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Abstract: Soil salinization is a significant factor that limits plant nutrient uptake and affects plant growth and

development. Sainfoin (Onobrychis viciifolia) is a native fabaceae species in saline-alkali regions of China, and
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exogenous abscisic acid (ABA) plays a positive regulatory role in enhancing plant stress resistance. This study
investigates the effects of exogenous ABA on the growth and physiological characteristics of sainfoin seedlings
subjected to salt stress. Using a nutrient solution sand culture method, various concentrations of ABA were sprayed
on the leaves of both salt-tolerant ( ‘GH’, ‘GN’, ‘1994’ ) and salt-sensitive ( 10295”, 2323-2’, ‘2668’ )
sainfoin seedlings under a 0.8% NaCl treatment. Specifically, one control group (CK) and four treatment groups
were established: 0.8% NaCl (T,), 0.8% NaCl+0.1 mmol-L ' ABA (T,), 0.8% NaCI+0.2 mmol-L ' ABA
(T,) and 0. 8% NaCl+0. 3 mmol-L.-" ABA (T,). The optimal concentration of ABA for alleviating salt stress was
identified. The results indicate that ABA has a mitigating effect on salt stress. That plant height, leaf area,
aboveground biomass, underground biomass, relative leaf water contents, root activity, K™ contents, gibberellin
contents in leaves and roots, zeatin contents in leaves and roots and auxin (IAA) contents in leaves decreased with
increasing salt stress. The changes in the salt-tolerant material ‘GH’ were quite significant. The plant height
increased by 20.48% , while the leal area increased by 4.63%; Additionally, the aboveground biomass saw an
increase of 26.75%, and the underground biomass increased significantly by 56.66%; The relative leal water
content rose by 28.19%, and root activity experienced a substantial increase of 65.41%. Furthermore, K" content
increased by 24.36% , leal gibberellin content rose by 47.55% , and root gibberellin content increased by 36.05% ;
The leaf zeatin content increased by 24. 39% , while leal zeatin saw a notable rise of 80.53% , and leal IAA content
increased by 19.20%, respectively, in 0.8% NaCl, compared to control. Additionally, malonaldehyde contents,
superoxide dismutase activity, peroxidase activity, catalase activity, Na' contents, Ca®" contents, ABA contents in
leaves and roots and TAA contents in roots were reduced in response to salt. The changes in the salt-sensitive
material “10295° were relatively insignificant, with malonaldehyde contents, superoxide dismutase activity,
peroxidase activity, catalase activity, Na~ contents, Ca*" contents, ABA contents in leaves, ABA contents in roots
and TAA contents in roots increasing by 14.91%, 18.64%, 26.15%, 10.08%, 24.47%, 30.24%, 8.72%,
27.64% , and 30.87%, respectively, in 0.8% NaCl stress. These results indicate that exogenous ABA can
mitigate oxidative damage to cells caused by salt stress, maintaining the integrity of the cell membrane system and
cell osmotic pressure. In this study, 0.2 mmol-L ' ABA demonstrated the most effective results, with a more
pronounced response observed in salt-tolerant materials compared to salt-sensitive materials.
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CHATS A5 (O. viciaefolia * Gannong No. 17, GN) ; Stk #4 8L 4 ©10295° |, ©2323-2° F1 2668”7, H d 44 &}
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Table 1 Germplasm resources and origins of tested sainfoin

1k Material 5 b Origin BB Germplasm resource T hiH#E 1000-seed weight (g)
1994 M2 Hi Russia B4 b4k Wild material 20.2340.53
GH Hf Gansu Province iK% Space flight 22.36+0.81
GN Hl Gansu Province Bl & New strain 21.2940.69
10295 % Hr Russia TF 2 b4 ¥ Wild material 20.7840.92
2323-2 % i Russia B A= b4 6F Wild material 23.6340. 39
2668 % H Russia B A4 b4 8F Wild material 21.92+0.56

1.2 Xkt

I F 2024 4F 3 H 78 H R Al K2 5l 2 B i 9 2E K = 30 AT ufl?%éi%Hoag1and%“'§%%&ﬂ’m’@ﬁ%7ﬁﬂﬁéﬂ
(CK), ABEH#E 0. 8% NaCl ¥ Hoagland & F2 W 9 S B M A BRAL (T,)'", 2 d Ja 6 £k lh 30 kb 20 3647 ABA 22 B4k
P E 34 ABA AR BRI E L 43 518 0. 8% NaCl+0. 1 mmol-L 'ABA(T,) .0.8% NaCl+0. 2 mmol-L 'ABA
(T,).0.8% NaCl+0. 3 mmol-L 'ABA(T,), ABA L\ i [f w3 it ity 75 =X R B& 2 d Wit 1wk, CKORT T W il 55 F 3 7K
FEAACBE SR A . PR R S FR AP 5515 % 500 g Vb 22 121 “C i K B 30 min Ji 25 A ¥RLE 2 (A 42
WEAR R AR A 200 13.2.12.0.14. 0 F1 9. 2 em) Y 45 28 75040 JCK S TETH B 1Y 20 S B b 1 S S 4k TAE 4L
BV 3~4 em J5 , B0 2 d BEWE 60 mL Hoagland 5 3R W, 10 5 RV HT , B L0 BB A KRy A Y9 20 I 4l 1 15 0k . 17 H:
AR E 35 di I BRI T AR B 6 d 5 SR AR L R I R R R E AT R DGR AR I R B R AR SIREE A .
1.3 MEzx
1.3.1 JEAHEFE PR R A A RO G A PR A 45 X8 w8 B, SR 3448 it 1 AR i T AR (LT-3000C , At 50 g i %8
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0 52 b I A ¥ & (aboveground biomass, AGB) Fli 4 ¥ & (underground biomass, UGB ) .
1.3.2 AR ABERSHAE RN E . 2, 3, 5-F 4k AR EE U AME(TTC) %KM R ARG,
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TGP DLRE g A 0 B min 23 % H2O:09 5 (mg) 2 5 8 A A0 90 5 AL 1 (superoxide dismutase, SOD ) i 14 2k H & 5 14
W (NBT) 70 58 K o B2 ORI AR R AR 2 (03 NBT A% # R 45 ), 1€ 560 nm % K 35 £ 50 % 40 NBT ik J&
7 BB R O SOD B — A~ 87, LAE g B i B min 3007 NBT 8 J5 A9 B 75 P 207 (U) R s KT Na & &R
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AT E I AE R R BOR T 2 T 2R (EDTA) FR ME W 2 WS FE EDTA AT Ca® ik i, LU
Fi kg REM T Ca® By & i (@) R s IR I E TAA .GA, . ABA 1 E K & (zeatin, ZT ) & 2R JH 185 S0 AR (0,38 32 )
R MR R AR IR e B W R 4 3T T, T DU o R R P A 235 A (W aters Arc-2998 PDA Waters, 52 [# Ik
FEEA EDME B AR SR e R, 25 S hn e &t BT S i, DL g B T TAA LGAS  ABA R ZT 9% it (ng)
Fono
1.4 3¥E% 5

FI H] Microsoft Excel 2021 % 3% 48 If 2 il £ 4% , I H SPSS 27. 0(IBM, 36 [# ) 3K {1 % 2% Wi 45 s 2 17
Duncan 2 & [t (P<<0. 05) , f| 1] OriginPro 2024 3k {22141 .

2 HBREHSH

2.1 BEHAE

5 CKAALW , #5504 (T) T 2 G R AR E A AGB M UGB 3 R R (P<<0.05, & 1) . Jitim4h
U5 ABA J5 . B ABA YR EE R, bk @A O AGB UGB ¥ % EJHG FRE, H7E T, 40 B3k 3 i &
(P<<0.05),

5T M, T T, 88 GH’ . GN’ 19947 . £10295° ,2323-2" 2668 [l Fk & .M FL L AGB Fl UGB 43
)48 T 20.48% . 4.63% . 26.75% F1 56.66%, 21.69% . 23.74% . 37.46% F1 49.85%, 22.35% . 22.48% .
26.73% F1 58.40%, 19.42% . 7.62% . 25.97% 1 25.69%, 17.68% . 5.74% . 73.85% H1 41.60%, 18.87% .
14.84% .57.85% M140.91% ,HIMKF CK(P<<0.05), 5 T AHH W48 GH’ . *GN’ [ *1994° ) UGB 7£ T,
b BER MG P E R TR AR 2323-27 (P<C0.05) 6
2.2 MDAAE AN EN THHESTERERMKLZRESD

R SR (T) R 20 SR MDA & & .SOD . POD il CAT 1% PE4 CK ¥ 7+ 5 (P<<0. 05, 5% 2) 3 i fin 4k
U8 ABA J5 , B % ABA W EEHE Il , MDA & & .SOD . POD Ml CAT {6 P ¥ e b J5 T, LI 7E T AR B 2R/ ME . 5
T AHE, TR #0 8 GH (U GN” 919947 [ ©10295” . 2323-2" 2668 i) MDA % i .SOD .POD fl CAT i 4
Iy BIEAR T 37.14% .10.90% . 43.88% F1 26.18%,32.20% .5.37% .28.62% #119.28%,19.25% . 11.75% .
26.18% F1 14.66%,14.91% .18.64% .26.15% H110.08%,19.73% .21.61% .29.02% H1 13.09%, 31.83% .
25.13% .27. 74 % F118.93% (A ¥ & T CK(P<<0.05) . 5 T ML, W&k A4 8 GH’ LGN’ ) POD 1 14 B i i 3%
KF IR 102957 2668 (P<<0.05) .

R lhaE 2 0F R (T, st ar 5 5 0 i R 4 6 35 K B RIR &R 36 48 CK R AIR (P<20. 05, 3 2) 5 Jiti it /M ABA
J& L BEE ABA MR EEREIN, R RE X KRR R ) e G R B A T A SR B . A T T, T A B
T, CGH’ LGN’ L €1994° | 10295 | ©2323-2" | <2668 Ay M H A X & K 2 20 B8 hn 17 28.19% .17.91% .
34.22% .42.38% .21.93% 1 39.62% ,{H g F K T CK(P<C0.05) , R &35 /120 B B4 T 65.41% .86.69% .
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Fig.1 The effect of exogenous hormone ABA on morphological indicators of six sainfoin seedlings under salt stress

AR KB 7 B R s bORHA] 22 5 B 35 (P<<0.05) , AR /NG 5 B %75 4b 3 ) 25 5 .35 (P<C0.05) . N [A] . Different capital letters indicate significant
differences among different materials (P<20.05) , different lowercase letters indicate significant differences among different treatments (P<<0.05). The

same below.

43.98% .56.93% .83.53% F175.80% , H MK T CK(P<C0.05) . 5 T M, E GH’ . GN’ I R 5 J1 18
e S 3 K TR ER A L 102957 (P<<0. 05) .
2.3 AT4=F
28,5 CKM L, $hia &0 F (T, 40 55 49 Na™ F1 Ca™ 5 & 1 715 (P<<0. 05) 5 it in 4h I
ABA J5 ,BE&E ABA VRGN, Na' f1 Ca® & ST EJIb, W 7E T4 ¥R 2 B /ME L M GH? LGN |
19947 .©10295° . “2323-2" . * 2668’ By Na' Fl Ca” & it ¥/ T CK(P<<0. 05) , {H# T b #4353 F % 1 39. 05% F
25.41% ,42.77% M119.16% ,31.80% F125.83% ,24. 47 % F130.24% ,19.80% F141.41% ,16.08% F131.68% .
5 CKA L, B 20 & 70 K™ & i AE 3 38 20 5 (T) B R FE(P<<0. 05, 18 2) 5 )it i 4 I ABA J5 , B & ABA
WeBE X I K& e B AR R B, AR T A0 3158 8 65 s K F BB GH? LGN 919947 [ £10295” | £2323-2” |
‘2668 1Y K& AL T, AL H4: 3 T 24.36% .20.20% .20.62% .23.27% .25.45% .15.23% , A X F CK
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2 MEHEABAWNHEAMETHNAEESEMDASE MAKBEE HAFENSKERREFTNINEMN
Table 2 The effect of exogenous hormone ABA on MDA content, antioxidant enzyme activity, leaf relative water content, and

root activity in seedlings of six sainfoin varieties under salt stress

[ZEss 4k 7 R T A ) 15 A O WA S AR RS E R X R WA
Material Treatment Malonaldehyde Superoxide dismutase Peroxidase activity ~ Catalase activity — Leaf relative wa- Root activity

1

content (pmol-g ") activity (U-g "~min" ') (U-g '+min" ") (mg+g '*min ") ter content (%) (pgrg "*h™H

GH CK 13.1640. 70ABe 127.4740. 25Ae 10.9540. 15Ec 1.2940.15Be  91.68£0.20Ba 122.25+0. 38Da
T, 26.31£0.04Aa 154.6640. 25Ba 19.954+0. 26Ea 1.8940.23Aa  65.37£0.57Ad  66.514+0.71Ee
T, 21.29+0. 28Ac 145.4540. 15B¢ 16.09+0. 39Eb 1.5340.05Bc  74.31£0.37Ac  106.19+0. 39Dc
T, 16.54+0. 14Ad 137.8040. 15Ad 11.1940. 39Fc 1.4040.07Cd  83.80£0.40Ab 110.02+0.65Db
T, 24.08+0. 22Ab 153.0440. 25Bb 18.8040. 53Ea 1.81+0.08Ab  65.55£0.41Bd  79.884-0. 39Dd
GN CK 14.0940. 04Ac 123.62%0.51Bd 11.6840. 30Ee 1.21£0.12Ce  93.00£0.33Aa 182.8940.67Aa
T, 23.63=£0.48Ba 135.8440. 25Da 18.4240. 39Fa 1.71£0.33Ca 54.19£0.41Dd  92.9840.66Be
T, 21.89+£0.77Aa 133.3240.25Ch 16.3940. 44Ec 1.5940.09Ac  58.82£0.11Ec 107.82%0.68Dc
T, 16.0240.07Ab 128.5440. 15Cc 13.1540. 15Ed 1.38%0.21Cd  63.89=£0.22Db 173.5840. 39Ab
T, 22.52%0.76Ba 134.0740. 38Db 17.43%0. 15Fb 1.6540.15Cb  54.49+0.24Dd  96.14+0.66Cd
1994 CK 12.88=20.09BCd 120. 60=£0. 25Ce 12.98=40. 53De 1.1840.29De  81.76+0.40Da 182.79+0.37Aa
T, 20.49=0.09Ca 151.6940. 25Ca 21.62=x0. 25Da 1.5540.23Da  57.04+0.24Ce 100.77+0.99Ae
T, 17.1240. 02Bc 145.7540. 25B¢ 18.96=40. 25Dc 1.464+0.19Cc  72.11£0.31Bc  127.3540. 39Bc
T, 16.544-0. 52Ac 133.86=20. 15Bd 15.96=20. 26Dd 1.334+0.18Dd  76.56+0.29Bb  145.09+0.39Ch
T, 18.244-0.45Cb 149.6640. 29Cb 20.39%0. 26Db 1.534+0.21Db  67.13£0.32Ad 109.52+0. 39Ad
10295 CK 11.5140. 28Dc 77.25+1.69Ee 18.4140. 39Be 1.134+0.15Ee  77.19£0.47Ea 101.2340. 38Fa
T, 16.2140.49Da 111.7140. 29Ea 29.19=0. 26Ba 1.3940.32Ea  51.21£0.38Ee  59.2040.66Fe
T, 14.054-0. 06Cb 99.19+£0. 25Dc 24.8210.44Bc 1.3240.15Dc  69.04£0.84Cc  82.6140.66Ec
T, 13.7940. 25Bb 90.89=£0. 39Ed 21.56=0. 39Bd 1.2540.16Ed  72.92£0.35Cb  92.90+0. 39Eb
T, 14.7640. 44Eb 107.13+£0. 25Eb 27.65=x0. 15Bb 1.3540.18Eb  64.39£0.51Bd  75.0340. 38Ed
2323-2 CK 14.0140. 36ABc 64.31£0. 25Fe 15.5240. 26Ce 1.404+0.31Ae  75.54+0.63Fa 174.80+0. 38Ba
T, 20.33£0.23Ca 101.72+0. 25Fa 24.94=0.15Ca 1.6840.07Ca  60.53£0.50Bd  87.5140.39Ce
T, 16.754+1.01Bb 94.11£0. 39Ec 20.08=£0.15Cc 1.584+0.12A¢c  63.63£0.20Dc  130.74+0. 39Ac
T, 16.324-0. 26Ab 79.74+0. 25Fd 17.7040. 39Cd 1.464+0.13Ad  73.81£0.27Cb  160.60+0. 39Bb
T, 19.1740.10Ca 100. 1440. 53Fb 23.68£0.15Ch 1.6440.15Cb  62.76+£0.22Cc 102.8340.76Bd
2668 CK 11.93£0. 29CDe 106.00£0. 39De 20.39£0. 26Ae 1.3940.16Ae  86.46£0.26Ca 155.1540.65Ca
T, 20.3240.27Ca 165.6240. 39Aa 32.18+0.15Aa 1.7740.31Ba  59.42£0.13Be  82.07+0.65De
T, 14.9540.20Cc 150. 3440. 39Ac 27.49+0. 26Ac 1.5540.32Bc  69.34£0.37Cc  125.2640.67Cc
T, 13.8640. 33Bd 124.0140. 15Dd 23.25=£0. 30Ad 1.4340.21Bd  82.96+£0.34Ab 144.28+0.37Cb
T, 16.90£0. 27Db 160.0340. 53Ab 30.30%0. 15Ab 1.70£0.15Bb  61.92+0.53Cd 108.824-0. 38Ad

VAR S B R BRI 22 5 5.3 (P20, 05) , R /NG 56 i Ab B 25 52 1. % (P<00.05) . F L.
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Fig. 2 The effect of exogenous hormone ABA on ion content in seedlings of six sainfoin varieties under salt stress
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