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Abstract; Melatonin is a new plant growth regulator that can dynamically regulate the plant systemic
defense against fungal diseases through specific signaling networks. This paper summarizes the research
progress of melatonin in enhancing plant resistance to fungal diseases from three aspects, namely the
biosynthesis and metabolic processes of melatonin in plants, its dose-effect as a growth regulator in
alleviating plant fungal diseases, and its molecular mechanism as a signaling substance regulating plant
immune responses, and future research directions are prospected. Melatonin biosynthesis in plants starts
with tryptophan, and completes the synthesis process through four enzymatic reactions; the key steps of
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its synthesis occur in the cytoplasm, chloroplasts, and endoplasmic reticula, expecially chloroplasts.

Melatonin metabolic pathways mainly include hydroxylation, oxidative decomposition, and methylation

degradation, with the metabolic process mainly occurring in the cytoplasm, and its metabolites jointly

constitute the metabolic defense system of plants against biotic and abiotic stresses. As a plant growth

regulator, the control effect of melatonin on plant fungal diseases is concentration-dependent, and its

regulatory mechanisms differ among different types of fungal pathogens. In general, melatonin enhances

plant immune response ability mainly through four pathways: 1) activating the antioxidant defense system
to maintain redox homeostasis; 2) cooperating with phytohormones such as salicylic acid and jasmonic
acid to construct a disease resistance defense network ; 3) inducing the expression of resistance genes by
activating the mitogen-activated protein kinase ( MAPK) cascade signaling pathway; 4) regulating the
synthesis of secondary metabolites to enhance the cell wall defense barrier. In conclusion, melatonin can
enhance plant disease resistance by regulating the plants’ own defense system. Future research should
focus on scientific questions, such as the functional differentiation of key enzymes in the melatonin
synthesis pathway and the evolutionary patterns of receptor proteins in non-model crops, the interaction
mechanism between melatonin and novel hormones under multiple stress induction in natural
environments, technical bottlenecks in field applications of melatonin ( such as application stability,
optimal dosage and application methods, long-term effects on soil microbial communities), and the

precise localization of defense genes or key nodes directly regulated downstream of its signal transduction

pathway. Combining approaches such as molecular biology, genetics, and synthetic biology to promote the

precise application of melatonin in the green prevention and control of plant fungal diseases.

Key words: melatonin; plant fungal disease; antioxidant system; plant hormone; mitogen-activated

protein kinase (MAPK) cascade signaling pathway
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Fig. 1 Melatonin synthesis and metabolic pathways in plants
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Table 1 Application dosage of melatonin in the prevention and control of different plant pathogenic fungi

5 B BRI (ol - 1) % R T Sk
Plant pathogenic fungus Melatonin application dosage  Target organ of host plants Reference
B A4 E F= 4 Necrotrophic
KA RUIE Botrytis cinerea 100 Hi%I N Vitis vinifera leaves [10]
KA B RUIE Botrytis cinerea 100 FHRFRSL Fragaria X ananassa fruits [45]
JKAGZGTE Botrytis cinerea 100 PERRTR i SRS Solanum lycopersicum fruits [46]
JKAGZG T Botrytis cinerea 2 000 BAM Lilium spp. leaves [47]61-70
RV TIHE Fusarium oxysporum 50 HAAEM: Gossypium hirsutum leaves [48]
RV TIHE Fusarium oxysporum 100 GL G M FIH Vigna unguiculata leaves and roots [49]
W% FERE B Botryosphaeria dothidea 300 WRIEAE S Actinidia deliciosa fruits [50]
HWIZ FERETE Botryosphaeria dothidea 100 FLIST Pyrus pyrifolia fruits [51]
8RTT B Penicillium digitatum 50 B IRSE Citrus reticulata fruits [52]
FE AU Alternaria brassicae 1 500 B N Raphanus sativus seedlings [53]
SHERS TR Alternaria alternata 100 IS Prunus armeniaca fruits [54]
PG ARE R Hemibiotrophic
WAAWE Colletotrichum spp. 100 B Capsicum annuum leaves [55]
WRAHT Colletotrichum spp. 10 000 FHERSL Musa spp. fruits [56]
ARAYRAE Fusarium graminearum 400 FORFEFT Zea mays stalks [57]
KR Verticillium dahliae 25 LA Gossypium hirsutum seedlings [58]
FEIER B Magnaporthe oryzae 100 KRB Oryza sativa seedlings [59]
1545 75 Biotrophic
IR BE Erysiphe spp. 1 000 VG Citrullus lanatus leaves [60]
I B Erysiphe spp. 50 %M Viis vinifera leaves [61]
458 Puccinia recondita 10 INZZ W Triticum aestivum leaves [62]
U1 B M Uromyces vignae 50 NGE=RY Vigna angularis true leaves [63]
FEEMMEE Plasmodiophora brassicae 400 KRR Brassica rapa subsp. pekinensis seedling roots [ 64 ]
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Reactive oxygen species; RNS: 1&?£%( Reactive nitrogen species.

E2 HREENSHEYVHEHESHENGRZE
Fig. 2 Schematic diagram of melatonin-mediated plant defense
signaling regulation mechanism
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