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Abstract

Rice is a crucial food crop in China. Rice blast disease, caused by the ascomycete
fungus Magnaporthe oryzae, represents one of the major limiting factors in rice
production, inflicting substantial economic losses annually. Following the com-
pletion of whole-genome sequencing initiatives for both rice and Magnaporthe
oryzae, the interaction mechanisms between rice and the blast pathogen have
become increasingly elucidated. Rice resistance to Magnaporthe oryzae primar-
ily derives from the effective blockage of pathogen invasion through its intrinsic
innate immune system, whereas the pathogen can suppress rice basal immu-
nity to cause disease in susceptible cultivars. The outbreak and epidemic of
rice blast disease necessitate three essential conditions: susceptible rice vari-
eties, pathogenic populations of Magnaporthe oryzae, and meteorological fac-
tors conducive to pathogenesis. Consequently, meteorological factors constitute
a critical element in controlling the outbreak and epidemic of rice blast disease.
This review synthesizes recent research findings, summarizing the interaction
mechanisms between rice and Magnaporthe oryzae with respect to the fungal
infection process, disease development and characteristics, and rice disease re-
sistance mechanisms. Additionally, it analyzes the impacts of meteorological
factors including temperature, light, and humidity on fungal pathogenicity and
rice disease resistance, and preliminarily explores the molecular mechanisms by
which these factors influence the outbreak and epidemic of rice blast disease, aim-
ing to identify optimal strategies for preventing and controlling the occurrence
and development of rice blast disease, thereby providing theoretical foundation
and guidance for rational management of this disease.
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Abstract

Rice is a staple food crop in China. Rice blast, caused by the ascomycete fun-
gus Magnaporthe oryzae, represents one of the most significant constraints on
rice production, causing substantial economic losses annually. With the com-
pletion of whole-genome sequencing of both rice and M. oryzae, the molecular
mechanisms underlying their interactions have become increasingly clear. Rice
resistance to blast primarily depends on its innate immune system effectively
preventing pathogen invasion, while the pathogen can suppress this basal immu-
nity to cause disease in susceptible varieties. The outbreak and epidemic spread
of rice blast require three essential conditions: susceptible rice cultivars, virulent
pathogen populations, and favorable meteorological conditions. Thus, meteoro-
logical factors play a crucial role in controlling blast epidemics. This review
synthesizes recent research findings on rice- M. oryzae interactions, covering the
infection process, disease development patterns, and resistance mechanisms. We
analyze how meteorological factors—including temperature, light, and humid-
ity—affect pathogen virulence and host resistance, and explore the molecular
mechanisms through which these factors influence blast outbreaks. Our goal
is to identify optimal strategies for blast prevention and control, providing a
theoretical foundation for rational disease management.

Keywords: Rice blast; Magnaporthe oryzae; Meteorological factors; Molecular
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Rice blast is one of the most devastating diseases of rice (Oryza sativa), occur-
ring in both northern and southern rice-growing regions of China. Under severe
conditions, it can reduce rice yields by approximately 40-50% [1]. For instance,
a blast outbreak in Bengbu, Anhui Province in 2014 caused extensive yield losses
in the ‘Liangyou 0293’ hybrid rice, with some fields experiencing complete crop
failure [2]. The causal agent, Magnaporthe oryzae, is a hemibiotrophic filamen-
tous ascomycete that can infect dozens of plant species, including economically
important cereals such as wheat and rice [3]. The whole-genome sequence of M.
oryzae was completed as early as 2005 [4], revealing a genome of approximately
40 Mb encoding about 11,000 genes [5].
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Like other crop diseases, the outbreak and epidemic spread of rice blast require
three essential conditions: susceptible rice varieties, virulent pathogen popula-
tions, and favorable environmental and meteorological conditions [6]. Meteoro-
logical factors thus play a critical role in disease development. Suitable envi-
ronmental conditions can trigger blast epidemics, whereas even when virulent
pathogens contact susceptible rice plants, disease may not occur if meteorologi-
cal conditions are unfavorable [7].

In recent years, research on rice-M. oryzae interactions has advanced consider-
ably. However, studies on the molecular mechanisms by which meteorological
factors such as light, temperature, and humidity affect pathogen virulence and
rice resistance are still in their infancy. A comprehensive understanding of how
meteorological factors influence disease development and the underlying mech-
anisms is essential for guiding effective blast control strategies.

2. Disease Cycle and Characteristics of Rice Blast

Rice blast primarily occurs during the seedling, tillering, and heading stages.
Based on the infected plant part, blast can be classified as leaf blast, node blast,
panicle blast, or neck blast [16]. The disease cycle comprises four stages: trans-
mission, penetration, incubation, and secondary infection [8]. After airborne
conidia land on rice leaves, they germinate and form appressoria that penetrate
the cuticle and invade epidermal cells within approximately 6 hours. Following
penetration, the disease enters an incubation period whose duration depends
on ambient temperature. At 24-25 °C, the incubation period lasts about 5-6
days, though it is longer for panicle blast. Rice cultivar and leaf age also af-
fect incubation length [17]. After incubation, lesions develop on infected leaves.
Under favorable temperature and humidity conditions, these lesions produce
massive numbers of conidia that detach and spread via air currents to other
plants, initiating new infection cycles [18].

3. Mechanisms of Rice Resistance to M. oryzae

The infection process can be divided into five steps: (1) spore adhesion and
germination, (2) germ tube formation, (3) appressorium development, (4) pene-
tration peg formation, and (5) hyphal growth within host tissue [8]. Specifically,
airborne conidia land on rice leaves and secrete mucilage at their tips for firm
attachment. When temperature reaches 25-28 °C and relative humidity ex-
ceeds 90%, conidia germinate and produce germ tubes. As germ tubes elongate,
they swell and differentiate into appressoria induced by hydrophobic leaf sur-
face signals [9-11]. During appressorium maturation, massive accumulation of
glycerol solutes generates turgor pressure up to 8 MPa, which is converted into
mechanical force to drive the penetration peg through the rice epidermis into
mesophyll cells [12-13]. A melanin layer between the appressorium cell wall and
membrane is crucial for turgor generation. Melanin-deficient M. oryzae mutants
cannot generate sufficient turgor and thus fail to form penetration pegs, losing
pathogenicity [12-13]. After the penetration peg enters mesophyll cells, it ab-
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sorbs nutrients and develops primary and secondary hyphae. Secondary hyphae
spread to neighboring cells through plasmodesmata [14], and necrotic lesions
become visible on leaf surfaces approximately 72 hours post-infection [15].

During co-evolution with pathogens, plants have evolved a two-layered innate
immune system: PTI (pathogen-associated molecular pattern-triggered immu-
nity) and ETI (effector-triggered immunity). Upon infection, plant pattern
recognition receptors (PRRs) on the cell surface recognize pathogen-associated
molecular patterns (PAMPs), activating PTI to defend against invasion. Some
pathogens secrete effector proteins to suppress PTI and cause disease, while
plants have evolved resistance proteins that recognize specific effectors to acti-
vate ETI, often culminating in hypersensitive response (HR) characterized by
programmed cell death (PCD) at infection sites [19].

Rice employs both PTI and ETI against M. oryzae. Fungal PAMPs include
endopolygalacturonases, xylanases, ergosterol, glucans, and chitin. Rice PRRs
include receptor-like proteins (RLPs) and receptor-like kinases (RLKs) such as
CEBiP, LYP4, LYP6, CERK1, OsBAK1, and OsFLS2. During infection, these
PRRs recognize M. oryzae PAMPs and transduce signals to activate PTI re-
sponses, including reactive oxygen species production, pathogenesis-related (PR)
gene expression, and phytoalexin synthesis. Through co-evolution, M. oryzae
secretes effectors to suppress rice PTI, while rice resistance proteins directly
or indirectly recognize these effectors to activate ETI, triggering HR-PCD that
restricts fungal growth [19].

To date, over 100 blast resistance genes have been mapped in rice, with 22 cloned.
Most encode NBS-LRR proteins containing nucleotide-binding sites (NBS) and
leucine-rich repeat (LRR) domains, including Pi2, Pi9, Pi36, Pi37, Pikm, Pit,
Pib, Pi-ta, and Piz-t [20]. Additionally, nutrient elements such as silicon affect
rice blast resistance. Field experiments showed that silicon application increases
leaf silicification and reduces blast incidence [21]. Liu et al. [22] found that ex-
ogenous silicon dioxide enhances resistance in both resistant and susceptible rice
varieties by reducing fungal hyphae on leaf surfaces. Transmission electron mi-
croscopy revealed that mineralized silicon deposits surround hyphae, inhibiting
their growth and invasion of mesophyll cells [22].

Using resistant varieties is the most economical and effective blast control mea-
sure [20]. Recent molecular breeding efforts have produced several highly resis-
tant rice cultivars [23-24]. However, M. oryzae evolves rapidly, generating new
physiological races that can overcome host resistance. Moreover, physiological
races show regional diversity [25]; a variety resistant in one region may become
susceptible in another due to differences in pathogen races and meteorological
conditions. Therefore, understanding how meteorological factors affect disease
development and their underlying mechanisms is crucial for effective blast man-
agement.
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4. Molecular Mechanisms of Meteorological Factor Effects on Rice
Blast

4.1. Temperature Effects Temperature is among the most important mete-
orological factors influencing rice blast. Ambient temperature affects M. oryzae
growth, development, and virulence, as well as rice disease resistance.

4.1.1. Temperature Effects on M. oryzae Temperature influences all
stages of M. oryzae infection. Although many fungal physiological activities
can occur across a broad temperature range (e.g., hyphal growth from 8-37 °C),
optimal temperatures for hyphal growth, conidiation, germ tube elongation, and
appressorium formation are approximately 25-28 °C. When average daily tem-
peratures fall within 24-28 °C, M. oryzae thrives and blast epidemics are likely.
Conversely, temperatures outside this range inhibit hyphal growth and impair
spore development, reducing pathogenicity. At temperatures above 35 °C or
below 15 °C, M. oryzae grows slowly and develops poorly, resulting in low dis-
ease incidence [26]. Nevertheless, the fungus can maintain physiological activity
under temperature extremes by synthesizing protective proteins. During hot
summers, M. oryzae produces heat shock proteins such as MoSf1, which binds
to protein kinase Pmkl to activate the MAPK cascade and enhance thermo-
tolerance [27]. In cold winters, the fungus overwinters as conidia and mycelia
on rice straw, requiring cold adaptation for survival. The apoplast-localized
adenylate kinase MoAK may be involved in cold adaptation, as its expression
increases significantly at low temperatures [28].

Despite these insights into temperature adaptation, the molecular mechanisms
underlying differential pathogenicity at various temperatures remain poorly un-
derstood. Fundamental studies on temperature-dependent transcriptomic and
proteomic changes, particularly regarding effector expression, are still lacking.

4.1.2. Temperature Effects on Rice Disease Resistance Ambient tem-
perature also affects rice disease resistance. Rice, a warm-season crop originat-
ing from tropical and subtropical regions, is highly sensitive to low-temperature
stress, especially during seedling and booting stages. Prolonged cold stress
reduces photosynthetic rate and root water uptake, causing stomatal closure,
leaf wilting, and significantly decreased blast resistance [29]. Cold damage is
particularly severe in northern Chinese rice-growing regions, though the direct
molecular mechanisms linking low temperature to impaired immunity remain
unclear. Zhang et al. [30] identified a cold-inducible antifreeze protein gene,
XM_ {483093}, whose overexpression enhances both freezing tolerance and blast
resistance. Transgenic rice overexpressing XM_ {483093} show fewer lesions and
stronger PR gene expression after M. oryzae infection [30]. However, the rela-
tionship between cold tolerance and disease resistance is complex. Recent work
revealed that the rice WRKY transcription factor OsWRKY76 has dual and
opposing functions: overexpression enhances cold tolerance but suppresses PR
gene expression and phytoalexin synthesis, significantly reducing blast resistance
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[31].

Notably, major breakthroughs have elucidated rice temperature-sensing mecha-
nisms. The COLD1 gene, encoding a G-protein signaling regulator, was identi-
fied as a key cold sensor. Upon cold stress, COLD1 interacts with the G-protein
a subunit to activate Ca?* channels, triggering cold tolerance responses [32].
Whether COLD1-mediated cold tolerance also affects immune responses under
low temperature warrants further investigation. Similarly, the OgTT1 gene,
encoding a 26S proteasome $ $2 subunit, was identified as a major QTL for
thermotolerance in tropical African rice. The OgTT1 protein enhances protea-
somal degradation of ubiquitinated substrates under high temperature, clearing
toxic denatured proteins and protecting plant cells [33]. With increasing global
climate change and frequent extreme heat events, the impact of high tempera-
ture on rice blast resistance and the role of OgTT1 require further study.

4.1.3. Temperature Effects on Plant-Pathogen Interactions Few stud-
ies have addressed temperature effects on rice-M. oryzae interactions specifi-
cally. However, recent work on Arabidopsis thaliana and Pseudomonas syringae
reveals dynamic temperature-dependent interactions. Unlike animals with con-
stant body temperatures, plants and microbes experience daily temperature fluc-
tuations. Low temperatures promote bacterial effector secretion, while higher
temperatures accelerate bacterial proliferation and PAMP synthesis. Plants
have evolved corresponding defense strategies: at relatively low temperatures
(10-23 °C), they preferentially activate ETI, whereas at higher temperatures
(23-32 °C), they activate PTTI [34]. How such temperature dynamics affect M.
oryzae effector secretion, PAMP production, and the balance between rice PTI
and ETI remains to be investigated.

4.2. Light Effects Light is a crucial environmental factor for both rice and
M. oryzae, significantly influencing blast epidemics.

4.2.1. Light Effects on M. oryzae Light exerts a suppressive effect on rice
blast development (light-dependent disease suppression), while a dark period
after fungal contact with rice is critical for disease initiation [35]. Light inhibits
hyphal growth, which proceeds fastest in darkness and slowest under continuous
illumination [36]. Weak light promotes conidiation, while light intensity affects
germ tube length—stronger light produces shorter germ tubes, leading to mal-
formed appressoria and reduced infection rates [37]. Even weak light suppresses
spore detachment from lesions [35]. Blue light inhibits M. oryzae growth and
development, and both blue and red light suppress conidial release. The blue-
light receptor gene MGWC-1 mediates these effects; its mutation reduces light-
dependent disease suppression [5]. Transcriptome analysis of dark-regulated
genes revealed that melanin synthesis genes are differentially expressed during
light-dark transitions. Since melanin accumulation in appressoria is essential for
turgor generation and invasion [38], dark-induced expression of melanin-related
genes promotes appressorium maturation and infection [37].
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Paradoxically, conidiation requires light stimulation. The Twilight (TWL) gene
mediates light-regulated conidiation: at night, TWL protein remains acetylated
in the cytoplasm, but after dawn, light signals trigger its deacetylation and
phosphorylation via Snfl kinase, leading to nuclear translocation and activation
of transcription factor TBF5 to induce conidiation [39)].

4.2.2. Light Effects on Rice Disease Resistance Light also affects rice
blast resistance. Weak light reduces photosynthetic efficiency and metabolic ac-
tivity, weakening plants and increasing disease susceptibility [40]. Consequently,
consecutive rainy days—characterized by high humidity, low light, and tempera-
ture fluctuations—create conditions highly favorable for blast epidemics. Some
rice genes are regulated by both light and M. oryzae infection. For example,
OsATX is upregulated by both light and blast infection [41], while RMLI ex-
pression increases during infection but decreases under continuous light [42].
Although the functions of these genes in blast resistance remain unclear, they
illustrate the complexity of light-mediated effects on rice immunity.

4.3. Humidity Effects Air humidity is another critical meteorological fac-
tor affecting blast epidemics. High humidity promotes conidiation and spore
germination. Zhao [36] found that conidiation requires relative humidity above
90%, with higher humidity accelerating spore production. When humidity ex-
ceeds 90%, a water film forms on leaf surfaces, facilitating conidial germination,
increasing infection rates, shortening incubation periods, and promoting lesion
development and sporulation. Consequently, blast epidemics occur only under
high humidity conditions [36].

Recent studies on Arabidopsis infected with P. syringae revealed that disease
development requires both suppression of host defenses and high-humidity de-
pendency. The bacterial effectors HopM1 and AvrE mediate this humidity de-
pendence [43]. While high-humidity dependency is well-known in rice blast, the
underlying molecular mechanisms remain obscure. Whether specific M. oryzae
effectors mediate humidity-dependent pathogenesis requires further investiga-
tion.

Conclusion

Rice blast outbreaks are closely associated with temperature, humidity, and
light conditions. Effective blast management requires not only planting resistant
varieties but also implementing preventive measures based on meteorological
forecasts, particularly during prolonged rainy, foggy, or dewy periods.

Although recent research has provided preliminary insights into how meteoro-
logical factors affect M. oryzae pathogenicity, rice resistance, and disease devel-
opment, our understanding remains limited. In-depth studies on the molecu-
lar mechanisms through which meteorological factors influence blast epidemics,
and application of these findings to molecular breeding and integrated disease
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management, are crucial for ensuring stable rice production and national food
security.
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