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Abstract: To investigate the effects of exogenous spermine (Spm) and spermidine (Spd) on the growth and salt toler-
ance of wheat seedlings, this experiment used two wheat varieties with different salt tolerances ( Bainong 201, with strong salt
tolerance; Aikang 58, with weak salt tolerance) as materials. Tt explored the regulatory effects of seed soaking with three con-

centrations (0.05 mmol/L, 0.10 mmol/L, and 0.20 mmol/L) of Spm and Spd on the growth parameters ( germination rate,

root length and shoot length) and physiological indicators

W5 B B . 2025-03-03 including chlorophyll ( Chl.) content, malondialdehyde
EATIE . P54 B 5T 5 5 0% R —— b 4 b 45 | (MDA ) content, proline (Pro) content and peroxidase
(2025NC-YBXM-004) ; [ % H AR B 2 & F4ET H (POD) activity of wheat seedlings under different degrees

(31701416) ; BE ¥5 %&% B th & 4 A A FE 263 %50 B (25 mmol/L NaCl, 50 mmol/L NaCl, and 100 mmol/L) of
(20200207 ) ; & % 2% K 2% A B35 8 YN 2531 % 5 B NaCl stress. The results showed that, compared with the

(202310723026) control (cultivation in distilled water) , NaCl stress signifi-
TEZ BN HBEAE(1988-) & BRI R A, W B 2R, 2 NF cantly inhibited wheat seed germination and seedling
YEVIAHRITFE . (E-mail ) yangxiaofei2007@ yeah.net growth. The germination rate, root length, shoot length,

BIAEE K%, (E-mail) 865728077@ qq.com chlorophyll content of Bainong 201 and Aikang 58 decreased
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significantly as the salt stress concentration increased, while the MDA content, Pro content, and POD activity increased sig-

nificantly. Seed soaking with appropriate concentrations of Spm and Spd alleviated the inhibitory effects of salt stress on seed

germination rate, root length, shoot length, and chlorophyll content in both Bainong 201 and Aikang 58. This treatment resul-

ted in a decrease in MDA content and a further increase in Pro content and POD activity. Based on a comprehensive analysis

using the membership function method, the results indicated that Spd was more effective than Spm in alleviating the toxic

effects of salt stress on seedlings. Furthermore, its positive effect was more pronounced in the salt-sensitive variety Aikang 58

than in the salt-tolerant variety Bainong 201. Among the treatments, seed soaking with 0.10 mmol/L Spd demonstrated the

best efficacy in mitigating NaCl stress-induced damage to wheat seedlings.
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Table 1 Experimental treatments of wheat under salt stress with different concentrations of spermine and spermidine seed soaking

Kl A e
Qb PR PSS PUSEE T REs VSIS

1 XL 0 mmol/L NaCl ¥ H;F7 (4K HEFR) | W1 % HE[ 0 mmol/L NaCl #3535 (4K $53%) ]
K2 25 mmol/1, NaCl {1 7% . 2 25 mmol/ L. NaCl #4557
¥ 3 50 mmol/L NaCl % 15 77 I3 50 mmol/L NaCl %35 77
i 4 100 mmol/L NaCl #1557 W 4 100 mmol/L NaCl {& #1557
i) 0.05 mmol/L Spm #&Ff+25 mmol/L. NaCl iF i1 7% 5 0.05 mmol/L Spd I&F1+25 mmol/L NaCl & #1557
¥6 0.05 mmol/L Spm ¥&Ff1+50 mmol/L NaCl ¥k} 55 6 0.05 mmol/L Spd ¥ #1450 mmol/L NaCl #1557
¥ 7 0.05 mmol/L Spm ¥ZFf1+100 mmol/L NaCl {&FR 5557 W7 0.05 mmol/L Spd #ZFf1+100 mmol/L NaCl & 57%
K8 0.10 mmol/L Spm #&Ff1+25 mmol/L. NaCl iF ¥} 57 8 0.10 mmol/L Spd ¥&F1+25 mmol/L NaCl & #1557
19 0.10 mmol/L Spm ¥&Ff1+50 mmol/L NaCl ¥} 55 9 0.10 mmol/L Spd 12F1+50 mmol/L NaCl ¥4 $E5:

¥ 10 0.10 mmol/L Spm #ZFf1+100 mmol/T. NaCl ¥ 74555
k11 0.20 mmol/L Spm ¥&Ff1+25 mmol/L NaCl i i 1% 5%
H 12 0.20 mmol/L Spm ¥ZFfi+50 mmol/L NaCl #3577

¥ 13 0.20 mmol/L Spm 121 +100 mmol/L NaCl ¥ 5555

10 0.10 mmol/L Spd 2 Ff1+100 mmol/L NaCl ¥ 55 5%
11 0.20 mmol/L Spd ¥&F1+25 mmol/I. NaCl {3 5%
T 12 0.20 mmol/L Spd 1&F1+50 mmol/L NaCl ¥ $% 5%
13 0.20 mmol/L Spd =2 Ff1+100 mmol/L NaCl ¥ 55 5%
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Fig.1 Effects of seed soaking with different concentrations of spermine and spermidine on the germination rate of two wheat cultivars un-

der salt stress
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Fig.2 Effects of seed soaking with different concentrations of spermine and spermidine on root length of two wheat cultivars under salt

stress
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Fig.3 Effects of seed soaking with different concentrations of spermine and spermidine on shoot length of two wheat cultivars under salt

stress
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Fig.4 Effects of seed soaking with different concentrations of spermine and spermidine on chlorophyll content in leaves of two wheat culti-

vars under salt stress
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Fig.5 Effects of seed soaking with different concentrations of spermine and spermidine on malondialdehyde ( MDA ) content in leaves of

two wheat cultivars under salt stress
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Fig.6 Effects of seed soaking with different concentrations of spermine and spermidine on proline ( Pro) content in leaves of two wheat cul-

tivars under salt stress
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Fig.7 Effects of seed soaking with different concentrations of spermine and spermidine on peroxidase ( POD) activity in leaves of two

wheat cultivars under salt stress
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Table 2 Correlation analysis between various indexes of Bainong 201 and Aikang 58 under different treatments
INFE A Lo RIHFR FRAC K Chl. & MDA £ Pro it POD %1
T4 201 KA 1.000 0.807 ** 0.715* 0.511" -0.871* -0.716 ** -0.668 **
(i8N 0.807 ** 1.000 0.844 * 0.255 -0.751* -0.713* -0.354
RIS 0.715* 0.844 * 1.000 0.326 -0.708 ** -0.813* -0.318
Chl. & & 0.511* 0.255 0.326 1.000 -0.298 -0.174 -0.389
MDA & -0.871* -0.751* -0.708 ** -0.298 1.000 0.808 ** 0.535"
Pro ff -0.716** -0.713* -0.813* -0.174 0.808 ** 1.000 0.483
POD i1 -0.668 ** -0.354 -0.318 -0.389 0.535" 0.483 1.000
T S8 KA 1.000 0.676** 0.676** 0.601 ** -0.690 ** -0.772** -0.742™
S 0.676 ™ 1.000 0.947 * 0.054 -0.717* -0.748 ** -0.708 **
#K 0.676 ** 0.947 ** 1.000 0.050 -0.707 -0.668 ** -0.623 "
ChL. % i 0.601 ** 0.054 0.050 1.000 -0.329 -0.180 -0.217
MDA 5 & -0.690 ** -0.717* -0.707 ** -0.329 1.000 0.703 ** 0.700 **
Pro & i -0.772* -0.748 * -0.668 ** -0.180 0.703 ** 1.000 0.959 **
POD %t -0.742* -0.708 ** -0.623** -0.217 0.700 ** 0.959 ** 1.000
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Table 3 Comprehensive factor scores and growth ranking of two wheat varieties under different treatments

HR 201 BT S8
i) A KT it ZaMy Ky
Xt A0 mmol/ L NaCl VA% (4lKIR) ] 1.886 1 XJHEL O mmol/L NaCl ¥ FR(4ikH: %) | 1.469 1
25 mmol/ L NaCl #5455 0.796 3 25 mmol/ L NaCl {7537 0.650 8
50 mmol/ L NaCl ¥ 555 -0.029 12 50 mmol/L NaCl #1555 -0.302 15
100 mmol/ L. NaCl %1537 -1.000 2 100 mmol/ L. NaCl %1577 -1.262 22
0.05 mmol/ L, Spm {2H1+25 mmol/ L NaCl {7557 0.551 7 0.05 mmol/ L, Spm &FH+25 mmol/L. NaCl {F %7 0.785 5
0.05 mmol/L Spm I2/1+50 mmol/L NaCl 5% 5% -0.170 14 0.05 mmol/ L Spm &F#1+50 mmol/L. NaCl {57 -0.173 14
0.05 mmol/L Spm #ZF+100 mmol/L NaCl i&Hii5E  -0.854 19 0.05 mmol/L Spm ¥=27#1+100 mmol/L NaCl ¥ 5% -0.885 17
0.10 mmol/ L, Spm ¥2F+25 mmol/L NaCl #1557 0.553 6 0.10 mmol/L Spm &F11+25 mmol/L NaCl ¥AH{}%5% 0.723 7
0.10 mmol/ I, Spm J27#1+50 mmol/ L. NaCl {7557 0.158 9 0.10 mmol/L Spm &F11+50 mmol/L NaCl YA} 0.101 10
0.10 mmol/L Spm {=2/1+100 mmol/L NaCl ISR -0.627 16 0.10 mmol/L Spm #&FH+100 mmol/L NaCl iAW%3:  -1.019 21
0.20 mmol/L Spm ¥F+25 mmol/L NaCl W57 -0.137 13 0.20 mmol/L Spm Ef1+25 mmol/L NaCl iEHIEF; 0.839 4
0.20 mmol/L Spm JEHH1+50 mmol/L NaCl W15 -0.210 15 0.20 mmol/L Spm &F11+50 mmol/L NaCl YA} -0.014 12
0.20 mmol/L, Spm {2##1+100 mmol/L NaCl i&#%5%  -0919 21 0.20 mmol/L Spm ¥&F1+100 mmol/L NaCl ¥AWEF:  -1.003 20
0.05 mmol/L Spd 1&FH+25 mmol/ L. NaCl #1557 0.756 4 0.05 mmol/L Spd ¥F§+25 mmol/L NaCl {557 0.961 3
0.05 mmol/ 1L, Spd #=2##+50 mmol/L NaCl B F7 0.010 11 0.05 mmol/L Spd =##+50 mmol/L NaCl B T7 0.045 11
0.05 mmol/1, Spd = F+100 mmol/L NaCl #1557 -0.883 20 0.05 mmol/L Spd #=2F1+100 mmol/L NaCl #HT -0.937 18
0.10 mmol/L Spd 3Z501+25 mmol/ I NaCl &7 0.659 5 0.10 mmol/L Spd ¥&FH+25 mmol/L NaCl ik 1.098 2
0.10 mmol/ L Spd #&F1+50 mmol/ 1. NaCl RS+ 0.220 8 0.10 mmol/ I Spd ¥&F1+50 mmol/ 1. NaCl ¥ iiitE 7 0.107 9
0.10 mmol/1, Spd = F+100 mmol/L NaCl %57 -0.825 17 0.10 mmol/L Spd #ZF+100 mmol/L NaCl #RIGF -0.879 16
0.20 mmol/L Spd 3f#1+25 mmol/L NaCl YW 0.849 2 0.20 mmol/L Spd i&Fl1+25 mmol/L NaCl ik s 0.724 6
0.20 mmol/1, Spd #=2##+50 mmol/L NaCl {37 0.051 10 0.20 mmol/L Spd #=##+50 mmol/L NaCl {7 -0.075 13
0.20 mmol/L Spd 1&F1+100 mmol/L NaCl YA 15+ -0.833 18 0.20 mmol/ T Spd ¥ZF+100 mmol/ 1. NaCl #iitE 7 -0.953 19
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