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Comparative Study on Physiological Responses of Leymus chinensis and
Elymus dahuricus to Salt and Alkali Stress

LIU Jin-yu, REN Shan, ZHANG Hai-zhen, WANG Yue, ZHOU Ai-min’

(Department of Horticulture, Northeast Agricultural University, Harbin, Heilongjiang Province 150030, China)

Abstract: This study established gradient stress treatments of pH, NaCl, NaHCO3, and Na,COs to compare the
stress tolerance differences between Leymus chinensis and Elymus dahuricus. Evaluated parameters included
growth indices such as seedling leaf length, root length, and fresh weight, as well as physiological indicators
including chlorophyll content, relative electrical conductivity, malondialdehyde (MDA) content, superoxide
anion (O, - ) content, antioxidant capacity, and osmoregulatory substance levels in mature leaves. A comprehen-
sive evaluation was conducted using principal component analysis (PCA) in conjunction with the membership
function value (MFV) method. The results demonstrated that alkaline salts (NaHCO,, Na,CO;) exhibited sig-
nificantly stronger inhibitory effects compared to neutral salt (NaCD and high pH conditions. With increasing Na ™
concentration and pH levels, the growth inhibition of L. chinensis was less pronounced than E. dahuricus. Addi-
tionally, L. chinensis exhibited a smaller reduction in chlorophyll content, lower increase in relative electrical con-
ductivity and malondialdehyde (MDA levels, less accumulation of superoxide anion radicals (O3 - ), and stron-
ger antioxidant capacity compared to E. dahuricus. Additionally, L. chinensis accumulated higher levels of osmo-
regulation substances (soluble sugars, soluble proteins, proline). The PCA-MFV comprehensive evaluation con-
firmed consistent conclusions between seedling phenotype and mature plant physiological indices, demonstrating
that L. chinensis possessed significantly superior comprehensive saline-alkali tolerance compared to E. dahuricus.

This research provides a theoretical foundation for vegetation selection and breeding in saline-alkali soil.

Key words: Leymus chinensis; Elymus dahuricus ; Saline-alkali stress ; Physiological index ; Principal component analysis
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Fig. 2 Comparative analysis of growth phenotype of L. chinensis and E. dahuricus seedlings under NaCl stress
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1 AEH BHETFEFEMHHERNE FHEE. AR ERBTER
Table 1 Extraction factor characteristic value, contribution rate and load matrix of Leymus chinensis and
Elymus dahuricus under different salt and alkali stresses
NaHCO, frif Na,CO, it
=N piSEl S S8 BNISiEl °l s S8 s : ’
it pH il pH stress  NaClifl NaCl stress NaHCO, stress Na,CO, stress
Variable
PC1 pPC2 PC1 PC2 PC1 PC2 PC1 pPC2
T i —0.251 —0.557 0.472 —0.289 0.421 —0.310 0.457 —0.286
Malondialdehyde (MDA) content
A BE 5 i Soluble sugar content 0.501 0.162 0.100 0.578 0.449 0.189 0.343 0.403
] %5 1 2R 11 7% i Soluble protein content —0.016 0.417 0.031 —0.238 0.180 —0.248 0.346 0.257
1 8 I 2 R & & Free proline content 0.474  —0.143 0.436 0.374 0.386 0.413 0.294 0.485
4% Z % it Chlorophyll content —0.387 0.380 —0.522 0.173 —0.478 0.107 —0.495 0.187
BPLAALRE ) Total antioxidant capacity 0.412 0.385 0.018 0.596 0.102 0.761 —0.113 0.626
XTS5 Relative conductivity 0.376 —0.420 0.551 0.004 0.448 —0.213 0.457 —0.167
FEAEAH Characteristic value 3.092 2.447 2.986 2.531 4.089 1.640 3.629 2.101
ik % Contribution rate/ % 44.2 35.0 42.7 36.2 58.4 23.4 51.8 30.0
ZRITTHL R Cumulative contribution rate/ % 44.2 79.2 42.7 78.9 58.4 81.8 51.8 81.8

A F LI Factor weight/ % 55.8 44.2 54.1 45.9 71.4 28.6 63.3 36.7
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Table 2 The score coefficient matrix of variables in the extraction factors of Leymus chinensis and Elymus dahuricus under

different salt and alkali stresses

e pH Wit NaCl i NaHCO, 8 Na,CO, 8
V;iile pH stress NaCl stress NaHCO, stress Na,COj, stress
PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2

N 5 B Malondialdehyde ( MDA) content ~ —0.143  —0.356 0.264  —0.185 0.208  —0.242 0.240  —0.197
Al MM 5 i Soluble sugar content 0.285 0.103 0.056 0.370 0.222 0.147 0.180 0.278
W] % PEE 1% & Soluble protein content —0.009 0.267 0.017  —0.152 0.089  —0.194 0.182 0.178
i 25 Bl 2 R 7 & Free proline content 0.269  —0.092 0.243 0.239 0.191 0.323 0.155 0.334
4% % & 4+ Chlorophyll content —0.220 0.243  —0.291 0.111  —0.236 0.083  —0.260 0.129
PSR BE ST Total antioxidant capacity 0.235 0.246 0.010 0.382 0.050 0.594  —0.059 0.432
ARXS HL 3% Relative conductivity 0.214  —0.269 0.308 0.003 0.221  —0.166 0.240  —0.115

£3 FEH.EPHETEEMBREE S EFOSSTMHE
Table 3 The membership function values and comprehensive evaluation values of the comprehensive indexes of L. chinensis and

E. dahuricus under different salt and alkali stresses

i 38 [ER7/ R R n(x) DA BUrEHEY

Stress Plant material wl n2 D value Resistance rank
pH 8 L. chinensis 0.724 0.813 0.763 1
pH stress Wl 5 E. dahuricus 0.236 0.285 0.257 2
NaCl i 2R L. chinensis 0.390 0.370 0.381 1
NaCl stress W E. dahuricus 0.295 0.155 0.231 2
NaHCO, it F¥E L. chinensis 0.393 0.184 0.333 1
NaHCO, stress W E. dahuricus 0.265 0.201 0.247 2
Na,CO, it FH L. chinensis 0.403 0.623 0.484 1
Na,COj stress W E. dahuricus 0.240 0.276 0.253 2
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