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Abstract: This study aimed to evaluate the salt-alkali tolerance of Elymusdahuricus accessions during germina-
tion and early seedling stages. Three preliminary accessions were first screened under gradient salt-alkali stress
(NaCl: NaHCO;=3: 1) to determine appropriate treatment levels; 100 and 150 mmol-L.~" were selected for
subsequent experiments based on germination rate. Ten wild accessions originating from diverse regions and
habitats were then subjected to these two stress concentrations in a pot trial, with water as the control. Germina-
tion and agronomic traits were measured to comprehensively assess salt — alkali tolerance. Salt - alkali stress sig-
nificantly inhibited seed germination and seedling growth, and the inhibitory effects intensified with increased
concentration. Under 100 mmol-L " stress, accession E5 exhibited the highest values for all germination
parameters and was identified as the most tolerant one, whereas E6 showed the poorest performance, with 0%
germination at 150 mmol-L ™", indicating lowest tolerance. The ten accessions were consequently ranked as E5
>E2>E9>E1I>EI0>E4>E3>E7>ES8>E6, and classified into five categories: highly tolerant, tolerant,
moderately tolerant, weakly tolerant and non-tolerant. These results provide valuable germplasm resources and
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a theoretical basis for breeding salt-alkali-tolerant E. dahuricus cultivars and for elucidating the molecular

mechanisms underlying salt - alkali tolerance.
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Table 1 Collection site information of 10 E. dahuricus germplasms
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Fig. 1 Germination rate of E. dahuricus seeds under

different saline-alkali concentrations
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1. Different uppercase letters indicate significant differences in the
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Fig. 3 Agronomic traits of 10 E. dahuricus germplasms under different saline-alkali stresses
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Table 2 Relative indexes of 10 E. dahuricus germplasms at germination and seedling stages under different saline-alkali stresses

e RIS TR R itbopi3t T2 TR IR LR ARy
pEgE MERE e HCHE ’ _ i S
2l Relative germintion et/ Relative germination Relative germination Relative plant Relative stem Relative tillering Relative ahove-
Matcl:al o potential/ % index/ % height/ % size/ % number/ % ground biomass/ /4
number
150 100 150 100 150 100 150 100 150 100 150 100 150 100

Bl 43.0042.24° 66454332 0.004£0.00° 45,115 1.19° 25.1141.28" 81.271043° 68.04£6.31° 97.0947.35° 77.7818.86° 81.2817.21" 55.19£2.89 75.9843.00° 49.8042.09"" 79.60+6.24"
B2 70.60£3.15" 82.894£3.73° 8.652.04° 31.61£1.63' 37874345 65.11411.93° 68.59£1.33° 94.0622.13  46.9043.30" 89.041481° 43.1242.33° 70.864349° 3550345 86.38+5.55"
E3  4.502092' 79.37£7.64™ 0.00£0.00° 0.004000" 1.2740.23 40442847 92.2043.62* 94.89£720° 7287385 83.2740.69" 75.40£3.9™ 98.5546.51 3737583 65.06+2.03"
B4 39.54+.48" 85.1511.32 0.0020.00° 16.68+0.34° 21.331:2.37" 59.34£5.25" 68.60+3.05° 75.78£2.04" 27.73£089° 79.58+4.32" 68.4522.98¢ 78.8743.10™ 5140£3.79 66.66+4.71"
E5  8L53:.17 8465213 6.3340.18"37.8142.04" 41,96+ 1.18" 68.72£5.88" 86.371.06° 91826207 77,053,338  86.7422.90° 90.48+9.52" 90.4849.52™ 76114273 98.022.61°
E6 0.00£0.00" 33.20£2.32 0.00£0.00° 0.00£0.00" 0.00£0.00° 17521527 0.00£0.00° 7246£125"  0.00£0.00° 6L54+524  0.00£0.00" 85.862.55™ 0.00£0.00" 47.33+2.25°
E7 1934108 86.96£5.20° 0.00£0.00° 0.00£0.00" 6.0941.19% 37.1043.67 72.50-£2.84 78.4242.03™ 72.70415.62° 74.5315.50" 52.8519.35% 69.34411.35° 43.204£7.78"! 63.07+2.93"
E§ 5262001 14.6220.01" 0.00£0.00° 0.00£0.00" 7.50£0.83 11.1320.64° 73124292 73235648 65842297 72.28+5.28" 86.756.88™ 86.754:6.88™ 53954631 91104395
B9 5507106 69.54E467 0.0040.00°57.1046.72 43.4552.43 52.1046.57 94954274 96,88+ 157 6448+ 175" 8286+ 1.12% 96.97£3.08 96.9743.03° 26.62+£1.36° 56.26+0.55"
E10 15.07£1.02° 59.69£2.21" 0.00£0.00°90.2242.37* 11.92£1.56° 38,59+ 1.71% 73.614.33" 84.4622.27 72.9821.89"  79.3513.65" 944425567 9h44L5.56" 38.060.81 60.8220.84*
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Table 3 Statistical analysis table of 7 index values of 10 wild E. dahuricus germplasms

S s 7;2%?? kﬁﬁﬂ kﬁ%ﬁi& R 15 Ey il ﬁﬁi‘iﬁl 1 AR
Salt concentration Parameter Germination Germination Germination Plant Stem Tiller Above-ground
rate/ % potential/ % index height/cm  thick/mm  number biomass/g

Omol-L ! e /ME Min 72.00 0.00 2.62 19.06 0.54 1.03 0.1758

{37 % Median 88.00 24.00 4.70 27.50 1.12 1.25 0.2780

e KAl Max 96.00 68.00 7.19 32.19 1.81 2.33 0.4626

M Average 85.00 28.00 4.74 26.24 1.18 1.46 0.2830

FRifE2E SD 7.00 23.00 1.27 4.45 0.35 0.44 0.0788

BRRBCV/% 8.00 83.00 0.27 0.17 0.30 0.30 0.2784

100 mol-L ! e /ME Min 11.11 0.00 0.32 17.95 0.44 1.00 0.1349

T {7 4% Median 62.96 11.11 2.39 20.57 0.95 1.08 0.1739

I KAH Max 77.78 23.98 4.42 28.60 1.33 1.64 0.3973

Il Average 56.47 7.95 2.33 22.30 0.92 1.19 0.1996

brifE 24 SD 19.63 7.48 1.25 3.77 0.25 0.22 0.0734

BRZBCV/ % 34.76 94.07 53.67 16.92 27.25 18.71 36.7953

150 mol-L ! fe/IME Min 0.00 0.00 0.00 0.00 0.00 0.00 0.0000

37 5 Median 23.33 0.00 0.69 19.98 0.64 1.00 0.1087

e KAl Max 75.00 4.00 2.72 26.02 1.26 1.07 0.1626

¥ Average 29.13 0.7 1.00 17.95 0.64 0.91 0.1086

FrifE22 SD 25.11 1.42 0.92 6.79 0.32 0.30 0.0472

BRRBCV/% 86.21 202.53 91.75 37.83 50.35 33.41 43.4267

F4 HEMHETIOMEEEMRUEHEFNERS S

Table 4 Principal component analysis of determination indexes of 10 E. dahuricus germplasms under saline-alkali stress

F 14 F Principal component factor

A5 4 Variable

PC1 PC2 PC3 PC4 PC5 PC6 PC7
FRAE(E Eigen value 2.1175 0.8556 0.77380  0.72858  0.64444  0.43354  0.226 48
BTk Contribution/ % 0.6405 0.1046 0.08554  0.07583  0.05933  0.02685  0.007 33
Z3F 5Tk % Cumulative contribution/ % 0.6405 0.7451 0.83066  0.90649  0.96582  0.99267  1.000 00

Decrease in Node Purity, fij # & IncNodePurity) . NodePurity H £ i %& 2 4 £ (117.82) > & Zf %
S5 W], Pl el 55 Rb BT 8 A KR KA BR 9 IncMSE (113.02)>> % 2F (98, 39) > #k 1 (70. 95) > Hli |-
B B K BN HE 2 & A (20009 > & 3 4R 8L Yy (40.89) > ZE M (11. 57 >3 BER (7.1 .
(19.39) > K F(16. 16) >k & (15. 89) > H#li I 4F IncMSE Fl IncNodePurity 115 1§ b5 5 2 {8 , & 2 ¥4
PR (12,71 >3 BERL(6.65) > 25 ML (5. 24) , Inc- B R ZFH CRZER M| LAY R SR B
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2.7 BEHmWREMES SN

X 10 1y Bl 6 5 0 £ 66k 2 AT 25 A VR AN .
S5 SR AS R R £ B B 300 174 e 1 A7 AE B 2
5o ARWESE A 32 5 43 BT 5 BE B AR PROSE R A
B R A, 0 3 SRR R BUMBGT 53R A5 25 A PR D
B (2 5) o IZEUE 5 R i £ M 52 0 AH G, D
L 2 B RD T A2 AR B W 0w /o 7E 100
mmol- L™ bG8 45 4 F R 25 5 10 DA HEF
5 E5>E1>E2>E9>E10>E3>E4>E7>E8>
E6., H W E5H D & & (D=77.03) , it £ 6l 1k £
58, E6 19 DA (D=9. 21) A% , T 3% & J1 e 55 -
Y38 R B A 150 mmol - LU, D AE HE P 8 E5>

x5

B
2

E2>E9>E1>E4>E10>E7>E8>E3>E6, %
14 100 mmol-L ' A1 150 mmol-L 'k 5 i 38 F 9 D
it M, K4 N E5>E2>E9>EI1>E10>
E4>E3>E7>E8>E6, . 1 E5 fil E6 1Y 25 & W
Hez R AE . X — I R ES HAT RRE 19 T 55 58 FF
PR, H DA 7E P FP R BT B B T A R S
E6 11 i 2 8 B8 77 76 A [5] lp 30 3 5 ¥ 4k F fe ik .

2.8 BELSMH

MR AS 6] W B 19 25545 VT A {8 X 10 003 585 2 4
B H AT IR AT, 45 R R fE R G BE B R 0. 25
Bf, ALK b 4 SR Bk S5 4 52T LI, L IV,
Voo 55 T Hhmmi oA, i E5 40 565 11 9k i
IR, EL,E2 A E9 4 % 5 48 1 2%+ i £6 5
AL i E3,E10 F E4 280 565 IV 92 55 T £R 58 8, iy
E7 FES 4L ; 25 IV A AT Eh i Y, i 6 41 % (&
6) o 2 RREG S B i Ak T 10 40 T ik 06l R
HMES SRSGAEITIMERTE —%. E5M
E6 43 4 Ay Bt 5 SRR A o 2 R
3 iTig
A 1 T R B 32 22 0 T DR 28 A s ), A SR AR
A BB RN ER T 30 (A A, T R A A T £
LR Sy TR (o G s 9 1 R 7
SR B R R RN R SRR B R AR T VR AR
Y & SO0 T 6 B O 2 1) E AR A . % A AR e B

B EL A A B T 10 6 7 66 B 7 B m A T B AR 4R AT MY

Table5 Comprehensive evaluation of saline-alkali tolerance of 10 E. dahuricus germplasms at seedling stage under different

saline-alkali stresses

FJE s 3L {H Subordinate function values

o N = SR
e L B v e
Material R'elal‘we germination germination Relallf"e Relau.ve Relative llerng above-ground ass?ssmenl fk Integrated
Number germination rate potenti e plant height stem size number bomass value Average nk

100 150 100 150 100 150 100 150 100 150 100 150 100 150 100 150 100 150
mol'L " mol-L ™" mol-L " mol-L ™" mol'L " mol'L " mol:L ™" mol-L ™" mol-L ™" molL " mol-L " mol'L " mol'L " mol-L ™" mol-L " mol-L ™" mol:L " mol-L"
ES 0.97 0.17 042 0.16 0.83 0.20 0.79 0.15 0.93 0.05 0.70 0.06 1.00 0.13 0.78 0.92 1 1 0.85 1
E2 0.95 0.15 0.35 0.21 0.77 0.17 0.88 0.12 1.00 0.03 0.14 0.03 0.76 0.06 0.70 0.77 3 2 0.73 2
E9 0.76 0.11 0.62 0.00 0.59 0.20 1.00 0.17 0.80 0.05 0.96 0.07 0.18 0.05 0.68 0.64 4 3 0.66 3
El 0.71 0.09 0.50 0.00 1.00 0.12 0.96 0.12 0.70 0.05 0.31 0.04 0.63 0.09 0.73 0.50 2 4 0.61 4
E10 0.63 0.03 1.00 0.00 040 0.06 048 0.13 0.67 0.05 0.87 0.07 0.27 0.07 0.61 0.40 5 6 0.0 5
E4 0.98 0.08 0.19 0.00 0.70 0.10 0.13 0.12 0.68 0.02 040 0.05 0.37 0.09 048 0.46 7 5 047 6
E3 089 001 000 000 043 001 08 016 081 005 100 005 03 006 054 035 6 9 0.44 7
E7 1.00 0.04 0.00 0.00 0.38 0.03 0.24 0.13 0.46 0.05 0.00 0.04 0.31 0.07 0.35 0.35 § 8 0.35 §
E§ 0.00 0.01 0.00 0.00 0.00 0.03 0.03 0.13 0.43 0.05 0.62 0.06 0.86 0.09 0.18 0.37 9 7 0.28 9
E6 026 000 000 000 010 000 000 000 000 000 062 000 000 000 01 000 10 10 005 10
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Fig. 6 Cluster analysis of saline-alkali tolerance of 10
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FELM i E AN ERER SO RE R R, A&
F 5 & B, 0 W 38 R Bl 6 1 W K A2 B
il K& ZE R ZE AR Kk ZF R B W 30 R R A 15
M2 T RS, SR AWFoe 4 A — 580, T ag e
WX TR E G BT EESRE
EUOL M R S R B W R 2 AT AR O O i T
T T ) G HE R AT o

R 0 G R B R A AE R R E L MR
ZEHL oy BERC R M AR 4 S FE FRAE 100 mol - L
F1 150 mol« L' 56 W30 F 35 38 B 1 R (W) A% B 1
G, 3% 58U Vg AL, vT BB ER e T
H ) 6 A 6] A6 BE 7 B AIG sk [7) Ak ksl /0 300 A K
TSN gk B ILS {5 46 LR A R UEAT B &
WYL R S, 245 R & IR TR T a2 E A A 2
KRB E1 A2 R B R RE A fa 3 . TR
ol T A4 Ak 2 A0 o) 0 R O AS A [ T 5 e A
S8 A B A B A B8R AT 4R R A A A K
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) (1 Tiif 6 B R AR 2 I 25 A MR 248 B 4
A VEH L BT S AR TE T e v A 4 TR M S R A )
i £6 M 1R 557 H R, B AN 22k i i K 6
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PR A 192 38 S8 1k 9 T A 3k R0 ST T VR SR AN A
i £ Pk (0 EBEAE bR o A B0 AR SRR SRR R Bk
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i B o 2% U T e R SR JE bR BN B AE
BUER B , 45 3R W R WL343HQ Fil WLI03HQ #¢
G e o 10 NG 1 B NS W % S e 5 s o TN S C
AR AR Y S T R B 40 BT 1 X B e T ke
TR B TR o 25 R R, 10 0y BF A= Pl 6k o0 Fb 5 78
100 mmol-L "1 150 mmol« L' F i £k 65 1 5 55 HE
2R AH E3H PR 22 o WA T X £
BRI A5 SRR A 25 5 (R EEAW) G o AT 5 6
55 AN Tk R 5 0 T 003 A o A B HE 44— B0, 52
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