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Abstract: To clarify the effects of different types of
salt stress on seed germination and seedling growth of spring

wheat, this study used two main spring wheat varieties
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('Yongliang 4 and Nongmai 2) cultivated in the Hetao Irrigation District of Inner Mongolia as experimental materials. Three types
of salt stress (neutral salt, alkaline salt, and composite salt) were applied at different concentration gradients. Seed germination
characteristics, seedling growth, and biomass accumulation were measured. The salt tolerance threshold and limiting concentra-
tion value for each index were calculated. The salt damage grades of different varieties were evaluated, and redundancy analysis
of stress ions as well as the construction and analysis of a partial least squares structural equation model were performed. The
results showed that different types of salt stress had varying degrees of inhibitory effects on seed germination and seedling growth
of the two wheat varieties. The inhibition intensity ranked as follows: alkaline salt stress (Na,CO,, NaHCO;) > composite salt
stress (NaCl, Na,S0O,, Na,CO,, and NaHCO, ) > neutral salt stress (NaCl and Na,SO, ). The effects of different salt stress ions
were ranked as: cations (Na*) > alkaline anions (CO%", HCO;) > neutral anions (SO , CI7). Different spring wheat varieties
also exhibited different responses to various types of salt stress. Under neutral salt stress and alkaline salt stress, there were no
significant differences between Nongmai 2 and Yongliang 4 in terms of the mean values of salt tolerance threshold and limiting
concentration (P>0.05). Under composite salt stress, significant differences were observed between the two varieties (P<0.05).
In addition, there were significant differences in the effects of seed germination performance of the two varieties on the
aboveground traits of seedlings (P<0.05). Overall, Nongmai 2 exhibited stronger tolerance to various types of salt stress than

Yongliang 4 from seed germination to the seedling stage. The above findings provide an important reference for the research on the

mechanism of salt tolerance in spring wheat and the selection and breeding of new salt-tolerant varieties.
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Table 1 Seed phenotypes and quality indicators of the tested varieties

TR AR R LR 1,

e FhiE AR JEK B IRI> EEHE A= HRHE
(g) (mm?) (mm) (mm) (mm) (%) (%) (g/L)
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Fig.1 Effects of different types of salt stress on seed germination of spring wheat
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Fig.2 Impact of various types of salt stress on seedling growth of spring wheat
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Fig.3 Effects of neutral salt stress on fresh weight and dry weight of spring wheat seedlings
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Fig.4 Effects of alkaline salt stress on fresh weight and dry weight of spring wheat seedlings

2.4 AREFEBEEB T/NEm I RES HREREK
EE

FE 2 A R A K R 4 5 R R I
FUETEFI210.00 ~ 170. 00 mmol/ L, B FR ik 185 f5 KA
4 295. 00 mmol/L; 4 22 2 5 iy i £ 1 FLAE Y8 Bl A
97.50~176. 67 mmol/L, % P ik & F5c K AH 4 343. 33

mmol/L, &5 I, A% 32 2 5 ()M I (8 R PR v
HEKR 4 55, HERARE(P>0.05), Wk
M3 T 7k B 4 5 i AR I SR R 4 32.00 ~ 75. 00
mmol/L,*&KE?ﬁFﬁ%jﬁﬁﬁﬂ 138. 57 mmol/L,Zﬁ?i 2
S ER I FLE VG F M 26.00~ 77. 78 mmol/ L, #% PR ¥
JEE B K AR M 138.57 mmol/ L, 254 it i S i R



894 LA e ol 3 R 2026 4F 95 42 4 45 5 i

2.0 2.0r
4 i i
& ke H-
j =X j==X
+m = I
H = H
) = B
= = =
-
= i e
= & i
=) i) Pi5)
junag
Z = Z
0 £8 fe
0 25 50 75 100125150 175200 0 0 25 50 75 100125150 175200 0 0 25 50 75 100125150 175 200
524 R (mmol/L) Z AR (mmol/L) 524 % (mmol/L)

Wk R45; Ok

[5)— it o P A L AN [R) /NG PR 3R AN [ 52 vk BE AR BRIA] 22 57 835 (P<0. 05)
Bs5s E8#HmEXENEHEEENTENIM

Fig.5 Effects of compound salt stress on fresh weight and dry weight of spring wheat seedlings

WEEAERE R 2 SBKR 4 55 ,HE5%  92.86~111.67 mmol/L, M KR ik & % K {H >~ 200. 00
ANEE(P>0.05) ; EAEMA T KR 4 Sl mmol/L, 25 E, EAHME FRE 2 SHKR 4 5
FUETEFI52.86~102. 00 mmol/L, M FRIRBEf KAE AT R e S5 (i AR PR e 8 {0 W vy, L7 8 () ) s 6
9165.00 mmol/L, 4 22 25 Tif &R I S (A 5 Bl G (BRI PR v J3E (L 1) A7 7E I 25 25 5 (P<0. 05)

R 2 REIE G T/ 4 i O £ I SR FOAR PRSK B 1

Table 2 Salt tolerance thresholds and limiting concentration values of wheat seedlings under different types of salt stress

KE 45 KE 25
ENS R EELTD
T ER I B (mmol/L)  FRBRMEEE (A (mmol/L)  THERIG FUE (mmol/L) AR PRV BEME (mmol/L)
rpkEh e AT 2F B 67.14 138.57 97.50 222.50
AHX & 25 70.00 141.43 107.50 232.50
AHXTHRZL 170.00 295.00 176.67 343.33
ARk 117.50 242.50 112.50 237.50
ARG B fif T 10.00 260.00 120.00 286.67
AEXT ST 115.00 240.00 160.00 326.67
(LR e NSl AEXT & 25 46.67 102.22 76.00 126.00
AHXS & 254 51.25 113.75 58.57 130.00
AEXTAREL 75.00 137.50 67.00 117.00
AFX Bk 72.50 135.00 67.14 138.57
AT A o 32.00 132.00 26.00 126.00
AT BT 67.14 138.57 77.78 133.33
REn NSl AHX & 2F 3 52.86 124.29 106.67 190.00
AHX & 2 5 67.14 138.57 100.00 200.00
AHXTHRZL 102.00 152.00 110.00 172.50
AE R 5 96.25 158.75 95.00 178.33
ARG B fif T 53.33 136.67 92.86 164.29

ARXS ST 81.67 165.00 111.67 195.00
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Fig.6 Redundancy analysis of salt stress ions with spring wheat

seed germination characteristics and seedling growth

2,6 AEERBEPBTENEZREER

MR 3 AT, k3R A 7E 200 mmol/L 250
mmol/L 300 mmol/ LKL T, 7K R 4 5 2 S
=R U 7E 50 mmol/L 100 mmol/L 150 mmol/Lifk
FET ARGz 2 5 X ER B0 (ATt 32 RE T LAk R 4 54,
BRCPEER A e BE M 25 mmol/ LI, & 2 S 5k | 4
ST ERBE AR W 25 e R 2 T AR KR 4
SRR ; Fhk BN 50 mmol/L.75 mmol/ L4 % 2
S ERBE ST LK R 4 545 vk B 100 mmol/L 125
mmol/L 150 mmol/LHf |2 /™ 5 4 g Sh 80Uk, 762
AR E R 25 mmol/L .50 mmol/L .75 mmol/L
100 mmol/L 125 mmol/ LI} |2 A~/ INZZ St Rt £ i€ J1 7%
TERELESR KFE 2 SHIKR 4 SMEREE )8 ; Fhifk
J# 4 150 mmol/L 175 mmol/L 200 mmol/LAt,2
FhEe R U, 25 b ARIZERIER A T A 2 51
it EhHE 15K B 4 S4F,
*3 FRAHMETENERFHREORESR
Table 3 Salt damage grades of spring wheat seed germination un-

der different salt stresses

(mmol/L.) K 4B K2 %S

RN EN IS 50 3 2
100 4 3

150 5 4

200 5 5

250 5 5

300 5 5

AR 25 3 1
50 3 2

75 5 4

100 5 5

125 5 5

150 5 5

R lSIEl 25 3 1
50 3 2

75 3 2

100 4 3

125 5 3

150 5 5

175 5 5

200 5 5

1 G AT ER TR 0~20% , Al ;2 90 AAXTER EH 21% ~40% , 9
HEER R ;3 S AT R 41% ~ 60% , JARI 5 4 . AR L F R
61% ~80% , FHER AR ;5 9 AHXTER T 819% ~ 100% , i £ R
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A F i foe /N — 3R 4544 7 F243 Br AN [+ it
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TR R PR AR R B3 3K 0. 979, MR ZFPERENI B
FEAE AN R4 38938 B 2 7KF- (P<0.01) , 3
R R 2 RE R T 4y R SRR R R
AR BRI 2B 9K 0. 648 F10. 953 (P<0.01) , [A]
IR 25 P RE B R 40 i AR ) i B AR ROk
0.277 (P<0.01) , Dy oo T FB RO b B R 52
Wi B A ZRB0M 0. 327 (P<0.01) , S R Ff etk
XAy T ) B AR R KR 0. 661 (P<0.01), 45
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(S A 0.959, & 7B A1, K E 4 5454 )
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0.01) , H T 3 1 bR X A= i 5% il 19 8% 42 R 0N
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Fig.7 Salt tolerance pathways of different spring wheat varieties
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Table 4 Analysis results of the effects of spring wheat seed germination performance on seedling growth based on partial least squares struc-

tural equation model

i ik st L5 T HER ) H2 1 8- Al
k25 Ty K ZEERE R ER AR 0.935 NA 0.935
SR TN 0.648 0.305 0.953

AW 0.277 0.682 0.959

KK 45 TR ZEVERE MR AR 0.925 NA 0.925
SR TN -0.037 0.889 0.852

At 0.303 0.648 0.951

VEARDR AL ORZ MRS, AT 4 8 IR A 52 0 B8 A2 5 NA SRR J0Xoh o7 1] 4 5 A28 (SAF T L 52 W 20 5 T W ) 3 522 ) R S5 i
HUE Ry i doe /N —IREGH T R (PLS-SEM) #5 2 ARUE AL IR A2 R E(B) , S IR ek (1) B350 107 588 B8 -5 7 ) 5 RS WAL L4 50 W + 18] B2 32 i, X

FIAEAR XSG RAR IR B ZR S AL

3 0

AR Ok, A 38 ER W Ak 25 A R Y O e AR
B2 BN T R BRI N R 2 — R
R B /INAE A K SR M 5 ) B B B R T AR
TR PR B NS R B
32 2R BRE L AR5 AT 220 IX 32 O /N A b
Pl R 4 SR 2 S ga ikl e rh el o
PEER IS A 3 PRI R T Ab 38 | 45 R A
BEANFR RS L PRIEAS[R] it Fh b1 & M 4t 4B
KPR ER 36 g o7 22 5 25 2R R B, R TA)
HKARIER I8 X F /N 7 T ORI AR FE 52 e,
o Bl R R (Na, CO, Al NaHCO, ) Xif F/N A2 Fb 1
W & K 4 i AR A IS ) B K, B A R 38 (NaCl |
Na,S0, \Na,CO, 1 NaHCO, ) 5 i Jai vt | v 5 38
(NaCl 1 Na,S0, ) 52 fe /N, X 5 HF A FE 45 R 5L
AR—F, R K B, 76 R B a0 T AR i Rl
W 2 A0 B AR 2% B R W £ > TR Eh k> P
PhER s SRA AR BB T 45 SR R Bl R S ik
ER 052G WA X8 2 R AR B s T R —
SRREE =N ST EE 9 SR AR A Ol NS (1 EN T e A L0k s
FEALAT RIS ALE AL, B olp 300 X R 52 A K e 00 il e
o T ER AR R A e (AT R, AR Y
MIBIFFEAE R R 7E A [R]HR BE T A [R] 6 289 26 3 ot
5 M R 2 3 - R AW 38 > B 3 > £6 e
HEI X — 22 5 7] BB 5 #h B9 BAK LA Whas 2 1Ak
Sy (i o 2 S A 5

ARSI I TCA 53 AL, AS [F) 38 85 -4 45
INFE R R R i AR AR B R e R R AR R SR R

h BHES T (Na®) > A 2 7 (COT VHCO; ) >
FIESF(S03 \Cl7) , BHES F (Na™ ) XF /N2 b1 &
et A K I e FHROR, X — S50 SR o
X RFSERNF & 2R 36 A5 5 a8 B 7 19 TU A S AT 45
(Na+>pH>SOf YEML, KEW NatdE A4, —
7 T2 1 IR 440 a5 i) 465 4 FN ) R (R Ll B
PE) , S BN E R R R i il R &
Na* #E AL, T UGG ; 55— J7 i, a2 1Y Na*
SERBEE , T B EET YR A, B TR
FLBR ISR A A G 2 FL & B s i fig
g AN BPEBA B T (COY VHCO;) AR At
KRB, A B0 58 45 R R W, Bt 25 vk 5
BB RGN, N BT R R AR R
AU 22 B W5, (EA5 A, A5
R, /N2 G R A3 PR R X R i L AR R B AR
K AIRHARE) 7F 25 mmol/ LML F1 25 mmol/LE
BRI E T RIS A IS SR
JE LA fig 2 I v B JBh 8 Na® 2 5506 0, 42
HERP -8 & 5 W4 GG VR RS 5R  DLUSC R4 i R
WA R IR B SR AR S A K R Y
o3 AR, R B LA AR R A5 R DL X B i W 3E 1 1
)EHLM,SS-SH .

ARAFGREERFH A TR R 4 5 k3 2 5Xf
AN ER 30 SR R T A2 BE T, 254 T R
BT 25 S s, 42 2 S FPF & ZETEREXT S i
Hi EFRHR B bR AE AL B AR R BON 0. 648, A 123
(P<0.01) IF [ RN ; 1 K K 4 5 A9 48 R ECh
-0.037 , R s B mif e, X—2Z 7 8n, =&
i P 22 S 1T e ok AR T R B {E A A e Ay
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