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Drought resistance evaluation of seed germination and seedling growth of seven
alfalfa cultivars
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Abstract: In this research a 15% polyethylene glycol-6000 (PEG-6000) solution was employed to simulate drought
stress and test germination and seedling growth responses to drought of seven alfalfa (Medicago sativa) cultivars,
namely, Phabulous, Gladiator, PANGO, Magnum 801, WL525, Victoria, and Dieter, for 14 days. The
responses and changes in seed germination, seedling growth, and physiological and biochemical indexes to drought
stress were measured and analyzed in the laboratory. It was found that under drought stress, the germination index
and vigor index of the six alfalfa seeds, except PANGO, decreased significantly (P<C0.05). The dry weight,
seedling length and root length of Phabulous and WL525 seedlings increased significantly (P<C0.05). The relative
water content of seedlings of Magnum 801, Victoria and Gladiator increased significantly (P<Z0.05). The
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peroxidase (POD) activity of the six cultivars, except Gladiator, increased significantly (P<C0.05) , and the
malondialdehyde (MDA) content increased significantly (P<Z0.05) in all cultivars except Victoria. The superoxide
dismutase (SOD) activity increased significantly (P<Z0.05) in Phabulous, Dieter, and Magnum 801. The proline
(Pro) and soluble sugar (SS) content increased significantly (P<C0.05) in Gladiator. Using data for 17 traits
defining seed germination, seedling growth and physiology and biochemistry, a multivariate evaluation was
conducted using principal component analysis combined with the membership function method. In this way, the
drought resistance of the seven alfalfa cultivars during seed germination and early seedling growth was ranked from
strong to weak as follows: Magnum 801> Gladiator™>W1.525> Victoria=>PANGO>>Dieter>>Phabulous. According
to a hierarchical cluster analysis, the cultivars were classified into three categories: 1) Strongly drought-resistant
cultivars are ‘Magnum 801’ ; 2) Cultivars with medium drought-resistance are ‘Gladiator’ , ‘WL525" and
‘Victoria’ ; 3) Varieties with weak drought-resistance are ‘PANGO’, ‘Dieter’ and ‘Phabulous’.

Key words: alfalfa; seed germination; physiology; PEG-6000; drought resistance evaluation

TRERMAMYERKRETNEERNFZ—, ERE SRR T Bl A o g R RN EERNE
SR X AR A A 7 s A R B R . R b 1/3 A T Rk R X T 3R T SRR R X
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73.8% . i M X AR AR 35 K 23K 800~1300 mm'®, {H i b AR T B R OK P B e BT L =2 A A 2R
RF IR T MR KRR B K RE R X B R A AR A B L R L IR KAy B E
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ER R IR E IR AN g AR O N A A TR R R AR AR R R T
B, R AE A B R R IR R B o i 2 ) 11 AR 0 R AN RE 8% 315 - S8 (9 R 08U 1 |, 3 BB 1 T +- 398 1 B Ak 1k
JE AR W K B XU P S A R A Ak TR B A TR B T OGRS A v P R R LXK
Tk 28 46 B A AR AUH BY T 238 AR S IR B, 30 B4R T i i R RS, 32 8 A 4 2 R, 5 288 B0 4 224 b 35 A0l £k B
S RN ARUER S e ST R b X S8 AE RS DR R I S A R R A AR TEAS LIS A Y M) IR R A
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T (T T Re AR — 3 R AL AFFE 2200 o Wi 8555 W9 R BB AR \Dryland Al fE 7 Bl T 50 5000 38 B
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VAR R AN AR B AR A AR A 40 7 BT R P Y A FELBILARD , O SR T 3 0820 20 A VR 5 SR R RO B Z2 HEFEVEAG R &R
B55 RGERIENT, LR VM AR A BT 25 5 o ARG B R 07 2t BT PR RE O S 1 S AEE A R, O B e
R i X5 AT A e RO R R B0 AT 45 2 i i B BB B S Ol e 25 5 B S i 0T R M DX T TR O R B
If] 16 7 B HE A o BF T 4 2R Sy AR B N S0 A i DX 5 S R O el AU, B e e M A ) T R B e S
Bl 77 #E 2l vk 307 e b XA AR AR A RO T R R R

1 HH5FH®

1.1 RBHH
ST B TS SR A 74 B E RR AR R UR R MR TR B S B R 1.

1 HRXEEEEFLZH
Table 1 Alfalfa cultivars tested

it A Tk &F Thousand KR J

Cultivars seeds weight (g) Source Place of origin
£ 56 Phabulous 2.32 BN AR A B8 A BR 2 7 Guizhou Zhongzhiheng Ecological Technology Co. , Ltd 38 America
A1 3} 4 Gladiator 2.25 S A 18 AR S B A BR 28 B Guizhou Zhongzhiheng Ecological Technology Co. , Ltd & K F] Ttaly
PANGO 2.25 B A H A= 5B FR 2 F] Guizhou Zhongzhiheng Ecological Technology Co. , 1td 3% E America
& 801 Magnum 801 2.10 BN A fE A A BHE A FR 2 7 Guizhou Zhongzhiheng Ecological Technology Co. , Ltd 3% America
WL525 2.54 S AR 1 A= SR A RN ] Guizhou Zhongzhiheng Ecological Technology Co. , Ltd 3% [ America
4 Z W Victoria 2.19 BN AR A B8 A BRZ2S 7] Guizhou Zhongzhiheng Ecological Technology Co. , Ltd /il & Canada
it 4§ Dieter 2.18 S A 1E AR S B A BR 28 B Guizhou Zhongzhiheng Ecological Technology Co. , Ltd & K F] Traly

1.2 KB

1.2.1 B kil 5 DL 22 B K SR X BECCKD) |, S ik B2 oy 1500 19 2R & —1#-6000(PEG-6000) ¥ W 5 48 1~ 5
i, A b FR R E AR E R R ICE 2 BRI BT o 3R BUBURL I T /N —  TC AR K R E R R
7550 WHRE WA T 3 min J5 6 FHZE K vl gk 3~ 5 3 W 5E 2% BR Ak BR RS R SRR TR A 2 2R AR A B SR, B L
L S0k AP F o ZJE ) H R 28 i AL LA W 8 mL, TR 6000 1x B/ AT 12 h/12 h, 25 “CHeE i & 4 T 855
I o AORFEV WA BT E B B ORI RR F 0k b 7078 R R 25 0 7K 43 B DR VB B L, LR AR K BE R T R 1
502 AR Kk . IR 7 R BEHLHEI 10 R0 R 7R I FR Bk B B A T OISR R AR R R
RHRBORNE 1 e d . s

K %% (germination rate )= ( & 2 Fl 15 /X Fp 7 %1 ) X 100% (1)

K 2 # (germination potential )= ( 54K & 2F Fh 145 / A Fp %4 )X 100 % (2)
K 28 (germination index, G1 )= > G,/ D, (3)

% 7145 %k (vitality index, VI)= GI X S 7K Pt & (g) (4)

K GRRE R F R ZFEGD R R 2R
W T 20234 9— 12 A 7E 52 N Rz sh Rk 22 2 B mll Bl 27 R S = 647
1.2.2 ks W R I TR E T A NS S AR E TE SR BE AL 15 AR AE K —
B AR E /N OEE TR FRINSFTEE B ER 4k, I EL 8 IEF ALK R E SRk E, 5 H X
FHARE RN T 2% & 2R 25 (R 7K A W AR 0 BEAE R o A HOOLER Sy 1 (00 A KOIR B, 2 Hh Bl il B A1 O L B it
KB A HUE B A ARG SR AL R o e S 14 K BEALE S BRI i K R MR K e EZ 5,8 T
105 “CHEA A4 75 30 min, 75 CHET 245 FFR T 8, 7150 A 0 &K AR . Horp
AHXT 5 /K & (relative water content)=(#f & — T8 )/&f & X 100% (5)
ZE ML H (bud root ratio)= 2K /AR K (6)



535 B 2 W Ol 2E 3] 2026 4F 71

T 2023 4 9— 12 A 78 52 M R sh Bk 27 Bt Bl Bl 2 R 9B = ik A7 o
1.2.3 A HFE bR I 2 v I 2 R HORT 57 R Y )RR R AR MR AT PR Y R, TN E AR B
Fr oo SR HH A8 A By vk 0 5 i E AL W) B (peroxidase, POD) 3 P, WST-8 & il 52 # A 1k ¥ 5 1k # (superoxide
dismutase, SOD) 7 P , 28 4P W g U 52 1 AL S (catalase, CAT) 36 14 , i 3k 7K 47 1R 5 0 52 Il %012 (proline, Pro)
i, B A EE R RN 2 Y S (malondialdehyde, MDA ) £ &, JEU L 8 2 I %2 ] %5 1 B (soluble sugar, SS)

A~ 2L [23]
a i o

1.2.4 ZEFM ik K FE W5y b ik A5 G SRR R 8L I BB B B M 4% & 1F ) (B (comprehensive
evaluation, D), JF4545 RGE R, 0 7 SAEH A i ARG BT AR HEAT 285 PR FIHE S o RIDSE e 32 0 0 B
TR 7SR A SR 17 TR AR AR (X~ Xor) BEAT R AR, B B O 25 A TR AR A, R 25
B VEH A b 00 3 pR BUE S AR A S SRR DR, BT D (ECR P 2 TR) 3B B2 2k A RR [ R B EAT R R R
BT, e 2 L BB R ZR G VAN e SRR o R A

WE(W)=P/> " P, (7)
SR R EE 1(X) = (XX i)/ K — X i) (8)
ﬁ%ﬁ%’aiﬂ?ﬁﬁ(m=2jzl[/J(Xj)-Wj] (9)

K j=1,2.3,. . .0, X RRBjAGEIIRME, X, F X, 0 0 R85 G5 18R i /ME 5 i KME L, PR IR %
s P RS A 32 A TR I Y TR
1.3 HHEa

ffi Fl Microsoft Excel 2019 #F 47 % 42 4b ¥ , IBM SPSS Statistics 26 % 4 #4775 2 201 X85 £ & &%
(Duncan) | F i 43 43 #7 (principal component analysis, PCA) fl &4 B2 001, 2 5 B F K FE K P<<0.05, Kk H
Origin 2018 B AE B, JIr A5 Hi 4 &5 S 14 LS Y (8 + b 227 R .

2 HERE54HWR
2.1 FFaHE

i 1R L 7E 15% PEG-6000 38~ , E AE 801 i1 & 2F A&l &k 27 34 4 R 7E 8 /K, 23 ik 21 1 90. 5%
F189. 0% , ¥ 3% T PANGO (85 A b+ A Ry 4 4 R Hrpod AR 19 & 2R RNR 20940 5 E B 8O1 AH L 1 3%
FEAR T 18% F117% (P<<0.05) . BEA T R iy kA, 25 A=kt 2 2 00 R Ry 09 & 28 R Rk 2E 338 3t
TR A B iR R 2E SRR R A AR TR IR AL, 43 B R R T 1206 RO %0 5 £ SF H I PANGO R 2 3R
TXFRRZH (P<<0.05) , 433 TR 1 15% F116% o

£ 15% PEG-6000 JiF 38 T , B 8 801 Y & 2 45 B 1 48 BT O e e s K7, o0 il 2 B2 d i 1. 7 f 2. 0% .
BE & T 5 W38 09 kA, 7 S AR VAR AR T 0 R 2 S B0 B 3 R R (P<20..05) , 6 A5 AE A Rl (BR PANGO)
(3% 46 B3 2 R B (P<<0. 05) , Hovh BL6E Y & 2 46 SO TG 1 48 80T BRI B2 e K, 20 0l R R 174106 F62%6 .
2.2 HhwvAEK

k2 i, i T2 g & 4, 258 . PANGO Al WL525 B9 4 i T 5 f2 35 38 i, 4 22 5030 /0 T 5 4 25 k20>
(P<<0.05) ,4EZ . . E g 801 Al FF 3/~ A i T 8 b AR T H A 4 WA PANGO By T HBR 5 WL525 22 5+
AN A 5 T A 6 4 S AR (P<C0. 05) 5 #A S A9 &l i feE E G E RN T 0. 465, 256 . PANGO \WL525 Al
R 1 6 43 ) B8 R T 1506 (17 %6 1706 RN 40 Y6, v Ry Y B ER 2 0 S AIRCT LA 6 R, T LT S aa
Xt 40y JE B SR 0 5 0 A7 A R T 2 531

£ 15% PEG-6000 i 38 T, 4 Z2 I W A1 E i 801 Ay A1 Xt & 7k it & 2 & T HoAth 54 Al (P<C0. 05) , 43 1 A
95.86% F195.56% , b A PANGO ¥y 1 620 . BEE T 5 W8 09 & 4, =k - FE fE 801 M AHXT & 7K & 14 i
FLTHT 20 4E 2 R AR XS E oK LT 306, Hi A A R Rl B AR G B K Y 1 S R B T PANGO g
WK, R 6%,
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Fig. 1 Effects of drought stress on seed germination of seven alfalfa cultivars
AN TNG TR 2R R [ — b BEAS TR i F 2 [8] 22 5 3 (P<<0.05) , A TA R B 5 RE R 7] — i F AS () A BE 22 i) 2% 5% i 2% (P<<0.05) , F Al . Different
lowercase letters indicate significant differences among different cultivars of the same treatment (P<C0.05) , and different uppercase letters indicate

significant difference between different treatments of the same cultivars (P<20.05), the same below.

W3 3, £ 15% PEG-6000 Wrif 544 T, PANGO B9 28 K B & FH R 6 A Ff, 8 8. 51 mm; 5 A9 AR
KAFERESOLAY 2. 545%, B &K THAA A MM, FAE SO MK B M T+ HHZERK MEMEKAZ T
i 0 ) S R D R S R Y 2R R A RN B R R R A T SR Y B S m (P>>0.05) . TR T 25E
1 EE A W T AR 6 R, 4 2RI WLS25 19 B K R 3 R T E RE 801 A PANGO(P<C0. 05) ; B fiE 801 . 4k
22 1) 0 R 3l R 1 2F AR L S S B0 1 B e R PANGO ZEAR L B B T 3. 7 R0 1. 4 f%, A 2 A SRR O B 5 25 5
(P>0.05).

2.3 A®AWL

2.3.1  Pra AL s RN R W 2 froR 76 15% PEG-6000 JikE T, LUl RR A SF -+ FiL S e 19 POD i
PR @, o 00 L e AR PANGO @ i T 30%.21% 1 19% o B =k 4 A 5 B 9 POD 3 P 35 76 22 31+ R i 38
BB W B (P<<0.05) , b 2 8 POD &M LA T 2. 14%, BRI R 4 2 FW BT T 1.2
5, LT R /N SRR T 5%

£ 15% PEG-6000 i &, 7 4~ 546 15 19 SOD 1 1 B K B /MK IR by - 4 2 F) W WL525 i 4% 2 5% | F B
801 . PANGO 3} 1, Jorh 4 Z R ) SOD W& =k 09 11 A%, W 35 T Bk WL525 4y JL Ay 54 5l Rl , # 3)-
+ 19 SOD ¥ o 5 2K F HoAth 6 A~ & B (P<<0.05) o BEH T R Wria i & 4, 85 L F Ak 801 . 4 £ F I Fl K5 1
SOD {ifi tE & b F- i, 85 E fE 801 A & iy b I 28K, 3 T X5 B2 (P<<0. 05) , Horbr ¢ 7+ 1 14
YL ERES0L BT T 104%.

£ 15% PEG-6000 B3 T, 1 b 09 CAT 3 M fie = , B AE 801 it 4% (4 2 A 7 1 WL525 43l it 9%
19% .30% F138% , 1 2= 49 CAT 1% P 8 Z MK TR PANGO A H A 5 AN fh, HAS W A B N T 3. 315
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R2 TEPEMTINMEEEERMNYEENEMEN S KENZT

Table 2 Effects of drought stress on seedling biomass and relative water content of seven alfalfa cultivars

i it PEG-6000 ¥ i T & fif AR S K
Cultivars PEG-6000 concentration ( %) Dry weight (g-plant ") Fresh weight (g-plant ') Relative water content (%)
Y5 0 0.0015-0. 0001Bab 0.0284-0. 0022Aa 94.72+0. 0022Ab
Phabulous 15 0.0017-£0. 0001Ab 0.0242-0. 0011Bbe 92.880. 0040Bc
A3} + 0 0.0017-£0. 0003Aa 0.0219-0. 0036B¢ 92.26+0. 0013Bd
Gladiator 15 0.00170. 0001Ab 0.029740. 0014Aa 94.2340.0017Ab
PANGO 0 0.0011=£0. 0001Bb 0.0278-£0. 0030Aab 95. 68=£0. 0060Aa
15 0.0022-0. 0001Aa 0.0232-40. 0022B¢ 90. 34+0. 0085Be
Eifig 801 0 0.0015+0. 0001 Aab 0.0230-0. 0021 Ac 93.38+0. 0033Bc
Magnum 801 15 0.0012-£0. 0004Ac 0.0272-£0. 0044 Aab 95.560. 0091Aa
WL525 0 0.0011-£0. 0002Bb 0.0272-0. 0021 Aab 95.64-+0.0107Aa
15 0.0019=£0. 0001 Aab 0.0225-+0. 0026B¢ 91.33+0.0126Bde
G ZF W 0 0.0016-£0. 0002Aa 0.0238-£0. 0022Abc 93.23+0. 0060Bc
Victoria 15 0.0010-£0. 0000B¢ 0.0255-0. 0010Abe 95.86-+0. 0019Aa
Pk 0 0.0014+0. 0002Aab 0.0273+0. 0019Aab 94. 54-+0. 0059Ab
Dieter 15 0.0013-£0. 0003Ac 0.0164=£0. 0008Bd 92.09+0. 0143Bcd

TE s AT NE TR 3R ] — Ak AN [6] A 2 8] 22 57 1 3 (P<<0. 05) , ASTA) K5 7 R 3 7% [7] — il Bl A [6] Ak B 22 1] 22 57 i 3 (P<<0. 05) , Il .
Note: Different lowercase letters indicate significant differences among different cultivars of the same treatment (P<Z0.05) , and different uppercase

letters indicate significant difference between different treatments of the same cultivars (P<C0.05), the same below.

R3 TEMEMNTNEREERWAHEERNZI

Table 3 Effects of drought stress on seedling growth of seven alfalfa cultivars

o il PEG-6000 ¥ Ji EES ERS i8S AR L
Cultivars PEG-6000 concentration ( %) Seedling length (mm) Bud length (mm) Root length (mm) Bud root ratio
25 0 28.7443. 20Bc 18.3742.07Aa 10.37-1. 63Bd 1.79+0. 28Aa
Phabulous 15 46.33+4. 12Aa 15. 04+ 1. 22Bb 31.2843. 30Aa 0.4840. 04Bc
a3+ 0 31.96-+6. 13Abc 16.82+41.80Aa 15.14--4. 41Abcd 1.15+0. 23Abed
Gladiator 15 34.3845. 79Abc 14.95-£0. 84Ab 19. 43--6. 56Ab 0.8940. 48Abe
PANGO 0 34.77+2. 26Aabc 18.70-1. 24Aa 16.07+2. 74Abed 1.1940. 23Abc
15 25.75+5. 72Bd 8.51+1.90Bc 17.24-3.86Abc 0.4940.02Bc
Fi B 801 0 35.3547. 50Aabc 16.00-£1. 69Aa 19.35-6. 02Aabe 0.8640. 19Bcde
Magnum 801 15 30.71+1. 95Acd 18. 10+ 1. 64Aab 12.60+2. 44Ac 1.4940. 38Aa
WL525 0 30. 264 1. 58Bc 16.6241.32Aa 13.64-2. 11Bcd 1.24--0. 26Ab
15 37.67+3. 54Ab 18.8145. 10Aa 18.85-3. 65Abc 1.05+0. 43Aab
Y Z )W 0 38.31+4. 87Aab 17.03=+1. 75Ba 21. 2844, 78Aab 0.83+0. 19Bde
Victoria 15 37.90+3. 50Ab 20.5640. 38Aa 17.33-3.52Abc 1.22-0. 25Aab
Pk 0 40.71+4. 99Aa 17.47+1.78Aa 23.23+4.37Aa 0.77+0.17Be
Dieter 15 36.47+2. 68Abc 18.65-0. 88Aa 17. 8142 54Abc 1.06+0. 15Aab

(P<<0.05), 5%F ML A1 LL , B 256 F WL525 /M H Ay 54 fh A SR AL FRALAY CAT WG PR B, Horpah 4 7T
1.5f%. ZEIEHMEN T (CK), M CAT i & 3 m T HAb 6 4~ & A (P<<0. 05) , 1 F g 801 . 2| - Fl WL525
B CAT G R &2,
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TR, 7SR B AE SR MDA & it 34 BT R e B 4 2 R AR LAY 64 it Bl A MDA 5 i b
TR IR 2 (P<<0.05) , Horb WL525 Fl £ 3]+ i MDA & 83 % ETF T 1.9 1. 745 . 78 15% PEG-6000 i i1
T LR MDA & 5 8 2 5 T 4E 2 R W (P<<0. 05) , (HJH Z 3 1 MDA & & W 328 T HAb 5 A~ 5 Fh, te sk -4
BT 29% F147% .

Il CK [115% PEG-6000
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Fig. 2 [Effects of drought stress on antioxidant enzymes activity and malondialdehyde content of seven alfalfa cultivars
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Fig. 3 Effects of drought stress on the content of osmotic adjustment substances in seven alfalfa cultivars
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Table 4 Principal component analysis of indicators of seven alfalfa cultivars under drought stress

B H Ttem PC 1 PC 2 PC 3 PC 4 PC 5
X, & %% Germination rate 0. 3652 0.1368 0.0529 0. 0467 0. 0586
X, & ##« Germination potential 0.3210 0.0467 0.0848 0. 3509 0.0437
X, & 248 Germination index 0.3546 0.1194 0.0780 0.1903 0.0571
X, 1% 15 5 Vitality index 0.3623 0.0553 0.1358 0.0530 0.1770
X, T 1 Dry weight 0.2628 0.3338 0.1266 0.1266 0.1628
X, fif T Fresh weight 0.1794 0. 0350 0.3092 0.4302 0.3595
X, HIXF & 7K it Relative water content 0.1712 0.4238 0.1137 0. 1909 0. 0863
X, Hi# Seedling length 0.0671 0.4335 0.2217 0.1878 0.0738
X, 2K Bud length 0.2116 0. 2089 0.3784 0.0678 0.2957
X,, # K Root length 0. 2206 0.3782 0.0130 0.1789 0.1084
Xy, £# [ Bud root ratio 0.3043 0.0915 0.2717 0.0553 0.3173
X, i AL PG M Peroxidase activity 0.2073 0. 0589 0. 0865 0.5371 0.1533
X, #8574k 35 7 Superoxide dismutase activity 0.1160 0. 2880 0. 3690 0.1704 0. 3086
Xy, 1 AL & P Catalase activity 0.1521 0.3481 0. 0467 0. 3652 0.0905
X5 N [ % & Malondialdehyde content 0.0092 0.0310 0. 5448 0.0762 0.2911
X, i %2 %5 #2: Proline content 0.2596 0.0969 0.3492 0. 1770 0.2753
X,, A% EAE & B Soluble sugar content 0.1960 0. 2620 0.1006 0.1874 0.5515
FRE{E Eigenvalue 6. 806 3.797 2.953 1.861 1.123
BiHk % Contribution rate (%) 40. 037 22. 334 17.368 10. 945 6.604
S TTHL % Cumulative contribution rate (%) 40.037 62.371 79.740 90. 685 97. 289
KLU Weight 0.412 0.230 0.179 0.113 0.068

PLE RS 1~ E 045 5 N EE A PRI 8 A5, T A5 21 7 A6 B 18 S R A 25 A P AR (X)) AR FE A K (8) A A (9)

a3 B A ﬁwE.?aﬁﬁﬁﬁﬂ%ﬁ%éﬁzﬁp(xmh$@ ? PEAE (D) M35 DAEXT 74> S 46 H 45 & b itk

LSRR . g 5 TR it ﬁtﬂw/\%"?“*éfnuﬁlﬂﬁ’] TEMEAAAEZE S, 0. 23 2 0. 81, H1 51k v 21 55
MWk Ay EfE 801 £ 3+ \WL525 4k £ ] iF . PANGO . jth %\Iﬁ
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Table 5 Subordinate function values and comprehensive evaluation values of seven alfalfa cultivars under drought stress

i s BB Subordinate function values p(X)) LEATEMNE HEF
Cultivars PC 1 pC 2 PC 3 PC 4 PC 5 Comprehensive evaluation (D) Sort
£ 5 Phabulous 0. 0000 0. 1856 0.5822 0.4526 0.5167 0.2332 7
i 2|+ Gladiator 0. 2607 0.8494 1. 0000 0.9071 0.8180 0.6399 2
PANGO 0.2695 0. 6646 0. 5640 0. 0000 0. 2457 0. 3815 5
5 € 801 Magnum 801 1. 0000 1. 0000 0. 4875 0. 4970 0.3074 0.8063 1
WL525 0.9295 0. 0000 0. 8548 0.7233 0.1753 0.6296 3
4 ZF W Victoria 0.7198 0. 3426 0. 0000 0.5532 1. 0000 0. 5059 4
it ¥ Dieter 0.1790 0.6234 0.0699 1. 0000 0. 0000 0. 3426 6
WA 4 Fros AR A A R T R L S RN E f1 3£
Gladiator
(D) I G K007 AL TR B 150045 745 | )
" N N s Victoria
EP*R%E%**,@A*E‘ﬁ]"*j:’\‘WL525,$n‘gﬁgﬂ:‘”ﬂE,a E E 5801 1)
= ]
Ay 3 ~ Y [ b 3 = b o
3 FIHL T ALHE PANGO” i it 55 o SOl
= PANGO
=3
3 itie g 3)
Dieter
v ~
3.1 AFTHA 25
g g N N A B Phabulous . ) ) )
ol 5~ ] i 2 AEL ) A 3 S b A O B Y B AR E 0 5 10 15 20 25

(117K A0 B 25, K 4 S JE 4 BEL A - 1 9 W A % Bk | B A o, diReArics
B4 7TMNELEERMREEEESITEMERESF

22 BFLAH U019 4 T TG 5 0 R 159 W A 2R 5 Fig. 4 Cluster analysis of comprehensive evaluation value
B R R T T KRR /N A R (D) for drought resistance in seven alfalfa cultivars

47, PEG-6000 H A 7K i PR FUARS #5155 L 2

—FhEA BB RN, 2 H T A SRS, B 2 E B FE 5 (Lolium perenne)'™ HeF (Avena sativa) ™" FfR
& % (Pennisetum alopecuroides) ™ S A5 4 45 2 Rk22 1 H .

ABEFE 1506 PEG-6000 Mk 38 X6 A [7] il F 5 46 F 98 Bl 7 19 8 4™ A 1 0 35 S, LS B B R 22 5, T
S0 W E T 2RO AL E S R R R R i k. BARSR B, 5 X5 A L, &k 2F R (BR PANGO L E i 801,
WL525) Fl & 28 ¥ (B B fig 801 . WL525) ¥ 7£ 32 3| 1~ 5 i 38 i) & 20 1 T B 3, X 5 7 A AE 58 it 48 B (Paspalum
dilatatum) ™ F 4 25 SEAEE T LARF IR 45 R — 2, UL T 5k aa 0 28 08 B s R R SR Y T R R
il A ORI, BB TR AL E S i W R SR . EATE E S, B AE 801 H WL525 [ Fh ¥ &k 2 R Mk 2
PAE T WA T RO A /N E BE LT 5 Yuan'™ SR A I vk B PEG &b B 9R 23 B S O MR A2 B AH i —
FRBE b AR R 0 A, F T B S AR DU B ) K — W R AR — B, TR A R X PANGO - & 2R 377 A i 3
SEMR AR AR 7O R 2R SR WY R WK AR A T A S BOH R IR AE R (2 s e R
o] Je HEFS .

TASERAE B A& wh A R ZEHREOCRTE 148 80 (BR PANGO) #7632 8] T 0 R B W 25 R, B B OR A2 W] v TR
2R R B UL T 5 58 A8 A Rl O B R T X R R A A A T, 3R T RS A e R
FHIBE KL RE T, HHI 55 T Y i a AR TR AE TS 1. B 801 4k Z2 I E AT W L525 A4 3% 1 485 H0fe X BEFN 1 5 b # 4H
ot i 2 T AR AN R T SR AR IR O, T S E T 4l bR A AR LR R R L T R R BT
PR E R



535 B 2 W Ol 2E 3] 2026 4F 77
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G 32 06 M S T TR R R I M W A R A R 1) R OB T T, BE S DR AP AR s S AR 3 1Y
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FLTET 201445 BRIl E R R R AR AN T SOD T P B AR B il ok B9 2 18 A 0 1 i 85 A 2 1k, OF b
PR ZE A R S T A T A Sk R R 4 A K B n R S S R AW S . WL525 R4k £
FIE 33 PRAS it 6l DU 000 0 i i POD 5 P4 R AT 3 1 55 ok RS T il . PANGO Hpp 5250 s 3 200 i aod
5 POD 3% P4 1 208 5 i , (HHC2F ORI 2 AR L S 35 e, R W B 30 20 ) T B BURR 5 5 R AR e 2 F 5 o
JEA 8 AR LR T A R 8 RO AR AR 2 LU L T 4 3 B — B, T RE e A A o b A 240 A el 2 K
A4 A e AR T 5 POD A1 SOD i 1 ok 1 38 T 4L RE 1, O H 1 BMREE Il & A M B B IR W it . X
55 AR SE X Y 2 Bt AT S 3 6 o AR AR B, A K $ R — 0. 3 MPa iy PEG W, SOD i P i B 1
THEBEPR . SR, FEK A —0.9 MPa iy, HARXS % ZF 3 B A 45 RO i 2002 & i 1 , dx 2 W1 e 4 AL i 7% 1 1
 REEGRAP B (R 5598 2 8 3 AL 25585 B P )4 0, A BB S8 B e A A8+ R A2
3.4 HFHEFEM

XA B S B P T8 R TN E SR A SRR Z B &R (H B — S8 bR 5y A2 PR D R T LRk AT R
BT AL o 7E B A RS RS (Phleum pratense) ™ 55 R BTSN b B ST N DL 5L T 24500 5 F8 45
R I 3 BTk 455 SRR pREOE AT SO P T A RHE A BT R 22 R 0 X R 2R G PN T BE A D B — 5 AR Y i
ZE MPLFPEAS B E A 09 (R, 93z N AR T DA v o e 58 4B EAE DTSt VRIS BTN BB XA TR
WV T — R FNIWH5E . FEARIEINE T 6 101> S AL E A8 o MY 12 0098 bR 28 32 o 0 A, B 256 11 38 38 19 ) Tt
AT A A T 3 1 S 2000 2 500, P R0 P S T R 00 g S T SR P A, 45 SR 3 T Rl e 0 801 B AT i Tt 41, 2 UK
i 2 9 TEHE — 20 SRS TP AR A AT S SR PR T, G SR e RO £ S A KR A R A
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