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Responses of new alfalfa lines to salt stress
REN Meng-yu, WANG Li-qun, NAN Li-li', GUO Jia-yu

College of Pratacultural Science, Gansu Agricultural University, Key Laboratory of Grassland Ecosystem, Ministry of Education,
Key Laboratory of Forage Germplasm Innovation and New Variety Breeding of Ministry of Agriculture and Rural Affairs, Lanzhou
730070, China

Abstract: In this study, we explored the responses of five new alfalfa (Medicago sativa) lines (P, P,, P;, P,, and
P;) and M. sativa cv. ‘Zhongmu’ No. 1 (ZM) to salt stress. The morphological and physiological parameters of
alfalfa in the early flowering stage were measured at 0 (CK), 8, and 20 days under salt stress (200 mmol-L '
NaCl). The results show that with the extension of salt stress, there was increasing inhibition of plant height, leaf
area, aboveground biomass, underground biomass, and K™ content of aboveground and underground parts of alfalfa
plants. Salt stress also inhibited the growth of the root system of alfalfa plants, with negative effects on the total root
length, total root surface area, average root diameter, root volume, and root tip number. The total flavonoid content
and the activities of phenylalanine ammonia-lyase, cinnamic acid-4-hydroxylase, and 4-coumarate-coenzyme A ligase
were increased under salt stress, as were the Na' contents in the aboveground and underground parts. Principal
component analysis revealed that underground K* and Na" contents, root tip number, plant height, and leaf area are
the preferred indices for evaluating the salt tolerance of alfalfa at the early flowering stage. On the basis of a
comprehensive evaluation with the membership function method, the M. sativa lines were ranked from most to least
salt tolerant as follows: P,>P,>P,>7ZM>P,>P,. These findings provide a theoretical basis for breeding new salt-

resistant alfalfa cultivars.
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Fig. 1 Changes of morphological indexes of new alfalfa lines under salt stress
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Fig. 2 Growth status of tested alfalfa under salt stress
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Fig. 3 Changes of root parameters of new alfalfa lines under salt stress
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e Y PR I S8 R PAL 5 88 4 32 40 0 I AR B R AIE B s b T i A 1 3R a3 B TR R R A S TR R
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Table 1 Matrix of factor loading and cumulative contribution rate

Ei=k 7 F 843 Principal component
Index 1 2 3 4
Bk Plant height 0. 844 0.102 0.067 0.061
10 A Leaf area 0.861 0.081 0.315 0.098
K Leaf length 0.792 —0.066 —0. 350 —0.079
5 Leaf width 0.670 0.166 0. 609 0.181
Hb |+ H Aboveground dry weight 0.774 —0.148 —0.038 0.537
iR T % Belowground dry weight 0.775 0.565 —0.041 0.077
#3t F Root-shoot ratio 0. 449 0.812 0.042 —0.246
SR Total flavonoid —0.719 0.246 0.247 —0.242
KN & R f# W Phenylalanine ammonia-lyase (PAL) —0.516 —0.035 —0.665 0.303
A A IR -4-32 AL Cinnamic acid-4-hydroxylase (C4H) —0.814 —0.284 0.036 0.189
4-75 SRR A 78 BB 4-coumarate CoA ligase (4CL) —0.761 0.169 0.133 0.282
Mo b3 K% i Aboveground K content 0.775 0.311 —0.256 0.172
R #8 K %5 1 Belowground K content 0.916 0.097 —0.157 —0.127
Hi b3 Na & H Aboveground Na' content —0.874 —0.203 0.227 0.032
R #8 Na ™ 75 4 Belowground Na ™ content —0.905 0. 046 0.177 0.138
R ALK Total root length 0.775 —0.495 —0.019 —0.222
M EFE M L Total root surface area 0.625 —0.597 0.011 —0.407
M- 42 Average root diameter 0. 807 —0.114 0.058 0.008
AL Root volume 0.756 —0.416 0.341 0.234
HERHL Root tip numbers 0.877 —0.171 —0.053 0.193
H# 1 Eigenvalue 11. 964 2.185 1. 420 1.045
ik % Contributive rate (%) 59.819 10. 927 7.101 5.226
S BTH % Cumulative contributive rate (%) 59.819 70. 746 77.847 83.073

2.6 H7Eat AR S IR
TS S R 0 (3R 2) 0 (R A5 B 28 R R S 8O BAR AR HEAT 258 VRN L TH R R 25 5 PR D BT AR
D B R /NG HC SRV BEAT HEFF o il AR i SR e ok B AR UGR I - P.>P, > P >ZM>P,>P,

3 ifig
3.1 HiEHKEB AL e

HR R E AS Rr 0E AE 305 85 19 3 245 78 2 UL e S5 1 AR Xk B A5 1 o R ML AR R R AR Y R, A
W) 3 2 AN ) 56 B2 ) 5 b3 I, MR AR R T B AR AR SR Y- 2 AR BT I LR R R S D B i W
o ABEFE R, R0 A A BRSO R B R T AR ARCE 2 AR AR R AR A B B 3 T B (P<20.05) , HLE
P 30 S TR ) S TS R O EE S BT O i S R T A R — B T L R R I TR R AR IE R T, T
TR FR R R G A B WS i D R, S B0 A R ORI T BEL A AR RR AR A ROIUR Y



55 35 B 6 W Fll2F 3 2026 4F 31

2 HAEERBEENE.DERKF
Table 2 Membership value, weight, D value and ranking of tested alfalfa

Ry P, P, P, P, P, M
Index F, W, F, w, F, W, F, W, F, W, Ey W,

L, 0.447 0.052 0. 330 0.054 0.470 0. 050 0. 359 0.053 0.473 0. 054 0.418 0.054
L, 0.133 0.056 0.202 0. 056 0.411 0.053 0.545 0.056 0.480 0.055 0.371 0.053
L, 0. 160 0.075 0.475 0.056 0.610 0.062 0. 507 0. 066 0.267 0.070 0.677 0. 057
L, 0.138 0.087 0. 383 0. 066 0. 345 0. 088 0.311 0.075 0.450 0.103 0.205 0.084
L 0.296 0. 055 0. 387 0. 060 0.275 0.068 0.298 0. 058 0.622 0.076 0.099 0.076
L 0. 509 0.048 0.399 0.051 0.412 0.048 0.383 0.048 0.735 0.049 0.244 0.051
L, 0. 609 0.042 0.592 0.049 0.699 0.048 0. 316 0.047 0.172 0. 050 0. 318 0. 049
L 0.429 0.036 0.741 0.041 0.464 0.041 0.665 0.036 0.434 0.043 0. 644 0.048
L, 0. 400 0.045 0.673 0.033 0.815 0.026 0. 349 0.034 0. 852 0.024 0.542 0.047
| 0.232 0.056 0.311 0. 055 0.572 0. 055 0.073 0.076 0.314 0.061 0.049 0.065
L, 0.633 0. 006 0.519 0. 004 0.513 0. 006 0. 809 0. 008 0.551 0.001 0.617 0. 004
L, 0.271 0.117 0. 285 0.131 0.143 0.173 0.315 0.111 0.220 0.111 0.165 0.095
Ly 0.545 0. 004 0.739 0.008 0. 640 0.010 0. 804 0.003 0.729 0. 004 0.543 0. 004
Ly 0. 398 0.051 0.037 0.073 0. 207 0. 055 0. 348 0.070 0.150 0.059 0.395 0.065
L 0.423 0.049 0.148 0.058 0.104 0.053 0.333 0. 064 0.226 0.053 0.372 0. 059
Ly 0.119 0.073 0. 247 0.062 0.249 0. 057 0.323 0.059 0. 246 0.056 0.145 0.068
L, 0.295 0. 086 0.203 0.070 0. 537 0.052 0. 601 0. 064 0.288 0.063 0. 600 0.062
L 0.429 0.061 0.172 0.073 0.642 0. 054 0.271 0.072 0.189 0.067 0.530 0.059
D {4 D value 0.307 0. 322 0. 385 0. 365 0.361 0. 340
HEF Order 6 5 1 2 3 4

VE: Ly AR Ly M B Lyt B Ly R P Lo BOR TG 5 Lo B BT 5 Lo 8 TN R M B 5 L PR R -4- PR R AL I 5 Ly - 4-7 L RR AT G A 75 42
it s Lo 0 0 KT8 s Ly o s BB Na ™ i Ly U F KT & B Ly 3 Na ™ & i L UK L RS R B L RO 2 AR L AR R
Lo HRIEL

Note: L,: Plant height; L,: Leaf area; L,: Aboveground dry weight; L,: Belowground dry weight; L.: Root-shoot ratio; Ly: Total flavonoid; L
Phenylalanine ammonia-lyase; Ly: Cinnamic acid 4-hydroxylase; Ly: 4-coumarate CoA ligase; L,,: Aboveground K* content; L, : Aboveground Na"
content; L,,: Belowground K" content; L,,: Belowground Na  content; L,,: Total root length; L,;: Total root surface area; L,,;: Average root

diameter;L,;: Root volume; L,5: Root tip numbers.

Hb AR FIE 20 R 38 i e 0 AT BB A2 B 2 E R or TR . AR R T E b GRS A A i SR A
ST ARAH G (1% 248 R e DR sy 3 38, 3 T 00 4 AR 2 AR DX L ) 6 1) 2 R 5 28 1) AR G, B A G2 i R I 3 X AR R Y
AR A o) B A BB 405
3.2 HE SIS AT 3 v 6 v

B 246G WA R A O AR A T W I A O A 22— SRR SRR I B S AP T T R R A A A T T R E
B 7E 3G SR AE W) PTG E  TH R HE A DGR R PR AE Y DR R Eh W vT i A vk PAL (ACL A1 C4H 4 3 R 2
SRR A B, BRI AL A R T 28 A 3R 0 T B AR . Qin S ST R B Eh B an R T B
Fe (Lycium barbarwm) ' BB 284k &9 & b & B 0. kB 6 A F 52 6 W1, NaCl b B A/E — 22 2 % L] 3%
1% 4 4R 5 (Ginkgo biloba ‘ Golden leaves’ ) i PAL (ACL i ¥ , A R F E B 25 b & W) 096 W, 28 i 6 W 3160 & i Ay
AALI A Y SRAE R AU PUER R 0T . ASHETE b, Bl G R0 I8 I R Y SEAG R AE S B ER 5 &, PAL LCAH A ACL G
PEY BRI (P<<0. 05) . Hovh, Py ity 288 B i AR 22 00 3k e 38 AN B5008% , 15 M0 5 /0 158 B 258 08 1) 07 Xof 3 JBik 3 ) U
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5 R T A T R B DDA 6 X 5 FE B AR TR 1 BE (Sorghum bicolor) BRI A R —E . Mo FIREMAME
B i A O B A T M R AT BE TR TR SR OK A . Peel U FEBEEE H 16 (Medicago truncatula) W E B T — 4
MYB B 5% s 3 [ LAP L, RERS WS AE T ZACH R 42 P 9 DFR ML ANS 25 2 N, A S 3t 128 1 7 A6 75 3R 2B W)
B
3.3 EMANEESLTHELMNG G

b ik 360 T 10 SR 0 A0 T ) B T RS IR R i Na RN K A0 AR b o A DR 9T 40 T R s T
AP A0 N A A 5 R 0 N OGRS A [ e R ) B AR A T 22 S, AR ) 2H
BRI BARF A, N Na K A AR SR RAKERE, & B S E R sk mE —456 00, 5
FOR R KB ™ ARBEST b e 8 A R O 0 Na B Y L T 5 B 3 ] A A i g ok, B
M B8 Na B 25 W] i T b R 36, R TE M F AR T KA Na I BRI ) AR A% 2, A dr o 1A% B
RS PR FR G A AR BRI IE F 38 VE , 4R RE A X IR 5 (9 28 A 6 2h s B S T A Y KT B IR, B R
KR d 38 K Tt 19 . 32 il T KR Na [ A7 58 4, 1 B A6 AR B AR 2 7 K i Na' i b R K ™8
e, 305 BT AR R T A A — B W] UL A RR A S B 0 1R T AL U AR R W N [ b bR G2 B, 0T
AR5 b ER KA R AR Eh W a o A, S B 40 C A A R AL AT RE v K BT R b 2 A B ds Y P [ AR
R ARWEFE T Na ¥ 9, i1 BB 5 B Na™/H 3 1) 5% 32 86 11 SOS1 415 Naw MAH A 5 1 AR B S0 HE , B 1k
Na™ MAR F2 32 i 2 b3 560 K0 3 4 M W e ) T B 22 HA K5 4038 38 36 P 3236 R IR 52 e o 1 4 il 3 AR
FIC A VA EE B QG A R R 2l AP = U R e LR A o bR A BEER AL S AT B A AE SRR 1 4 1T 06
Ji BB 5E PR A 2 B R (e i di ARIEZE ) | 76 468 73 T 32 A OQ 58 DAL -2 1 -1 81 42 I 8% 1) ity |, i — 20 g
WY A i Eh Pt o3 RO B M A

4 it

T Ir 30 A 3 0 SR AR A AR T AE U B A BORR AR A K 5 A e A B % H G Bl (PAL LC4H (4CL)
Tk LG R W30 5 £ D38 BEOR T A B RS P RN R R T2 Na ] T KR Wl AR bR L
Lo A i Eh R B P> P> P> ZM > P> Py AR 32 a3 23 B 0 26 1 MR B K N 35 B RIRM bk
5 T RRAT AR A A O AR U AR MR DR B R AR . P, PR P BT ER M RS, AT VE S A T AR R AR AR
SRR
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