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Abstract: We investigated the adaptability of different Leymus chinensis varieties (lines) to saline-alkali soil, a widely
distributed soil type in northern Xinjiang, China. A pot experiment was conducted using five L. chinensis materials:
Huise (HS) , Zhongke No. 1 (ZK) , Huanggangliang (HGL) , Chifeng (CF), and Dongbei (DB). Five saline-
alkaline stress levels were applied: farmland soil (CK), and slight (S,), moderate (S,), severe (S;), and extreme
(S,) saline-alkaline stress. The growth, photosynthetic characteristics, physiological traits, and nutritional quality of
the five L. chinensis varieties under saline-alkali stress were determined. The saline-alkali tolerance of the five L.

chinensis materials was comprehensively evaluated by a cluster analysis and the membership function method. The
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results show that slight saline-alkali stress had a promoting effect on the growth traits, photosynthetic rate, and
nutritional quality of L. chinensis. With increasing severity of saline-alkali stress, significant declines were observed
in agronomic traits (plant height, tiller number, leaf number, stem diameter, aboveground and underground dry
weight) , photosynthetic characteristics (net photosynthetic rate, transpiration rate, stomatal conductance,
intercellular CO» concentration) , and the contents of photosynthetic pigments (chlorophyll a, chlorophyll b, chlorophyll
a-+b, carotenoids). Concurrently, leaf relative electrical conductivity and malondialdehyde content increased with
increasing severity of saline-alkali stress. As the saline-alkali stress became more severe, the contents of osmotic
adjustment substances (proline, soluble protein, soluble sugars) increased, as did the activities of antioxidant
enzyme activities (peroxidase, catalase, superoxide dismutase) , whereas nutritional quality parameters decreased.
We detected significant differences in each measured index among the L. chinensis materials (P<C0.05). On the
basis of the cluster analysis and comprehensive evaluation (D-values) , the varieties were ranked from most to least
saline-alkali tolerant as follows: HS>HGL>ZK>CF>DB. The varieties HS and HGL exhibited superior overall
performance, demonstrating potential for large-scale cultivation across Xinjiang’ s saline-alkali areas. The results of
this study provide a theoretical foundation for region-specific variety screening and support the cultivation of L.
chinensis and remediation of saline-alkali soils in the future.
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A3 B O (8 B R B — 5 R R R B ORI SR B AR L SR B ) b RO B A B R JELE 5 R A
HEIR - HE [ B 8 A ] R A R G il 4 3% (447207597 N, 85°57732” E)0~30 cm 4 H -+ 3 F1 8T 5 41 3] £ 11
147 41 18 1% (447367 23" N,85°1'0” E) 0~30 cm R R85 1438 , Ja W47 Bl 1 1 52 A0 M L 41 19 IR 7~8 °CL 4R B K
it 180~270 mm, 4F 78 & #t 4 1000~1500 mms,
1.2 KB iE

08 TR A R A R AL AR UEN, T 2024 4E 5 H 20 BB AR A T A 998 5 R B 9 e T L)

P B AR R A B E AR A (CK) VR R B 1 (S,)  h BEERAR 1 (S,) (H B2 ER B 1 (S,) Rl J B2 R A 1 (S,) 3k
SAAFR(F D) . BIRS YR E R A 18.0 em X 15.5 em X 18. 0 em #E 4%, 5 4% 3 kg T 2024 4FE 5 H 28
H # KGR (HS) PR — 5 E 5 (ZK) (8 MR R (HGL) RIEFE R (CF) ARIEE R (DB) K #—3 B AH
UL =G AR A AR R R AR AR A 15 AR A L 19 R AR IR AN KT A A 1 A R A 50
mL Hoagland & 3% # [ 945 mg-L ' Ca(NO,),-4H,0, 607 mg-L. ' KNO,, 493 mg-L ' MgSO,-7H,0, 115 mg-L '
(NH,),HPO, . 53t 25 41 4b B, A A~ b B o &2 8 ¥k, 35 200 4 AR A Jbih a1 Ak B 30 d J5 G — WO 4% b B 41 2 &)y
B O 45 A B 2R K AR AR DA S8 LA O K ML IS AR . Wi AL B 120 d R WA b PR ZH 2
g3 0 5 AR SR
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Table 1 Soil physical and chemical properties

b3 A H 4= 1 7 pH ZERS og=N cl HCO,~ SO,*
Treatment Content of farmland soil (%) Electrical conductivity (dS*m™")  Total salt (%)  (g-kg ") (g-kg ") (g-kg ")
CK 100 7.42 0.71 0.1 0.16 0.08 1.23
S, 90 7.63 1.49 0.2 0.27 0.12 3.32
S, 70 7.87 2.84 0.4 0.48 0.17 6.54
S, 50 8. 06 4.04 0.8 0.73 0.23 12.87
S, 0 8. 34 6.99 1.2 1.03 0.32 19.91

CK: 4% Hl 4 Farmland soil; S;: % £ 4k 88 £ Slight saline-alkali soil; S,: H £ £k i -- Moderate saline-alkali soil; S,: T Jf #; ik - Severe saline-alkali
soil; S,: M H [ £ + Extremely severe saline-alkali soil; £k 5 il 381 &b 358 3 1 B 2% 55 R + 1885 45 2835 1k 53 2445 1 The intensity of saline-
alkali stress treatment was set according to the saline-alkali classification standard of the second agricultural soil survey; g1 T HtiK + & CO,” &K
1% , 7E AW 58 P %48 b5 £ 9% R 2517 48 31 23 B Due to the extremely low content of CO,”  in the tested soil, the data of this indicator was not statistically

analyzed in this study.

1.3 MEIHAFAT &

1.3.1 FRR RN E RGN AE 30 d 5, Bl AL A% IS h e 38 A0 BT 3 45 A AR, 4 11 A2 IS bR R T
FEAR A IF Rt T A RO & Ak s  H 30 s - RO 2 250, X0 it BORN 43 BE BG4 T 1 H8UR T 105 “CHLAR h R
30 min, 7 2 65 CHE T EfHE . b b A T80 T EE 10K A IR EIC/ERES TE™ . BB 3KER .
1.3.2 FEOGE RN E R a 30 dJ5 , TR R A (11:00—13:00) , Fifi AL 1% B R 6 1y 36 4k 3T =
A AR 30K MR T A 2 B R O I FOOE A S8k, I 48 AR AL H5 14 A 3803 (net photosynthetic rate, P,) (ZE
W 3R (transpiration rate, T,) "< L5 & (stomatal conductance, G.) g[8 CO, ¥ & (intercellular CO, concentration,
C) L, HE 3 BOFEHE" . SR SR BEE I 5E 14 K a(chlorophyll a, chla) (4% % b(chlorophyll b, chl b)
2% b 2K (carotenoid, Car) & &E"™, MALP 3R ER .

1.3.3 3 0 JRR R ) E R 30 dJE L REFE R o SRS A0 I E AR X L 5 R (relative
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electrical conductivity, REC)"™", H 75 JH 4% Bi A= 9 BE 47 A BR 2 5] 42 44 1% 3 50 & 0 22 79 — 8 (malondialdehyde,
MDA-GO109W) | 1] i 4 B (soluble sugar, SS-GO501W) | ] i 14 2 14 (soluble protein, SP-G0417W) 0l fifi & &
(proline, Pro-GO111W) % & K i & b ¥ i (peroxidase, POD-GO107W) | id & Ak A ¥ (catalase, CAT-G0105W )
A A AL W 7 AL B (superoxide dismutase, SOD-GO101W )it MBI REE .

1.3.4 FHRERMENE  He0Hia 120 dJ o A B R PR SR, BT 105 TR PR
min, 65 CHET 21 o CBEUE T A9 RE SR S 0 TR A A 3 B B T T O IR LA . %91&*4‘?‘22‘
B IR R 2 7 s, I RE 4% A BRAH T ) 5 (dry matter, DM) ML Z [ (crude protein, CP) HLAE I (ether extract,
EE) HLJK 43 (crude ash, Ash) . #3327 4k (neutral detergent fiber, NDF ) Fl i ¥ 5k 15 £ 4k (acid detergent fiber,
ADF) & & B3R E L

L.3.5 FERERMVES AT i RO Bl 5 o Bk 1 3 45 46 b 10 S ok R, S R B A O
Ri=(X;— X )/ ( Xiax — Xiwin ) (1)
Ri=( X = Xi )/ Xinax — Xiwin ) (2)
D=>" R.i=1,2,+.,n (3)

AP ROH AR AR 9 R BREUE s XS 808 L X s X 70 51 278 55 £ 48 B 1 i KA A e /IMEL s D ol 3 58
M SRR L5 5 PP . 2 R 1 5 48 AR 2 A DG OE RN R A (D) HH5, S Se g R A R (2) 1153 .
1.4 HE%TE5HH

R Excel 2019 8 fF %) Bdii 47 5 28, AT SPSS 20. 0 8K AF#E4T 50 K 2 5 22 53 BT (one-way ANOVA) FiI 3
43T, Duncan & 86 2 1547 2 8 FL . R F Origin 2021 544 Fi1 Chiplot (https: //www. chiplot. online/) { & .

2 HBREHGH

2.1 #Happiast FERLMEIKRG YR

5 CKAH L, S, Ab B, 4% 2 w0 43 BE ORI 250 2 T+ (P<<0. 05, & 1) . CKARFE HGL 3 F#64> T & % & T
HAFF (P<<0.05), SALFE,HS ZK M HGL ZH & & T DB, S,ACPE, HS M HGL Bk & 43 BEE  ZEM A T
4y T W T CE MIDB(P<<0.05) . S, M S, 43, CF DB #k & & 2 8 T Hifl 3 % (P<<0. 05) , HGL 43 BE %%
MM P& T CF A DB(P<<0.05).

2.2 HBEhia st EFEESFHEG W

5 CKAM L, S, EF T, G C 3 Tt m (P<<0.05) , B & Hh Bl b 381 5 BE A9 38 i, 2£ 5 P, TR G7E S, Ml
S, A PR3 T RE(P<<0.05, 8 2), CKARFE ,HGL 5 T, 3% & T HAth 3 50 (P<<0. 05) ,HS .ZK Al HGL £ % G,
WEE T CFMDB(P<<0.05), SAb# ,HS ZK M HGL F# G M C & & T CF M DB(P<<0.05) ,HS fil ZK
P BEST CFMDB(P<0.05), S48, CF M DB E# T, G F C, & 3K T Hifh - %5 (P<<0. 05) , DB 1 ZK
FHEPERARE . S,MS A ,CFMDBEH P, T, .G M C 1 F LT HAh 7 (P<<0.05) .

M T CK,S 4, B chl a+b 1 Car it 2 15 (P<<0.05) , Hi ZK &L chl a.chl b.chl a+b fll Car I & &
FH AL E R (P<T0. 05, B 3) , Bl 3 5 B i 18 55 B2 A 38 0, 45 2£ %% chl a . chl b chl a-+b fil Car 7£ S, fl S, 4L L i 2%
A (P<<0.05) . S, Ml S AbH ,HS . ZK HGL £ % chl b #l chl a+b i & & T CF M1 DB(P<<0.05) ., SAb#H ,HS ¥
% chl a.chl bl chl a+b & 2 5 T H A 3 7L (P<<0. 05) .

2.3 HmpiaxFEEAEFRAGY A

2.3.1  ERHHM A XT3 A0 R M Y 5 CKAb¥E R ,HS Ml HGL E# REC Fl MDA & &# B Z K T CF
DB(P<C0.05, & 4) ., BE25 £h 5830 58 BF (36 A0, -3 REC A MDA &/ £ 2 E b3, S 4H, CF M DB %
B REC Fl MDA 3% & T HA £ % (P<<0.05) ., S,.S, Ml S4B, HS . ZK MIHGL £ % MDA & &# 3K T CF Ml
DB(P<C0.05),DB % REC & # & T HS f1 HGL(P<<0.05) .

2.3.2  ERGRIM A0 X 3 H0B A ) T R R IS 5 B Joly 360 58 B B9 38 00, Pro A1 SP 5 8 43 I AE S, Fl S, 35 £ %
K, H B E T H AL 0 4 BE(P<<0. 05,81 5) . S,A4bBR, DB % Pro & & I & K T HAth £ % (P<C0.05) .
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Fig. 1 Effect of saline-alkali stress on agronomic traits of L. chinensis

HS: K 8 F % Huise L. chinensis; ZK: TR —5 £ 5 Zhongke No. 1 L. chinensis; HGL: ¥ i< 9% °f % Huanggangliang L. chinensis; CF: 7 2 5
Chifeng L. chinensis; DB: 7Rt 25 Dongbei L. chinensis. N[l /NG S8k 3% 7R 7] — 35 i W 30 4 3R A 8] 2 55 0] 22 5 8 3% (P<<0.05) , AR R R 3%
7 R — 2 7R R [R) Eh B 1 18 4 #ER 22 5% 8 3% (P<C0.05), T IAl. Different lowercase letters indicate significant differences among different L. chinensis
under the same saline-alkali stress treatment (P<C0.05) , while different uppercase letters indicate significant differences of the same L. chinensis under

different saline-alkali stress treatments (P<C0.05). The same below.
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Fig. 2 Effects of saline-alkali stress on photosynthetic parameters of L. chinensis

LhFE CF 2B SS & i B 2% F Hfh 2F 2 (P<<0. 05) , H CF I DB £ 2 Pro & & i 2k F = 2 2 (P<<0. 05) .
S, B HS AITHGL 2B SS SP 1 Pro & B % 5 FHM 2 2 (P<<0.05) .
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Fig. 4 Effect of saline-alkali stress on membrane permeability of L. chinensis

2.3.3  ERGR A X RGP R AR IR M e BE RGP 8 5 A RS N, 25 5 POD LCAT 1 SOD ¥ 1 43 31
TE S, S, S AL PR 35 B b5 (B 6) , H i 35 8 T A 3h 5l 38 4 2 (P<<0. 05) . CKALHE,CF % POD 1 CAT
T Ve K T ZK(P<<0. 05) , H. CF Al DB 3% SOD i £ i I T HAth 3 52 (P<<0.05) . S, AL ¥R, ZK ¥ POD
T T A R (P<<0.05) o S,ARFE DB EHE POD I M i 35 7 T Hif 2 %0 (P<<0. 05) . S, AR FE  HGL
B POD 36 M 3 8 T HAL A % (P<<0. 05) , K. HGL \HS £ 59 CAT A SOD % P i 3 8 T HAth 2 % (P<<0. 05) .
SAbEE DB EF CAT A SOD i M i 2 % T HoAh 2 72 (P<<0. 05) .
2.4 WA FEFEER KRG

AT CK, S, 4b ¥, % % NDF Ml Ash & it & 2 7+ 55 (P<<0.05, & 7). S, 4 ¥, CF #1 DB % % DM, CP Al
NDF & i i 8 T H AL 2 7 (P<<0. 05) ,fH DB £ 50 ADF 5 f2 & 3% /= T HAL £ 5 (P<<0. 05) . S, A0 B HGL 25
DM 1 CP & & i 3% i T HiAth 3£ 55 (P<<0. 05) , CF Ml DB 2£ % Ash % 1 i F Ik T HA £ 55 (P<<0.05) . S, 1S, &b
L, HS ZK F1 HGL % % NDF fil Ash & it 8 3% & T CF £ 5 (P<<0.05) ,HGL £ ¥ DM .CP M EE % it B & & T
CE F1DB(P<<0.05).
2.5 HBME T S FEE A EN

1F SRR RBUEHET 25 B AR E R ER A (% 2) . CKATS Ab 38, CF Ml DB 5 i 20T HS . ZK

%HHGL(P<O.O5),Z;% HEFE 2y 9 ZK>HS/HGL>CF/DB M1 HS/ZK>HGL>DB>CF. S, S,4b3 ,HS
HGL 522 5 AN 3 HAh 3 5 H] 25 5 0 25 (P<<0. 05) , 8 &5 HE/F W HS/HGL>ZK>CF>DB. S,Ab#, % F R
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] 2 5 {3 (P<<0.05) , 254 HEF 3 HS>HGL>ZK>CF>DB. 54 % % 25 4 F ¥ 3¢ 8 o6 B0 HE 5 o HS>
HGL>ZK>CF>DB.

o SR JE pR B HE T L 2545 VAN 3 500k E5 B 36 A o 1 A5 0 (3R 2) o HS FFH CK A S Ab ¥ 25 S AN g 3, 0L
ﬁﬁiiﬁlaﬂiﬁ WF (P<<0.05) , L2 4 VEM HEFF N S,=>S,>S,>CK>S,. HGL E# 4 kb B ] 22 7 B % (P<<
0.05), ZZ &I HEF B S, >S,>CK>S,>>S,, ZK.CF fI DB #, CK Fl S, b # 22 55 A 1 35, I Ath b 3 1] 2% 55 B
% (P<<0.05) , LB VM HEF 20 3k S, >S,/CK>S,>8, .S, >S,>CK>S,>S, 1 S, >CK>S,>S,>S,,

®2 HEMETSHFENZSITNEHF

Table 2 Comprehensive evaluation and ranking of five L. chinensis under saline—alkali stress

R b3 R e R Az R EERUA ZaFHE 1 6 58 P HE
Material Treatment Agronomic Photosynthetic Physiological Nutritional Composite Order of saline-
character characteristics characteristics quality average value alkali tolerance
HS CK 0.79 0.72 0.37 0.46 0. 58Ac 0.59 4 1
S, 0.94 0.91 0.40 0.54 0.69Aa 1
S, 0.65 0.73 0.50 0.63 0.63Ab 2
S, 0.38 0.50 0.68 0.79 0. 59Ac 3
S, 0.21 0.36 0.63 0.52 0.43Ad 5
ZK CK 0.81 0.76 0.37 0.43 0. 59Ab 0.55 2 3
S, 0.93 0.94 0.39 0.51 0.69Aa 1
S, 0.62 0.69 0.48 0.59 0.59Bb 2
S, 0.32 0.41 0.57 0.73 0.51Cc 3
S, 0.14 0.25 0.51 0.51 0. 35Bd 4
HGL CK 0.82 0.72 0.35 0.45 0. 58Ac 0.58 3 2
S, 0.93 0.85 0.39 0.54 0.68Aa 1
S, 0.69 0.68 0.47 0. 66 0.63Ab 2
S, 0.38 0.46 0.66 0.78 0.57Bd 4
S, 0.24 0.31 0.62 0.55 0.43Ae 5
CF CK 0.75 0.59 0.32 0.29 0.49Bb 0.45 3 4
S 0.87 0.72 0.33 0.45 0.59Ba 1
S, 0.54 0.52 0.41 0.53 0. 50Ch 2
S, 0.24 0.29 0.47 0.64 0.41Dc 4
S, 0. 06 0.14 0.40 0.42 0.26Cd 5
DB CK 0.76 0.59 0.32 0.28 0.49Bb 0.43 2 5
S 0.88 0.76 0.33 0.44 0.60Ba 1
S, 0.55 0.46 0.41 0.49 0.48Db 3
S, 0.25 0.18 0.47 0.66 0.39Ec 4
S, 0. 06 0.03 0.31 0.39 0.20Dd 5
+ RN PR 33 [i] — 2 B0 72 S ] b W 30 Ak B8R 25 5 35 (P<<0. 05) , AT K 'S T B 678 [l — R 0 Wy 360 Ab B8R AN [ 2 0 ) 2% 5 Wik 35 (P<<

0.05),
Note: Different lowercase letters indicate significant differences the same L. chinensis under different saline-alkali stress treatments (P<Z0.05) , while

different uppercase letters indicate significant differences among different L. chinensis under the same saline-alkali stress treatment (P<20. 05).
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Fig. 8 Cluster analysis of L. chinensis under saline-alkali stress
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