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Comprehensive Evaluation of Salt Tolerance of different Alfalfa (Medicago
sativa L. ) Cultivars during Germination and Seedling Stages under Salt Stress

SU Li-he, HUANG Rong-zheng, HU Tian-yu, MA Chun-hui’
(College of Animal Science and Technology, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: To evaluate the differences in salt tolerance among different alfalfa (Medicago sativa L.. ) cultivarsun-
der salt stress conditions and screen high-quality salt-tolerant germplasm resources, this study used 25 alfalfa
cultivars as experimental materials, with two treatments of salt stress (200 mmol-L~" NaCl solution) and con-
trol Cultrapure water). Germination and growth parameters were measured during the germination period (eight
indicators, such as germination energy and germination rate, etc. ) and seedling stage (six indicators, such as
plant height and branch number, etc. ), and a comprehensive evaluation of salt tolerance was conducted using
methods such as membership function value, comprehensive salt tolerance (D value) , and cluster analyses.
The results showed that salt stress significantly reduced all germination parameters, with the seed vigor index
exhibiting the highest reduction rate ( —92.26%) , whereas the seedling dry weight was the least affected
(—11.76%). Cluster analysis classified the 25 alfalfa cultivars into five salt tolerance grades at the germination
stage: included 2 of the strongest salt-tolerant cultivars, 4 strong salt-tolerant cultivars, 5 moderate salt-toler-
ant cultivars, 10 weak salt-resistance cultivars, and 4 salt-sensitive cultivars. Further evaluation of salt toler-
ance of 12 representative alfalfa cultivars during the seedling stage revealed salt stress had extremely significant
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effects on the plant height, above-ground fresh weight, relative water content, and electrical conductivity of
alfalfa (P<Z0.01), with significant differences between cultivars. By integrating the indicators of both germina-
tion and seedling stages, the three strongest salt-tolerant cultivars, namely ‘Xinmu No. 4’ ‘Zhongmu No. 4,

and ‘Barab520YQ’ ,
cultivation in saline-alkali soil regions.

were ultimately selected as important germplasm resources for salt-tolerant breeding and

Key words: Medicago sativa L.. ;Seed germination; Seedling stages; Salt tolerance ; Comprehensive evaluation
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Table 1 Information of alfalfa cultivars
an i 44 B P33 an i B E3A
Cultivar Origin Cultivar Origin
WL298HQ  dbntiE il Fl A FRZ Al Beijing Rytway Seed Co., Ltd.|  Baradl6WET H 4 CRED E FRFnl A R R
Bailv (Tian jin) International Seed Co., Ltd.
WL343HQ  dbat iE i ol 4 B2 7 Beijing Rytway Seed Co., Lid. Bara520YQ B AR EO FE PR A R 7
Bailv (Tian jin) International Seed Co., Ltd.
WL354HQ  JbatiE s 0l A FRZA 7 Beijing Rytway Seed Co., Ltd. || FT/K X4 Algonquin A CRED EBRFI A PR 2w
Bailv (Tian jin) International Seed Co., Ltd.
WL358HQ  JbatiE il All 4 B2 A Beijing Rytway Seed Co., Lid. AR Vinal FBNAE 2 5y B4 A BRZA 7] Harvest Forage Agro Co., Ltd.
WL366HQ  Jbat L fnll 4 B2 7 Beijing Rytway Seed Co., Ltd.||  $iZilli# Ladino BN A T B A7 BR/A F] Harvest Forage Agro Co., Ltd.
1505 Surprise b EUIE AR AT BR /S F Beijing Rytway Seed Co., Ltd. || £ 5030 Power5030 M 4 3 B H 47 BR /A 7] Harvest Forage Agro Co., Ltd.
TH 15 o R B 2 B I it S A R B T Htd s HBN A B B 454 BRZA F] Harvest Forage Agro Co., Ltd.
Zhong mu No.1 Institute of Animal Sciences of CAAS Xin mu No.4
=134 Sanditi A RS B Bl A7 R 7 FEFE T Octane JE 5T U E HOl B R A R

Bailv (Tian jin) International Seed Co., Lid.

B2 N2 T CRAD B Bl A7 R 7
Victoria Bailv (Tian jin) International Seed Co., Ltd.
45 o R B 2 Bt bt A R R BT
Zhong mu No.4 Institute of Animal Sciences of CAAS
3 R [ BRAD A7 BR A 7
Gold empress Bailv (Tian jin) International Seed Co., Ltd.
Bara210SC Ak R [ PR Al AT BRZ )
Bailv (Tian jin) International Seed Co., Ltd.
Bara310SC Tk CR D [ P bl ol A7 R )

Bailv (Tian jin) International Seed Co., Ltd.

Fii /% Reload
B il 45 Adrenalin
%+ T Stolkpile

PRl Barricade

Beijing Green Animal Husbandry S& T Development Co., LTD
Je A IR A Ol R R A R T

Beijing Green Animal Husbandry S&.T Development Co., Ltd.
e A IR A Ol R R AT R W

Beijing Green Animal Husbandry S&T Development Co., Ltd.
Je A IR A PO R R AT R

Beijing Green Animal Husbandry S&.T Development Co., Ltd.
e IR A O R R A R W

Beijing Green Animal Husbandry S& T Development Co., Ltd.

1.2 WEHEREFE
1.2.1 HEAMAEF 0L FrifkSsRER
GB/T 2930.4-2017. 15 b5 £ 1§ % 2F % (Germina-
tion energy, GE) . & % % (Germination rate, GR) . ¥
A= & R (Cotyledon growth rate, CGR) 4 1 K i
(Seedling length, SL) | & # 4§ % (Germination
index, G i 71 48 % (Vitality index, VI) 4} 14 ff &
(Seedling fresh weight, SEW) f1 4 i T 5 (Seedling
dry weight, SDW) . Fi i & DL R AR K B2 it Fh 7
KR 1/2 R & 2 brif

REFEFCGE) 55 3 K 1Y K 4 Fh 80/ il Fh 5

B <100% ;

REHF(GR) 55 7R B K F - 8/ l Fh 5
< 100% ;

F AR RCGR) 5 7 KT 8/ A58
P78 < 100% 5

S R (SL) 58 7 KA bR R RO 2 4 i K
JE BRI E 10 B 5

KHREBGD=X(Gt/DO,Gt 5 t H Y & 2
=755, DR AH R 1 & 2F KA

G E(VD =& ZF 485 (GD X SL,SL A%

TR

Xy 1 5 T (SEFW) < &3 1ML+ Bl AL Bk 2E 10 Bk /N4
BB KT S R E

4 # T H (SDW) K FR 5 B /N &)y B 7E 105°C
TAH 30 min, &5 65 CHE B HE , AR E

AR B = 2% 95 b b FRAEL/ XF BRAE
1.2.2 SHMARZERAAZEEFMNE  HHEK
(Branch number, BND : Bk & 5 Hi 1 % 09 7 45K
i, AL BN 10 Bk o B = (Plant height, PHD :
FH A RO 5 R PR 1 28 5% i e, 1 A B o 10 Ak .
fif § (Fresh weight, FW) « Il i 52 Bk & )5, 6 B 76 Hb
N E I AR E L 2 h B . T 8 (Dry weight,
DW) ¥ R J5 19 40 5 7€ 105°CF 2875 30 min, SR )&
65 CHE = fH &, R .

R4l Wu 211 ik I 5 LS R (Electrical
conductivity , EC) 3 B¢ AE A& ok - FRIC 0. 1 g AH [ fif
()58 46 B A i R, 87 FH RE 2 7K 3 O P T 1) A4 4
BRI Kt B B8 /N 5 R R AR 25 mL
ali K B OB ERRE Y 30 min B E 6 ho fHHA
TR E W T I EL. BRI WO K I
30 min, ¥ A = 5 R B TR Doy E2, 1
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AR EC(Y)=E1/E2X 100,

MR Zhang 581 09 J7 1 0 2 it 7 A X B K B
(Relative water content, RWC) : RWC= (FW—
DW)/(TW—DW)X100% . Hr ,FW Hy i F ki
(14 fif T TW 675 78 B AL 4l 7K i i 24 h iy i
HIAE ;DW KR F A2 65°CHET 24 h 5 i) T .
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Pl 2R3 R ZER PR R K R SRR A
3 F8 B ol E T R B T A B R R 47,37 %,
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Fig. 1 Germination traits of alfalfa cultivars under control and salt stress treatments
TE:(a) J2 25 35 (b) R 28 385 (o) T A3 (D AT K 5 (e) 2 2R 18 80 (D) 15 1855 (@) A B 5 (h) 4 i T 1

Note: (a) Germination energy; (b) Germination rate; (¢) Cotyledon growth rate; (d) Seedling length; (e) Germination index; (f) Vitality index;

(g) Seedling fresh weight; (h) Seedling dry weight
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Table 2 Comparison of germination traits of 25 alfalfa cultivars under control and salt stress treatments
- T T
Treatment Parameter Germination (;ermmfltlon Cotyledon Seedling (rermlnatlon Yltalny Fresh weight/  Dry weight/
energy/ % rate/ ¥ growthrate/ % length/cm index index g g
X Control $i K AH Max. 100.00 100.00 100.00 6.67 47.33 306.70 0.38 0.021
$/ME Min, 72.00 76.00 72.00 4.69 28.95 159.32 0.20 0.012
T Average. 89.41 92.43 91.12 5.81 36.61 212.95 0.25 0.017
FiifE 2 SD 7.16 6.12 6.28 0.41 4.63 32.17 0.03 0.003
ESRAMCV/Y 8.01 6.62 6.89 7.06 12.65 15.11 12.00 17.650
A HE Salt treatment oK ff Max. 74.00 91.30 76.00 2.29 15.27 27.46 0.24 0.024
$/ME Min, 18.00 54.00 26.00 1.28 6.31 8.75 0.09 0.007
F 1 Average 47.06 72.58 51.23 1.61 10.24 16.49 0.15 0.015
PiifEZE SD 12.05 8.31 11.84 0.19 1.62 3.65 0.03 0.003
ESFRBCV/ % 25.61 1145 23.11 11.80 15.82 22.13 20.00 20.000
Bow A BE —47.37 —21.48 —43.78 —72.29 —72.03 —92.26 —40.00 —11.76
Comparison with the control ~ Percentage of variation/ %
2.1.2 RAEHIERAH LM LA EZAKAA R

KVES AT DRI R SRR A R R A A 0 25 5 Al
FAAS B K MR 0 ST C B B 76 T b PE A T 27 5 VM
(2>, STC A8 = 2278 £k W 30 %8 Fl - B & 5% i
AN STCAE AR I 5Z Mo 8K . 25 03 & 4 fi o 1) AN [
W MR BT 5 1 22 SR R G K 2E A AR Ak i
Sk 27.25%~75.52% , M X K& ZF R AR AL B R
65.53%~87. 74 % , Al X F n A= K AR L [l N
37.75%~T77.24% , Ml Xt K& 2F 48 B AE b 5 Bl N
20.08%~40.57% , A1 X+ 3% F1 48 % A% 1k 35 H K
5.06%~12.16 %, FHXT ¥ K A2 b0 [ hy 21, 4200~
35. 07 % , AH X} fiff 85 48 £k 3 [ 2 38. 14 %6~92. 86 %,
AT 8 A8 A6 Ry 43,07 % ~107. 43% . MR &
TR AR S BB K (22, 73% ), AN R 2 F A R S
R /N(8.86%0) 5 Barab20Y QI B i 4
5ORAXT K ZFEA STCH W 3 = T HAh & A (P<<
0.05); ‘ol “HEZFIW. Hr 45 F Bl 48 A
P A KRR STC A B 3% m T HAlh & Fl (P<<
0. 05) 5 B 45 FH X & 28 48 HIORN A X 16 77 48 20
STCH b 25 1 1 HoAth 5 b BT 388 805 ° 1) A X % 2F 45
B AN ) (P<<0.05) 3 *WL358HQ' Al 15 & AH ¥ 1
KA STCE i & = T HAh & Fl (P<<0. 05) ;i 1
5 MR Y STCH 3% = T HA & Al C i 4
FBRAN (P<C0.05) 5 BAN/R MR K 2E R AT
A X % 7 45 0 STCETE 254N & 75 & Fl b 2

HE— 25 6 A W R MR 0 ST C {E #F 47 4H ¢ M

OINT (R 3D . BEHR X R R G M K R
FHXF i Az 4 R A X B A A X & 2 48 B8R AR X
15 77 98 $ 2 (B) #4924 W 3 TE A G (P<<0. 01D 5 #H Xt
fief 5 5 A X 2 2F R A K ZE S BRI A X T R A
i 35 IE M 56 (P<C0. 01D, 5 A1 X - i A= K 2 0 A Xt
T A8 R 3 IE A 56 (P<T0. 05) 3 M X & 25 45 %
FIUAE X 3% 7 48 B P fc ik (r==0. 8517 A XTI )
6 55055 HE O T A M R 5 (r=—0. 025)
2.1.3 R HFH L% AR £ R a5 A
at Ak oy s AR IR — BRI A B
st P TR 1 T RE 2 B 45 SR 0% o B 1 DRI SR
B I 2 1 O T R A R Y 8 T R MR R AT
PCA %307 . ATFFEH  PCA 2B 8 AN Bl & Motk i
U IR PO VA OEZ o =R NN 7 lrl |
83.14% (B 3) . Ziffatn PCLBYHRFAEAE Ky 4. 055,
J5 22 DT HER % 50. 70% , AH X A 3 45 %500, 923) 7
PCL A fe i 8, R T 5 78 Fh 7 i & 1
O 25 e b PC2 WY ARIEME A 1. 625, 7 Z 5T k% Ny
20.32% , AHXF T (0. 913) 7E PC2 v |5 A fx 5 2%
ff, R T B AR R AR PC3H
FRAEAE M 0.971, 7 22 DT dR #0012, 14 %6, AR i K
(0.926)7E PC3 H 5 A f w2l fr , F8E bk T B 45
A KA Bl (4D
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Fig.2 Single salt tolerance coefficients for germination parameters of alfalfa cultivars
TE = ()RR 25385 (DA 4 224 5 ()RR 7 A B s (AR T 5 ()RR 25 2R K5 (DR T35 K5 (@ ARXT &Iy i i o ; CORFXS A T [l —48hR B A
[l T AN AT 75 /R 78 P<<0. 057KF [ 22 57 i 2
Note: (a) Relative germination energy;(b) Relative germination rate;(c) Relative cotyledon growth rate;(d) Relative seedling length;(e) Rela-
tive germination index;(f) Relative vitality index;(g) Relative seedling fresh weight;(h) Relative seedling dry weight. "~ indicates significant differ-
ences of the same index among alfalfa cultivars at the 0. 05 level
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Table 3 Correlation analysis of germination parameters of alfalfa cultivars

Ei=g i X K2R MM RZESR M AR MR AR & 2R R ARG AR B AR EEE NI T E
Index RGE RGR RCGR RSL RGI RVI RFW RDW
M & ZF 94 RGE 1.000
HIXT % 2% RGR 0.708"™ 1.000
AT F 2B KR RCGR 0.694" 0.641" 1.000
AR HT K RSL 0.3517 0.034 0.304" 1.000
AEXF K AR RGT 0.697" 0.681" 0.556" 0.082 1.000
AT IE I HRFURVI 0.7417 0.575™ 0.624" 0.585" 0.851" 1.000
X fif FE RFW 0.089 0.440" 0.284" —0.085 0.350" 0.255° 1.000
ABXS T # RDW 0.011 0.188 0.110 —0.026 0.001 0.025 0.443™ 1.000

<) ) 2R A 3 AR DG (P<<0. 01) Al ki 3 4H 56 (P<<0. 05)

Note: **and * represent extremely significant correlation (P<<0.01) and significant correlation (P<C0. 05), respectively
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Fig.3 Principal component analysis of germination parameters of alfalfa cultivars
VE : (a) BEAS F2 053 19 75 22 DUR 2 5 (b) A o3 Y RFAEARL 5 (o) 35— 20 — S L4 T Ak
Note: (a) Percentage of explained variances. (b) eigenvalues. (¢) Visualization of the first and second principal components
x4 BHESHEIMINFHIEDE

Table 4 Eigenvectors of principal components of germination parameters

Z 4 Parameter PC1 PC2 PC3
HXF % 2 # Relative germination energy 0.859 —0.059 0.236
HHXF % %5 % Relative germination rate 0.857 0.311 —0.102
AHXF 1 K 2R Relative cotyledon growth rate 0.765 0.182 0.255
AHXF & 25 46 %X Relative germination index 0.923 0.028 —0.084
AHXT I 7746 %0 Relative vitality index 0.851 —0.013 0.420
X K Relative seedling length 0.177 —0.063 0.962
H %} fif i Relative fresh weight 0.339 0.768 —0.228

AT H Relative dry weight —0.088 0.913 0.093
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Table 5 Comprehensive evaluation value and ranking of salt tolerance of alfalfa cultivars under germination stage

i i D k% i il D1l 44 i il DAA He44
Cultivars D value Rank Cultivars D value Rank Cultivars D value Rank
B 45 Xinmu No.4 0.897 1 =15F] Sanditi 0.626 10 WL354HQ 0.375 19
1 Surprise 0.782 2 HEFE Octane 0.580 11 #3454 Reload 0.366 20
B 3t 46 Adrenalin 0.720 3 WL366HQ 0.510 12 #HE 5030 Power5030 0.358 21
P 45 Zhongmu No.4  0.698 4 | BIZR X4 Algonquin - 0.496 13 PR 4l Barricade 0.344 22
Bara520YQ 0.690 5 $ril 3 Ladino 0.466 14 4 5 J5 Gold empress 0.329 23
WL298HQ 0.675 6 Bara310SC 0.424 15 WL358HQ 0.247 24
4 Z . Victoria 0.658 7 Barad16WET 0.409 16 B4R Vinal 0.108 25
TE 15 0.633 8 WL343HQ 0.407 17
Zhongmu No.1
Bara210SC 0.633 9 %5+ Stolkpile 0.395 18
S XimaNod oy . BRI T 12 R 92 K R
15135 Surprise
i1 18§ Adrenalin g% (e 5 2 B A (PR 5) . 5 %0 IR ZEL AR B, SR 360 Ao B0 A
ﬂPﬁ4%ZhongmuNo.4 0.60 ﬁ%‘l}%,ﬂi&TﬁﬁjﬁEﬁﬁlﬁﬂg*ﬂ&ﬁ%uiﬂtﬁﬁ(g 53,
A O gig 5¢) (P<C0.0D) , Bk 5 Al My |- &F & 4% 5] F B¢ T
# ZFIT Victoria 0.30 18.36%~41.38% H127.81%~50.38% (% 6). 7E
Bara210SC S ‘ S ’ =5 Bl
HE 15 Zhongmu No. 1 g?g ﬁij s EP H 4% Ekl% EI/‘J *H X‘—J‘/_E/f’t%zﬂid\ ’
i ' “WL358HQ" b i 9 FH X 25 fl % B A5 * i 4 5 M
WL366HQ 4 I i AR R AR Al B RN, BB 50307 ML I e H Y
P /R %] 4x Algonquin . o . oo ).
Bara310SC FHXS AR AL e K (R 6) o FhMria T, By Bl g ” « rp
WL343H e 56 > 1 ¢ 2 & ,
Bara416V\(l)ET B 4% ‘Bara520YQ’ 1 #fig 5030 gl &k, Ay 84
R & coad TR A B S KORUR 35 9 IR (P 50) (P<20. 05), 434
- 0 #hfE 5030 Power5030
@Lagss;ggpile B X AE Ak S B R 0.35%~29.07%, ‘WL358
I 415 Vinal HQ il Bl ) 73 A 80T B e B2 e R (R 6) 0 S X IR 4
[ 4 55 Gold empress Y QAR A 8 H A A R Y H E A E (8] 5d) (P<<

4 25NELEFERFA R ERLERESR
Fig.4 Cluster heatmap analysis of salt tolerance in 25 alfalfa

cultivars
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Changes in agronomical traits, leaf relative water content and electrical conductivity of different alfalfa cultivars under salt stress

=

Fig.5
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Note: (a) plant height; (b) branch number; (¢) plant above-ground fresh weight; (d) plant above-ground dry weight; (e) leaf relative water con-

* indicates significant difference (P<<0.05), NS indi-

tent; () electrical conductivity. ** indicated extremely significant difference (P<Z0.01),

cates no significant difference
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Table 6 Relative change rates in agronomical and physiology traits of alfalfa cultivars under salt stress
s i X AZ AL Relative change rates /%
Cultivars Hem PH SPRECBN M ST FW M B FE DW O AN KR RWC H 4% EC
B 45 Xinmu No.4 —27.70 —9.97 —27.81 —16.29 —16.95 141.11
153 Surprise —30.09 —14.82 —45.15 —22.84 —20.37 105.80
Bl 3t 4 Adrenalin —23.52 0.35 —39.09 —27.35 —29.95 169.36
"HE 4% Zhongmu No.4 —18.36 —9.63 —39.47 —20.71 —21.15 92.43
Bara520YQ —23.41 1.65 —30.60 13.51 —18.91 66.26
WL298HQ —32.66 —23.09 —35.51 —28.06 —27.31 184.24
Jfi 1% Reload —33.23 —25.73 —45.13 —24.89 —26.53 109.72
#hHE 5030Power5030 —38.35 —7.77 —50.38 —40.38 —30.05 201.71
Fr#E Barricade —31.00 —28.38 —42.46 —32.63 —29.25 175.08
4 B2 J5 Gold empress —30.28 —14.53 —48.29 —24.30 —21.99 81.24
WIL358HQ —41.38 —29.07 —40.79 —22.22 —31.08 142.80
J AN /R Vinal —33.09 —11.99 —36.53 —25.88 —24.85 165.16
2.2.2 AT RERIEH IE S AF I & 38 AR 0 R E 2 A] 5 2 IR A5G (P<C0. 05) 5 3 b
A AT 2D XA A R R 2 S A B H 5 ARX &K R R E IEARSC(P<<0.05), 5 &

PR FEAT A EPE AT (R D . Mem 5 B8 A X
kR IE A 6 (P<T0.05) 5 b | 340 H1 1 Hb

B R R A (P<<0. 0D XSG KESHS
A R U 56 (P<<0. 05) .

7T EMEERMEHBSERMERBNEXRES T
Table 7 Correlation analysis of salt tolerance coefficient of alfalfa cultivars under seedling stage

545 Index P PH Sy FE BN T FW T& DW AR &K RWC HL3 % EC
s PH 1.000
SR BN 0.631° 1.000

fif i FW 0.249 0.343 1.000

+#E DW 0.474 0.426 0.566" 1.000

AAXT F K RWC 0.577° 0.419 0.443 0.640° 1.000
i % EC —0.496 —0.219 0.037 —0.712" —0.688" 1.000

2.2.3 I2ANEGEH G S ARG B 3 0h 2 AR
DIRR B A R B M b Y e/ B H S R AN R A
X 7K B PR , AR AR g pRECEAS 2 T 12

i S AL B A8 dh A SR E R B E (R ) 0 R AP 1

MEV 3 A [ 55 46 5 A iy B £ v 300 A I 6 45 28 17 4k

%, ‘Bara520Y QI MFV 5 55 , Ui BH G 6 Mk

x8 ZUNEERAMEHMEMRERBERERF

Table 8 Membership function values and ranking of salt tolerance of alfalfa cultivars under seedling stage

S B8 45 3R 8 s 8UE Membership function values of each indicator SEH HE4
Cultivars e PH A Fi%E BN BfH FW T#H DW  AMHxF&/kE RWC 5% EC  Mean MFV  Ranking

Bara520YQ 0.781 1.000 0.867 1.000 0.863 1.000 0.918 1
B 45 Xinmu No.4 0.594 0.619 1.000 0.447 1.000 0.447 0.685 2
1 445 Zhongmu No.4 1.000 0.674 0.431 0.365 0.703 0.807 0.663 3
5 Surprise 0.490 0.464 0.176 0.325 0.758 0.708 0.487 4
4 82 J5 Gold empress 0.482 0.473 0.000 0.298 0.643 0.889 0.464 5
e 38k 4% Adrenalin 0.776 0.958 0.316 0.242 0.080 0.239 0.435 6
AR Vinal 0.360 0.556 0.581 0.269 0.442 0.270 0.413 7
i 14 Reload 0.354 0.109 0.174 0.287 0.322 0.679 0.321 8
WIL298HQ 0.344 0.195 0.615 0.229 0.267 0.129 0.296 9

Fr# Barricade 0.451 0.022 0.289 0.144 0.130 0.197 0.205 10

#h ik 5030 Power5030 0.132 0.693 0.298 0.000 0.073 0.000 0.199 11
WIL358HQ 0.000 0.000 0.378 0.337 0.000 0.435 0.192 12
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