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Abstract: [ Objective | This study aims to investigate the physiological effects of exogenous Salicylic acid
(SA) on the mitigation of seed germination and seedling growth in Astragalus mongolicus under saline—alkali
stress conditions. [Method]Astragalus mongolicus was utilized as the test material , and saline—alkali stress was
simulated using a 100 mmol/L. NaHCO; solution. Exogenous SA solutions with concentrations of 0.1,0.2, 0.3,
0.4, 0.5 mmol/L, were set to modulate seed initiation and seedling growth in Astragalus mongolica.Two control
groups, treatment without SA and NaHCO, stress as control 1(CK,) ,and the treatmentwithout SA and NaHCO,
stress as control 2(CK,)were designed , and the seed germination index, seedling growth and physiological index
of Astragalus mongolicus were measured. [ Result ] In response to NaHCO, induced stress in CK,, Astragalus
experienced substantial inhibition in seed germination, seedling growth, as well as physiological and
biochemical processes.Compared with CK,, the germination rate, germination potential , germination index, and
vitality index of Astragalus seeds exhibited significant reductions of 93.96%, 93.45%, 97.26% , and 97.50%,
respectively.Seedling height, fresh weight, and root activity showed substantial reductions of 35.97%,37.61%,
and 72.65% , respectively.Moreover, the activities of antioxidant enzymes , the activities of superoxide dismutase
(SOD) , peroxidase (POD) , catalase (CAT) , soluble protein and proline (Pro)were inhibited to varying degrees,
while the permeability of plasma membrane and the content of malondialdehyde (MDA ) experienced significant
increases. In comparison with CK,, the introduction of exogenous salicylic acid (SA) resulted in significant
enhancements in the germination and seedling growth of Astragalus mongolica (P<0.05). Furthermore, there
were notable reductions in plasma membrane permeability and the content of membrane lipid peroxidation
product malondialdehyde (MDA ) , ranging from 40.21% to 56.56% and 20.09% to 46.39%, respectively. The
activities of antioxidant enzymes, including SOD, POD, and CAT, as well as root activity, displayed varying
degrees of enhancement. Additionally, there was a noteworthy increase in the accumulation of free proline and
soluble proteins, which are essential osmoregulatory substances, by percentages ranging from 8.86% to 25.57%
and 13.10% to 42.13% , respectively.| Conclusion ] Exogenous Salicylic acid has proven to be a potent regulator
of the inhibitory effects of NaHCO, stress on both seed germination and seedling growth in Astragalus. It
alleviates effectively osmotic pressure and mitigates damage caused by membrane lipid peroxidation in
Astragalus seedlings. Furthermore, it enhances the adaptability and salt—alkali resistance of both Astragalus
seeds and seedlings when exposed to salt—alkali stress.The concentration of 0.3 mmol/L. exhibits the optimal
alleviating impact.
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2.1 KiFEEIT NaHCO,fME TR EEKMFIEAMNAT
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T & 48R, BI85 2% 5 8 K F (P<0.05) ,{H NaS, \NaS, . NaS, . NaS, 2 [6] 2% F 4 i 2 (P>0.05) , %4k
FIBE SA YR BE AN, A8 AR R BT SR PR . 8511, 5 CKMI EL , NaS, Ab B4 F5 bRk 2
Her A, BS54 b BRI 22 53 35 (P<0.05) 58 GBI T 14.54% , 5 CK M 22 538 8.3 (P>0.05) 5 NaS, &b
PSR S, HAE NaS, B8 /N T 9.00% ., % B NaHCO, 301 BE % 41 1 55 2 b 1 B9 5 %, 1 4h I SA Oy
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Tab.1 Effect of exogenous SA on seed germination of Astragalus mongolica under NaHCO, stress

A3 R ZF % RHRI% REFIREL IGPAE =R
Treatments Germination percentage  Germination potential Germination index Vigour index
CK, 53.33+7.26 60.33+6.23" 45.88+6.03" 87.72+19.49"
CK, 3.33+0.88" 3.67+0.88" 1.25+0.60" 0.34+0.19"
NaS, 26.00+3.06° 32.67+1.45° 17.78+2.18° 18.07+4.25"
NaS, 29.67+2.06° 33.67+3.38° 20.51+1.42° 23.53+4.49"
NaS, 48.33+8.82" 53.33+7.13" 35.15+6.59" 76.63+18.53"
NaS, 39.33+2.96" 45.00+1.73° 25.43+2.13" 47.63+6.36"
NaS 33.33+7.26° 36.00+6.08° 21.80+4.94 16.27+5.65

5

[ EAE CF- BB AR 22) J5 A R P BE RN AE 5% /KT B3 (n=3 , f/NE 5 &L ) o NaS, \NaS, NaS, .NaS, .NaS, 735
F7/R10.1,0.2,0.3,0.4,0.5 mmol/L SA IFWEAS 52 B R F A 751 R ALFE, CK, F/m R ISR SA JC NaHCO, 38 2218 7K
AR, CK, R /RAFAE NaHCO, B {F R AR SA

Values (mean+SD ) followed by different letters are significantly different at P<0.05 (n=3, LSD).N&Sl ,NaS,, NaS,, NaS, and
NaS, denotes Astragalus mongolica seeds triggered with SA solutions at 0.1,0.2,0.3,0.4,0.5 mmol/L, respectively.CK, indicated
that there was no NaHCO;, stress and no SA was added for distilled water treatment.CK, indicates that NaHCO, stress is present
but no SA is added.

2.2 KIFERIT NaHCO,MME TEHER S B EHEMENAT

W2 iR, 78 NaHCO, (CK,) Bhs T 2h B K 3w 55 , 5 CK A E, Bk iy AR RN SRR i 7 43 S0 /N 1
35.90%.30.92% .37.60%. ¥ iNAS [H) ¥ 5 AR SA Zb B , NaHCO, B8 T 8 [ 4 A K B 3 48 (P<
0.05) , H Rk e 3 PR sy RITARA G Bl 77 SA MR BE (38 inimi 35 0 o ZE SR8 38 T, LA NaS, \NaS, Zb BRI
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FeE, H NaS sy R FUBR fF 5L CK, 20 1IN 1 60.55% .51.93% . 35.62% , NaS, %2 CK, 73 3|3 i 1
52.40% .70.17% .27.40% ; SA &b B 5 Ak f 85 /N F CK,, NaS, . NaS, . NaS, . NaS, #% = £ /N F CK,, NaS, |
NaS, R KK TF CK,,NaS, NaS, 5 CK H HTE i 3 25 5 (P>0.05) .
F2 SMESAXINaHCO,fME THERHERS HEYENF M
Tab.2 Effects of exogenous SA on the biomass of Astragalus mongolica seedlings under NaHCO, stress

Qb PR /em K fem PAVfff /g
Treatments Plant height Root length Per plant fresh weight
CK, 8.040+0.364" 2.62+0.144" 0.117+0.015*
CK, 5.153+0.294° 1.81+0.169° 0.073+0.007°
NaS, 7.080+0.380"™ 2.18+0.202" 0.081+0.006"
NaS, 7.480+0.402" 2.34+0.384" 0.091+0.007"
NaS, 8.273+0.380" 2.75+0.163" 0.099+0.010"
NaS, 7.853+0.338" 3.08+0.254" 0.093+0.008"
NaS, 7.080+0.285™ 2.63+0.271" 0.088+0.006"

[ ZVEE CF- B AR 122 ) J5 A R 7B RIRAE 5% /KT 3 (n=3, /N2 R W37 ) o NaS,.NaS,.NaS3.NaS, NaS, 5
7R H10.1,0.2,0.3,0.4,0.5 mmol/L ¥R BE (Y SA JE UM 52 B EER T HEAT5 1 AL B, CK AR AR BSINAMIE SA JE NaHCO, 1
THZEAR AL FE , CK, /R AFAE NaHCO, JHh a8 {H A 5 il SA

Values (mean=SD ) followed by different letters are significantly different at P<0.05 (n=3, LSD).NaS1 ,NaS,, NaS,, NaS, and
NaS, denotes Astragalus mongolica seeds triggered with SA solutions at 0.1,0.2,0.3,0.4,0.5 mmol/L, respectively, CK, indicated
that there was no NaHCO, stress and no SA was added for distilled water treatment. CK, indicates that NaHCO, stress is present
but no SA is added.

23 KEGEIMEHE TEHERSERRZFANAT

1 & 1 AT, B 100 mmol/L NaHCO, (CK,) 36 4b BES (1) 2h AR 2235 1 8 3 F#AIK (P<0.05) , 5% CK, %
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NaS, A FHRYK 2, 1 NaS, 5 NaS, SR e/l

0.12
ol0f T
et :
= a
T 5, 008 | i
o0 = d
o0 2
2% oost o
R2
) ed
\é% ey .
uss
002}
0.00
CK

CK, , NaS, NaS, NaS, NaS, NaS,

AbFE Treatment
B AMELSA X NaHCO, A T 35 4N HIR 223 1 1 s
Fig.1 Effects of exogenous SA on root activity of Astragalus mongolica seedlings under NaHCO), stress
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FH [ 2 A1, NaHCO, k6 fiff 2 i it o Jo i M A JBE Bl ook 40 AR B 34 R, 288 K 43 il 35 n 17 1.56 4%
L84 5 TR AN [R]ve FE A1R SA AR 38U, 4 i e 528 S MDA 7 53 i IR T CK, (P<0.05) , B AR 1L,
W ENIE 53 )M 40.219%~56.46% . 20.09%~46.39% , HL40 M B A i A AL FL B i 5K T CK, ; NaS, P AR I8 3
Bk, Hil 5 % M MDA & 48 CK, 20 WA T 46.41% . 54.46% ., NaS,.NaS,.NaS, . NaS, 4b F i G % K
MDA #5544 i 3 5 T CK,(P<0.05) , NaS, Zb ¥ MDA 5 CK, A Fb R 15 3] 8 /K- (P>0.05) .
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Fig.2 Effects of exogenous SA on conductivityand MDA content of Astragalus mongolica seedlings under NaHCO; stress

2.5 KIGERITEEME TREERAE RPN ENEEENAT

F 1 3A AT, R IR SA AL B S , 28 SOD TG PERE# SA ¥ B A3 i & A8 T RE AR Ak, HLY e 2
T CK,(P<0.05) , NaS,Zb B SOD 7% P i , 88 CKL 3G TN T 3.96 4% ; NaS, \NaS, . NaS, \NaS,Zb# SOD 7§ 14 5
CK, #H L 22 A 3 (P>0.05) o
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CAT MR FTHE 18 T IR fa %, H A B 35 7 T CK,(P<0.05) . NaS AbBRAN 1 CAT 1% 1
R A, H 5 NaS, \NaS, \NaS, .NaS,f Ht 22 5 i 3 (P<0.05) , 48 CK3 N T 2.23 /% . HULAT LA 1, KR
W BE B AR SA RE IR DU AR 52 i A T N BY CAT 1& Pk B 3548 5, AT LA R 58 4 1 CAT TG PR 3]
R ERAEH, AN SAVRIE R 0.3 mmol/L I, B R R i
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Fig.3 Effects of exogenous SA on SOD, ATC and POD of Asiragalus mongolica seedlings under NaHCO, stress
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Fig.4 Effects of exogenous SA on osmotic adjustment substances of Astragalus mongolica seedlings under NaHCO, stress



£ 56 - L PN Faok

22.95% .28.94% ; TS INAS [R] e B2 SR SA I, £5 A0 BRAT) 1 R 1k 28 11 R AR AR sl IN , i i o i 20
R BNIRE BB . AN SA 45 Ab R A 1 I 22 B8 RN R I PE AR 1 Y 0 S T CKL AR EE (P<0.05) , H NasS,
ARFROTE R U IR O A CK A A T 25.56% . 42.43% , BNZRF# AR BefE o NaS,  NaS, Zb#f
G TR S S CK, 225 8.3 (P<0.05) ,NaS, \NaS; . NaS, NaS; 55 CK, 25 54 2. 3 (P>0.05)
3 it i
3.1 KiHEEZT NaHCO,ME TREHEK 4 B R E KA TR

FAR R ER 2 BRI AR E 5 AR K 2 — , S R R AR A K B R, S S8 ik
AR ORISR, R A N, DL AR R K 5l A, BR Ak Bk v e L R G A R B AT,
A58 A 100 mmol/L NaHCO 5480 ER Bl Jilh 160 Kb 38U | Sty 8 jEFh T & 2R 5 R 2F 80 R ZFHR 80516 T8
B2 B, B INAS [R) e B2 SN SA 5 5l 8 s M2 T A FR bR AR B E A L X 5 R NI T
HMEAKAG IR T ER 8 T KA i & M g i AR RBFR A R — 3 R R AR E MY Ko VB SR
VIR RE ) AR AR R AR R 5 I Ak A, b ER a0 2 T B0 A, (A
FEAR R IF AR FHAZ BH, (AR AR R IE ) PRAREEEE PR R 3 R R B, TS W VE X T K A R R
W5 TS I SA VS TR, T A 0% i NaHCO 0 FAR T A 3], 2l 2l i AR 2805 77, Wik 0% FE 4
BT R B0 A3 R, e L 0.3 mmol/L AN SA VISR fe ko H b nT LAAS Y S8 R R B Y A R
SA A LU R R 5 ER 0P 18 T B SR i 4 AR K R R ISR S IR AL
3.2 KiFERXT NaHCO,fME T 5 B 40 & P H 4 B 45 1 0918 5 BUs

0 L 5535 M R A AT 1) A B R 22— RS P T A0 A A0 R P A R LE R A A A
FEEWEH , SEYPUELRE ) BEASC, MY 7EEh b a T 248 E A0 M A A i 3 M T
SECHE 3 R A0 L 18 R 15 W, 8 R o R 3 P, T O 400 R S 2 3 o R i o AR A R R B L T 2o S Ak
PRI I MDA 1) 5 H AR 23 00, T A 40 40 L N R A X T e A LA AR A I T BR BB ), AT LAl A5 A
Wy A R T P AR 7 A R R O 3SR AR AE T (SOD) L it AR g (POD) i 48k S i
(CAT) %5, SOD 55 — B Bl 2k , BB TR B 20 i i o 1 8 420 B 8, B LB Ak ol HLO, AT O™, £E POD Fll CAT
PIREALAVE T, AR BTE 22 (9 HLO F1 0, A58 i 55 1, 100 mmol/L NaHCO, X 5 mE 4l f AR5, it
JoT 375 Wk S R o AU A AR BE 1S K, MDA 5 i b 3 e, B AU fE T SOD . POD | CTA 5 1 Wb 3 e, Ui Ty
VAR T Al T P R T P P PN A R ) A AR ORI R A2 B T — R R . WA [ v
JEAMIE SA REFRJS | B B A T AR A B 1 2 AR R B RS M U N S REE A o A A A £t i 2 e L 7R ST
U8 SA ¥ £ R 0.3 mmol/L i), JLHE S 36 & MDA & 5 43 il 358 CK, B IR T 46.41% . 54.46% , $iL %A ALl SOD
POD \CAT#Z CK, W E A T 3.96 1% . 1.56 4% .2.23 %, BNZ ARSIt . BRIIE, SR IK SA 1T LA 3L 2% i
B EEAN T A7 B AR AR R 0 A 1 RN i R A S A AR B 1 g e AT i T T 3 R R4
T T L X 5 A 525 3B X H B (Glyeyrrhiza uralensis Fisch)™ ¥ J\ (Cucumis sativus L.)""E5 §8 fria
RIS 25 5 — 3

) (035 325 VR 15 100 SO R U3 P9 07 v e o A, T v M AR 1 0 2 i R A — 2R
V¥ A% T AR o AR I G R 2R 0K B8 35 R AP ) SR e 832 3 A8 X ) B A AR T A B L 7R
BB A T AT DL AR AT ST NaHCO, 0 T 527 8 40 il A PE R 1 & i e B il e
YA ORI R B REA, BN AM R SA 5 AT PR 1 2R 1 fE S SR RS TR e X S A A
TERRAE (Gossypium herbaceum L.)™ VY ¥THEIK (Astragalus adsurgens ) SEAEY) L5 45 - —2, minl %
PEER A BRI REK ) A AR 5T T B el i MEBR  iT DA S s IR AR, BR AR DR 3 e 1
B3 N I 2 R B B AR R, AR T AR 20 R B B AR B BRTE PR A, T HAE NS IR A
Yrpi it ge i AMIE SA R T NaHCO, Whi8 57 8 s 4l v Ml 28 | Ve PR & s i R R 2 4 e
B, A SRS AR R XK A VB IR ORI, S AR SA MR B2 R 0.3 mmol/L I, 45 i il 2R W]
STERE S B R IR B R, H 5 45 b3 22 5 W2, AR SA A 3T a1 n B e 4 v R I R B
R RN e e ST e N 1S E



F1 LTI A KA IR NaHCO, JHM0 T 8 FEA) B A 4 B A BRARR IR e 8] 32800 + 57 -

4 &5

NaHCO, i} 381 2 2 AW 1 3 BOM 1 & 20 R R 253 R ZF R SN 46 %0, & IR T SOD \POD 1 CAT
PR, AR PR 0 R R 5 AR R O N T B A A R S MDA S R
JINAS [R) e B A SA Kb B AT 8 35 48 g B RO 7 & R4 A, A A T A i A I, B s D SR AL B P LA S8 i
PR RE ST ARMASSE 1 , W — 2D R AR T B A S 005 B it R P , B e 1 B ECA W O ST ER BRRE T, LA
0.3 mmol/L AN SA 5 HOR B . AMBEUK A BR A £5 5800 J7 T A FH LA B A AL B A i S gk — 2B A0F
G WFFEER A S o SR B AP AT 4 R A= 7 D0 5T v 7 14 B R A SR AR R A B SR

£ 2% 3Lk References:

[1] ZHANG J H,BAI Z G, JIE H, et al.Biochar alleviated the salt stress of induced saline paddy soil and improvecal the bio-
chemical characteristics of rice seedlings differing in salt tolerance [J].Soil and tillage research,2019,195:104372-104372.

[2] SHRIVASTAVA P,KUMAR R.oil salinity: a serious environmental issue and plant growth promoting bacteria as one of the
tools for its alleviation[ J ].Saudi journal of biological sciences, 2015, 22(2):123-131.

(3] 25t £ P A5 R B B R 5 TS AT SE L ).+ S XA 5T, 2005,23(2) £ 154-158.
LI B,WANG Z C,SUN Z G, et al.Research on saline land resources and sustainable use in China[]].Agri(:ultural research
in the arid areas,2005,23(2):154-158.

[4] A, TEE, L. L0 A& E LRI 7T 0E R [J/OL]. AR A2 2435, 20231 1-11[2023-9-25 | http : //kns.cnki.net/
kems/detail/21.1148.Q.20230508.1525.002.html.
ZHOU J,WANG Z C,YANG F.Research progress about phytoremediation mechanisms in saline-alkali soils[J/OL].Chinese
Journal of Ecology, 2023 1-11[2023-9-25 ].http: //kns.cnki.net/kcms/detail/21.1148.Q.20230508.1525.002.html.

[5] WANG X P, JIANG P,MA Y, et al.Physiological strategies of sunflower exposed to salt or alkali stresses : restriction of ion
transport in the cotyledon node zone and solute accumulation[ J ]. Agronomy journal ,2015,107(6) :2181-2192.

(6] Z=F3, NHF BRI, 55 . ER G0 X5 MR &)y i Az RS @ PR35 W T & s i s (1], 2B 3854, 2017,37(24)
8511-8517.
LIZ Y,CONG R C,YANG Q S, et al.Effects of saline-alkali stress on growth and osmotic adjustment substances in willow
seedlings[]] .Acta ecologica Sinica,2017,37( 24):8511-8517.

[7] FENGNJ,YUML,LIY,JIN D,ZHENG D F.Prohexadione calcium alleviates saline-alkali stress in soybean seedlings by

improving the photosynthesis and up-regulating antioxidant defense[J].Ecotoxicology and environmental safety,2021,220:

112369.
[8] Bk&xEr, JBEREL, TIE 45 SRR ER a5 4t A Kt Foe S WU D g isg ma [ ) ], B 252424k, 2019, 38
(1):161-172.

ZHANG H H,LONG J H, WANG ] R, et al.Effects of different salt stress conditions on growth of Sorghum seedlings and
function of leaf photosynthetic apparatus[ J ].Chinese journal of ecology,2019,38(1):161-172.
[9] NAKASHIMA K,ITO Y, YAMAGUCHI-SHINOZAKI K.Transcriptional regulatory networks in response to abiotic stresses

in Arabidopsis and grasses|J].Plant physiology,2009,149(1) :88-95.

[10] YANG C, CHONG J, LI C, et al.Osmotic adjustment and ion balance traits of an alkali resistant halophyte Kochia siever-
stana during adaptation to salt and alkali conditions [J].Plant & so0il,2007,294(1/2) :263-276.

[11] AR 883, 8T, 45 KA IR X NaHCO, ikl I AL PG T S e b DX XIAR AR 7B A B 52 e [ ). g sl R 2r2a 4l (A
SRBLER) ,2021,45(4) : 114122,
DENG P,ZHAO Y, WANG X, et al.Effects of salicylic acid on germination of Cyclobalanopsis glauca seeds under NaHCO; stress
in Karst area of northwest Guangxi[ J ].Journal of Nanjing forestry university (natural science edition),2019,45(4) : 114-122.

[12] DEHGHAN-HARATI Z, MAHDAVI B, HASHEMI S E.Ion contents, physiological characteristics and growth of Carum cop-
ticum as influenced by salinity and alkalinity stresses[]].Biologia futura,2022,73(3):301-308.

[13] PENG D L, WANG W J,LIU A R, et al.Comparative transcriptome combined with transgenic analysis reveal the involvement
of salicylic acid pathway in the response of Nicotiana tabacum to triclosan stress[ J ].Chemosphere volume , 2021, :270: 129456.

(14 ] F&E A4 B0 BR80T 2 ¢ AR RS2 A BIFSE (D ]38 o s PRl %, 2019,
HAO T.Study on effects of new improves on germination and root system of soybean under alkali stress[ D ].Jinzhong: Shanxi

Agricultural University,2019.



58 - RN AN I 3 o 46 &

(15 ] JEANEE . AMNIROK A R SR T 2526 A S AR B e [ D L PR FH - 3279 K%, 2013 : 5-6.

FAN L X.Effects of exogenous salicylic acid on growth and physiology of Zoysia grass under drought stress[ D ].Shenyang:
Liaoning University,2013:5-6.

[16] Z=F5AE SR FOKAGIR (SA) XHERIFME T K BIFR1- 8 % 55 4w AR BRI 52 [ ] 65+, 2020,39(12) : 113-115.
LI X H.Effects of exogenous substances salicylic acid (SA)on seed germination and seedling physiological characteristics of
milk thistle under salt stress| J ].Seeds,2019,39(12):113-115.

[17] A7 ROeH , K KA IR XS R A TR B 58 29 K &)y i A= SRR R 2 [T ] VLR AR A2, 2015,43(6) : 93-95.
TANG J X,ZHAO Y Z,SHAN C J.Effects of salicylic acid on physiological characteristics of Xindan 29 maize seedlings un-
der salt stress| ] ] Jiangsu agricultural sciences,2015,43(6):93-95.

(18] 2= AL, B , 251 2, 45 /KA IR Bt i85 H e b 17 5 R 4y i A A0 R I i 4 ft 2002 [0 ). A 2741, 2020, 46(11)
1810-1816.

LIR Z,JIN Q,LI Z H, et al.Effects of salicylic acid on seed germination and seedling growth tolerance of Glycyrrhiza lico-
rice under salt stress| ] ].Acta cropologica Sinica,2019,46(11):1810-1816.

[19] CHEN H N, TAO L Y,SHI J M, et al.Exogenous salicylic acid signal reveals an osmotic regulatory role in priming the seed
germination of Leymus chinensis under salt-alkali stress[ J ].Environmental and experimental botany,2021,188(4) : 10449.

[20] fL50, BRIMIE , Mol . KRR AN AR T R £R a0~ A 2= A0 A A R R BRI AR [ ], Al R i (A 48
BL2RR) ,2020,35(6) : 1040-1045.

BAO Y,WEI LY,CHEN C.Effects of salicylic acid and methyl jasmonate on physiological characteristics of monthly powder
of rose cultivars under salt stress[ J ].Journal of Yunnan agricultural university ( natural science edition ) ,2019,35(6) : 1040-1045.

[21] DEHNAVI A R,ZAHEDI M, LUDWICZAK A, et al.Foliar application of salicylic acid improves salt tolerance of sorghum
[Sorghum bicolor(L.)Moench ][ J].Plants,2022,11(3) :368.

[22] FSL2L, kBN, R R 55 AMNEUK IO $h Bl S AR AEZN DG A B2 R [ ] A 741, 2016, 30(9) : 1864-1871.
WANG L H,ZHANG J S, LI X X, et al.Effects of exogenous salicylic acid on photosynthesis of cotton seedlings under salt
stress[ J ].Chinese journal of nuclear agriculture,2016,30(9) : 1864-1871.

(23] W B, HH 05, 250 1), 45 AN IUR A IO SR 30 T A AR B PE B2 L) ] MOl B2 5, 2018,31(6) : 138-143.
GAO M Y,GAN H H, LI Q H, et al.Effects of exogenous salicylic acid on physiological characteristics of white elm under
salt stress| J ].Research in forestry sciences,2018,31 (6):138-143.

[24] AR LIZ: 512 e NRICHI 28 (—50) [S ] dbnt: B 25 BHE iR, 2020 315-318.

National pharmacopoeia commission. Pharmacopoeia of the People”’s Republic of China(part 1) [S].Beijing: China Press of
Traditional Chinese Medicine,2020:315-318.

[25] B85, LS Eh R SUHA X 52 1 B A i AR K R B B B BT o AR R sz i [T ], vh 2544 ,2019,42(6) : 1215-1221.
JIA X, WANG X Q.Effects of cross-salt and drought stress on the growth and development of Astragalus mongolicus seed-
lings and the accumulation of total flavonoids[ J ].Chinese medicine,2019,42(6):1215-1221.

(26 ] BAFERR, T 2000, Sl 45 . 20 D7 P G AR R B IE LT ). P R S48 5 ) 24 AR 2022, 28(10) : 337-346.

ZHAO J C, WANG Y H,JIN Y, et al. Herbal textual research on astragali radix in famous classical formulas [J].Chinese
journal of experimental formulae, 2022, 28(10) :337-346.

(27 ] skAFAE 260K, JRO0HE, 55 T 50 0 52 71 B EE RIS 2 6 AN [) 2 B S 28 o AR R S R [ ). Y LA 274,
2020,40(7):1201-1208.

ZHANG Q Q,LI G Y,SU Y L, et al. Accumlation of flavonoids in different organs of Astragalus membranaceus (Fisch.) Bge.
var. mongholicus (Bge.) Hsiao and Astragalus membranaceus (Fisch.) Bge seedlings under drought stress [J].Acta botanica
Sinica, 2020,40(7) : 1201-1208.

(28] Bia%, INEI AT , 20K, 55 . T S8 X 52 oy ol A AN A B b o B I e e TR AR R sl [T ). P Je i 541
2018,38(3):501-509.

JIA X,SUN S S,LI G Y, et al.Effects of drought stress on growth and physiological characteristics and and accumulation of
astragaloside IV secondary Mongolia of Astragalus membranaceus(Fisch.)Bge. var. mongholicus(Bge.)Hsiao[ J ].Acta botan-
ica Sinica,2018,38(3):501-509

(29 ] BHZLL, 5K 5 8 PR R MR G SR B0 08 5ty B FC A1 9 R Rl g A BRI R S2 i [ ], R R 2, 2013, 44(12)
1661-1666.

HAN D H,ZHANG Y, JIN L.Effects of basic salt and mixed salt-alkali stress tolerance on seed germination and seedling

physiological characteristics of Astragalus membranaceus var. mongolicus[ ] ].Chinese traditonal and herbal drugs, 2013, 44



F1 LTI A KA IR NaHCO, JHM0 T 8 FEA) B A 4 B A BRARR IR e 8] 32800 © 59 -

(12):1661-1666.

[30] X BEHT, W RVER , e RAT, 45 . 520l B RC AN X R IBM A8 B A AR A B B2 [ 1. PR B 2412, 2016, 31(3) : 23-29.
ZHAO R M,GUO F X, AN L Z, et al.Growth and physiological response of Astragalus Mongolicus seedlings to salt stress[ J].
Journal of northwest forestry university ,2016,31(3) :23-29.

[31] RFz, R, Bk ARG HIE (TTC ) LR LRRHM (1] )R T,2020,47(6) :211-212.

ZHU X Y,LIANG M, MA Y.Experimental review report of root activity determination (TTC method ) [ J].Guangdong chemical
industry,2020,47(6) :211-212.

[32] FGAE, AT, 4805 , 55 . TS SR E X e SR8 R A A BRI [ ], b BRI 5412, 2021, 23(2) : 37-49.
WANG Z H,YANG X L,ZOU F, et al.Effects of drought and salt cross stress on germination and physiological characteris-
tics of sweet sorghum seeds[ J ].Chinese journal of agricultural science and technology ,2019,23(2) :37-49.

(33] BRI, Z M AR AR PSS [ ML AU ST & SR it , 2014
CHEN G, LI S.Plant physiology experiment[ M ]. Beijing: Higher Education Press,2014.

[34] ZEfRAh e 0T Hh Wb ac Fad it it me REATL AR [ D ] 0P AN - A 58k ARl R, 2022.

LI J W.The Mechanism of oat response to salt stress and alkali stress[ D ].Hohhot : Inner Mongolia Agricultural University.2022.

[35] B2/INalE, MR B, v e, 25 AMNIRUK Az I VT R b 30 T OB 1 1 e e &y i AR S B s o ) . VS B AR A 2 4, 2022, 42
(11):1919-1926.

LIANG X Y,LI' Y M, GAO J, et al.Effectof exogenous salicylic acid on germination and seedling growth of rhubarb under
salt stress[ J ].Acta botanica sinica of northwest China,2022,42(11):1919-1926.

[36] A, JA 7 HL, AL, 55 AR 30 0 20 4R B e LB S 1k [0 . VAl 4% , 2021, 33(10) : 1991-2000.

MAO S,ZHOU W L, YANG F,et al.Research progress on mechanism of plant roots response to salt-alkali stress[ J ].Acta ag-
riculturae Zhejiangensis, 2021,3(10) : 1991-2000.

(37 ] X8, £, 20 AME— AL EUBLR SNP X NaCl e T 22 LA v R HUOR il R -7 e T KOG R s [ ). 7%
P24 ,2010,19(2) : 82-88.

LIU J X, WANG X, LI B P.Effects of exogenous nitric oxide donor SNP on ascorbate-glutathione cycle in leaves of ryegrass
seedlings under NaCl stress[ J ].Journal of pratacultural science,2010,19(2) : 82-88.

(38 ] A#x, 8%, TRNEL. 1 FWHA X L0 A e SR FOE 28 S AR PR A2 [ ). op Ol BHR =412, 2020, 22(3 ) : 26-28.
ZHENG M, GUO Y, WANG L M.Effects of drought stress on root morphology and physiological characteristics of Malus ru-
bies[ J].Chinese journal of agricultural science and technology,2019,22(3) :26-28.

[39] BRI 22, FRE R, FEEE . AMBUK A IR S ihia e T f AL ms vEn e i [ ] JL o7 4lk 742, 2019,47(1) : 13-17.
SHAO C A,YAN Z J,BAI J H.Effects of exogenous salicylic acid on antioxidant enzyme activities of Avena sativa L. under
salt-alkali stress[ J ].Journal of northern agriculture, 2019 ,47(1):2-15.

[40] FEWET, BUK S, A, 25 KR ERIA N BT8R AR AR R A K s [ ). 70 TR a#h, 2022,20(2) :524-528.
WANG X N, WEIL'Y Y,ZHOU W, et al.Effects of salicylic acid on seed germination and seedling root growth of cucumber
under salt stress[ ] |.Molecular plant breeding,2022,20(2) :524-528.

[41] T4, STREBE TRERT , 45 . 20065 B 2100 FE B0 R Wi T 3850 4 P 4R AL RE D B s [) ). Pa AR ) 27 4k, 2018, 38
(8):1487-1497.

YU J,AIK Q,HE Y Q,et al.Effect of ratio of red light to far red light on antioxidant capacity of tomato seedlings under salt
stress[ J ].Acta botanica sinica of northwest China,2018,38(8):1487-1497.

[42] TRE 5, S, EULF, 55 KA B0 SR 30 T AR B AR 1K R A B R T [ ) A 2%, 2023(3) : 188-194.

XUX W, WANFG X P, WANG H B, et al.Effects of salicylic acid on growth and physiology of cotton seedlings under salt
stress[ J ].Crop journal ,2023(3) : 188-194.

[43] E51G, 5k—44, 5KILEN, 55 KB ER 0 R V0 FTIE4 i A= K A2 R [ ). 550k 27412, 2016, 25(8) : 74-80.

WANG B Z,ZHANG Y M, ZHANG ] L, et al. Effects of salicylic acid on seedling growth of Adenophorus adsurgens under
salt stress[ J ].Acta prataculturae Sinica, 2016, 25(8):74-80.

[44] DU C X, LI J,GUO S R, et al.Effects of exogenous spermdine on the growth and soluble protein expression in cucumber
seedlings under NaCl stress| ] ].Acta botanica boreali-occidentalia Sinica,2007,27(6):1179-1184.



