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Mitigating effects of exogenous melatonin on alfalfa under salt stress

LIU Yi-xin, SUI Xiao-qing , WANG Xin-yao, LANG Meng-qing, SUN Ling-zi-yin, JIER Er-ge

College of Grassland , Xinjiang Agricultural University, Key Laboratory of Grassland Resources and Ecology, Ministry of Education,
Western Arid Desert Region, Xinjiang Key Laboratory of Grassland Resources and Ecology, Urumgi 830052, China

Abstract: Salt stress severely restricts plant growth and poses a threat to sustainable agricultural development.
Melatonin is a powerful antioxidant that plays an important role in the resistance of different plants to various stressful
environments. This research was conducted using ‘ Gongnong No. 17 alfalfa (Medicago sativa) , and the effect and
regulation of physiological characteristics of alfalfa under 150 mmol-L ' NaCl stress when different concentrations of
exogenous melatonin were applied, were investigated in hydroponically grown plants. It was found that external
application of 50, 100 and 150 pmol-1. ' melatonin alleviated various symptoms of physiological damage to alfalfa
seedlings caused by salt stress. For example, under salt stress exogenous melatonin increased the content of osmotic
adjustment substances such as free proline, soluble protein and soluble sugar, the hydroxyl radical scavenging rate
was increased under salt stress, and the damage of malondialdehyde, hydrogen peroxide content and relative

conductivity was reduced. Exogenous melatonin also increased the activity of antioxidant enzymes such as superoxide
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dismutase, catalase, peroxidase, glutathione S-transferase, glutathione reductase and the content of antioxidant such
as ascorbic acid and reduced glutathione. Finally, exogenous melatonin increased the content of K™ and reduced the
content of Na~ which acted to balance ionic homeostasis. However, 200 pmol-L ' melatonin caused osmotic stress,
oxidative stress and ionic imbalance in alfalfa. Principal component analysis indicated that catalase activity, hydrogen
peroxide content and K™ :Na' could be used as key indicators for evaluating alfalfa for salt tolerance. The results of a
multi-trait evaluation of 17 physiological indexes using an affiliation function methodology showed that 150 pmol-1.~"
melatonin treatment provided the most effective salt stress alleviation. A further insight from the results of this
experiment was that melatonin enhances the resistance of alfalfa to salt stress in two ways: one is through direct
pathways, such as direct scavenging of reactive oxygen species; the other is through indirect pathways, such as
regulation of ionic homeostasis through the enhancement of metabolite content of the antioxidant enzyme system and
osmoregulatory substances.
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0 Mol 300 Ry 3 3 AF 7E B PR B W30 R 22—, S xR 1 B LB ORI B A 7 R 2 Rl A
AL T 52 B0 E8 300 B, - 5 SR Nat R CL 9 3 B B R S B SR vh 19 88 7P A, e A S 808 B B B E
FAID I APR A R G KM — RN . AL E T (Medicago sativa) & 2B R i R i fe ) I 2 4R AE 5
B B0 DR 7™ Bk g SO 3 O P R T R R O R 2 T R 5 AR R N O] R AR S R A T
e R B0 R AR RN B s g O 3 B A N Y PR R R R R v 7 O B O Y 7 SR GE AR i, i
545 40 %6 ~60 %0 BB 1T, 8248 48 BIr H AT B0 A A5 R 28 B A0 (B DL o T Rk i 2 20T

## B F (melatonin, MT) & —Fi & WA WSR2 SR 51, T IZ AF A2 ALY Rl Py ™ o M OCF S R W MT 76
AR A A R N AR 5 AR AR W i a Oy TR T B L O S SRR 2 A B R A RN T R A AR RS
VLB oo R WA ARk B R T Ak - b A B ORI R 3 R o DRI R R R T
P A R 00 b e LA T S e o AR, MUT X A R 30 0 VR FHAEAR KRR B LSRR N . BTt AR5
DASEAE T T8 M bR BB AR MIT Xt 8 46 18 1 401 5k o 36 1) S A A D 300 BB 4 10 4 v S8 6 B 78 Tt M 3l ' M T
W, Ay TR T o R e A L B AR AR
1 MR5FE
1.1 X3 5 fo A A

ARG F 20234 10 H — 2024 4F 5 H £ 7538 52570 B X 5 b 96 U5 55 2R A S0 0 o A S0 00 =, R ARl K AE
SR HL R R AR R E AL R T, UK ISR ETE (M. sativa * Gongnong No. 17) iR 55 B 8}, Ff - i
B R . BRI F IR R TR A A 4 99 %, G A7 2 — 20 "CUKAE -

1.2 K&t

e BRSO U 1 10 b 7 T TR 4 ARCR 8 %6 1Y NaClO 5 W T4 B 15 min, 28 18 7K 35 Uk 4~5 3 Jm 45 Fh P48 T,
BT A OB R AU B 3R L b, 49 1L 100 K, I8 40 F Z8 1K 58 2 e, B T N AR (fHR 25 °C R JE 80%0)
IR E R O AMBEE N 12 h/12 hOE/80) K 10 H % 2y 1 R 6 45 40 22 [ 2 7E 0 TR AFL I Bl 208 1/2
Hoagland’s & 7% i (KNO, . NH,H,PO, MgSO, % ) 1y /K # £ (290 mm X 130 mm X 110 mm) N #4715 5%, & 3 d 3
Be— WM 4G PRk K —B0 B8 AT A A H . R B0 L B 10 b FE (R 1), CK 41 oM 28 B R R
H Hoagland s 55 ¢ , & 2 d X} B 75 P A 1E 5 W35t 50 mL A9 ZE MK s s in MT RUALFE (MT 41) , % H Hoagland s £
I, 2 d X E A R IE BT it 50 mL A MT 3T N 418 R B i MT (9 35 1360 Ab 31, &5 2 d X i 7 00 17 4R 3 4b
J S NM ZH 7500 MT #4 Jiih 30 b 38, 1E 2 38 T 4A 10 F0 A [6) e B2 p A R0 i AT A PR A8 h, Z Je f 2 d X
A i 7 E SO 17 50 mL A MT . B IR ARS8 K 7 d, G0 — T 65 e 47 Wit , L mi it 3 7.
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Table 1 Treatment components and concentrations

Ak B L E IR NaCl [ S 4k 7 M E IR NaCl (ELF 3
Treatment Hoagland’s nutrient (mmol-L ") Melatonin Treatment Hoagland’s nutrient (mmol-L~") Melatonin
solution (g1~ ") (MT, pmol-L ") solution (g-1.° ") (MT, pmol-L ")

CK 1.96 0 0 N 1.96 150 0

MT, 1.96 0 50 NM, 1.96 150 50

MT, 1.96 0 100 NM, 1.96 150 100

MT, 1.96 0 150 NM, 1.96 150 150

MT, 1.96 0 200 NM, 1.96 150 200

1.3 EILBimHAsket b AL IBARG N Z

PR A R TR L B R 0 RE 5 A X L Al L R AL (STARTER 3100C, 2 [5) I 52 5 A9 1k
A E RS S50 G-250(Coomassie Brilliant Blue G-250) % £ 35 ) 721 5 AT 7 MB35 & % ) BUER He 66 2
WS A TR R R R K A TRk I s R ARk 0 A g O R SR A U DY (nitro blue tetrazolium,
NBT)J"&EE%W%““;ﬁ%&fhﬁﬁ@?ﬁﬁ%ﬁﬁ%ﬁl‘”ﬁllﬁl‘%?ﬂl']%“”'J‘i’fhﬂﬁ%ﬁ?ﬁ‘@ﬁéfﬁi@ﬁﬂ*@ﬁ%fﬂﬂﬁm;@Hi't
B S -7 % il 175 1 SR FH 28 A/ W AC vk I 7 5 A bl A D O 4 SR Y 5 A IR i s PR L R L D TR A i
B o AU A B S A WSO E R 1 E T R R R 4 0l O BE VA I i s AR IO, 10 g i O
TIH M AR B R TE B b b I A L i A S AL S R T 6V A E A U8 R KOG BE T (Sherwood
MA10, & &) I E Na' K37 DU A i #8 AR 2 5 39
1.4 FEH

K H SPSS 20. 0 4 4 % i 55 £k 48 i 17 77 2 4 7 A1 3 B 43 43 BT (principal component analysis, PCA) , Hi
EXCEL 2020 2 ¥ % 4fs , i ] Origin 2024 /£ 5]

2 HBREHSH

2.1 MR MT A5 a8 TR H 45 vt 7 5B R W M e & LR

ANJEMT AbBLS , 48 48 & 75 0 R A iE 25 il 2088 (free proline, Pro) AT ¥ P % H (soluble protein, SP) A& 1
B (soluble sugar, SS) & & ¥4 It , B 2T & 5 AR (K 1) o 22 RS I bhia i, 46 5 45 i b
Pro .SP.SS & ¥4 MT A3 R 5 &, 5 CKAH EL 40 7 34 17 50. 35% .34, 38%,102. 91% , H Pro f1 SS % & 7£
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Fig. 1 Mitigating effects of exogenous melatonin on osmoregulatory substances in alfalfa leaves under salt stress
FW: f & Fresh weight. A [A] /N5 5% £F 3 /8 &b # 6] 25 5 i % (P<C0.05) , F [i . Different lowercase letters indicate significant differences among

treatments (P<C0.05), the same below.
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CTHZI S BE S T 150 mmol- LR A AL BRSSP BR Y & i 7E N AR FE R B3 m F CK(P<<0.05) . 7
AT N AMIE MT J5 5246 H A5 1 Pro SS % B 7E NML AR BT ey, AH L CK 20 i 3§25 1 76. 0824
102. 73% (P<<0.05) , A kb N AL B4 5138 0 T 21. 53% .29. 57% o SRAEE 15 1 v SP & i 78 NML A R iy, 48
CK 3455 7 154. 07% (P<<0.05) , 8 N4 B FTF T 27.10% .

2.2 SMRMT *F 3 mhia TR E Bt A L BALAE 7 0945 iR R

2.2.1 AMEMT xR E T 8408 18 v i 00 0 55 R0 I RS A e ME I R A R MR MT b3S #E R U
Eh b HEF # H L BR R (hydroxyl free radical clearance rate, Hf) .4 [ (malondialdehyde, MDA ) & & | id %
ft & (hydrogen peroxide, H,O,) & & AH X HL 52 (relative conductivity, RC)¥7E MT Ab# T~ 5 CK 2 3 2 & 1
#£ 5 (P<<0.05), % CK A B3 /i 1 56. 70% .78. 97 % . 116. 52% F1 118. 91 % ; 76 % i dh kb ¥ J5 , N 4b B 4% CK 43 1]
PEE T 63.39%.89.59% .105.43% H1218.79% , H¥ 5 CK ZIM B B F M 22 5 (P<<0.05) . # HHIEIGEERE
NM, b B R 35 21 f 5 (8, 5 N AR FRIE AN T 40. 07 % . MDA JH,O, . RC #£ NM, Zb B T 35 I f I, # N 4b B 2 5] F
R 7 36.40% .34.21% A1 36. 11% (K 2).
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Fig. 2 Mitigating effects of exogenous melatonin on oxidative damage and cell membrane stability in alfalfa leaves under salt

stress

2.2.2 ARMEMT X E:ria mfﬁf”ﬁﬁ%%%ﬁﬁ%%%ﬁ% MT 435 | 8 A Ak W) B AL (super-
oxide dismutase, SOD) | if & 1k & B (catalase, CAT) . id & kL ¥ B (peroxidase, POD) . % Bt H Ik S-#% #% [
(glutathione S-transferase, GST) & Bt H K8 JF i ( glutathione reductase, GR) I3k &2 P (E3) ., ®
A mEE e s, SOD (CAT \POD \GST {f PR ¥ 7 MT 40 B R 2k B g i, $2 CK 333 i 1 26. 2126 .21, 6204
45.60% F151.10% . GRIEMETE MT AL FE T i , 58 CK #2 5 T 40.06% . SOD I 1 7€ 45 4b ¥ 1] G W % 2 7
(P=0.05) , 76 MT, AR BT, H GST i ¥ 42 CK 22 57 3% (P<<0. 05) ,CAT .POD #l GR {fi £ 15 CKAH H ¥ JC & 3%
2257 (P=>0.05) s B INER W30 I , &0 48010 Bl 3% P 2 7 NV &b BT 58 3 e i i o

2.2.3 AN MT XS £ W38 T 546 B 45 i B A AL 8 5 1) % i OR HhIEMT 43S, $T I8 1 /2 (ascorbic
acid, ASA) Ak J5 A 45 Bt H ik (glutathione reduced, GSH) & 8 CK ¥ T LI (E 4) . KRB InEE b i, ASA



210 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 9

TAEMT AL B R 3k 8 B i fH H 5 CK R B #2255 (P<<0.05) ,GSH & 3/ MT A3 N ik 8l e @ H 5
CK B 35 P 22 55 (P<C0. 05) s FEAN MR M 18 )5 , N AL B ) ASA FI GSH & & 5 CK At A Fr i i, B3 7
NM, &b #1351 f1e = 5, 5 CK 20948 & T 246. 93% .40. 09% , H 2% 5 i 23 (P<<0.05) , 5 N A #4348 3 T
125.03% #1110.09% .
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Fig. 3 Mitigating effects of exogenous melatonin on antioxidant enzyme activities of alfalfa leaves under salt stress
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Fig.4 Mitigating effects of exogenous melatonin on antioxidant content of alfalfa leaves under salt stress

2.3 SEMT e TELEE S FTRSHEMAR

ANIE MIT b B S, 76 0K U3 8 k3l i, K R0 K/ Na* ¥ 7E MT AR B R ik 80 i i (8, 3 5 CK # ML i %
PE2ZF(P<<0.05), “HFEMT AT B F LT CK(P<<0.05, & 5), i Nat & &7 MT, A N A8l s, H S
CKZRB M 2257 (P<<0.05) s IR L rid 5 , K& i MK /Nat 76 N AL B R4 CK W3 R B T 45.19% .
72.47% (P<<0.05), H =3 ¥4 NM, AL R 35 8] 55 S, 38 N AR B 43 5034 in T 48.97% .183.67% . Na* & 7EN
AR 3k F) B (L B CK B F 8 T 103, 46% (P<<0.05) , NM, AR B R % Na* & i e i, B N AR FE N [ T
47.79% {0 5 NM, &b #7225 A . 3 (P>>0. 05) .
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Fig.5 Mitigating effects of exogenous melatonin on ionic homeostasis in alfalfa under salt stress

2.4 ERHOMN x2 ERHSW
SF 2846 B FE 0 17 A B bR AT T A4 Table 2 Principal component analysis
B3R5 B F 3 R ST OR (6 2) . 34 A4 B B ERSH] ERA2 RS
Physiological index PC1 PC2 PC3

T 57 Mk % 5 3k 82,00 %6 , AT A &4 Wit {1 42K 44 6 it —

S T S B 1R 1A A (PCT) it A Ak AUl Catalase 0.93 0.07  —0.14
74 —I% Malondialdehyde 0.92 0.19  —0.07

L S U I PR B AT S A T R i A ALl Peroxidase 0.88 0.28 —0.17

0.93; £ 5 24 E M (PC2) i A AL A A i R AT YA Soluble sugar 0.86 0.14 —0.32

A fe R 8w, o 0. 755 A58 34 s Ui 15 il 2 B2 Free proline 0.78 0.46 —0.11

(PC3),KY/Na" B A m M KE F 3 far, I 0.84, A %4 2 1 Soluble protein 0.76  —0.59 0. 00

A, o E AL & i v B AL E S B KY/Nat X HL 524 Relative conductivity 0.62 0.61 —0.13

AT VR H 75 26 2 16 1 75 Tt 0 M 1y G S 8 b B S AL 15 fL i Superoxide dismutase 0.57 0.41 .43
A H Ik S-5% # Bl Glutathione S-transferase 0.52 0.33 .28

2.5 FEBIJRLEZELHIFN

S FH S R B K6 10/ b B R S5 45 B A5 9 17 I JE 2 B H K Glutathione reduced 0.

43 —0.81 .15

i A kL & Hydrogen peroxide

A B BR FEAT SR VA (6 3) , 28 i T W it AN
[ e B2 MUT Ak B S /97 518 J 2 T CK, H

23 e H KA S5 Glutathione reductase

.73

0

0

0
—0.62 0.75 0.07

0

0

0

.00

PR ML AR Ascorbic acid 0.57 —0.71 17

T MT % 2 150 pmol - LAY NM 4b B R 5 ¥2 A 235 B % Hydroxyl free radical clear- —0.66 0.71 .10
YR JE B s, o8 0,73, MT ¥ B i 100 pmol- ance rate

L ' NM A EER 2, 8 0. 70, WETFKT 0.54 —0.70  0.24

BT Na® 0.55 0.64 0.09

3 g K*/Na* 0.20  0.23  0.84

R R B E W REYIPIERIAE SN Fifik % Contribution rate (%) 44.69  29.74  7.57

B35 W0 B AT ORI . HE W) AE I 7 0 B 2l 21} 5Ek% Cumulative contribution rate (%) 44.69 74,43 82.00

i%
AR EAILBEERESBERTRET,
W AR Y 3% T W T A e 0 = I S A B 0 R RE ) B RN VAR G . AR SE , #E NaClF A B, 554K
B A F AR R B Pro SP ORI SS & i A TG N, X SR £33 0 H B AR B 3 A ) BOR AN S A
EMT S B &R Y oK 8 20— 04 . X Ui MT G2 dFAE YR B SR W B 7= A o M ¢
FoE R FEER A T B B T MT &30 5 (Sorghum bicolor) ¥ i H i Pro Al SS /K-, BRI £ %6 HF
ST, 0 FAMIE MT n] 5 2 383k Wr 38 8 3R e KR (Rhus chinensis) #1714 19 Pro .SP 1 SS & & . XFAEH AN T
T il 8% 6 JTR A i R v ARG 7 40 R 28 10 J5 A 5 8, 3 3 39 50 92 35 I 19 R U2 R J0IR 38 T R 908 38 N A

FE YR 7 e g AR B 38 25 08 B BB B0 R LR B A P 25 2R R B 3 1 4 (reactive oxygen species,
ROS) ,ROS 4% B i1 £ \H,O, F1 MDA 25 i 5 i 546 72 ¥ . ROS 3 5 HE AR 25 4T 8 40 g b ROS ¥ B ML il 1) 51
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Table 3 Comprehensive evaluation of membership functions

5 b5 Index CK MT, MT, MT, MT, N NM, NM, NM, NM,
it L A Catalase 0.00 0.21 0.41 0.49 0.08 0.16 0.59 0.87 1.00 0.35
P % Malondialdehyde 0.10  0.07 0.00 0.03 0.89 1.00 0.68 0.48 0.31  0.98
1 A AL Y i Peroxidase 0.09 0.00 0.50 0.88 0.27 0.25 0.50 1.00 1.00 0.34
A PR Soluble sugar 0.00  0.47 0.78 1.00  0.27  0.55  0.66  1.00  0.91  0.46
Ui B I 2R Free proline 0.00 0.12 0.47 0.66 0.24 0.59 0.78 1.00 0.93 0.33
Al % 28 4 Soluble protein 0.01 0.04 0.10 0.23 0.00 0.65 0.75 0.90 1.00 0.48
HRT HL 5% Relative conductivity 0.06  0.06 0.04 0.00 0.57 1.00  0.64  0.57  0.50  0.74
A W 5 AL Superoxide dismutase 0.03 0.00 0.61 0.97 0.90 0.31 0.10 0.26 1.00 0.61
2 D6 H K S-5% A B Glutathione S-transferase 0.00 0.28 0.58 0.71 0.67 0.21 0.69 0.65 1.00 0.68
TR JE 25 BEH K Glutathione reduced 0.00 0.17 0.71  0.81 1.00  0.46  0.74  0.97  0.79  0.48
i 4 Ak A Hydrogen peroxide 0.22  0.20 0.04 0.00 1.00  0.93  0.78  0.53  0.46  0.68
A e H KA J5U A Glutathione reductase 0.00 0.02 0.23 0.34 0.41 0.50 0.74 0.89 1.00 0.52
YUK UL AR Ascorbic acid 0.00 0.24 0.33 0.37 0.25 0.44 0.77 1.00 0.87 0.63
¥ 1 i JL 3 bR % Hydroxyl free radical clearance rate 0. 00 0.02 0.06 0.12 0.39 0.44 0.75 1.00 0.89 0.45
T KT 0.44 0.68 0.8  1.00 0.19 0.00 0.12 0.25  0.27  0.03
BB F Na® 0.15 0.08 0.02 0.00 0.66 1.00 0.43 0.20 0.21 0.56
K*/Na* 0.43 0.65 0.87 1.00 0.11  0.00 0.14 0.29  0.30  0.07
D {4 D value 0.09 0.19  0.39  0.51  0.47  0.50  0.58  0.70  0.73  0.49
HE4 Ranking 10 9 8 4 7 5 3 2 1 6

AP, DT BOR A 1 T8 B, 658 W38 N A O T R SR B 0, BEAG IR T — B A R AE R M HUEIL R S,
XERSE FEMAEA R4 (SOD . POD CAT .GST .GR %) flAEEH{E £ 45 (ASA .GSH )" MT & —Ffi
SRR, AT B4 BRI T R AR P Y ROS, ZE U2 A A W W30 15 S 00 S8 fb R h R S BEOCE AR
ABFFEH, 50,100,150 pmol- L™ MT N A% FH 1 L 15 BR AR A M3 4 P 2 42 & . MDA (HLO, Fl RC AE 2 % 5E
A it P ) B A B A b, FL KT B 4 RS 5 A o R T R AAH DG T S I A ) A R 7 4 R B L e R F
FEP R ], MIT T8 i 1 58 0 48 A0 BE ) R ZE F B AR 9 MDA HLO, # RC & 4, AR XF 4% M . R RE , AR BF 5T
o, MT &b B % A BR 72 B 38 2% 4 T MDA (H,O, #l RC FEAIL, [/ i1 SOD .CAT .POD .GST #l GR ¥ 1 L) ke ASA |
GSH & s 80, 3t 1 — A UESE T MUT 78 805 36 36 7 1 2 576 .

o B AR A 2 — PR RO A A IR Na® & i R K7 K/ Nat St 45540 AR i 2 e |2 Fedh
Jp 30 25 AN R AR Y Na o BE s 4, S 30 K B MOIBOTFT i K/ Na -7, 5 250240 I 8 2 e A8 R A, 3 i s
TREES, JCRTIFEE M, MT 0] AR 3R 30 F &4 (Toona sinensis) # # i Na* &0 0 ABF5T v, 78 £ b 4b
R, N MT J5 095 46 8 18 R AR i 3 0 Na® 2 S I8 1 8y 0 A 3 Ak . 28 W Nt & dik 76 Ak b 1) 671 47 52 3]
T MT g ml, 5R eF MT 2l 7 #h ki~ K i meisc ™ AR5 i 58 17X — a5,

4 it

W) A N 32 38 815 ) 5 (Pro (SP.SS) , $TL &L % 48 (SOD .CAT .POD .GST .GR.ASA .GSH) ,K*/Na* ¥
i 5 R W R R DDA G o AR BIF 5 6 B ARG S 50,100,150 pmol-L " MT 2 1] B #2752 H i 3 H,0, #1
MDA %515 V£ 4, G2 A 56 300 217 3K 1) S Ak 45 005 F098 328 10 38, O FLI k999 Na MK i & ok B FARS . )
FR TR s ML A A B S — A A 2 B TR 45 I 46 AR T 9 AR R T MUT I 45 8 46 1 8 0 R Wt F A A B A AR 25 1 L A
K 11 TR s 5 TR R A 3 3% A2 o S T BB, A Ok T 0k — 25 1F 5T A0 R AR 2R 3R A S A P R R A e R AR R AR
Fo3F B
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