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Identification and Evaluation of Drought Resistance of Naked Oat
(Avena nuda L. ) under PEG-6000 Stress at Germination Stage

CHEN Xin',SONG Gao-yuan® ,ZHANG Zong-wen'>, WU Bin®
(' Bioversity International East Asia Office ,Beijing 100081 ;* Bioversity-CAAS Center of Excellence for
Y ying Y
Agrobiodiversity/ Institute of Crop Sciences ,Chinese Academy of Agriculture Sciences , Beijing 100081 )

Abstract ; Germination energy , germination rate , germination index, and other eight identification indices of sev-
enteen varieties of naked oat were measured under drought stress simulated with 20% PEG-6000. According to the
relative value of eleven identification indices as evaluation indices,drought resistance of oat varieties was evaluated
comprehensively with the method of weighted membership function on the basis of the principal component analysis.
The role that identification indices played in evaluation of drought resistance among different varieties was com-
pared. The results showed that vigor index ( VI) was the most susceptible to drought stress, and the closest to the
comprehensive evaluation value of drought resistance and could be used for rapid and preliminary identification of
drought resistance of naked oat germplasm at germination stage. An optimal regression model for the comprehensive
evaluation of drought resistance was established and could be used to effectively predict the drought resistance of na-
ked oat varieties at germination period through measuring germination rate, average germination velocity, length of
the longest primary root, total length of primary roots, coleoptile length, and vigor index of seed. Three varieties,
named N-C331V-45-16,grosse,and Gaogian Sihao with stronger resistance to drought stress were identified through
comparing the comprehensive value of drought resistance among tested varieties, and could be used for cultivation
and breeding under dry conditions.
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A J& (Avena ) WA RGPl & —AF A= AR , H.
AR A R RT3 P DL R v B SR,
— R R 2 2 aRAEY . BT, AR BT R
MR HER (A. nuda L. ) F1ZIHEZ (A. sativa L. )[1] R
FE AR AR AR O T2 VR s e A AR X
FEAE PRV AL T4 R S XA = iR L TR
A ity > B AR AL, BT RN E
1 B I S XA I B kA AT B RS
CHCH R B P N R Z

ZAEk  E NS EETEVE YT RS E AP0 TT
TS T R AR, $2 Y TR AR AR A BEA AR 1k |
AR KRB VR IV 2 e fe bR, 4R 1 248
PRIVEE A TP R B B R IR AR S N T
FL A f A OGN B g A6 ST B RN R S Y AR K
KRB I, AR Z 2 AR 5 E A & bR
PEWFSE . XHEY AW R e W R R =
B2 (PEG) | H & B3 55 5 8 W OB AU T 52 8 19 7
O P L PEG-6000 fif R R T2 & 2
PORZFR R FARE A IR P R S IR
FREHR R ZF R AR DL B AT A= S B A W 4
OO BT e s KRS N ED E
KU R SR & b S R R AR
LA (207 SUVUDE B €S i o G i o R S A VA SR R
18, 5/NE KRR K R SEAEYIAR L, X e W]
KPR BRI FRAE S IR Tl & 48 4K
MR R 14 A FHEAE SRR TE BT A Y 2 R IR
K AR V) B s A M R AR AT T
B A MR AR AR T e ) o e i R ]
VEh 36 22 W 91 0 51 1Y 58 8 98 A, H BT A
AR R IR K R N ) R 38 RS
T HEW AP PR ESE E  X T RHEEI S
WRFEAA 2 B ARGH , A i B A5 AR 4 A b 5
FET A Rh 1 A T8 B R IR AR R R R
ZEH R 2 55 pR KRk AN 15 (0 BRAEAE 44  p
T T 2 0 TR AR A Bl (304 6 A5 AT
%3 %5), BT, ASHF 5T LA [6) i 3R I 17
ASBRMEAZ SRR, DLR R R SFRE 1L A
Y SE AR B AH XTE Ry PE O R A, TR R4 43 AT Y
BLfith b, A A SR T oK Hi0E R BR e W 9T Y
PR VEHEAT T 256 VAN, SR 05 6 [A] 38 0 48 AR 7R
PR PEPEAN i PR AT T O e i, LU S it
P E RN IEE S AN R T iR,
RIEFEPUE B R OR A BHE R

1 #REFE
1.1 i

MR S Rh 17 4, 8 E RO R B
FANEY b o G PR AR AT PO AL 35086 i F Rh 1 S
2013 AE ), A E BRI 1,
®1 HRERESMHERERRS

Table 1 Geographical origin and code of tested varieties of

naked oat
i R4 R H R VR
Code Variety name Geographical origin
1 578 e
2 R E el
3 536 7309 ST
4 D 16 ESh
5 FeZ Kpic# i)
6 Ehk A Tl
7 Ll Hof
8 N-C331V-45-16 JiIEVN
9 grosse FH&
10 WS = L
11 b 14 T[4
12 i 7752-8-2 (A
13 T HEETT
14 RIMHE Ly
15 i 2 ZESin
16 NS ST
17 N e v

1.2 RKEH*

MR A AE P Pl 7 R 50 LR - R i 5E)
(GB/T 3543.4—1995) #17 % 2R i %, B4 b Fh Pk
I To B it R/ NFEAR— S R, 5% IRGE TR
BRI 15 min FEATIHEEALHE, SRS H A R K vhk
2 min, FHAZEBEKEGE 1 min, T24 M B 2R
T4, A TR SR B RS & ki 2 Fab
AL 3 REE 1 DEFRML(D 9 em) J 1 IRE
5 REILSE4 2 sk PEJEAE (D 10 em) , JHEE AR
AT B S A R SR LI 20% PEG-6000 7K
WP (20°C FBERL N - 0.66 MPa )8 mL,
X A PRI ZE R K 8 mL, FEREE T (70% TEAE T4 T%)
W O Bt T A Fh 35 5] b3l 7E B 5 L B MLPK I
BRI 50 A7, 55 LIS, S iR I —i i AN T
SAEREFEFA (Percival AR-3613) , 35538 514, 20°C {H
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wOW o W 15 %

B X 60% + 3% (B RKIYEHE 12 h(6: 00-
18:00) JGEHRIREE 150 wmol/m’ - s, Hi3% 10 d,
MK TEAR G AR IR B AR IMEFDIRES
1.3 XFEIER

DURAR /0 5 72 K ZF RN TR K
172 NEZFbRE, MR FRAYSE 2 KIF IR, B KA [H
S I 1] B L M) 4% T O AR R R | A& A A RS
5 KR 510 R & R H & 283 ( GE, germination
energy) . & % ( GR, germination rate ) , 17 #¢ £ 55
10 K (#9240 h) i, )3 AFE PEEHLPELE 10 #RIE
WA B W4l B R T RN G K O R BT W AE
HERZE, 23 5100 9] A AR %L (NPR, number of prima-
ry root) K HJ A MR K (LLPR, length of the longest
primary root) \#J4EH E 4 (TLPR, total length of pri-
mary roots ) LA SR ZE 8K (CL, length of coleoptile) |
R ZE 4 (SL, length of shoot) , B & & ( GP, germina-
tion percentage ) | & %6 %% ( GI, germination index) .
SEH K 2R E (GV, average of germination veloci-
ty) ¢ FpFiH & 5 50 ( PI, promptness index ) ' Fif
T JIHEEL( VI, vigor index) M AN UNT

GP = (KZFFhF A/ M7 EE0) x 100 (1)

Gl = Y (G/D,) (2)

GV =Y (6 xD,)/3C, (3)

Pl =1.00 xnd, +0.75 xnd, +0.50 X ndg +0.25 xndy (4)
VI = PI x SL (5)

A G oW ¢ REYKZFEL, D NH AN t K;
nd, .nd, \ndg \nd 73 HIHEE 2 K 4 K H6 R E
8 KIWFhFi &,

R T I B b )R 0 ) i R i 25 S AR
NI CEE TR AR A XA = 38 T 18 AR (/% B8 bR
{BD) THEAIRT K ZF (X, ) HHXS R ZFRR(X,) AR K
ZEHREL(X; ) XY R ZE 3B (X,) R kPt
FARE(X) R RIAEAR B (X, ) A e K A2 AR
K (X, ) LA X0 AR AR B (X ) | AH X IR 28 8 K
(X,) FHXRZFA (X)) ST 6 PR A8E0(X ) .
1.4 HUBEBESHH

I 5 Jag R 50 IR €5, DGR B2 43 Hr A DG 24 2
wr .

w(Z) = (22 i)/ (Z; e = 2ia) (i = 1,2,3) (6)
(7)

D=2 [n(Z) W] (8)
X' (k) = [X.(k)-X,1/8,(i = 1,2,3,-+,11)(9)

; =Pj/2j:1Pj

miin m}“\X/o(k) 'X,,'(k> ‘+pmlax mkaX‘X’o(k) 'X,;,(k) ‘
| X'g() = X, (k) |+p max max | X'y (k) - X',(k) |
(k=1,23,-,17) (10)

v = L3 (1)

A Z s ARG ebs j M, Z,, 2,0 08
SR AR Z i s RAE AR/ ME e (Z,) 4% i
it Z (15 J pRBAEL, PR ER G B j I DT, WoR
LEAHRTR j AL, D A& SR BT R LS A RN
B X, (k) Aab P k fEXEF80n ¢ ER9AHRHE, X, (k)
FORERN L DA, X, .S535k A B b
SEFRRR i A A BP9 (E AR iE2E, X1 (k) A X, (k)
T AT IR MEAE, X' (k) X, (k) TCRiL)5
HIFRIEAE, £, (k) FR X, (k) 5 D H KR %L, p
HOYBERB(ARSCHUE 0.5) ,y, %78 X, (k)5 D14
P CIR B

FIH Excel 2007 % B 58 4k , 8 FH SPSS Sta-
tistics 17. 0 FEATHI SR HT | F2 443 #7 iz 25 el
U454, M FH GGE biplot V 6.3 YERRA

2 FR5HMH

2.1 FTEBMEMAEREEZSMELZOIM

FRPE 11 28 8 bR AR X E (% 2) , 7F 20%
PEG-6000 Tl T, BT & Bl i & 2585 & 2F
ORI BRI AERK PIAERSRK K
Tl -1 B0 AR BT /N T 2R A8 /KOG BT 1 5 {1
Vi SR AR 7 1) T 52 ik A 30 4 5 i
YR ZEH BE (GV, P & T 75 22 0 KB ¥
XTRE WSS 7 (B EE ) FEME T BN 1 & 28 R 3K
HEEREMBER 2 52, BT 2Pha R T 95 7 F
FHIRERE 1 52 X R GV HK, Fi 7l & it
T W KRB, 32 1 S 38 AP VR FH K ;
T 45 6.8.9 .12 LISk, FoAh Rl 0 b 8 & 48 BT
INT XTI S5 4 8 .10 11 .16 A0 A= AR AR R 22 T %
B 45 13 A0 AR AR BB B 2 1 B oAt b i
1A RS 55 6] BRI 2 53 AN TR 5 R 2 00 ol ) AR 2 4
Kmg/NFXF I8 (HE 5 1.5.8.9.10 11,13 14 F§ 5
TR

FHE% 2 AT, 11 A28 F8 Am B AR XTELZE 17 A~
R SR AR R IR B, R RER
D)7 S R K 0 P 2 8 o 8 b kT 2 W 20 e
T 2 U S22 0 N A AR RL(X ) BAR
SRR, R S RP 2 18] A4 22 Bk, R A1
TG F1FEEL (V) X5 3 e R B0 ARG IR 258 K
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(Xy) B2 53 2 80/ WM ZF 3 K (CL) X+ 5
SERZN i@ A TE - ZIDINE S R Yk f A

X

PORERAEL T (i A N S IO =E (=1 79 0 Y S ER (1)

R2 T AMREERMHELE 11 NEERRHEXE

SRR B B R /MER K. VI > PL > GE > TLPR >
LLPR >GR >GI >SL> GV >NPR > CL,

Table 2 Relative values of eleven identification indices of seventeen oat varieties at germination stage

=
iﬁ;:; X, X, X; X, Xs X4 X, Xg X, X0 X,

1 0.1194 0.5118 0.3767 1.2590 0.3841 0.8750 0.3150 0.3010 1.0541 0.4583  0.1760
2 0.2353 0.4683 0.3137 1.3587 0.2741 0.9259 0.3923 0.3579 0.9638 0.5747  0.1575
3 0.2222 0.4198 0.2695 1.4829 0.1481 0.8136 0.2710 0.2848 0.8148 0.4148 0.0614
4 0.3750 0.7050 0.3831 1.7071 0.3057 1.0000 0.2592 0.3239 0.9133 0.4919  0.1503
5 0.1653 0.5493 0.3094 1.7563 0.2321 0.9455 0.1973 0.2234 1.0488 0.4713  0.109%4
6 0.2121 0.7254 0.3802 1.8827 1.0282 0.9787 0.3139 0.3415 0.9467 0.4714  0.4847
7 0.1087 0.5862 0.2931 2.0024 0. 6837 0.7833 0.3036 0.2926 0.9781 0.4616  0.3156
8 0.3419 0.8936 0.5240 1.6313 1.3333 1.0179 0.5150 0.5438 1.0353 0.6801  0.9068
9 0.3810 0.8733 0.4869 1.8232 1.3548 0.9692 0.3535 0.4125 1.0291 0.6608  0.8953
10 0. 4949 0.8361 0.5297 1.4170 0.7797 1.1064 0.3494 0.3936 1.0179 0.5811  0.4530
11 0.2394 0.7008 0.4977 1.2845 0.5000 1.0200 0.4540 0.4436 1.0461 0.6344 0.3172
12 0.2991 0.8873 0.5222 1.4511 1.1652 0.9661 0.3184 0.3320 0.9427 0.5152  0.6003
13 0.4112 0.9127 0.5728 1.4738 0.9813 1.3415 0.4024 0.4946 1.0162 0.6004  0.5892
14 0.2520 0.7014 0.3965 1.6544 0.8727 0.9444 0.3796 0.3790 1.0385 0.5074  0.4428
15 0.0779 0.6293 0.4377 1.2990 0.2913 0.9796 0.3341 0.3543 0.9935 0.6705  0.1953
16 0.3488 0.8417 0.4415 1.8242 0.4661 1.0385 0.3947 0.4360 0.9319 0.5953  0.2775
17 0.0952 0.6842 0.3915 1.6123 0.4779 0.7937 0.2709 0.2787 0.8796 0.5419  0.2590
Fe/IME Min. 0.0779 0.4198 0.2695 1.2590 0.1481 0.7833 0.1973 0.2234 0.8148 0.4148 0.0614
F KA Max. 0. 4949 0.9127 0.5728 2.0024 1.3548 1.3415 0.5150 0.5438 1.0541 0.6801  0.9068
FH5{H Average 0.2576 0.7015 0.4192 1.5835 0.6634 0.9705 0.3426 0.3643 0.9794 0.5489  0.3760
brif2: SD 0.1221 0.1572 0.0923 0.2274 0.3967 0.1299 0.0769 0.0829 0.0677 0.0830  0.2551
ARRE CV 0.4741 0.2241 0.2202 0.1436 0.5980 0.1338 0.2243 0.2276 0.0691 0.1513  0.6785

2.2 HEHMEBEHEESIEN
2.2.1 MEBEHIENEEEFENFSE DECER
BIAXHE (X, X, oo X, ) PR R bR, 0 T3 —
BT 11 NI bR i HE T B —30 (R 2) .
WA 10 AU AR A ZF 35 (X)) S K, i HoAth 1 F A
EAnAIIF AR R, B, A I A B — A 8 bR g
TTHTFEPEU AR IR T Y, A7 06 R I SE - 45 A
AT R G B LA B il A 2R B H8 A
XF 11 ADPERAEAR A TAHOCOC R W EE AT, 45
R BRVEFZ PR T8 5 22 18] 12 B0 5 2 b I 35 A O
(F£3), WX, 5 X, S0 EMEME0.683™),
FHR R S AP R DL R A, B AT IR AR X &

FR(X,) FARX R ZF AR (X,) Bri s iy Fh 5~ & 7
T )£ 2 68. 3% S AH T 1), HoAt 2 A AH M 7
Mrigtr Z AR X FIE B EE IS, Wik, Br
I VE (R 275 6 b o 12 B RE AR 351 R T I e A F
b, im0 H AL ek sr AR EES,

Xt 11 AR AR bR IEAT F 8T, S b4 R an
T4 Fin . RIWFFEERT 1 DL RGBT
80% MBI e BURT 3 A~ FRLAHE MEE S8R, 7T A
AR 11 PR FE bR 8B 81. 29% WIfR B, H
43 ADLRETEPR I RECRT AL AE PCL ke £
YERBISE X, X X, X, , XTI A9 25 58 48 b5 20 e &
ZRHRE WIAE AL R ZER R IE ek, AR
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NEHAA T 1 PC2 R BRI AR X, X, W8 B UBERE A A R T . R E i AR e x5

S EFEAR I IR Y R SR Fh PR 8 W PRI C R S TR W I A BT R 2R A O
W R T TE PC3 TR FEAE AR X, X, Xy, W E B EIRAR
Xof V7 ) S5 8 B 00 901 Ry R IR R K %ﬂi*ﬁ
R3 17 MEFERE R R BTN ISR B B R K
Table 3 Linear correlation among evaluation indices of seventeen oat varieties at germination stage
ii{ziﬁjjie X, X, X; X, Xs X X, X X, X X
X, 1.000
x> 0.683*  1.000
X; 0.627* 0.885* 1.000
X, 0.048 0.191 -0.264 1.000
Xs 0.469 0.787* 0.649™ 0.293 1.000
Xs 0.703™ 0.658™ 0.754* -0.188 0.351 1.000
X; 0.382 0.479 0.606 " -0.239 0.477 0.451 1.000
Xs 0.612™ 0.697™ 0.766 " —-0.119 0.578 " 0.689 " 0.922* 1.000
Xy 0.115 0.257 0.405 -0.145 0.339 0.381 0.397 0.366 1.000
Xy 0.338 0.574* 0.703** -0.227 0.381 0.493 " 0.714™ 0.763™  0.408 1.000
Xy 0.518 " 0.805* 0.706 " 0.226 0.971 ™ 0.398 0.573* 0.685" 0.380 0.546 " 1.000

* RN (P <0.05) ; * FRA MR B3 (P <0.01)

“ indicates significant correlation at 0.05 level, ™ indicates significant correlation at 0. 01 level

R4 3NERSHRB BHEE. S ERHRERZRTEHE

Table 4 Coefficient, eigenvalue, variance contribution rate ,and accumulated contribution rate of three principal components

Wi H Item PC1 PC2 PC3

X, 0.1127 0.0880 -0.5362
X, 0.1421 0.1854 -0. 1608
X; 0.1474 -0.0750 -0.1372
X, -0.0092 0.5289 0.0882
X 0. 1240 0.3028 0.2260
X4 0.1204 -0.1278 -0.4258
X, 0.1237 -0.1895 0.2576
X 0. 1464 -0.1054 0.0250
X, 0.0770 -0.1512 0.4647
X 0.1220 -0.1990 0.1926
X, 0.1359 0.2374 0.2411
¥ F{H Eigenvalue 6.2266 1.6632 1.0521
75 22 5iHk R (% ) Variance contribution rate 56. 6050 15.1200 9.5642
EHFTTHR R (% ) Accumulated contribution rate 56. 6050 71.7250 81.2892

2.2.2 mEMIEMN MESLERFHEE  BRARE A S MRS S EME (D

(K2)M3 NI ARE (R 4) , 0GR (H), W03k 5 U, WK D ER/NMET, Sf4i s 8 .
SR SRR, SR IRIE AT (6) (7). (8)7 9 13 {871 3 17, %5 1.5.3 HEfE) 3 i,

TSR A R ER 5 R AR B SRR pR B (L A% 45
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R5 HREEZEMESERENERESBE.D B HNERABEHRF
Table 5 Value, weight, membership function value of three integrated indices,and D value, predicted value,and order of na-

ked oat varieties for drought resistance

. LEtetE sFJm R UE .
i 33
WS Value of three integrated indices Membership function value DA e HEF
Code D value Predicted value Order
Z, Z, Zs w(Z;) u(Zy) m(Zs)
1 -0.8405 —-1.1499 0.8941 0.2314 0.1824 0.8573 0.2959 0.3096 15
2 -0.5814 —-1.3261 0.2414 0.3067 0.1270 0.6503 0.3137 0.3023 14
3 -1.6364 -0.0351 -1.1544 0.0000 0.5326 0.2076 0.1235 0. 1285 17
4 -0.5204 0.4346 -1.8088 0.3244 0.6801 0. 0000 0.3524 0.3548 12
5 -1.2226 0.2608 0.1424 0.1203 0. 6255 0.6189 0.2729 0.2775 16
6 -0.1527 1.4529 0. 1256 0.4313 1.0000 0.6135 0.5585 0.5502 8
7 -0.9784 1.3765 1.3260 0.1913 0.9760 0.9943 0.4318 0.4287 10
8 1.8035 0.1794 1.3441 1. 0000 0. 6000 1. 0000 0.9256 0.9378 1
9 1.1826 1.3389 0.8157 0.8195 0.9642 0.8324 0. 8479 0. 8404 2
10 0. 8809 -0.3379 -1.3441 0.7318 0.4375 0.1474 0.6083 0.5993 5
11 0.6041 —-1.7305 0.5905 0.6513 0.0000 0.7610 0.5431 0.5404 9
12 0.4609 0.7168 —0.4853 0.6097 0.7688 0.4198 0.6169 0.6197 4
13 1.5829 -0.4631 -1.3833 0.9359 0.3981 0.1350 0.7416 0.7428 3
14 0.1241 0.2843 0.7918 0.5118 0.6329 0.8248 0.5712 0.5746 6
15 -0.2310 -1.6416 0.6596 0. 4086 0.0279 0.7829 0.3818 0.3706 11
16 0.4101 0.2389  -0.9342 0.5949 0.6186 0.2774 0.5620 0.5659 7
17 -0.8856 0. 4009 0.1790 0.2183 0.6695 0.6305 0.3507 0.3545 13
FRPRNTE Weight 0.6963 0. 1860 0.1177
Il = = =] AN 5 4
2. 3 ém*ﬁ $,F5ﬁ:'="l‘$1¥1jl PC1=56.6%,PC2=15.1%,Sum=71.7% 120**7)(4
— Y s, Transform=0,Scaling=1,Centering=2,SVP=2
2.3.1 KRR RMAR TR BRI 7 o e
A . A . : 3
TR T FE AL b AR 2R — ok (PCL) FES o
RS — 0.8 904
TR (PC2) B EAEXUBRIE (P 1), AT LA R 2
AN ] 5 7 FE A 5 i A T P Z R e &R, JE & 047 ol
R . s . . £ Exs
Gt A RRIEEE i A BRI I — D> 2300 AR5 00- o
MIBL(0,0) FE 4 RO T2, BT H 38 40 4 2 A U s N
4 w0 de—x
P14 Sy T B X, R[] i 145 5 9 ol
S 29 N —0.8
SR B DX, A0 XA TRl g 5o 9 12,14 (16 S8 =
L x6
T AE R DX, U At Rh 5o 9 (12 1416 AYHT -1 -1.2+ =t
0 L—x9
g RIEES LUMARL, X, X, X, 55958 10 12 08 04 -00 04 08 12 16
7 A9 A
o I B K B R A AR S 3 R,
. S 15 1 = 7 7 TEENXRE
KRB RIS 10 BT RME, T ARy 0 B! SEERSRERRASRNIRE
T 3 0 SR 3 1o T L F AT AR Fig.1 Map of relationship between identification indices

and drought resistance of oat varieties
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2.3.2 EXERENFUHSSITENENXE R
PR R GE S, I S WA JE R % R G L
BRI SR Z [ VIR s SRR, 3%
W LR 5 275 B A8 A i 25 3l it FH O
FBEEDINT LA AN S AR bR AR X (PPN 4
Br) N R  ABT R S W E (D H) A S
RN AT KA IR BE oA, AR I S IR B R/

P, b X, 5 D H R CH R ek, X R AR
TG IFEEL (V) 5 5 BT 0 AR A B i Ry
WX, 5 D E 0 ORI /N, U3 k5 R
(GV) 5 5 A bt 521 14 A Ak 25 b I A azg , [R] i B
WET 2.1 FIZESH B PEG Wit F GV sk, Fh 7l
KT KB TR (£6) .

x6 LEHERS D ERRKREXEKSH

Table 6 Grey correlation analysis between identification indices and D value
TUH Item X, X, X; X, Xs Xs X7 Xg Xy X X
KRS 0. 6405 0.7580 0.6936 0.5468 0.7735 0.6306 0. 6649 0.7009 0.5985 0.6935 0.8353
Correlation degree
KR 8 3 5 11 2 9 7 4 10 6

Correlation order
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— 3 (A — S TR P R R R A AR R 2R
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