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Abstract

This study aimed to investigate the alleviating effects and underlying mechanisms of Humic Acid
(HA) on salt stress in alfalfa. A pot experiment was conducted with NaCl-stimulated salt stress, includ-
ing a control (CK), a salt stress group (ST), and different concentrations of HA treatments (10, 25,
50, and 100 mg/kg, T1~T4). The effects of HA on alfalfa growth and the soil micro-environment un-
der salt stress were systematically examined. The results showed that ST treatment significantly
inhibited alfalfa growth and deteriorated the soil environment. Compared with CK, ST treatment
reduced aboveground and belowground biomasses by 49.37% and 52.14%, respectively; soluble
sugar and soluble protein contents in leaves decreased by 45.21% and 31.98%, respectively. Simul-
taneously, ST treatment reduced soil nitrogen availability, with nitrate and ammonium contents
decreasing by 57.56% and 49.69%, respectively. The activities of soil sucrase, amylase, cellulase,
urease, and catalase decreased by 41.37%, 72.31%, 83.60%, 74.01%, and 44.69%, respectively. Ap-
plication of HA effectively mitigated the negative effects of salt stress, with the 50 mg/kg HA treat-
ment (T3) showing the most pronounced effect. Compared with ST, the T3 treatment increased
aboveground and belowground biomasses by 179.86% and 312.79%, respectively; soluble sugar
and soluble protein contents in leaves increased by 139.95% and 49.88%, respectively; soil nitrate
nitrogen and ammonium nitrogen contents increased by 172.05% and 121.22%, respectively; and
the activities of soil sucrase, amylase, cellulase, urease, and catalase increased by 67.26%, 231.75%,
697.26%, 327.82%, and 79.77%, respectively. In conclusion, an appropriate concentration of humic
acid (50 mg/kg) effectively alleviated the inhibitory effects of salt stress on alfalfa growth by im-
proving soil nitrogen availability, enhancing the activities of enzymes involved in carbon and nitro-
gen transformations, and promoting the accumulation of osmotic adjustment substances. These
findings provide both a theoretical basis and practical guidance for the remediation of saline-alkali
soils and the cultivation of high-quality alfalfa.
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TIEEE DR L) Bk RRE A R R EE AR A a1, TR T RIX Hoy R . 1
ZRIREII X I, T2 R K ATV R 2 (Nat Mg AR BE B K BT R R RR SR,
SR FIREREA, BRIESTCIIR 1] [2]. X —I AR T B IR 5k, EXEYE
KA FL - SEACETE (Medicago sativa){F N 244 SRR, DIERNPE Prdivkss AR —E
M ERRFE, A 2 N ER B H RSB R SRR L — o ARG A RAT R 1A
FIOME, [FIREC R IR AEH . SETH 7y, B KU VbS50 R B BRI A S ThRE. SR, 24 I ER 0y
IR L S BRI, m IR SR RSB 5 TR E, T EAEAT B RS E TR T RN
KR, SBOCERE TR, AR B2 RARI N &R ER. ANEBEYHZERE, $Hhit
WX 155 B 2 YEFERSAE: — 5 B 5 S TR, BRI R SE3] [4], NALAMRIES
M B AR [5]s 5 — 5 T B 2R & S L SRR 6], R THUR R85 7770 (9
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JEEFE IR (Humic Acid, HA)F& IS SRAAR L A M0 00 e S ER A2 I AR AR R AR K 9 T AT HLIS IR,
IR e B A R AL ) o i P S SR S A AL 5 R R P R Y S R o A Y
RSB E B, S A LS R, AT SEIL ER R 2 R R R RO H AR (8] (9] FEREAI
R, JRTERR R AR R 2 ESE: G R R THIR e B 4R m R A TR SR A T R AR,
FFACRERIERRAEAR[10]e SO ARAAEY), TR thREHS IR A NaCl e 3¢ RIGHE W R S 2R 1
Hdm, SeE e A TERE S K FIACR, B SUARBIME 1 1], R E SETHRIBRM: Fr &K R, G2 £h
B HAEBTR12]. SRS T VE 0 EhH 250 R A DUIE AR, OGS S ol e g mi AL A1) 46 52 590  (HE5H
P2 fE 7 a8 IR E A BRI 5 AL A5 IO Sh B8 1. ABT S LLERAE S T N b ulhRE, SR 2
U6 NaCl BEAUl g, e B AN R B SE R R L AR St 0 R SRR 0T BRI T S 7 AR KRR L AR AR
Je A SRRRE PR RV E T, WA I IR 2 88 £5 10030 (0 38 LR P R A FIALAG - DA ER B 5 R S A0 o 56
LB e I SR B R R 5 SR 5 .

2. R
2.1. iRIEA R

A SEEG RO AR B g A pt Y, iR ER B B DG T R X R R B AR e, BARR
TJEid 2 mm & . HIEIERFEACMER N 4B 0.70 g/kg, A 11.34 mg/kg, 4% 1.13 ghkg, HHL
Ji 12.03 mg/kg, pH 8.21. #HREHEIRGEEIR)IWE LR i kAR A IR A ], CAS 5K 479-66-3,
aifE >95%.

2.2, RIEIEIT

KA ARSI T, T 2025 4 3 H & 6 HIERS iz Wik AT . JLdE 6 MbEE, A4 (1) CK:
2N, (2) ST: #hMMEALFE(0.5 g/kg NaCl); (3) T1: #h ST+ 10mg/kg JEFEML: (4) T2: ST+20 mg/kg
JEREE: (5) T3: ST + 50 mg/kg JETMR: (6) T4: ST + 100 mg/kg JETHMR . 16 HIM — UL A (B A% 25
cm, RE 20 cm), BT 8 kg, AN 4 RER, 324 7. NaCl LLAEHIE RIS N 135, i
HER 0.5 gkg! T LS TR 4.0 g)o JRERSKEE AL N-P,0s-Ko0 15-15-15, F4 H )3 L &
P8 ED LA s N, AW A EIEE, RS HIER RS G, BEEREE TR S
KB H KRN 60%, P41 7 d G TR, DUORAIE#h 70 76 LIREE B /0 A 35 5] o S0 A B R FH AR
EAKITAEH RO, RS AR R R IR BN 3 d BREAMK 1R, HKEARYE
BEBRME, SEBARIKEHE, Bk RIS auEREW, RS8N AER . A
E &P FERE, BB RER S, FH 0.5%NaClo W 1 min, MLEBEF/RRE MY, bEE TR
FRMLA B A ZE 12 he IRH TR, SEEE 30 8 B7UE L RM 7. fF P EITEEH, B8
FA T 20 BRAEE: ST, FRAE 90 RIGWEK, FEI@ M <4845

2.3. MEIEIRSFHE

2.3.1. HaE
RIS NG, BT e B, R “RHREE R 3. BRPSR R, EhEHRARL
AFABUR AR PR 3%, 6 P E R TR I0HT, B SR I R A R R IR s 3 & T B R RS
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o MRPR IR A2 2 mm G RBRAR ARG, W I ENEEREORAT T -20°CUKAE, AR AR
UHSCHEE LRI E ; o — M HRARKT )G WHELE, H T BB .
WP EHERE ST, KM SRADSHEAF R, HTEDRENIE.

2.3.2. EYEDNE
FRADER 15 SRS — SR EAT I E . PR B NCEIRREEN E . AENE: X5
AEEST 105°CAT 30min, BiJE T 75 CHEIRML T 2AE 5, 20 Hlic St L EBCEE . A S ) A&

2.3.3. EWiEHRE T IREG RN E
TEPRAEFRFR bR : WV AR A S v e (13 AT VA MR R P RO bL ey e [ 14]
bR I S R R AR TR A B B R KCL IR -5 70 3 06016 BEVE AN e iy #5 B (03500
E[15]0 MREEHIINE R A AR I AN - RN EE TR [15], IR BERENE . 21 2k 3 M AT Ve A5 i O3 1R D00 5 459 °R
FH 3,5- - iH 2L K ER(DNS) LL A 16]

2.4. BUEAE

] Excel X AEM) & AEFRFEAR . OB EENE I S BRI AT PUALEE . A GraphPad Prism (10.4.1)8 4
HATG A e B . BIRF R 8- (E + i 22 (Mean + SD).
3. ZERESh
3.1. HMETREETE KRR

LR IA AL FR(ST) &2 30H] 7 E R A K, SXRACK)MEL, ST AR FAYE. T EWES
AR T 63.11%F1 75.95% (3% 1) it InAMIE G FEER 0T A 30 e ff Sh W38 ) &8, Forfr, T3 A1 T4 2

FAMIER ST R EEE T 179.86%41 193.64%, 55 CK A LR EMLER, TS EMED MR
T 312.79%F1 405.21%, 785 CK AR EMEZ 5.

Table 1. Effects of humic acid application on the shoot and root biomass of alfalfa under salt stress. Different lowercase letters
in the columns indicate significant differences among treatments (P < 0.05), the same below

1. TEREER A TEE LR TEMENEN, FITENEFERRFAELEEEREE®P < 0.05),

T
b5 H 2 A (/2 H 2 A (/2

CK 2.32+0.24a 1.16 £0.11b

ST 0.85+0.15¢ 0.28 £0.04d

T1 1.42 £0.18b 0.53 £0.05¢

T2 1.53+£0.18b 0.61 £0.06¢

T3 2.40 £0.06a 1.15+0.09b

T4 2.52+0.23a 1.41+0.11a

3.2. BHEESHEE T £ BB S EYRNT M

A B E KT EET A BE RN RN S E. ik 2 B, SXERACKOME, ke
(STYAFE N EACE T iR & B IRK T 45.21%. Jiti P 65 e 8 AT S 25 3 v 2 3l B 78 10 ] v
WS B, 5 ST AL, T2. T3 F1 T4 KPR A3 E T 44.39%, 139.95%F1 34.67%. i, T3 4b#n]
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YRR SRR R RN, B EET CK A, HIRIAE] 19.89%. RV 1 1048 4h e 34 5 T s MR AH AL o
5 CK AHEL, ST ALFEER N E 45 i A i 8 ) & 2 FRAK T 31.98%. WNINJEERR v 25 52 i 1 $h e
THEENREEASE. 5 ST 4/, T2 fl T3 AE4 55 B EIE T 13.76%1 49.88%. T3 kb4
RO S EARRANE, BWE RS CK AR ENZRKF.

Table 2. Effects of humic acid on soluble protein and soluble sugar content in alfalfa leaves under salt stress

2. BRI EME T EEM A A RN TAEE S ERE

Ak AR (%) AR (%)
CK 6.46 + 0.46b 13.46 = 0.59a
ST 3.62+0.19d 9.16 + 0.34c
T1 4.02+0.11d 10.42 £ 0.29b
T2 5.23 +0.18bc 9.79 + 0.36bc
T3 7.74 £0.35a 13.73 £ 0.53a
T4 4.87+0.11c 9.94 + 0.41bc

3.3. He A IR EhAE T IR RS

JE B EN IR 2 B T SR E T LA E S R S 2R 3). SXICK)MIL, HimaT)aH
f IR A S 8 0 3 PRI 53.75% (P < 0.05). Jifi FH B FER AT A 3 e iX — $k s 5 ST AL, T1.
T2 A1 T3 ALBRLARSAS A B4 I8N 49.61%. 63.95%F1 106.40%; i, T3 AHAMERNEE, HiH
DRGEMERYE CK LR EEER. HIRESEASEEIMIEES . SPhalfasa s E
5 CK H R EEK 55.07%. AEREEHERAIEIARRERASSESE. 5 ST AL, T1. T2,
T3 A T4 KB SRS B MRS 55.07%. 74.95%. 121.22%F1 75.38%; b, T3 AbFHHBCR AL,
HEg SRS BEMESES CK AR EMZERTE 3).

Table 3. Effects of humic acid on soil nitrate nitrogen and ammonium nitrogen under salt stress
3. RERN DRSS AMRS RS ENEN

OsE] HERE E(mg/ke) AR B (mg/ke)
CK 77.05+11.92a 100.39 + 13.94a
ST 35.64 +2.96d 45.11 + 4.45¢
T1 53.32+5.72¢ 73.15+2.94b
T2 58.43 +4.15bc 78.92 + 7.18ab
T3 73.56 + 6.49ab 99.80 + 12.10a
T4 33.63 = 5.66d 86.47 + 6.30ab

JEBATR VSN S e N RERERG . 21 4E R B ANE Ry BEE VEIA R B R (L 4). SXTIRA(CKOMLL, #
Fip 3 A (ST faf - 398 E AR 1 42 25 R BR 41.37% (P < 0.05). 3 INJE JE IR AT A5 UGk Rl 28 vy : 5 ST
HAHLG, T2, T3 FI T4 b B3 il 5 BE RIS 11 2 B 2 =1 17 20.24%. 57.06%H1 32.07% (P <0.05), H:1 T3
AEFR VR CK Ko X TUEkBE, ST ALFE FEHEME R E N T 72.31% (P < 0.05), JEFHBRA N
TERT TG 5 ST ML, T1. T2 T4 AF 5745 T 111.26%- 231.75%F1 39.03% (P < 0.05),
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M T3 AEBR NG PEE A A B b R, HE3Em T CK (6 4). T4E5BEE MEAE 2 i R [FIRE 2 3 5R 2030
i, % CK BT 86.73% (P < 0.05); WNINEHHIRG, & ACFRA L4 R B G B2t 5 ST Mt
T1. T2. T3 I T4 43 T 177.38%. 207.48%. 697.26%F1 370.74%, i T3 AL fR35 T CK /K

Table 4. Effects of humic acid on activities of sucrase, amylase, and cellulase in soil under salt stress

4. BFERRERNE T HIREERS. TN Y4 REDE R

Ab ¥R T B (mg/g) VR B (mg/g) A2 K i (mg/g)
CK 1.16 £0.09a 1.36 £ 0.16a 3.29+0.15a
ST 0.68 = 0.06d 0.39 +£0.04¢c 0.46+0.11d
T1 0.69 £+ 0.08cd 0.68 £ 0.11bc 1.28 £ 0.31c
T2 0.82 +£0.03cd 0.84 +£0.15b 1.42+£0.21c
T3 1.07 £ 0.11ab 1.31+0.21a 3.67+0.15a
T4 0.89 £ 0.07bc 0.55+0.07bc 2.17+£0.11b

b e A T IR R I A S T it P R B AR v TS 1 (5 5). X HRZH(CK)
FHEG, Ehppia (ST AL 2 3% PR 7 LIEIREG 5P, FEIRIE 74.01% (P <0.05). A& GE IR it FH el b 22
5 ST AHAHEE, T1. T2, T3 F T4 ALBRZH () BEEYE A2 1 73.32%. 59.97%- 327.82%4H1 150.75% (P <
0.05). Hrr, T3 HARTEME, HE CK LRFEZER. mE 45, 5 CK AL, ST d#MATANAR
TEPE B 44.69%. IR IR fl 2 m HIEEP <0.05), 5 ST 4IMHLL, Ti. T2, T4 4bH4]+HIEid AE
RIS TR BB T 28.82%. 43.379%. 79.77%F1 71.84% (P < 0.05), Forb T3 F1 T4 4 EHENMES CK 41
T 7R .

Table 5. Effects of humic acid on urease and catalase activity under salt stress

5. [REBRXELANE T TR AREE R 1L SUBEIE M Y R2 AR

AbER X (mg/g) T E AR (mg/g)
CK 51.27+3.6la 2327 +1.88a
ST 13.31 +£2.60c 12.85+1.05¢
T1 23.09 £2.02¢ 16.57 £0.48¢c
T2 21.28 £2.20bc 18.46 £ 0.59¢
T3 56.99 + 6.63a 23.14 + 1.55a
T4 33.40 £2.79b 22.12+1.03a

4. +ig

TR R A B AR KR L 5 T R A 2 Ak . AR SzBrhr,  BhIE S8 T ey
REOAE A, TG PR 8 B T 5 AL M — A O . R 2 A S B T VG P 0 2 2 T I ka3, A
T3 AbFH(50 mg/ke) SR BT 1), IXFEWT, I8 BLIRIE IR0 FELR A 5 5 AR 88 b X b s R R bR 1
IRV, FUAE PN TT 5 43 40 R« RS e e 2 B0 5 ) R Y20 5%

IR AR AR A BRI R R RS, Ry A IR R MR S
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PRI AR 17] (18] ACRBGH, MRS AR 0 40T 7 2t F LIS A A &, Hiy
LT3 MFRRCR B 3), X GAFHEN0H LI —5. B AH KRR, MEREST e f
B, P 4% AV A Nat e L3I ) 43 ORS8NI AR T A S AL R A
(PRI, RIS 254 BS T H 2 4 10 I AT PR AR B F e ) b A B, i dh 4 ot SR R A L A
(RG], BRI A RS .

R 0 SRR IR A S B P R S e 0 R R R R . — . R L
WK, (THEBERTE 13 - I RGP AL SR, ST IR K PR E ME M4 28 b s 2T
Ye W 5 HUTR AR R AR, ol v B e o (A B8 0 VR U i At
e, 2EGERE L IRBRAEIA T RIEMEF[20]. ASBFTTd, ShMa SEimb] T R SRS, 1T R
TR TG AR — B 00N , = v P W B R VG P 8 2 S TH S B a9, DL T3 bSR3
1) FEE BRI A S M 0 SR THVF P FT R 5 H e L0 A M R O X B UM 6. — T, MR P 1 4
Nat CIZ5BF, Wi %M 1 2 (0 BN (211, 53— 7T, S DR TR IR I R AT, %
HFLRRE S, MR SR A TS B OO . AR, T3 AL R A Y SR A
BEERET I, TR M B K, I T B R [ R SR A A S R 2 5
B E 2 R A R S O AR 6. 78 A a9 B KR P[22 FOIF 90 485 AL, 32 W0 = FhBRAg 26 AR 6
AR A PR B AR TG B T sk - 3 LB S5 33 00 R, Ry T T8 B 78 A KR AL 7 L R BRR

TEREFHAT I, TR RO, HOBI IR BRI e S R R R ML, %
VB2 - AL PR 5 R MR AR N OSSR . AR, SRR N SR T T A T R
P, DL T3 AbIACR (R 5), 221 RERR T I O A LI MO B R B R AL, S ARI[23 B Fe 4
W8 HeAh, LA EREE N SRR A R R A, R AR R IR, HE TS L
FULIE FURAS B A HUR B I 5 AR R, 50 meyke JiE MR AL B 25 307 T 3 AL MR 1 (2 5),
B R A AR R A 05 Tt LS AR A

ST PR (1) T 5 A 0 0 A T R4 DA o T VAR T R R L0 S 3
(EEBE R iR RS A TR . GRS SR A R, ISR AR R
LGSR IRERRIEE BE NS 5B T A R, A R I AT RURR S MR A 1 AR R A
RUKT[24]0 ATFTCLE TR, hME T T R mT VA PR BT 0 25 1 A 4 T PR VR 334
RITHE MR 2). Hrb, TTTAPERE A BT T3 AP FIAREE, RIS B R R A AR s
BT YIRAA L, BB MPUERRE 7 ATAVESE (98 RAE T3 AbTE F R TC SR A R T, S5 A R
W A SR A BRI A 0 B TS s RGO, IR MR A IE S A AR T
5. &g

BT VAR FEE OB PR T G AR 2 SR L B RS AR K MBI R, b BL 50 mg/ke AEFR(T3)RR
Bofk, SEIRE T REMAEDE. LB BRI AT R S LR, BERT)
AR Ao R R 27 B IR R A IS, 0 L IR BRI 5 2 4 (R g
R P T VAR R R, IR RRRIR B AR . 450, SOme/ke JERERRIE IS HRAL
TRBRMR L, IRTCRAEEN . (LR B E YRR RS L RIRR, AAEM T i 15 B R i
BN o FFC 45 T BRI P B e R 1 7 R SR T BB AR
E&mHE

KA AN ZRiT KI5 H (202411396016).
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