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Abstract: The aim of this study was to clarify the effects of exogenous melatonin and ethylene in combination on the
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salt tolerance of alfalfa (Medicago sativa). An experiment was conducted in which the alfalfa cultivar ‘Zhongmu
No. 17 was treated with exogenous melatonin, ethephon, and melatonin+ethephon, and then the growth and
physiological characteristics of alfalfa seedlings under salt stress were determined. Exogenous application of a range
of concentrations of melatonin (0. 01, 0.02, 0.05, 0. 10 mmol-L ') and ethephon (0. 05, 0. 15, 0.25, 0. 50 mmol-
I.7") as foliar sprays alleviated the reduction in the growth of alfalfa seedlings caused by salt stress (250 mmol-1.""
NaCl). The strongest alleviation effects were in the 0.05 mmol-L."" melatonin treatment and the 0. 15 mmol-1.""
ethephon treatment. The application of melatonin and ethephon alone to alfalfa seedlings under salt stress resulted in
significantly increased plant height, leaf area, fresh weight, chlorophyll content, and carotenoid content of alfalfa
seedlings, and significantly decreased relative electrical conductivity. We conducted further experiments using the
above optimal treatment concentrations of melatonin and ethephon. Compared with the control group, salt-stressed
alfalfa seedlings showed significantly inhibited growth. Compared with salt-stressed seedlings, those treated with
exogenous hormones showed improved growth, especially those treated with melatonin and ethephon
simultaneously. Compared with salt-stressed alfalfa seedlings, the seedlings treated with melatonin and ethephon
simultaneously showed increased plant height, leal area, and fresh weight (by 54.1%, 76.8%, and 32.1%,
respectively) ; increased tissue water content and chlorophyll content (by 46.2% and 47.8%, respectively) ;
decreased relative conductivity and malondialdehyde content (by 23.5% and 39.7%, respectively) ; decreased
hydrogen peroxide and superoxide anion contents (by 42.7% and 63.8%, respectively) ; increased activities of
superoxide dismutase, peroxidase, catalase, and ascorbate peroxidase (by 54.1%, 54.1%, 59.1%, and 62.0%,
respectively) ; higher reduced glutathione content (by 32.8% ) ; increased proline and soluble sugar contents (by
42.2% and 27.2%) , a higher potassium ion: sodium ion (by 217.5% ), and increased contents of endogenous
melatonin and ethylene (by 60.0% and 10.6%, respectively). These comprehensive analyses showed that
exogenous application of melatonin and ethylene significantly reduced the levels of membrane peroxidation and
reactive oxygen species in alfalfa, increased the activity of antioxidant enzymes and the contents of osmoregulatory
substances, regulated the ionic balance, and increased the contents of endogenous hormones. Together, these
changes improved the salt tolerance of alfalfa seedlings. Thus, melatonin and ethylene treatments can improve the
growth of alfalfa seedlings under salt stress.
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Fig. 1 Influence of different concentrations of melatonin (MT) and ethephon (ETH) on plant height and leaf area of alfalfa
seedlings under salt stress

A /NG F B R b B 24 573 3 (P<<0.05) . Different lowercase letters indicate significantly difference among treatments at the 0.05 level. S: 250
mmol-L ™ '#; NaCl; MT: ##t 28 % Melatonin; ETH: Z %] Ethephon. T [fi] The same below.
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Fig. 2 Effects of different concentrations of melatonin (MT) and ethephon (ETH) on fresh weight and relative conductivity of
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Fig. 3 Effects of different concentrations of melatonin (MT) and ethephon (ETH) on the photosynthetic pigment content of

alfalfa seedlings under salt stress
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Fig. 4 Effects of melatonin (MT) and ethephon (ETH) interaction on phenotype, plant height, leaf area and fresh weight of
alfalfa seedlings under salt stress
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Fig. 5 Effects of melatonin (MT) and ethephon (ETH) interaction on tissue water content and chlorophyll content of alfalfa

seedlings under salt stress
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Fig. 6 Effects of melatonin (MT) and ethephon (ETH) interaction on relative conductivity and malondialdehyde content in

alfalfa seedlings under salt stress
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seedlings under salt stress

31.9% .35.0% F154.8% , Hrfr S+MT F1 S+ETH &b # [0] JC . 3% 22 5 (P=>0.05) , S+MT+ETH % Hi W & i %
BEML(P<<0.05). 5 CKAML , S TLH MK &R FW T 30.5%, K §®ESHMT . S+HETH fl S+
MT-+ETH AL # R 43 5158 S AL #R3G I 1 11.7% .25.6% F136.9% . SHETHZAMAK K & &5 S+MT Ml S+
MT+HETHAA BT R E 25, M S+MTHETHR K S 8K S+HMT AR B X Z . 5 CKHM L, ST 4
M K" /Na" @ Z MR T 82.0%, K /Na" £ S+MT S+ETH M S+MT+ETH 4 B F , 40 54 S db B8 K T
47.5%.72.5% M1 217.5% , LA S+MT+ETH A # 5 S A #2552 1 8 o DL &5 R KW, MT Al ETH 58 B &b

REMSREMRER M TR H KT Na TR EFK F8, & KAKK /Na fi.

FEER A TR EE LW MT M ETH & 4 CK 41 & W 17 44. 0% M 17. 7% (P<<0. 05, K 10) . S+
ETHABE FAEMMT SRS SEMT MSHMTHETHAB LR E2F ,AS+MTHETHE S+MT &
FHHWM ., SHMT . SHETH M S+MT+ETH AL #E2H (19 MT & 58 S 4b 3 43 3] 835 Tk 7 25. 9% .41, 1% Fi
60.0% . ETH & &7 S+MT . S+ETH M S+MT-+ETH b # 8] JG i 3 22 5, ifi S+MT+ETH &b # %5 S 4b 2
BERNT 10.6% . P, AMEE I MT 1 ETH f8 & 3% 8 MT fETH & & .



534 B 1 Fll2F 3 2025 4 89

Rl BEBEEMZHEHNZENEMETEREEGE N MK SEHN 0

Table 1 Effects of melatonin (MT) and ethephon (ETH) interaction on Na“and K* content in alfalfa seedlings under salt stress

i H Ttem CK S S+MT S+ETH S+MT+ETH
Na™ (mg-g ") 19.014-0. 58d 76.32+2.76a 52.01£0.40b 49.6041.75b 34.48+1.09¢
K (mg-g ") 42.0340. 96a 29.224+1.24d 32.64=+1. 25cd 36.69=+0. 72bc 39.99-+£0. 29ab
K'/Na" 2.2240.11a 0.40£0. 02¢ 0.59=£0. 04c 0.6940.07bc 1.27+0.28b

CK: Xt 8 Control; S: 250 mmol-L ™" NaCl; MT: 0. 05 mmol-L ™' 8 2 Melatonin; ETH: 0. 15 mmol-L ™" Z. %% #| Ethephon.
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Fig. 10 Effects of melatonin (MT) and ethephon (ETH) interaction on MT and ETH content in alfalfa seedlings under salt stress
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