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Abstract: To screen alfalfa (Medicago sativa 1.. ) germplasm suitable for cultivation on saline soils, this study
evaluated the salt tolerance of 59 alfalfa germplasm accessions during the germination stage. Six parameters—
germination potential (GP), germination rate (GR) , germination index (GI), vigor index (VD) , root length
(RL), and shoot length (SL.) were measured. A comprehensive evaluation was conducted using coefficient of
variation analysis, correlation analysis, principal component analysis (PCA) , subordinate function analysis
(SFA) , and cluster analysis. The results revealed significant variation in salt tolerance during germination
among the 59 alfalfa accessions. Based on PCA and correlation analysis, four key indicators were selected for
salt tolerance evaluation: relative germination potential (RGP), relative germination rate (RGR), relative ger-
mination index (RGD), and relative shoot length (RSL.). Cluster analysis based on D-values derived from SFA
classified the 59 germplasms into five salt tolerance categories: highly salt-tolerant (1 accession) , moderately
salt-tolerant (22 accessions) , low salt-tolerant (11 accessions), salt-sensitive (11 accessions), and highly salt-
sensitive (14 accessions). Seven accessions exhibiting strong salt tolerance were identified: ‘Juneng 6’
‘Ningmu No. 1’ “Salt treasure’ * Shockwave’ * Aohan’ ‘Hunter River’ and ‘Challenger’. These findings pro-
vided a theoretical basis for alfalfa salt tolerance breeding.
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Table 1 Information of alfalfa germplasm for testing
RS Hk [R5 3 PSS #k PR
Material number Name Source of material Material number Name Source of material

M, e 801 Longmu 801 T H K% Ningxia University M, ) 4 #] Hungary T H K% Ningxia University

M, 285 Golden Empress T2 K% Ningxia University M, 00049 T2 K% Ningxia University

M, 4 6% Gannong No.6 T H K% Ningxia University M, SPYDER TE K Ningxia University

M, % Salt treasure TH K Ningia University My, A5322) TE K% Ningsia University

M; & 8% Gannong No.8 T H K% Ningxia University M, WL-168HQ TH K2 Ningxia University

M; 4020 T H K% Ningxia University Mg FEHF: Xiongyue T 5 K% Ningxia University

M: el 5 Saidi 5 T 2K Ningxia University M fit#h 2 & SaltResistant Star T 5 K% Ningxia University

M FLf8 7+ Juneng 7 TH K% Ningxia University My 4 3% Gannong No.3 T H K2 Ningxia University

M, L HT Victoria T B K% Ningxia University My i1 Warrior T B K% Ningxia University

M, Fi {551 Juneng 551 TH K% Ningxia University My, $Hi# Challenger T H K2 Ningxia University

My TH 1% Ningmu No.1 TH K% Ningxia University My Magna Graze 2 T H K Ningxia University

My, Fi 2 Juneng 2 T B K% Ningxia University M,, A& Radar Star T B K% Ningxia University

M M Shockwave TH K% Ningxia University My, 418Q T H K2 Ningxia University

M, I 35 Zhongmu No.3 TH K% Ningxia University My, 74 Rock T H K% Ningxia University

M, I3 Grassland No. 3 T 2K Ningia University M, WL-363HQ T 5 K% Ningxia University

Mg =144 Suntory T H K% Ningxia University Mg 1(6728) T H K% Ningxia University

My AN Aohan T 2 K4 Ningxia University My, D5271 T H K% Ningxia University

My K3 Ice Rush T E K% Ningxia University My KE 15 WomuNol  waikAKBHEA AT Clover (Beijing) Ecological TechnologyCo., Lid
M 91 Reindeer T H K% Ningxia University My Bk 301 Pastoral 301 537 KA BRHHEA RA A Clover (Beijing) Ecological TechnologyCo., Ltd
M, f7H 15 Zhongmu No.1 T 2K Ningxia University M 216 Energy Reserve 597K S RHEA I/ Clover (Beijing) Ecological TechnologyCo., Lid
M, 4 7% Gannong No.7 TH K% Ningxia University M, 3010 s K AR B Clover (Beijing) Ecological TechnologyCo., Lid
M, Bt Adina TH K% Ningxia University M, R Leap SR AESRHEA R Clover (Beijing) Ecological TechnologyCo., Lid
My, FR4 Target TH K% Ningia University M;; HH 401 Pastoral 401 595K BRHEA AT Clover (Beijing) Ecological TechnologyCo. , Lid
M, W/} K 4: Algonquin T B K% Ningxia University M, 4030 55 KA B RHEA IR Clover (Beijing) Ecological TechnologyCo., Lid
M, 5 Supersonic T 2 K4 Ningxia University M &7 Crown 597K B RHEA IR/ Clover (Beijing) Ecological TechnologyCo. , Lid
My F 1l Keshan T2 K% Ningxia University M Ef401 Juneng 401 S5 IRARRHARAH Clover (Beijing) Ecological TechnologyCo., Lid
M, Fi#F Benchmark TH K% Ningxia University M, Fid KM Xinjlang Large-Leal T H K Ningxia University

My T AT Hunter River T 2K Ningxia University M F5# Surprise T 5K Ningxia University

My Fi 8% 6 Juneng 6 T &K% Ningxia University M, I 65 Zhongmu No.6 T H K2 Ningxia University

My, b Handi T H K% Ningxia University
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o R R 22 S R, AR X R ) 4R B R

2. 545, AHXT A 2F 48 B KA O 1. 548, A X AR 4 i
KAA K 2. 738, Ui IS W) Bl 7 7E i Sh P 8 B LA
BRZES . M EZER KRR RFREE i
B MK K K B E 3 0 o 0,500, 0.535,
0.590,0.653,0. 577 F1 0. 616, J5Z Wt H} % A4 Ff 175 3
038 R 2% 48 AR 097 B K OF I AR X I D 48 BORTAR
Xof A P ST S4 (R R G 5 1

A P38 4b BN 59 4y S8 46 B TE b BT AE B & 1Y
NI S b L Y B R AR . S AR AR
ZHGEHE AT 0. 512~0. 801 2 [ , iz e tH A [ Ff Joe
[ PEAR 22 S W R (3R 20 0 FUKT & AHXS & ZF 3k
R ORK H K S RO CR R BN AR R R
A3k 0. 547,0. 516,0. 558,0. 801,0. 741 1 0. 512,
BB L 0. 500 A9 A% S iR B, rpodE X IR ) 4
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Table 2 Differential analysis of relative indexes of 59 alfalfa materials during germination period under salt stress

$& 45 Indicator #¢/ME Min e KA Max SE-H{H Mean RiEZE SD BRERBCV/%

HIXT % 294 Relative germination potential 0.000 0.938 0.500 0.274 0.547
FIXT & 2R Relative germination rate 0.000 1.014 0.535 0.276 0.516
HHIXT % 246 50 Relative germination index 0.000 1.548 0.590 0.329 0.558
AHXT 35 71355 Relative vitality index 0.000 2.545 0.653 0.523 0.801
HIXTAR £ Relative root length 0.000 2.738 0.577 0.428 0.741

HIXH K Relative length of seedlings 0.000 1.760 0.616 0.315 0.512

2.2 HMMBTEREEM FHELPERHBEIE AU AH A

5T

3 R HL, TR 25 46 1 78 W A 30 g R PR A OC K
D8 BR rh | AH X A 28 35 55 A0 X A 28 58 A X 2 R
5RO K 25 48 B0 AR A 2E 5 AR K 2 AR B T
RO AH S R B & T 0.900, B 4% B 3 IE AH 56 (P<
0.01) [FIFE, AH X IE 7 48 205 A XS & 25 3 AH X &
PR R FFHRECZ A A C R T 0. 763 2 0. 802
ZIA], 5 AR 2 IR AH DG OC R (P<<0. 01D, IK4h,
AH XoF AR R AH X B 22 8] A A 6 R BT 3K 0. 963,
TSI Y IE A G OC R (P<K0.0D), X FE 41
Ul TR 2848 B 8 0 AR K AR v AR R A A A
FEARFE— 50, W H A KA I AH G . A X AR
LIS PO R IEEF PO RTIVIE R AR S & b1 )
0.901 1 0. 914, 1M 5 % ZF A 5C 458 F5 09 41 ¢ F B 7R
0.545 % 0. 641 Z [a], ¥4k 5 2 AH 5 (P<<0. 01D, DA
SRR A A 10X 6 T & W48 bR =z (0] 2

2.3 ETEEHAHSERNTR RSN

R 8 XoF B8 21 5 ol 36 2 %) 4% PRI H8 AR T (E Y
S-S, TH A AN [ A BT 55 AR AE 04 AR B AN
AT R AR D SR B, KRR AL TE F
Fm R B 2= S, o, i 2 B R
4017 “ER T H 1S T B i fg o R
‘SPYDER’ Fil * $k i # * 0 25 G it 5 R 8508 1, 43 9l
9 1.498,1.863,0.937,0.954,0.960,0.953,0. 914
F10.918, % B 75 mmol-L ' NaCl i} 38 T ix 8 fih £
A6 A T BT R A2 AR . AR, CWL-363HQ’
CERECHAR TS T 000497 CA(5322) 7 il
‘WL-168HQ’ i 25 4 Tt 5 &R F e ik, 4» 514 0,
0.114,0.164,0.018,0.160, 0. 075 1 0. 157, % ¥
75 mmol- L~ NaCl 18 X3 7 F 48 76 & 1 F i Fh 7
Wi & 5 B AR B e R .
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Table 3 Correlation coefficients between indicators of alfalfa material under salt stress
Wi ﬁﬁﬁ?ﬁv ﬁﬁ%%% ﬁﬁﬁﬁ%ﬁ ﬁﬁﬁﬁ%ﬁ ﬁﬁﬁﬁ ﬁﬁﬁ&
Norm Relative germination Relative Relative germination  Relative vitality ~ Relativeroot  Relative length of
potential germination rate index (RGI) index length seedlings
HiH % 23 Relative germination potential 1.000
HHAH % 2£5 Relative germination rate 0.989" 1.000
HIR % 25 464X Relative germination index 0.916" 0.906" 1.000
I F145 3 Relative vitality index 0.790" 0.802" 0.763" 1.000
X HE Relative root length 0.562" 0.587" 0.496" 0.901" 1.000
F% % Relative length of seedlings 0.619" 0.641" 0.545" 0.914" 0.963" 1.000

TE 0K AE 0. 01 KT | ik 4G

Note: ** indicate significant correlation at the 0. 01 level
2.4 ZEREHEWHEHHHRETNIERFIE

1 59 15 45 46 B 45 P S A 75 TR b 3 A 43 43 A
S5 BRI HN (R 5) X 3% 59 0 548 5 45 A R T 3
PEVEH L BT AS 32 B4 CRH XS R 25 3% A X & 25 %)
H] TP PEAE L, BT Bk % ik 96. 617 %,
Zi Bt TTBR R VR AR (A W 7 R 3R 0 A X R
ZE SRR & 2E 2R R 59 43 & 4 B ST R PR T AN Y
FHF o FEE A ER T, 5K X
R 2 FEFIARXS 28 8 BOM DGR 5 K, A (8 3 ) Ry
0.927,0.913F10. 927, MAES A FmH, 5H
Xof T 3 FE B AR T K R AR X R K A O M R, 3
i fE 430~ 0. 797,0. 958 F1 0. 935, F& T 76 4~ &=
B A3 v 5 A S b S B S A DG PR LR AE )
oty Xof (I 5 A T T i ¢ 16 B & 25 A 56 2 8 CHH G
KR R PR E D1 B0 B X K AE NI
FEAR o X LB FE bR A A% 5k 4 T Hb S B 56 4K A
- E B R R R aE e Ll TP A
o= & B0 g R

2.5 EREEHAHMBREEEEN

BT SR8 R EUE LR A P 59 0y A6 T 15 1 T
EPECER6) . ZEHFR M, 50 0y S AL B 15 M R FEFD T
W 2 30 00 TR R B R Y S M . T R 4
A8 R R BUE HE 4 B0 7 7 B MR BUE AR K R
0.834,0.695,0.672,0.653,0. 650,0. 622 F1 0. 602,
FIRF 0.6, 8 WA 5875 37 o i B 1k b v 1% 80l
10 P2 BH 3K 7 003 b REAE Bl 0 2 0 L A 0 1 TS R
e J1 . SZAHX HEZA R M 13 A AL, HEE A5
J& PR B AR T 0.2, R {E 2 0.196, 0. 184,
0.179,0.144, 0. 142, 0. 130, 0. 091, 0. 059, 0. 053,
0.049,0.047,0. 046 Fl1 0. 044 , 3 B 1 & 44 B} 16 Fh 7
W & B W 0 1 i 52 PR A 55
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M Pk AR AR e 801 BTt i B 34
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AE 401" “H g 75 <4020 M35 1 AR 4L 3010°
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PEZE S VR D E AR G0 R 0 ks Bl S A6 B s
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BN i SN Sl O (A S B o e S
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Table 4 Relative indexes of germination period and comprehensive salt tolerance coefficient of alfalfa seeds of different germplasm

o R B2 iKY XA 2R R T 4840 MR ALK MK ATt A4
45 . . : o . o o . . - %53
Relative germination  Relative germination Relative germination Relative vitality Relative root Relative length of Combined salt
Number . . . . . Order
potential rate index index length seedlings tolerance coefficient

M, 0.527 0.573 0.805 0.499 0.277 0.413 0.489 35
M, 0.081 0.116 0.073 0.034 0.145 0.233 0.114 56
M, 0.748 0.782 0.924 1.084 0.772 0.835 0.875 10
M, 0.853 0.875 0.919 1135 0.885 0.856 0.937 6
M; 0.567 0.615 0.679 0.631 0.510 0.562 0.589 29
M 0.417 0.428 0.464 0.392 0.531 0.495 0.458 37
M, 0.550 0.669 0.611 0.481 0.385 0.447 0.501 33
Mg 0.362 0471 0.447 0.602 0.781 0.763 0.605 28
M, 0.464 0.464 0.657 0.204 0.124 0.205 0.310 4
My, 0.836 0.871 0.710 0.913 0.755 0.813 0.818 16
My, 0.938 0.880 0.935 1.154 0.872 0.870 0.954 4
M, 0.567 0.578 0.949 0.387 0.220 0.283 0.453 38
M 0.864 0.864 0.981 0.602 0.396 0.432 0.639 27
M, 0.296 0.343 0.320 0.293 0.413 0.504 0.367 40
M 0.671 0.660 0.736 0.683 0.557 0.650 0.653 26
My 0.418 0.573 0.489 0.271 0.236 0.325 0.354 41
My, 0.857 0.870 0.891 0.835 0.521 0.634 0.744 24
Mg 0.623 0.659 0.658 0.771 0.796 0.805 0.737 25
My 0.218 0.241 0.287 0.168 0.260 0.366 0.255 51
M, 0.833 0.903 0.770 0.928 0.773 0.784 0.832 12
M, 0.011 0.011 0.159 0.056 0.282 0.355 0.164 53
M,, 0.651 0.651 0.914 1.291 0.983 0.941 0.960 3
M, 0.366 0.355 0.424 0.253 0.263 0.363 0.324 43
M, 0.208 0.266 0.194 0.226 0.485 0.601 0.348 42
M, 0.382 0.406 0.359 0.165 0.170 0.251 0.261 50
M, 0.000 0.012 0.006 0.001 0.014 0.070 0.018 58
M,; 0.085 0.122 0.064 0.060 0.464 0.543 0.246 52
My 0.859 0.871 0.990 0.979 0.570 0.693 0.813 17
My 0.833 0.880 1.548 0.984 0.388 0.450 0.806 19
My, 0.272 0.272 0.276 0.209 0.340 0.435 0.302 45
My, 0.752 0.808 0.902 1.349 0.788 0.913 0.953 5
My, 0.071 0.071 0.077 0.048 0.251 0.370 0.160 54
M 0.741 0.775 0.830 1.214 0.839 0.887 0.914 8
M, 0.024 0.048 0.035 0.015 0.080 0.228 0.075 57
M 0.121 0.193 0.127 0.073 0.159 0.287 0.157 55
My 0.366 0.476 0.418 0.429 0.568 0.581 0.483 36
My 0.733 0.813 0.931 2.272 1.783 1.529 1.498 2
My 0.220 0.220 0.266 0.218 0.295 0.444 0.283 48
My 0.317 0.340 0.330 0.204 0.270 0.363 0.293 46
My, 0.763 0.853 0.919 1.216 0.803 0.818 0.918 7
My 0.709 0.827 0.690 0.862 0.765 0.804 0.784 22
My, 0.463 0.463 0.708 0.555 0.511 0.532 0.541 31
My 0.597 0.681 0.743 1.028 0.848 0.836 0.824 13
My 0.688 0.713 0.837 1.126 0.696 0.817 0.837 11
My 0.000 0.000 0.000 0.000 0.000 0.000 0.000 59
My 0.172 0.241 0.198 0.168 0.425 0.474 0.292 47
My 0.266 0.347 0.298 0.419 0.652 0.783 0.493 34
My 0.533 0.522 0.543 0.596 0.545 0.638 0.569 30
My 0.696 0.707 0.974 0.928 0.602 0.652 0.761 23
M;, 0.863 0.804 0.725 0.923 0.763 0.817 0.821 14
M;, 0.451 0.521 0.550 0.959 0.996 1.064 0.820 15
M;, 0.669 0.729 0.898 1.015 0.718 0.721 0.807 18
M;, 0.930 1.014 0.967 2.545 2.738 1.760 1.863 1
M, 0.366 0.366 0.546 0.877 1.123 1.060 0.800 20
M 0.527 0.573 0.550 0.392 0.356 0.412 0.446 39
M;; 0.266 0.289 0.377 0.193 0.216 0.330 0.268 49
My 0.805 0.805 0.885 1.221 0.722 0.823 0.897 9
M 0.426 0.438 0.759 0.958 0.942 0.899 0.795 21

M, 0.603 0.638 0.490 0.439 0.433 0.521 0.501 32
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Table 5 Contribution and loading matrix of the 2 principal

components

F %43 Principal component

f5 45 Indicator

F, F,
XS 52 25 5 0.927 0.340
Relative germination potential
O 2 28 % 0.913 0.368
Relative germination rate
AR %2 27 15 4 0.927 0.270
Relative germination index
HH X6 7148 X Relative vitality index 0.575 0.797
HXF R K Relative root length 0.254 0.958
LIRSNES 0.320 0.935
Relative length of seedlings
FEIEAE Special value 4.808 0.992
ENapaiie 80.140 96.671

Cumulative contribution/ %
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Table 6 Values of salt tolerance affiliation function of 59 alfalfa materials

S PRAE Value of the affiliation function

- )
" RO R & 5 AT L R K Pl
Code . o . . - . S . . D value  Order
Relative germination potential Relative germination rate Relative germination index Relative length of seedlings
M, 0.562 0.565 0.520 0.235 0.493 23
M, 0.086 0.114 0.047 0.132 0.091 53
M; 0.797 0.771 0.597 0.474 0.579 12
M, 0.909 0.863 0.594 0.486 0.622 6
M; 0.604 0.607 0.439 0.319 0.459 27
M; 0.445 0.422 0.300 0.281 0.316 37
M; 0.586 0.660 0.395 0.254 0.467 25
Mg 0.386 0.464 0.289 0.434 0.273 41
M, 0.495 0.458 0.424 0.116 0.433 30
My, 0.891 0.859 0.459 0.462 0.574 13
My, 1.000 0.868 0.604 0.494 0.650 5
M, 0.604 0.570 0.613 0.161 0.552 15
My, 0.921 0.852 0.634 0.245 0.695 2
My, 0.316 0.338 0.207 0.286 0.233 44
My; 0.715 0.651 0.475 0.369 0.503 21
Mg 0.446 0.565 0.316 0.185 0.393 33
My, 0.914 0.858 0.576 0.360 0.653 4
Mg 0.664 0.650 0.425 0.457 0.443 28
Mg 0.232 0.238 0.185 0.208 0.196 47
My, 0.888 0.891 0.497 0.445 0.597 9
M,, 0.012 0.011 0.103 0.202 0.046 58
M,, 0.694 0.642 0.590 0.535 0.497 22
M,, 0.390 0.350 0.274 0.206 0.301 39
M,, 0.222 0.262 0.125 0.341 0.144 50
M,; 0.407 0.400 0.232 0.143 0.317 36
My 0.000 0.012 0.004 0.040 0.047 57
M,; 0.091 0.120 0.041 0.309 0.044 59
My 0.916 0.859 0.640 0.394 0.672 3
Mg 0.888 0.868 1.000 0.256 0.834 1
My, 0.290 0.268 0.178 0.247 0.206 46
M, 0.802 0.797 0.583 0.519 0.580 11
M,, 0.076 0.070 0.050 0.210 0.059 54
M;; 0.790 0.764 0.536 0.504 0.547 17
M,y 0.026 0.047 0.023 0.130 0.053 55
M;; 0.129 0.190 0.082 0.163 0.130 52
M 0.390 0.469 0.270 0.330 0.295 40
M, 0.781 0.802 0.601 0.869 0.480 24
Mg 0.235 0.217 0.172 0.252 0.179 49
My, 0.338 0.335 0.213 0.206 0.260 42
My, 0.813 0.841 0.594 0.465 0.602 7
My 0.756 0.816 0.446 0.457 0.522 19
M, 0.494 0.457 0.457 0.302 0.398 32
My 0.636 0.672 0.480 0.475 0.461 26
My, 0.733 0.703 0.541 0.464 0.532 18
L\ 0.000 0.000 0.000 0.000 0.049 56
My 0.183 0.238 0.128 0.269 0.142 51
My, 0.284 0.342 0.193 0.445 0.184 48
Mg 0.568 0.515 0.351 0.363 0.383 34
My, 0.742 0.697 0.629 0.370 0.581 10
M;, 0.920 0.793 0.468 0.464 0.567 14
M;, 0.481 0.514 0.355 0.605 0.304 38
M;, 0.713 0.719 0.580 0.410 0.549 16
M;; 0.991 1.000 0.625 1.000 0.511 20
M, 0.390 0.361 0.353 0.602 0.228 45
M;; 0.562 0.565 0.355 0.234 0.424 31
M, 0.284 0.285 0.244 0.188 0.250 43
M;; 0.858 0.794 0.572 0.468 0.599 8
Mg 0.454 0.432 0.490 0.511 0.342 35
My 0.643 0.629 0.317 0.296 0.434 29

Wi 3% 25, AR 6 2F ¢ RN R ZF 8 80 DM R D48 80 SR A6 e b 5 08 U520 g o iR T R R v o T A R
AR X B R AT A D Jim 300 5% 46 4 B DO 0 A R0y R TR R 28 | 589 T 2R R 555 i R Y A [ B 26
VRS S8l SR m R BRI R ER G A K 590y il B T H A W A 0T R A R 1 SR 4K A A A O
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