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Abstract: [Objective] This study analyzed the drought resistance of 11 seeds from domestic and for-
eign countries to select alfalfa varieties suitable for planting in the semi-arid area of Horqin,Inner Mongo-
lia. [Method) The drought stress condition was simulated by using 15% polyethylene glycol 6000 (PEG-
6000) solution and distilled water was used as the control (CK). The radicle length and embryo length of
each seed during germination period were measured, and 14 indexes including radicle length/embryo

length, germination rate, germination potential, germination index and drought resistance coefficient were
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calculated. Significant differences were tested through analysis of variance. On the basis of principal compo-
nent analysis,the weighted membership function was used to comprehensively evaluate the drought resist-
ance of tested alfalfa. [Result] Compared with the control, germination rates of materials declined except
Knight T and Weishen,and vigor index declined except Weishen. Germination potential and germination in-
dex of all materials declined under drought stress. Nine indexes with significant differences were screened
by analysis of variance. Based on principal component analysis and weighted membership function method,
the drought resistance was in the order of Nongjing No. 8>>Gongnong No. 1>Weishen™ Knight T>> Ao-
han alfalfa>GN MT3015>Dryland>Challenger>Ningmu No. 1>>32 1Q>Polar bear. [Conclusion] Nong-
jing No. 8,Gongnong No. 1 and Knight T had strong drought resistance and were more suitable for planting
in the semi-arid area of Horqin, Inner Mongolia. Principal component analysis combined with weighted
membership function method had good application potential for the comprehensive evaluation of drought
resistance.
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Table 1

Name and origin of tested alfalfa seeds

%5 Code fh AP Cultivar K Origin
1 T 1% Ningmu No. 1 1 [E 7 & Ningxia, China
2 FOE 5 Aohan alfalfa #5215 Inner Mongolia, China
3 A4 15 Gongnong No. 1 1 E 35 Ak Jilin, China
4 4 ¥ 8 5 Nongjing No. 8 i [ Bz VL Heilongjiang, China
5 JtA% HE Polar bear Jt.2% North American
6 Pk # Chanllenger % [E American
7 F g MT3015 GN MT3015 % [H American
8 A Weishen 2% [ American
9 Dryland #% E American
10 32 1Q FE American
11 %+ T Knight T F%E American
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e 4 0 5 IR AR K (radicle length, RL) &
£ K Cembryo length, EL) , 312 I AR K /i 28 K
(radicle length/embryo length, RL/EL). k& #Zf &
(gemination rate, GR) | & % #' (gemination poten-
tial, GP) . & % $§ %X (gemination index, GI)"'*! F1}F
S48 % (vigour index, VDI HEALUWTF .
GR=i 7 d R ZFF ¥/ B F50< 10020 (D
GP={ 4 d %25 Bl 7%/ Pk Fh 5720100005 (2)
GI=2>(Gt/Dt) ; 3
VI=GIXS; (4)
PP R =PEG a8 b a/ X IRIEARE . (5)
b Ge 5 ¢ RAYHT &R 750, De SRy X R Y Fil
TEI AR (D S OM IR AR ZF R Z A, A 35 45
AP R B LA A SR R &R, W RGR £
INRFRPR R
1.3 HBHKITRIW
AL J ek A A

ijliil{[(X,—Y,)/s,] ca,)

(i=1.2,3.+.95=1,2,3) (6)
Wj:Pi/gp,.; %)

I =22, ) [ Ly Zo)s (B
D:é#[@j) -w, 1, (9

A Z, Ry S SRS R AR E . X0 X0\ Ss 400 4%
an AP EAETEAR bR 0 B R M E A B E 22 L g,
NEEETEFR § B9 FE R4 (principal component, PC)
P BT+ Z; a2 o 230 & B A SRR Z 1Y
I RAE M /IME W, BB TEAR j AR, P, %5
BIAR G 2SR (Z) RE MM Z SRR
BREUE . D S 45 S R T R LR S PRI L

AT Excel 2016 % B30 $dhs . 6 ] SAS 9. 4
BEATTT 22 53 B R S A 23 A #0343 B s L Sig-
maPlot 14. 0 2, Mev 4. 9. 0 #E47 #RE R 2K 58T .

2 AR5

2.1 FEpEX IIHEEHTFHLANZME

TR 11 4 & & Fh 7 55 & 48 b B L Hi 5
EBOLFE 2~4, £ 2 M 3 Al A, £ PEG-6000
BT S E F1 CK 20T A 8 S AR L
ZERCR BRI SRR TG RSB0 Tk
E. NSIREEMFRE. TRPAXMT A
OB R ZESHFI R ZF AR B 2 TR s s+ T
FIE A A1 F A T AT 4R & 25 3R 3 2R R i 3 iR
MR IR 25 AR AR K /R 2F 4 TG I S B, SR B B
TE BT B A A ot ol 28 5 B g o, LAt T A 4 R
MG AR B 2 TR UL AT M R 52 15%
PEG-6000 38 F2 B 4775 22 5%



26 PE JEAMB R 722 4R CB AR B 4 O 948 %

R LI EBEWHRMHETERENEERGTHM FRAFRER

Table 2 Seed germination of 11 germplasm materials of alfalfa under drought stress and CK

o K2F2/) V% GR R/ % GP KA HEHGI
Cultivar CK PEG CK PEG CK PEG
TH 1% Ningmu No. 1 15.67 6.33 9.33 1.67 4. 48 1.43
FOLH 45 Aohan alfalfa 20. 67 14. 00 13.67 3.33 6.31 2.86
N4 15 Gongnong No. 1 28. 00 23.66 23.33 13.00 9.52 6.02
4% 8 % Nongjing No. 8 75. 00 54. 00 29. 67 14. 67 12. 43 11.12
JL# BE Polar bear 35.33 16. 33 29.33 3.67 12. 89 3.42
Pkl #F Chanllenger 35.00 30. 66 19.67 4,33 9.79 5.77
E it MT3015 GN MT3015 35.33 34.67 16. 00 6.33 8.51 6.75
B Weishen 28. 00 44. 67 13.00 7.00 8. 54 7.01
Dryland 32.67 25.33 20. 00 3.67 9.79 5. 31
32 1Q 23.33 20. 00 15.67 14. 00 6.48 3. 87
B+ T Knight T 37.67 41. 33 25.33 7.00 10. 65 9.18
SEH . Average 33. 33 28. 27 19.55 7.15 8.91 5.84
FrifiiR SE 15. 48 14. 40 6.75 4.64 2.62 2.92
SRR CV 0.46 0.51 0.35 0.65 0.29 0. 50
3 I HEEMNRMBNETEPENEEZEGTHNHEAMFREELTERL
Table 3 Seed embryo development of 11 germplasm materials of alfalfa under drought stress and CK
S AR /cm RL WE2EK /em EL ARG /28 4 RL/EL AR A
Cultivar CK PEG CK PEG CK PEG CK PEG
TH 1% Ningmu No. 1 2.44 2.87 1.74 1. 85 1. 40 1.55 18.74 6. 64
FILE 48 Aohan alfalfa 2.05 2.77 1. 01 2.18 2.03 1.27 19. 31 14. 14
A4¢ 15 Gongnong No. 1 3.05 2.87 1. 40 1.53 2.18 1. 87 42.35 26.47
¥ 8 5 Nongjing No. 8 2.53 2.41 3. 90 2.83 0. 65 0. 85 79.95 58.25
Jt#z B& Polar bear 1.52 2.02 4. 44 1. 84 0. 34 1. 10 76.82 13.21
Pehk# Chanllenger 2.15 1.97 2.06 1. 35 1. 04 1.46 41. 23 19. 15
H & MT3015 GN MT3015 2.09 2.31 3.01 2.41 0.69 0. 96 43.38 31. 86
B Weishen 2.29 1.90 1.52 2. 80 1.51 0.68 27.20 39.98
Dryland 2.20 1. 67 3.24 3.48 0.68 0.48 53.25 27.32
32 1Q 2.45 2.79 2. 86 1.53 0. 86 1.82 34.40 16.73
B+ T Knight T 2.79 3.27 2.08 1.52 1. 34 2.15 51.86 43.96
SEHI{H Average 2.32 2.44 2.48 2.12 1. 16 1.29 44,41 27.06
FrifEiR SE 0. 40 0.51 1. 10 0. 69 0.59 0.53 20. 37 15.47
BREECV 0.17 0.21 0. 44 0.32 0.51 0.41 0. 46 0.57
%1 1 HEEREHHETEMENES ZHTHFORERY
Table 4 Drought-resistance coefficient of 11 germplasm materials of alfalfa under drought stress and CK
T B R Z % DC
Culiivar RERGR  REBGP MG BRKRL gk Er PRI e v
TH 15 Ningmu No. 1 0. 40 0.18 0.32 1. 18 1. 06 1.11 0. 35
KO E 45 Aohan alfalfa 0.68 0. 24 0. 45 1.35 2.16 0.63 0.73
A4 15 Gongnong No. 1 0. 85 0.56 0.63 0.94 1.09 0. 86 0.63
% 3% 8 % Nongjing No. 8 0.72 0. 49 0.89 0.95 0.73 1.31 0.73
JL# A€ Polar bear 0. 46 0.13 0.27 1.33 0. 41 3.21 0.17
Pk # Chanllenger 0. 88 0.22 0.59 0.92 0. 66 1. 40 0. 46
E it MT3015 GN MT3015 0.98 0.40 0.79 1.11 0. 80 1. 38 0.73
A Weishen 1. 60 0. 54 0.82 0. 83 1. 84 0. 45 1.47
Dryland 0.78 0.18 0.54 0.76 1.07 0.71 0. 51
32 1Q 0. 86 0. 89 0. 60 1.14 0.53 2.13 0.49
B+ T Knight T 1. 10 0.28 0. 86 1. 17 0.73 1. 60 0. 85
SEHI{E Average 0. 84 0. 37 0. 65 1. 06 0. 85 1. 34 0. 65
FrifEiR SE 0.32 0.23 0.27 0. 20 0.63 0.79 0.34

ARRBCV 0. 38 0.62 0.42 0.18 0.74 0.59 0.52
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Table 5

FEAMTRAEK,
HIZE 4 AL 25 FE AR DU AR AP A 2 R ok
14 4 R ZF KT 5 R B /N IR K B R
J7 ZEor A R (G 5) R WL BR R 2F R0 5 R AL
RZFHGUR R R BII R R BRI R
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Analysis of variation of germination traits of 11 materials of alfalfa( F-test value)

ol 5T 9% U5 7] 2 5%
Difference among
germplasm resources

[X 2 [] 2% 5
Difference among
replication

Y E SR AR
Identification index

ol 9% U5 ) 25 57
Difference among
germplasm resources

[X 4[] 2% S
Difference among
replication

KE R

Identification index

KR GR 0.062* * 0.008
KEFH GP 0.007 " * 0.001
K IEFREL GI 25.585% * 2. 492
R K RL 2.520* 0.915
JRZEK EL 4,704% " 0.561
1485 VI 718.273% % 54. 657
AR /IR 3K RL/EL 3.881** 0.931

RAFRPLE R RGR 0.506 0.397
R HHBP R R RGP 0.226 0.261
KIS R E RGI 0.321 0.272
AR KT R B RRL 1.918 0.999
WZFE KPR R RET 7.653% " 2.075
ggi/g%ﬁfhi 7.021% " 1.892
& B R B RV 3. 064 3. 467

Heox FARERBE(P<0.05); x « FyREFMEFE(P<0.0D), F 6,

Note: * indicates significant difference at P<C0. 05 level; * x indicates significant difference at P<C0. 01 level. The same for Table 6.
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2.2.1 ZRo ot ERD PR 2165
AR DBOLA LR HR bR+ RE RS 0 b S W B 4 1Y
PURE . ABFFERS J5 22 00 A e ey 9 i 2 B 5
Ph 45 b o A7 7 B AR AR 3 AT, SR L3R 6. ISk 6

ATRUAR L R ZF AR RS R R R E M e (R =
0.984,P<C0. 01) » 1] LUIA e 28 415 Bl -5 6 2F A< i 4%
A7 I K A5 B A 98. 4 00 2 AR [ ¥ . H Aty B A G 1
M2 E SRR Z WA B EENBR.

x6 1HEEMRABINHLBPREHEREHELMEXE
Table 6 Simple correlation among 9 drought resistance indexes of 11 alfalfa germplasm materials at seeding stage
Wi BEE RER REEE BRK Rpk SRRD ey BERIEREES
Identification index GR GP GI RL EL I3 K VI A Jﬁhq:’éﬁ[
RL/EL REL R-RL/EL
KA GR 1
RGP 0.683* 1
RAHFEEGL 0,984 * 0. 800" * 1
JERRK RL —0.145 0.325 —0.04 1
JlR % K EL 0.34 0.08 0.294 —0.588 1
R /IR 2K RL/EL —0.215 0.084 —0.152 0.671*  —0.957*~ 1
W& B VI 0.957* % 0.812** 0.979**  —0.003 0.412 —0.26 1
JEZF KPR R A REL —0.046 —0.099 —0.047 0.053 0.253 —0.284 —0.007 1
}E{I‘**I{Elﬁélﬂ?ﬁ SR —0.181 0.133 —0.105 0.399 —0.234 0.221 —0.115 0,787 1

XE9 AN A TSR A AR BEAT R 0 A L 2
Rk 7 Prn . w3k 7 AT AKSERRIE (R T 1 LA
Fe ZARTTHRAR KT 8520 % S U 1T 3 4> F2 4 19 2R
PABTHRA IR B 91, 7906, R BIHT 3 4> F 4 BEA 2L
SeWeth 11 03 EAE R LR 91 7900 M A ik
IR 3 A TR E D 9 T A BT SR 46 A 1 258
FAEAR. 1 BRI RFIEAR D 3. 885 6. 757 22 TTMR
BN A3 TV AR AR R RS T4

BB E AT 4B 0,943 2,0. 726 3,0. 945 9
F0.969 7, L BE & Bl 1 W & RO, B nT LUK
51 BRGSO R BT 5 2 AT M RRE
MRy 2.538 3,07 22 BTk Ny 28. 2006 . fE IR AR K L IR
A/ IR K A B s #omr, 4r 0. 830 2 AN
0. 827 2, S W& & b AL A8 AR K AR BL R Ut T DA
52 ERWATRFE IR AKE T8 3 ERA N
RRAEAR Sy 1. 837 4, J7 22 GTHREE K 20. 40 %6  FE MR ZFE K
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PLRRBCVER K/ KR R B AR &mEA . KO BT DURES 3 3 i 46 o 2 i AR K
Sy 0.973 7 F10.865 0. B E A6 A I ZFEAE T
R7T LNMEEMRMHHLZAREENERS SN

Table 7 Principal component analysis of drought resistance of 11 alfalfa germplasm materials at germination stage

5 H Ttem % 1 Ffsr PCL % 2 T PC2 % 3 Ty PC3

KR GR 0.943 2 0.174 9 —0.050 0
RGP 0.726 3 0.565 5 0.047 0
KR GI 0.945 9 0.283 4 —0.017 5
AR K RL —0.2319 0.830 2 0.137 1
2K EL 0.576 5 —0.724 5 0.233 8
EARIC /28 I RL/EL —0.445 8 0.827 2 —0.248 2
%18 % VI 0.969 7 0.224 0 0.0331
MK E 25 REL —0.027 4 —0.096 6 0.973 7
AR K /R 2 K i 5 28 R-RL/EL —0.2190 0.386 9 0. 8650
P HEAR Eigenvalue 3.885 6 2.538 3 1.837 4
J7 2= BTk %/ % Variance contribution rate 43.17 28. 20 20. 42

SR GTEk %/ % Accumulated contribution rate 43.17 71.37 91.79

KT ERGHRERAT 3 ANFERST 9NHEY  Dryland>#iEE>TH 1 5 >32 IQJUikAE.
PU - PEHE PR IR R AR 32 84 40 A RT3 A K
e TR s L R 1 R, H B L W]
s £ WS S8 AR AR TS W) 0y 3 84 B A A T
G A TR [ 1) 25 B 7 5, L rp R 28 38 R AR BORNG
JIHEEAE 3 A E A T R BRI B 50 Ul =
Z 18] 7E 15% PEG-6000 ¥ ¥ Ak B F 4 A1 1 #Y i
AR
2.2.2 wFHEH BRI G AR 9 W&
WP EIR AR A 3 DG 1R Ar i H 7 2o, 15 3 11
B EfER LR AR ARG AKX () (8,
() 43 HTH5A 25 B A8 Fh - 1AL EE S & ok BUE L BT
LA IE N (D ) (% 8). M D K/l
A5 E R AT T R R SR KO R 8 5 >
fe 15> > 1 T>HDE > E g MT3015>
®8 L HEBEHMRMHNSSERE NE RERRE.DERRAEEHE

Table 8 Comprehensive index value, weight,membership function value, D value and drought

3E oy PC3

T TR X 1T 4 B A T SR RS 1 5
A 3 A~ 380 1R
Fig. 1 First three principal components of drought-resistance

of 11 alfalfa germplasm materials under drought stress

ranking of 11 germplasm materials of alfalfa

*ﬁiﬂrjiﬁ(}? Compref;zrl:si?ehl—n{?ex value Membefh%) l%Ju;)é[cifon value D e ﬁq”:f*fﬁrﬁ“
material 7 Z» 7 w(Z0) (22 (Z) D value Drought ranking
1 —5.210 5 —0.610 2 0.307 3 0.000 0 0.428 7 0.5316 0.250 0 9
2 —2.0511 —0.007 9 1.241 9 0.257 3 0.494 7 0.852 7 0.462 7 5
3 —0.0855 3.787 0 1.670 7 0.417 4 0.911 0 1.000 0 0.698 7 2
4 7.067 3 0.144 6 —0.171 8 1. 000 0 0.511 5 0.367 0 0.7207 1
5 —3.8537 —1.194 4 —1.2399 0.110 5 0.278 0 0.000 0 0.137 4 11
6 —0.320 8 0.039 9 —0.930 0 0.235 4 0.500 0 0.106 5 0.288 0 8
7 1.575 6 —1.1250 —0.444 0 0.552 7 0.372 2 0.273 4 0.4351 6
8 5.304 2 —1.2410 0.969 4 0.856 4 0.359 5 0.759 0 0.682 1 3
9 1.835 5 —4.518 6 0.018 5 0.573 9 0. 000 0 0.432 3 0.366 1 7
10 —4.348 3 0.917 0 —0.908 7 0.070 2 0.596 2 0.113 8 0.241 5 10
11 2.087 3 4.598 5 —0.421 3 0.594 4 1.000 0 0.281 3 0.649 3 4
J bR AR 0.470 3 0.307 2 0.2225

Index weight
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