /L)
e A=) Relative electric conductivity MDA content SSC content
Species j@‘:al o e ﬁfﬁ; % m nhg %if; % m nhg ﬁiﬁ; *
CK Test degree CK Test degree CK Test degree
A. abyssinica 1 0.129 0.583 52.06 0.0225 0.0515 56.25 0.527 0.838 58.98
2 0.132 0. 406 31.65 0.0329 0.0592 44.49 0.176 0.784 346.29
A. agadiriana 4 0.151 0.380 26.99 0.0207 0.0330 37.25 0.241 0.658 172.90
8 0.464 0.597 24.80 0.0415 0.0526 21.11 0.133 0.327 144.94
A. barbata 15 0.285 0.522 33.10 0.0441 0.0596 26.05 0.396 0.875 121.02
17 0.282 0.709 59.53 0.0532 0.0873 39.06 0.269 0.735 172.81
18 0.153 0.630 56.26 0.0183 0.0653 71.92 0.304 0.541 77.54
A. macrostachya 60 0.044 0.425 39.88 0.0199 0. 0467 57.51 0.183 0.426 133.13
A. maroccana 61 0. 140 0.652 59.56 0.0278 0.0531 47.68 0.173 0.199 14.77
62 0.192 0.613 52.05 0.0224 0.0357 37.30 0.286 0.569 99.01
A. murphyi 63 0.222 0.415 24.79 0.0893 0.1021 12.55 0.131 0.920 601.19
64 0.179 0. 442 32.02 0.0215 0.0222 2.96 0.171 1.034 504. 96
A. wvaviloviana 115 0.116 0.461 39.03 0.0204 0.0322 36.84 0.187 0.424 126.06
116 0. 156 0.584 50.77 0.0124 0.0221 43.97 0.457 0.770 68.57
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®6 TRELERABEMAENESE MDA MSSCEE

Table 6 The relative electric conductivity, MDA and SSC content of the hexaploid accessions after drought stress

AR H G S i/ (wmol/g) AT A/ (mmol/L)
e Y Relative electric conductivity MDA content SSC content
Species o e PR PR g DR
CK Test degm“e CK Test degree CK Test degre.e
A. fatua 38 0.208 0.370 20.38 0.0377 0.0427 11.83 0.086 0.700 715.16
39 0.089 0.526 47.96 0.0294 0.0381 22.83 0.187 0.807 331.60
40 0.344 0.753 62.28 0.0563 0.0974 42.21 0.424 0.604 92.42
A. sativa 65 0.134 0.540 46.86 0. 0200 0.0332 39.79 0.623 0.950 52.50
ssp. nuda 66 0.229 0.704 61.55 0.0193 0.0346 44.13 0.183 0.257 40.91
67 0.122 0.463 38.93 0.0421 0.0554 23.98 0.141 0.401 185.54
A. occidentalis 68 0.130 0.465 38.53 0.0239 0.0324 26.32 0.169 0.545 223.33
69 0.275 0.785 70.39 0.0205 0.0384 46.54 0.137 0.190 38.65
A. sativa 73 0.179 0.336 19.09 0. 0260 0.0303 14.16 0.105 0.689 558.10
74 0.179 0.470 35.47 0.0287 0.0393 26.88 0.143 0.550 284.92
76 0.110 0.270 17.96 0.0442 0.0699 36.85 0.098 0.571 480. 46
77 0.212 0.553 43.33 0.0265 0.0416 36.18 0.269 0.601 123.29
78 0.265 0.565 40.81 0.0336 0.0481 30.12 0.159 0.496 211.50
81 0.177 0.378 24.39 0.0187 0.0252 25.84 0.150 0.927 518.22
82 0.114 0.518 45.59 0.0302 0.0500 39.57 0.077 0.165 113.54
83 0.172 0.386 25.78 0.0224 0.0371 39.64 0.199 0.810 306.71
85 0.163 0.778 73.45 0.0215 0.0509 57.88 0.251 0.381 52.21
89 0. 466 0.599 24. 84 0.0409 0.0825 50. 40 0.372 0.517 38.88
91 0.156 0.467 36. 84 0.0590 0.0793 25.56 0.126 0.633 400.17
94 0.168 0.689 62.67 0.0398 0.0484 17.62 0.148 0.353 139.48
96 0.192 0.390 24.55 0.0193 0.0294 34.60 0.096 0.318 231.42
97 0.196 0.938 92.23 0.0287 0.0896 67.99 0.372 0.468 25.68
99 0.181 0.645 56.65 0.0162 0.0279 42.10 0.089 0.241 170.98
A, sterilis 109 0.152 0.515 42.87 0.0101 0.0177 43.00 0.094 0.293 212.23
110 0.091 0.634 59.74 0.0276 0.0494 44.01 0.208 0.419 100.95

IKAFIE A MDA 55 55 ik 38 o EL 04 AN ] o 52 i A A MDA B4/, 45 3 e
N FRA—F 6 FIH THKIE MDA & 5 A3 InAR BE i 15345 2 10 382 SR A Rl R PE AR B R, AR 4 R 5
i 6 LI, A AR S0 5 #9053 R 22 S BOR R IR 2. 96% —80. 38% , MR BL T AR 4 KL A AE
HIZE5% . 1 MDA & 5 T e B RE R T 5038 5 090535 FAR T 10% BIRHBHUCA 3 B A #4200 o A Sk
H AR AL atlantica ,C FERH —A5K A, ventricosa F1 AC FERIZHVUAHR A, murphyi B —AJERE

R AE T B A AR R T IR 0 S B A R AR AR ICER A3 BT R 0 T R RS 3 I K
Vo MR 4—F 6 TTLIHE | IEH J5 A0 T R ZHEHEE BRE AT I A & 5Bk, ABHRI Y 22 S B0, &t T 57
AEFRI | 2% A AR (AR DA 8 AT APt 2 i XA T I A I IR AR IR B T R KT T MBS T R
IR 5 LD AR 7 0y GRS A AR B e A Y e 0 3 AR B AR RN IUARAA A murphyi
TAEIR A, atlantica B4 2 NTEEE
2.3 T EE T MG B A BEE bR S P05 A M

GGE XUbR EIVE AT LA Wb WA [R) 44 6 E 6 B e i (0 45 LA R SR PR AR LG &R . DASE 1 U FIE 2
TR AR R IRES 1 RIS 2 F R B I MR R B, AT S AR B An s T 2 418 B L GGE XUbR
P, A ARDR R SR B R AR bR s R IR LA E I Fabr ) &, DI — bR o b, BN J7 miess , H
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P ) 5 IR T f B AR SE MBI Ry 2 MEPRIASERECS . B h iR, 81 BRSNS PCl =
57.7% , %52 FERATHIEN A PC2=14.5% , GGE MR El L J@/R T 4430 H S5 81 72. 2% . EIHAT
PIE 530 5 AR A ARG L F0R MDA 57 2 11 pR I S e 74) 497 56 3R A5 3 5 58 38 R 3 ) 1 e ff 20/
90° , KBS PRR B IFASCOC R, T R Whae a5 vl i MM I 53X 5 N8 ARIE1 ) Je I T 900, Ui B EAT11A]
PR AR T R Wa J5 T M & ik 2 AR T 52 10 45 55 B/ RERR (1) S R RIS . Ir A 8 A
[i] (R AH O RO W B PR LR 7

PC1 =57.7%, PQZ = 14.5%, Sum = 72.2%
_Transform =0, Scaling=1, Centering = 2, SVP=2

16

12 |

04l [

PC2
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Fig. 1 Correlation coefficientbetween different morphological and physiological drought-resistant traits

R7T NEESHEBERINEXRENEZMESR

Table 7 Correlation coefficient and significanttest between different morphological and physiological drought-resistant traits

RO RER _ 1% % . 4
i A& ’ o _ A P I R
e i . 1)J%B;( B N_oEaE (PR T f/ja-f i
. Injury MDA . e Growthrate
Plant status electric Injury SSC content i
. degree content of SSC
conductivity percentage
FERE 1. 000
AR HL 0.715* 1.000
g (RS 0.680 " 0.924 ** 1.000
WS R 0.572** 0.497 ** 0.413*" 1.000
B R (N ) 0.542 % 0.591 ** 0.626** 0.439 ** 1.000
IR u s -0.585*" —0.388 ** —0.459 ** -0.027 -0.223 * 1. 000
RSz ) -0.616 " -0.621 ** -0.606 ** —-0.226* -0.519 " 0.208 * 1.000

w % 76 0.01 K B, = 76 0.05 KV L

A A BRAE AR 2 HE BT b i i B R R T IR — T B A A RSB A5 12 N ) 2 8 A
JERE(0,0) AR AL, JE RS XUbR P 0 D A4 Bt X, AN [R] A BRI 25 B A B R AR v T4 XN
P 2 BB B Py A A P05 A BEE AR R B, XUbR 18 ] S A F AR AL s B 51 72, 2%, UK
s SRR R, SEERE, Ui R 0 AR AL T — D XA RRE, TR ESS , M n] o PR A
FRAGHRAL T S MR AR AR T2 DX I 57—, DRI 55— B DX A B phy T AR R £ 5 3R 405 55 2 B 511K
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R 22 5 AR AT, PR B B B 52k . INEIRT LB B, 454 10,12 .63 .64 .81 38 .73 (111 122 5
PORHS AT PEE B a5 AT I AR 5 T ]l DX T 5y 28 36 7 T g 40 3 8 80z vt Xof 37, AL O 3K S
CEAPUR MRS, R AE AR A atlantica B 2 AN JEFE EFA DUARRBD A, murphyi BOPIAJERE A%
& A wiestii F1A. strigosa 25 1 Gy ARk LSS AR AR 8 A 55 RN Y AR e A 45 1 AR,

PC1 = 57.7%, PC2 = 14.5%, Sum = 72.2%
| Transform =0, Scaling = 1, Centering =2, SVP=2

16

PC2

-1.2 -0.8 -04 0 0.4 0.8 12 16 2.0 24
PC1

B2 FEHERMHSHEERXER

Fig. 2 Correlation betweendifferent accessions and their drought resistant characters

3 it
3.1 AR E R U S TP R

25 TE A B R R T A 5 (R 7K A 3 — B B[R], PR KWK A, it I 2 T2 5 B %, 3 A Fa A ]
TS BB R R ES 0 BT EAExT 26 AR R SR AYSE SRR T 510 d JF/K RIS R 5h 2%
B E A G, FE R AR B A ZE R S A TR ST R IR AT T A S IR ARG R X — B A R bR
ST A BT R B A S E M E Y ARLRRAN Y R E TR, 23 WA IC AR
AR (R 1—383) Bl 45 R R LS AR 22 5 TR B ARt i AR ROR S 7 2 R 5 45 2B BB AR 1Y
W 45 S B B e i — B0, el B H 3 2 T R R — P rT S P R S e ik,

TR Wi A e DL TP 2 — , A 4 10 473 3 1 e R BN AR i 4k . MDA J2 RIS o AL 1E
A EE Yz — | oA A A A S W2 i R i SR A P iR 55 DA R TR R SRR R A I AR AR AR
WFoEH M4 i - MDA & it (R 3 S /K B R o (3R 4—3% 6) , AR WIZK 4377 kS SO M P 3 1 H 2R
SR T AN R i A T MDA B R AR ] AR R g SR SR BT SE A

L) 200 0 KT 25 20 L A SO B R AR R B MR . B OC T M LA BE R aE e Y
K52 335555 300 52 M IS 400 O B S | R P 18 K | o Ml T2 AN R BE () A8, S B0 SR S AN ]
BRI, BURPEESRAAR A AR a] LI | By WA B W . Oz, oS 55 MR AN AGE PR R
I HATL 5 RREWK SR IE W, LASGE 05 3, e Z 40T 0 ARSI B SR R E R R T
T 50 5 AR HL S BRI, P B /NIRRT IR S A E A U 45 SR W B DR AT AR SR B Y
A PR AR

FETSERA T R —AE 8 () PT Hop  E 4 0, I HL5 W3 i R BE 2 AR OG5 i AS [RIAE B 1), P P8 )

http ; //www. ecologica. cn



2488 A E = 314

LA e 1 DA MR 2 RS R M BT T B ) A R PR R R AR AT IR,
WG TV MRS B i AT T S R R A R R R e
3.2 HeE IR PRI L HAE T M AN

AWFFE TS KL ASHR RN 3 AR BRAS PR BEA R S WG A AR T B8 T, W e T iy e 2 ¢
BHREE T 2% LA B TLAS R BRI LI H,10 12 63 .64 81 38,73 111 H1 122 S-bHRHEAT 5 w1 7] 1%
PERE S BRI , EARPRZE RS FEIEAN, b il SR T i e R B 09 5 3 B H5AIC, MDA 5 £ T v - B0 405 3 8l
BAR(R1—3R 6) , HILER & 5 X SORDRE A BUR BT 2, v] IZEAR B 2 i B R TAE oA . &
SehT R AR S AR AL atlantica A. wiestii F1A. strigosa , VAFFARFN A murphyi , DA S 7S A5 AR
AR T AR e A 1 . BT REAER B IO ELF R RS S 8622 T i AT R 0 DA% A B A= o
WCAERIF b HCERFRIME , St 362 I MR 3 T IE LI ST 3R AL wiestii T RESE AR HEE (0B R A DU
TR A, murphyi SR BRI MEG R W RE R REE M H R A, AL strigosa VEY— AR EE
AR, — BRI AR 22 3 A R R AR S e AL T DR Ik e 5 A M 1 2 58 IR A
X, T LA S e B AR B e T P ol R g R v e i 2 2 52 i 7 SO PRI . 0T AL adlantica VE R
— NP AR AT BOR T A WFOR USSR M R BOE M RGC R Bl T HIU R AU B s
AR PRACAE BRI 2 I LB, DR g mT S aad 731 A W 2 9 07 125 e B LT R O BB T - 2o gt 4%
FEALHANG P I R T TR s e 2 95 R R

S AT G B TR VR T L4 M A FHE S T8 25 NFh 106 3 B4 RE R AT, 45 S 3R e 32 (P v R B
AR SN A XIS S (3R 1—3R 3) , T BB 25 4 REAS B 138t A e DA S CHAE IR /NER B A G, L
10 5 A, atlantica BEHEA S BIBTCHE ZAP RO A K TR RFAY T 5 DX (B 5 R T[] — 4
HRPEHAHF A 9 11 12 113 TP RN BA X AL BT A RE , £L 2 9 S0 13 S APRHEDT 503 i &
LA REARZE AT , PR AL A0 S D A T 5 1 ol i PR R R | TR0 S D0 BRI 5 B X MR A 7 4
T TP A, LUHAE AT 544 ) e i ve B B 572 5 R SR i 1 5% Ml XA A A5 19 512 e v R B
BRI R
Bigt . BOHINE KA Yan Weikai #4424 GGE biplot 2, B >2 M K24 BE i A4 22 AP AR MRHR K
SRR R BT A SCE AR
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