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Abstract .

hinterland. It is of great significance to identify drought resistance of barley resources, determine drought

Drought is the important abiotic stress factor for barley production in the northwestern

resistance index, screen drought resistance germplasm and cultivate drought resistance cultivars. The effects of
the plant height,root length, leaf length, shoot fresh weight,root fresh weight, shoot dry weight, root dry weight and
total dry weight of thirty barley germplasms were measured at the normal water supply and repeated drought
treatments in pot experiments in rainprotection shed. Drought resistance comprehensive evaluation value (D
value), comprehensive drought resistance coefficient (CDC value), weight drought resistance coefficient (WDC
value), correlation analysis, frequency analysis, principal component analysis, grey relational analysis,
subordinate function analysis, clustering analysis, and stepwise regression analysis were used to identify the
drought resistance and screen drought resistance indices of tested barley germplasms at seedling stage. The results
showed that drought stress had significant effects on all indices. Frequency analysis showed that the sensitive
degrees of all indices response to drought stress in turn for root length, root dry weight, total dry weight, shoot
fresh weight, shoot dry weight, leaf length, root fresh weight and plant height. Correlation analysis showed that
the total dry weight was significantly and positively correlated with root dry weight, shoot dry weight, leaf length,
root length and shoot fresh weight, but not with plant height and root fresh weight. Principal component analysis
showed that 4 principal components could represent 83.583% of the original data information of barley drought
resistance. The ranks of drought resistance of tested barley germplasms based on the D value, CDC value, and
WDC value were similar. Grey relational analysis showed that the correlation degree between DC value of all
indices and D value in turn for plant height, shoot dry weight, total dry weight, leaf length, shoot fresh weight,
root length, root dry weight and root fresh weight, which was basically consistent with the order of correlation
degree between DC value and WDC value.According to D value clustering analysis, tested barley germplasms
were divided into 5 drought resistance grades, 2 belonged to grade 1, 13 belonged to grade 2, 6 belonged to
grade 3, 7 belonged to grade 4, and 2 belonged to grade 5. The subordinate function values of tested indices
except for root fresh weight, shoot dry weight, root dry weight and total dry weight, CDC value, D value, and
WDC value were increased with increase of drought resistance grades. Stepwise regression analysis showed that
the plant height and total dry weight were closely related to the D value. Xizang 25 and NEVADA were identified
as drought resistance barley germplasms at seedling stage, which could be used as materials for the researches on
cultivar breeding, mechanism, and regulation and alleviation mechanism of drought resistance in barley. The
plant height and total dry weight could be used as the simple and intuitive identification indices of drought
resistance in barley germplasm resources at seedling stage.

Key words: Hordeum vulgare 1.; Drought resistance at seedling stage; Drought resistance indexes;
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DM2 0.628 0.892 0.680 0.384 0.727 0.609 0.500 0.723
DM3 0.822 0.960 0.886 0.735 0.535 0.785 0.714 0.847
DM4 0.711 0.857 0.801 0.740 0.766 0.778 0.571 0.868
DM5 0.682 0.864 0.738 0.650 0.744 0.814 0.667 0.913
DM6 0.600 0.843 0.626 0.445 0.548 0.701 0.667 0.820
DM7 0.619 0.832 0.691 0.456 0.686 0.657 0.571 0.732
DM8 0.659 0.781 0.637 0.522 0.750 0.678 0.714 0.764
DM9 0.721 0.860 0.755 0.659 0.738 0.761 0.583 0.902
DM10 0.753 0.969 0.677 0.583 0.687 0.882 0.556 0.970
DM11 0.779 0.822 0.856 0.542 0.637 0.867 0.667 0.988
DM12 0.840 0.920 0.932 0.673 0.719 0.868 0.667 0.922
DM13 0.823 0.925 0.952 0.763 0.903 0.965 0.833 0.595
DM14 0.726 0.959 0.665 0.600 0.676 0.827 0.444 0.929
DM15 0.741 0.748 0.768 0.592 0.706 0.830 0.571 0.881
DM16 0.482 0.744 0.592 0.570 0.613 0.525 0.333 0.492
DM17 0.726 0.954 0.663 0.589 0.632 0.863 0.400 0.982
DM18 0.615 0.898 0.763 0.675 0.750 0.600 0.545 0.697
DM19 0.714 0.868 0.673 0.583 0.649 0.840 0.625 0.945
DM20 0.682 0.931 0.675 0.582 0.641 0.820 0.500 0.833
DM21 0.691 0.103 0.744 0.471 0.842 0.630 0.500 0.702
DM22 0.698 0.832 0.750 0.503 0.750 0.667 0.600 0.722
DM23 0.621 0.810 0.640 0.680 0.583 0.618 0.250 0.566
DM24 0.774 0.868 0.770 0.642 0.857 0.098 0.800 0.161
DM25 0.738 0.918 0.756 0.554 0.750 0.672 0.400 0.790
DM26 0.772 0.888 0.843 0.651 0.721 0.672 0.700 0.742
DM27 0.738 0.888 0.754 0.674 0.778 0.704 0.643 0.782
DM28 0.754 0.968 0.664 0.593 0.692 0.820 0.556 0.909
DM29 0.703 0.970 0.675 0.554 0.625 0.863 0.625 0.929
DM30 0.546 0.636 0.512 0.608 0.340 0.905 0.250 0.526
SEXE 0.701 0.845 0.730 0.590 0.699 0.734 0.580 0.778

AR S 2K % 0.108 0.185 0.123 0.261 0.331 0.222 0.492 0.223

x5 HEHXEMRBERNERBERRX B S5

0<DC<0.2 0.2<DC<0.4 0.4<DC<0.6 0.6<DC<0.8 0.8<DC<1

12/ 1% 1R 1% 1R 1% IR 1% IR 1%

e 0 0 0 0 2 7 25 83 3 10
itS 1 3 0 0 0 0 4 14 25 83
TSN 0 0 0 0 2 7 22 73 6 20
Mo | EE 0 0 1 3 17 57 12 40 0 0
M E 0 0 1 3 3 10 22 74 4 13
M 1 3 0 0 1 3 15 50 13 44
W= 0 0 5 17 12 40 10 33 3 10
M 1 3 0 0 4 13 10 34 15 50
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*6 WX AEZMREIEFMEBRBHEXE"Y
Ei=tun 7N i8N M i bEfE MREEE MbTE O OBRTE O STE
P
iESIS 0.310
RIS 0.782" 0.155
M FfEE 0.423° 0.293 0.452"
REEE  0.3947 0.509™ 0.528™ 0.006
o FTE 0247 0.187 0.691" 0.714" 0.303
WFHE  0538" 0.409° 0.611" 0.301 0.601" 0.608™
ST 0.334 0.725™ 0.713™ 0.410" 0.316 0.749™ 0.529"

D Fa #* 53] £ 7 £ P<0.05 #= P<0.01 K-F R FHE%,

B (F6), HKiEirabZE/ 05 1 4~ HAbfEbr &
W EEOROE A OC, B AT PR A —
FREEAAROCHE, Horb, BT E S E T
M HRAR T E 2R R EAE, SHb
A R EARDC, SRR AR AN
WEIEMS. B, EERAXEIERh T
AtnalE BN ES, RAMERW . . A3
M AR R B PTR PRI R TR A E
g,
23 ERSHH

S FRAEE A O ET 4 T8 2ot
BRIk 83.583%, HAFFIEMR A>1.074(3R7).
DA LA IR 4 SR, K A AR TR A BT Y 4

R 7T HIRAAEMRSIERERSHSTEER

Habi ATk
Fy F, F; F,
7N 0.672 0302 0.431 0.187
it3iN 0.026 0.135 0.169 0973
RN 0.751  0.109 0.502  0.021
| fief B 0.094  0.01 0918 0.158
R fief 0.878 -0.223 -0.073 -0.07
o b -0.187 0917 0238 0.001
LiES 0.688 -0.018 -0.067 0.169
ST 0.14 0.937 -0.146  0.197
FRAFAR 2324 1.892 1397 1.074
TIHRR /%  29.046 23.648 17.463 13.423
B 5iE /% 29.046  52.695 70.158 83.583
R4 0.348 0.283 0.209 0.161

TN —28, AR RO A BT AR 5 i 4
ASHTR AR B S, LR B e bR (B FL F.
Fy. F,30R8) o F fEbRS . WEEE . R TE
MR FA AR, e b s
TH AR, A e FAA R
AT, F TEARK A R R T
24 BHERFR R0 AR

M 8 nT A, fF i CDC {EHF WDC
{53 FI7E 0.540 ~ 0.845, 0.543 ~0.845, F-3
15 4% % & 0707, 0.708, 7% S R E ¥ K
0.105. R4 CDC {EF WDC {H 1) K/ xt it
WA B TR HE Y, LA R IR AA ] .
Horp, PrEvss A A DM12 (PG 525 ) Fl
DMI13(NEVADA), HiEESRF A DM16
(0420-7)F1 DM30(Aspen), FHAFNEA T M
Bz, AT D ETE 0.476 ~ 0.846, -
BIEN 0.698, AZFRECH 0.127, 4 D (EH
() R /INKF AR BT A T B R HE Y, Hobe
B PR SR A Fh F A DMI12 (P i 25) FTDM13
(NEVADA), $t 2 55 19 Fh it & DM16
(04207 )71 DM30( Aspen), HAFPFEA T 9
FzE, % 5T cpC EH WDC (H 1t
Pl BHT ARG 55 P 25 A —F
25 KREXIEEHH

SA6FR DCAEY D IR Y S B R /MK
WohRkE . M TE, BTE. k. Bk
fEE AR . MR T EAMRELE (F9), Kmt
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x8 WX KEMEMEBMHTEME CDC E. WDCERK D &

i FR RS cocl MO DiE HE wocli HbE
M1 Mo M3 s

DM1 0.964 0.715 0.000 0.865 0.751 8 0.676 20 0.748 8
DM2 0.741 0.658 0.087 0.956 0.643 25 0.616 25 0.643 23
DM3 0.722 0.840 0.646 0.972 0.785 3 0.779 4 0.788 3
DM4 0.876 0.846 0.566 0.853 0.762 5 0.799 3 0.762

DM5 0.840 0.899 0.333 0.871 0.759 7 0.756 7 0.759

DM6 0.602 0.789 0.021 0.900 0.656 23 0.581 27 0.656 21
DM7 0.707 0.700 0.172 0.871 0.656 24 0.620 23 0.655 22
DMS8 0.792 0.740 0.117 0.812 0.688 22 0.639 22 0.687 20
DMO9 0.869 0.863 0.387 0.878 0.747 10 0.768 6 0.748 8
DM10 0.747 0.964 0.307 0.990 0.760 6 0.755 8 0.762 5
DMI11 0.845 1.000 0.299 0.812 0.770 4 0.770 5 0.773 4
DM12 0.903 0.937 0.588 0.898 0.818 2 0.846 1 0.820 2
DM13 0.785 0.764 1.000 0.809 0.845 1 0.828 2 0.845 1

DM14 0.718 0903 0376 0988  0.728 16 0.742 12 0.730 14
DM15 0.806 0908 0410 0.722  0.729 15 0.739 13 0.731 13
DM16 0.464 0465 0493 0.776  0.544 29 0.521 29 0.543 28
DM17 0.689 0960 0368  0.981 0.726 17 0.746 11 0.729 15
DM18 0.798  0.625 0482  0.941 0.693 20 0.706 18 0.691 18
DM19 0.737  0.941 0.247  0.885  0.737 14 0.716 16 0.739 12
DM20 0.625 0.842 0414 0945  0.708 18 0.694 19 0.710 16
DM21 1.000  0.765  0.261 0.000  0.585 28 0.618 24 0.587 25
DM22 0.800 0.699  0.288  0.854  0.690 21 0.673 21 0.690 19
DM23 0473 0557 07762  0.823  0.596 27 0.613 26 0.598 26
DM24 0.906  0.000 049 0985  0.621 26 0.577 28 0.618 24
DM25 0.821 0.730 0419 0956  0.697 19 0.733 15 0.699 17

DM26 0.854  0.710  0.488  0.908  0.749 9 0.746 10 0.749 7
DM27 0.860  0.747 0450 0909  0.745 11 0.750 9 0.745 10
DM28 0.742  0.888  0.324 1.000  0.744 12 0.737 14 0.746 9

DM29 0.668 0929 0253 0997 0.743 13 0.708 17 0.744 11
DM30 0.000 0.724  0.878  0.545  0.540 30 0.476 30 0.544 27

S 0.707 0.698 0.701
AR S 2B % 0.105 0.127 0.105

s pon s Fopy 53 F7 4 AN F 09 38 R 3L,

TR DCES D EMEDIRE, 5%8% A

FRXF T a8 SN B U E AR & b 2.6 RESHH AR FRF X 5

Ak, #48FR DCAEY WDC {E 8] /) KB FE A FE A=10 204 30 13 iR 22 i i B 43
MR bk . Hb B TE STE L M EEE S 528 (K1), HH s 1 2 m TR AR
LMK, REK, REEEARTEGR), i, 5 DMI2(P55#25) MIDMI3(NEVADA )1t
&30 DCEHYS DEMBEVIREILAY 24y, SR 7%; 5 2 K APrR R R,
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®9 HIKEMERIER DCES D EM WDC ERXEBRER JEIRNERY

L KR KERE " KERE KK

:J:El ﬁi Yb Yp :‘HH? *X@%ﬁ( Ywne Ywne :ﬁﬂ?
R 0.864 1 0.148 0.806 1
iESiS 0.754 6 0.120 0.731 6
IEN 0.773 4 0.124 0.733 5
o |- fif 0.756 5 0.121 0.743 4
it o 0.725 8 0.114 0.729 7
Mo b 0.795 2 0.131 0.795 2
LiES 0.739 7 0.116 0.716 8
BT HE 0.779 3 0.128 0.771 3

13y, GBI 43%; 5B 3 I EDT
AR, 6y, HEE 20%; 242K
USRS 7 0y, 5B 23%; 5
5 K0 EHURAFP R, A DM16(0420-7)
1 DM30(Aspen) 3t 2 3, 5 B 7%,
P AR 5 T R R 2 b B R K
SIZESR, MR T R AE AN FE bR A T
SRGET(F10), PRIBEEE , M TE. R
TEADTES, HARTERHE RS .
CDC {E . D {EF1 WDC {3 b4t 500 ) T+

Case 0 5 10 15 20 25

Label

- 0521-6
g 45
Hwg 7 5
BARI188
VUG 12
Hia 15
2 Hng g =5
Hni 6 =
Beis 1%
VU3 10
VU3 23
MERIT
L 706-291-1
- 706-278-9
0903-2

. 2153122
Hng o =
0821-2

= 0835-3
1L PO 25
NEVADA

r BARI160
0902-1
BARI187
4 0844-1
706-266-10
w15

= BARI165
0420-7

i I: Aspen

(EH 1. 2. 3. 4. 5 FRAFEPLRESEIN)
1 EF D ENHIXAEMPMENRSEER

L 1

]

B, AN, CDCAE . D {EF wDC {E
EARRPLRG N 2R, oA HA KR
P ERZOM A R A HE AR

F 10 X KEMEREEITEMNIERA TR
feob Sk JE PRk

1 2 3 4 5
7=1 0.977 0.730 0.563 0.487 0.090
WK 0946 0915 0.909 0.727 0.677
M 0977 0554 0461 0391  0.090
HiFfEE 0.881  0.643  0.453  0.344  0.541
MEfE 0814 0.617 0.660 0.645 0.236
HiETE 0944 0799 0.749 0.544  0.712
WTE 0717 0466 0.560 0.461 0.060
MEE 0723 0875 0.782 0577 0.421
CDCYH  0.844 0.799 0.765 0.746 0.232
D1H 0.955 0.676 0.591 0.311 0.005
WDC{E 0.976 0.755 0.594 0.361 0.061

2.7 FFFEAFEY TR ik

SILh DE . CDCAHF WDC 1 =%
FFA, X448 08 DCAEVETTE A BUH 3 #
HERY 3 AN EE TR E R R =1, F
g iR i KT (611 . UEBABERIAL &
FERF, UE R, g Reae ok, Tl
KRR, X 3 ANy R TR S P o o 5 i
WP R EN RO A o R D (H S & 1545
DC BRI J B AT, 76 KA Tl ot 9 U5 i
Wy R ey, AEBEEmNE S DA
BUIMOCH e bR, WkkE e T, AR
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x 11 K Ef B R T
PRl ZIuiB A AR e ZRE (R F P
CDC 18 y=0.146+0.617x,+0.164x; 0.776 46.679 P<0.001
D1H ¥=0.019+0.737x,+0.208x; 0.803 60.145 P<0.001
WDC {H y=0.143+0.619x,+0.169x; 0.788 50.281 P<0.001

YR8 KA IR T R, DAl 450 T
YEIfk
3 #ZitHitie

T 5B X S B BT R A PR AR Y
AR E W, AR, BT RE
S [ R 2 R 5 A P G 25 F NEVADA, 0 H
KEVURFF . PRV T2 L
il ST S AL IERT AR, MRS AL T E AT
P A Tl TR B AT R 8 A

YEYIHT LS55 PR 75 B3 B
WA FIPE 73 AL G i R A 25 2R
A HAER . REEAEY PR ik
BURR SRR RTEM ik, M2 T 450
FRPRIANRI TR . AR AE R i 4L
BAYEEM O BEBERT, SR DAE . CDC
B A WDC S A TR 5 bR, 456 st
PRPLRRE . SR . MO . RS
ST RSB Al . SRR s A . R
AT ARIZ A [ A 43 A7 X R 3 o 5 0 05 1 40
P ELR A TP E M IR, XFEANEE
bR T ST bR AR R 225, 1 Bk Af
DLES G 4ahn s S RECR i B — M HE i 7EDT
PPN R R REE, RIEEXT ST RE
YRR e S b E . UL D
J BB EMTERR, UL CDCAEF WDC {E
VEN I B EE GV R AR PN i, BE% IR
TEEHMERR, XEEBSIER0
M, HPEMEE AW, a5,

XHEDIPTRME S 0E W B2 B 02K
FFP BT IR A T I R 7, LR H
HBTFERE IS . AT X R PP 0T
U H A P PR PR S e B 3L F DRIl

30 {3 R FE B IR 4k v BE BT R B A
PUrRRUFPT . PSP RIRR T | AU T
FE E USRI S 28, X STFE R 7
K&z BRARE 17 FEWK. EAEE -2
TE = SR BB AR oE 45 R —30, Aol
T ZR A S E VRN O HH B T S P A P g
25 M NEVADA, =& FERURIRI BT A 0420-7
Fl1 Aspen, HAF A BT P& 2Z 18] 5 0
TE AT S i 04 R S ol 5T 4 ) A T
25 1 NEVADA, W REHFER . L F
PLIR S A SRR 2 AL 0 it 5 S HE LRk A
Ao

T AR B A T il e — R R
7 iJa B U N LI I T e o i i
2y, HAMPUR bR EARS AT Z [ 47
FE—ERAHTE, Hp Gl ad S s bRrEAS
WA B HIE— RV R IR 2
U, AHEPEYPUR S FEhr it AT
R, BT, EWNSMEETEEY R PR
FRPRITEE 7 TR T RS TAE, £XA
G VR i 28 T AN TRl AT S35 AR L8 -1,
AHIF G AE K F2 il 0% 5 1 W10 5 48 B 1 07
VERT, T8 bRz T2 WA 5 i ) A R
ANF, B AT AR — TR B B AH OC 1 o
DRI, 3 R FH G S 48 bR AR M 00 . I
HuPEA A Fh BT BT R, AT S R B R
ELER . KRS DEE YRR S5 %48
B Xt 5 W 38 5 N B SO NE I 45 FR AR S
WDC HRZE VIRV G @il 2P [mH 4y
Br, 13215 D 8% YA ¢35 AR A B = A
MTE, F, #Re AR E RN RE
T Jo O U B IS 8 . BT R TR 1 3
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