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Abstract: The widespread cultivation of stone and pome fruits (Rosaceae) underlines their importance in the 
global market and their significant contribution to the fruit processing industry.  However, destructive fungal 
pathogens from the genus Monilinia are causing Brown rot disease, threatening the stone and pome fruits around 
the world. Literature shows that the financial losses caused by Monilinia spp. have reached high levels, requiring 
appropriate management control strategies to limit the impact of the disease and reduce the developed resistance 
to fungicides. The latter is of the utmost importance for the wider concept of the Integrated Fruit Production 
(IFP) implemented in Europe as well as for developing alternative control measures for pests and diseases, 
while preserving the environment, organisms, and endangered ecosystems. Thus, the purpose of this review is 
to represent the framework of knowledge related to pathogen biology, host susceptibility, environmental factors, 
and known control measures to better understand the underlying processes related to Brown rot disease.
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INTRODUCTION

Brown rot (BR) caused by Monilinia species 
remains one of the most economically devastat-
ing diseases of stone and pome fruits globally 
(Larena et al., 2005; Poniatowska et al., 2016). 
Brown rot caused by Monilinia laxa (Aderhold 
& Ruhland) Honey, Monilinia fructigena (Ader-
hold & Ruhland) Honey, and Monilinia fructicola 
(G. Winter) Honey are fungal pathogens causing 
considerable damage and yield losses in impor-
tant commercial crops (Martini and Mari, 2014), 
such as sweet (Prunus. avium L.) and sour cherry 
(Prunus. cerasus L.), plum (Prunus. domestica 
L.), apple (Malus pumila Mill.), and pear (Pyrus 
communis L.) (Batra, 1991). M. laxa affects the 
crops early in the season (flowering time), where-
as M. fructigena is mainly observed during har-
vesting time. M. fructicola was also reported on 

rot-infected fruits (Northover and Biggs 1990). In 
Europe, the predominant species include M. laxa, 
M. fructigena, and the recently established M. 
fructicola, all of which belong to the Ascomycota 
and share a necrotrophic lifestyle. These patho-
gens affect critical stages of crop development, 
manifesting as blossom blight, twig cankers, and 
fruit rot both in-field and postharvest. Losses can 
be significant, particularly under favourable envi-
ronmental conditions that promote rapid disease 
development and secondary infection cycles. 

 The incidence and severity of brown rot are 
modulated by a complex interaction of factors, 
including cultivar susceptibility, canopy mi-
croclimate, orchard management, and regional 
weather patterns. Highly susceptible cultivars 
such as ‘Van’ are prone to early floral infections 
and severe fruit rot, whereas cultivars like ‘Re-
gina’ exhibit partial resistance, likely associated 
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with morphological and biochemical traits. Dis-
ease outcomes are further compounded by the 
timing of pathogen activity relative to host phe-
nological stages, with flowering and ripening 
periods representing critical windows of vulner-
ability. Thus, field diagnostics of Monilinia spp. 
may serve as a useful preliminary indication of 
infection; however, the laboratory based methods 
of identification remain essential (Martini and 
Mari, 2014). Literature outlines different methods 
for the identification of Monilinia spp., including 
morphological and cultural methods (Byrde and 
Willetts, 1977), and PCR identification (Holb, 
2008b; Martini, 2013).

Control of the pathogens has heavily relied on 
synthetic fungicides. However, increasing public 
concern over fungicide residues, regulatory re-
strictions, and the emergence of fungicide-resis-
tant pathogen populations necessitate the explo-
ration of integrated and sustainable management 
strategies. These include cultural practices, bio-
logical control agents, and the adoption of predic-
tive models informed by landscape epidemiology 
and climate data. Moreover, advances in molec-
ular diagnostics are enabling rapid and accurate 
detection of Monilinia spp., facilitating timely in-
terventions.

The present review summarises key informa-
tion about (a) the pathogen and susceptible hosts, 
(b) the life cycle of Monilinia spp., (c) environ-
mental determinants reported to impact the dis-
ease progression, and (d) management strategies 
to control the disease to gain deeper insights into 
the interactions and factors impacting disease 
progression.

1. Taxonomy, biology and molecular 
identification of Monilinia spp. causing BR 
disease
1.1. Taxonomy, morphology and molecular 
identification of Monilinia spp.

Monilinia spp. are found to differentiate in 
their geographic distributions, outlining that M. 
laxa and M. fructicola have been globally dis-
tributed, whereas M. fructigena is widely spread 
across South America, North Africa, Europe, and 
Asia (Zhu et al., 2016; Obi et al., 2018; Lyousfi et 

al., 2024), but still a quarantine pest for Canada, 
the United States, Australia, and New Zealand 
(CABI, 2009). BR species were classified in the 
Discomycetes, a subdivision of the necrotrophic 
fungus Ascomycetes, belonging to the Heliotiales 
(Leotiales) order, family Sclerotiniaceae, genus 
Monilinia (Obi et al., 2018). Thirty-five species of 
Monilinia Honey were described, and three were 
reported to significantly impact the commercial 
crops of stone and pome fruits: M. laxa, M. fruc-
ticola, and M. fructigena (Lino et al., 2016). As 
described by Martini and Mari (2014), the fruit-
ing body of representatives from the class Dis-
comycetes is found on the pseudosclerotial layer 
on the mummified fruits or litter containing de-
bris on the orchard floor, where the sexual form 
(ascospores) is developed. In their study, Martini 
and Mari (2014), outlined the apothecium of M. 
laxa and M. fructicola as a cup or disk-shaped 
structure containing thousands of asci, with eight 
single-celled ascospores in each, combined with 
sterile hyphae. M. laxa and M. fructicola species 
are difficult to distinguish; therefore, in addition 
to the diagnostic protocols, the use of molecular 
techniques is recommended (Martini and Mari, 
2014; Lino et al., 2016). A very characteristic sign 
of M. fructigena is the concentric rings of myce-
lium with conidia found to form on PDA agar, 
with cream to yellow colonies colour (Hrustić et 
al., 2020). 

Literature suggests that the identification of 
Monilinia spp. could also be completed using dif-
ferent methods: PCR-based diagnostics (Ioos and 
Frey, 2000), real-time PCR and Quantification 
(Van Brouwershaven et al., 2010), Loop-Mediat-
ed Isothermal Amplification (LAMP) (Ortega et 
al., 2019), and Genomic and Metabarcoding Ad-
vances (De Miccolis Angelini et al., 2023). Due 
to the closeness of the species within the genus, 
especially M. laxa and M. fructicola, their cultur-
al and morphological identification is the initial 
stage of the process, and then samples of the iden-
tified species are used to subsequently explore it 
using molecular approaches (Martini and Mari, 
2014). The accurate detection and identification of 
Monilinia spp, particularly M. laxa and M. fruc-
ticola, are crucial for timely management and for 
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preventing the spread of regulated species. Con-
ventional morphological identification remains 
useful in preliminary diagnosis but is limited by 
overlapping phenotypic traits and slow growth in 
culture. Therefore, molecular tools have become 
essential in modern plant pathology for both spe-
cies-level resolution and epidemiological studies. 
As described by Martini and Mari (2014), prior 
to molecular identification of Monilinia spp., it is 
critical to identify the pathogen morphologically 
and culturally.

1.2. Disease cycle of Monilinia spp.
As polycyclic pathogens, Monilinia spp. could 

reproduce several secondary cycles per growing 
season of the host (Larena et al., 2021). Monilinia 
spp. coexist in the field orchards, and have similar 
life cycles (Holb, 2004), especially M. laxa and 
M. fructicola, which were reported to have simi-
lar epidemiological physiognomies (Bernat et al., 
2017b). Moreover, studies reported that M. fruc-
ticola is displacing M. laxa, which could be at-
tributed to the ability of M. fructicola to produce 
ascospores (Holtz et al., 1998; Obi et al., 2018), 
whereas the sexual phase of M. laxa is not known 
(de Cal et al., 2014). These pathogens have simi-
lar life cycles characterised by the three phases 
as described by Byrde and Willetts (1977), but 
still differentiate in aggressiveness, preferred in-
fection stages, and symptom expression. Disease 
progression is closely regulated by host phenol-
ogy and susceptibility (Guidarelli et al. 2014), en-
vironmental conditions, and management control 
(Holb, 2008b; Lino et al., 2016).

Monilinia laxa (Aderhold & Ruhland) Honey
M. laxa overwinters in mummified fruits, in-

fected twigs, and blighted blossoms, where my-
celia and conidia survive. Primary infections 
occur in early spring, when conidia are released 
from the mummified fruits or twig cankers, es-
pecially under moist conditions and tempera-
tures between 15–20 °C (Holb, 2004; Obi et al., 
2018). Symptoms caused by M. laxa are blossom 
blight, where infected flowers wilt, brown, and 
clings are visible. The fungus often progresses 
into twigs, causing cankers and shoot dieback, 
with gumming around lesions. Secondary infec-

tions can occur during the development stage of 
fruits via conidial dispersal from infected tissues. 
The survival mechanism of M. laxa consists of 
latent infections in mummified fruits, allowing 
the pathogen to survive and spread early in the 
following season (Mari et al., 2003).

Monilinia fructicola (G. Winter) Honey
This species is considered the most virulent 

and invasive, and has recently expanded in Eu-
rope after originating in North America (EPSA, 
2011). It affects a broad host range and is highly 
adaptable. M. fructicola occurs in both twig can-
kers and mummified fruits, with the capacity to 
form apothecia and release ascospores under con-
ducive field conditions (EPPO, 2020). In Europe, 
M. fructicola was first detected in France (Lichou 
et al., 2002), followed by Austria, the Czech Re-
public, Italy, Switzerland, Germany, and Slove-
nia (EPPO Global Database, 2025). In Bulgaria, 
M. fructicola was first reported by Bobev et al. 
(2020). The primary inoculum of M. fructicola 
consists of conidia and ascospores capable of in-
fecting blossoms, young fruits, and wounded tis-
sues. Infections occur rapidly under warm, humid 
conditions (20–25 °C). Host symptoms caused by 
M. fructicola are similar to those caused by M. 
laxa, but progress more aggressively, including 
blossom blight, twig, and shoot dieback. Fruit rot 
begins as soft, sunken brown lesions that rapidly 
expand and are covered with dense, grayish-co-
loured pustules (EPPO, 2020). Rotted fruit may 
detach or remain on branches. Unlike the other 
species, M. fructicola readily infects through 
wounds, contributing to fruit-to-fruit transmis-
sion, especially when fruits are in close contact, a 
condition common during ripening and harvest-
ing. Survival and spread mechanism of M. fructi-
cola consists of its ability to infect through minor 
wounds and produce abundant conidia, which 
enhances epidemic spread, especially during har-
vest and in dense canopies (Holb and Schnabel, 
2007; Burnett et al., 2010).

Monilinia fructigena (Aderhold & Ruh-
land) Honey

Predominantly, M. fructigena affects pome 
fruits (apple, pear), but it is also reported in stone 
fruits (Van Leeuwen, 2000). The pathogen over-
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winters in the mummified fruits on trees or the 
orchard floor. Infection typically occurs during 
bloom and early fruit development stages, but 
symptoms often remain latent until fruit ripen-
ing or postharvest. Symptoms visible on the host 
are mainly fruit lesions appearing as firm, pale 
brown, concentric circles (EPPO, 2004), whereas 
isolates of M. fructigena cultured on PDA agar 
showed cream to yellow (Hrustić et al., 2020) to 
buff (EPPO, 2020) with concentric rings (Lino et 
al., 2020). Affected fruits by M. fructigena be-
come mummified and often remain attached to 
the tree (Van Leeuwen et al., 2002). Similarly, the 
environmental conditions favourable for M. fruc-
tigena conidia during springtime were reported 
as 15–20 °C temperatures in combination with 
humid conditions (Van Leeuwen et al., 2002). 
Latent fruit infections contribute significantly to 
postharvest rot, making M. fructigena particu-
larly important in storage and transport-related 
losses (Martini and Mari, 2014).

	
2. Host Range and Susceptibility
2.1. The host: stone and pome fruits 

Brown rot (BR) is a major fungal disease af-
fecting stone fruits (Prunus spp.) and some pome 
fruits (Rosaceae) (Martini and Mari, 2014). 
Based on literature, M. laxa, M. fructigena, and 
M. fructicola were reported to cause a significant 
threat to stone fruits (sweet cherries (P. avium L.), 
sour cherry (P. cerasus L.), plum (P. domestica 
L.), apricot (P. armeniaca), peaches (P. persica), 
and almond (P.dulcis) and pome fruits (apple (M. 
domestica Borkh.), pear (Pyrus communis), and 
quince (Cydonia oblonga)) (Batra, 1991). The lat-
ter were reported with a higher incidence of M. 
fructigena, in comparison to the rest of the Genus 
representatives (Martini and Mari, 2014).

2.2. Host Susceptibility
Literature describes host-level differences in 

susceptibility to Monilinia spp. (Lyousfi et al., 
2024; Stancheva, 2021), along with cultivar-level 
variation in the susceptibility (Borovinova, 2007; 
Holb et al., 2011; Zhu et al., 2016), along with cul-
tivar-rootstock susceptibility (Borovinova, 2007; 
Dziedzic and Błaszczyk, 2019; Manganaris et al., 

2022; Butac et al., 2023) and pathogenicity differ-
ences within the pathogens (Borovinova, 2007), 
where M. laxa infects flowering part and fruits 
(Papavasileiou et al., 2015), similarly M. fructi-
cola has been reported to infect flowers and fruits 
(Martini and Mari, 2014), whereas M. fructige-
na has mostly been reported on ripening fruits 
(Xu and Robinson, 2000). Lastly, M. laxa and M. 
fructicola have been mostly reported on sweet 
and sour cherry, plum, and apricot (Martini and 
Mari, 2014), whereas M. fructigena is more prev-
alent on pome fruits (Xu and Robinson, 2000; 
Van Leeuwen et al., 2002; De Miccolis Angelini 
et al., 2022; Lyousfi et al., 2024).

Sweet cherry cultivars’ susceptibility
Although there are no known sweet cherry 

cultivars resistant to M. laxa, some cultivars were 
reported to be less susceptible than others (Holb 
et al., 2011; Kappel et al., 2012; Žďárská et al., 
2017). As described by Žďárská et al. (2017), cul-
tivars ʻStarking Hardy Giantʼ and ʻReginaʼ were 
reported with the least observed damage, where-
as ʻVanʼ and ʻFelicitaʼ were reported as the high-
est damage. Similar findings for a lower degree of 
susceptibility in the sweet cherry cultivar ‘Regi-
na’ were reported by Quero-García et al. (2017), 
while higher susceptibility was observed in ‘Van’ 
(Borovinova, 2007). Additionally, in parallel 
with the general susceptibility of ‘Van’ to Mon-
ilinia spp, further research on the impact of the 
rootstock identified different degrees of suscep-
tibility to cracking (Popatanasova and Sotirov, 
2005)  and fruit rot (Borovinova, 2007). Further-
more, Borovinova (2007) reported an association 
between fruit cracking and Monilinia spp, high-
lighting the significant role of rain quantity and 
duration in the development of fungal pathogens 
and cracking factors. Popatanasova and Sotirov 
(2005), and Borovinova (2007) showed that 
rootstocks Hibrid-2 and P-7 were susceptible to 
cracking and fruit rot (Monilinia spp, A. alter-
nata, B. cinerea, and Gl. cingulata), with preva-
lence on Monilinia spp. The latter could also be 
attributed to the early flowering time of the cul-
tivars, which coincides with the favourable me-
teorological conditions that play a critical role in 
the development of Monilinia spp, and are mostly 
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characterised by greater rainfall quantity and du-
ration (mm/day), along with temperature condi-
tions ranging 15-20˚C (Holb, 2004). Once provid-
ed with the opportunity to develop, the pathogen 
progresses and affects the fruits later in the sea-
son. An additional factor for the increased infec-
tion of Monilinia spp., the cracking of the fruits 
was found to be associated with rainy periods, 
during which the effectiveness of the fungicides 
is reduced (Borovinova, 2007).

Sour cherry cultivars susceptibility
The sour cherry cultivars reported with dif-

ferent levels of susceptibility were ‘Heimanns 
Rubinveichsel’ (Borovinova, 2015; Stancheva, 
2006), ‘Chachanski rubin’ (Stancheva, 2006), 
whereas  ‘Dryanovska ranna vishna’ and ‘Tsi-
ganska Vishna’ were reported as less suscep-
tible (Stancheva, 2006). Low susceptibility sour 
cherry cultivars, such as ‘Lativiszkaja Nizkaja’, 
‘Nagy Angol’, ‘Mocanesti’, ‘Ljubszkaja’, ‘Sir-
potreb’, ‘Oblacsinszkaja’, ‘Cigánymeggy 3’, 
‘Maraska Savena’, ‘Mettar’, and ‘Elegija’ were 
also described by Holb (2008a), where partly tol-
erant to M. laxa were reported to be ‘Csengődi’, 
‘Akasztói and ‘Cigánymeggy 59’.

Plum cultivars susceptibility
Plum cultivars reported with high susceptibil-

ity to M. laxa were ‘Stanley’ (Holb et al., 2011; 
Mitre jr et al., 2015; Stoev et al.,2017; Todorova 
and Marinova, 2024) and ‘Matilda’ (39.5%), ‘Ele-
na’ (33.1%), and ‘Jubileu 50’ (31.9%) were found 
with lower infection by Moldovan et al. (2023), 
while lower susceptibility was reported on ‘Ky-
ustendilska sinya sliva’ (Stancheva, 2006; Sto-
ev et al., 2017), ‘Silvia ’ (Holb et al., 2011), and 
‘Zamfira’ (6.9%), ‘Anna Späth’ (7.0%), and ‘Doi-
na’ (7.7%) (Moldovan et al., 2023). Moreover, in 
their study, Mitre jr et al. (2015) described plum 
cultivars ‘Topend’, ‘Jojo’, ‘Tophit’, and ‘Nectarina 
rosie’ as resistant to M. laxa. 

 Apple cultivars susceptibility
Several studies have outlined the importance 

of M. fructigena on apple fruits and its signifi-
cant role in the economic impact, including re-
duced yield production (Xu and Robinson, 2000; 
Konstantinou et al., 2011; Chiţulescu and Cris-
tea, 2018). According to Sharma and Kaul (1988) 

and Xu and Robinson (2000), apple cultivars are 
susceptible to M. fructigena with associated in-
cidence of brown rot with wounds on the fruits. 
Similar association between Monilinia spp. and 
fruit cracking was observed on sweet cherry cul-
tivars with different ripening periods (Borovino-
va, 2007; Popatanasova et al., 2005). In the study 
by Konstantinou et al. (2011) and the experimen-
tal cultivars were found to have higher variabil-
ity in disease incidence across the cultivars and 
study years, they showed that the frequency of 
recovery of M. fructigena on natural apple fruits 
was the highest for ‘Golden Delicious’ (in 2008 
(5.3%)), and the lowest for ‘Granny Smith’ (in 
2009, 0.00%) and ‘Fuji’ (in 2008, 0.00%). An-
other study by Chiţulescu and Cristea (2018) re-
ported that reduced incidence of  M. fructigena 
was achieved on ‘Florina’ variety using the seven 
fungicide treatment managements.

In summary, the susceptibility to Monilinia 
spp. differ based on species, cultivars, rootstocks, 
and cultivar-rootstock combinations (Borovinova, 
2007; Holb et al., 2011; Manganaris et al., 2022). 
Additionally, studies demonstrated evident asso-
ciations between Monilinia spp. and fruits with 
wounds and cracking in years with increased 
amount of rainfall (Borovinova, 2007; Byrde and 
Willetts, 1977; Popatanasova et al., 2005). In their 
study, Popatanasova et al. (2005) investigated 22 
cultivars and elites for their susceptibility to fruit 
cracking and rot disease, outlining that the most 
susceptible cultivars to both factors were early 
ripening cultivars ‘Bigarreau Jaboulay’, ‘Patriot-
ka Krima’, and mid-season elite 11 W-15-37. Ac-
cording to Popatanasova et al. (2005), fruit crack-
ing and rot diseases observed during ripening and 
harvesting times were reported at higher frequen-
cies in years with increased rainfall. As explained 
by the authors, the fruit cracking is not only as-
sociated with the biological characteristics of the 
cultivar and rootstock, but critical factors also in-
clude the soil and weather conditions, along with 
the shape, density of the crowns, and the selected 
growing systems. According to Popatanasova 
et al. (2005), cracking occurs if the raindrop re-
mains on the fruit for an extended period, where 
part of the moisture is absorbed through the stro-
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ma on the skin, causing longitudinal cracks on 
the top of the fruit. Thus, based on the literature, 
it is reasonable to conclude that the higher sus-
ceptibility observed in species could be attributed 
to some extent to the early flowering time, which 
coincides/coincidence with meteorological condi-
tions favourable for the M. laxa development, in-
cluding higher frequency of rainfall and optimal 
temperature (Borovinova, 2007; Todorova and 
Marinova, 2024). That said, the host susceptibil-
ity, as described by Holb (2008a), could be used 
as another means to achieve more appropriate 
disease management. In addition, the observed 
range of susceptibility is a useful tool for a better 
selection of cultivars for conventional and organ-
ic fruit production (Holb et al., 2011), highlight-
ing the importance of good growing conditions, 
horticultural practices, and monitoring, ensuring 
that optimal fungicide sprays are applied to con-
trol the disease (Iliev et al., 2011).

3. Landscape epidemiology and 
environmental factors, impacting Monilinia 
spp. 

The development of fungal pathogens is gov-
erned by a complex interplay between host, patho-
gen, environmental conditions, and spatial-tem-
poral dynamics (Plantegenest et al., 2007; Man-
love et al., 2022). That said, with the expansion of 
the airborne pathogens Monilinia spp. across con-
tinents, and the increased incidence of M. fructi-
cola, the importance of a wider understanding of 
disease dynamics and factors such as landscape 
epidemiology is needed (Radici et al., 2024). 

3.1. Landscape epidemiology 
Landscape epidemiology, as described by 

Manlove et al. (2022), emphasizes how the spa-
tial configuration of host plants, microclimatic 
heterogeneity, and dispersal corridors influence 
pathogen dynamics at multiple scales. In the 
context of stone and pome fruits, according to 
Rungjindamai et al. (2014), the proximity of in-
fected fruits, abandoned host trees, and their sus-
ceptibility, inoculum source (mummified fruits 
on trees and floor) can serve as pathogen reser-
voirs, enhancing primary inoculum pressure and 

facilitating long-distance spore dispersal through 
wind and insect vectors. Also, the severity and 
timing of brown rot epidemics caused by Mon-
ilinia spp. are strongly influenced by specific 
meteorological conditions (Petróczy et al., 2012; 
Martini and Mari, 2014; Obi et al., 2018) and the 
phenological stages (Rungjindamai et al., 2014) 
of the host plant. These parameters modulate both 
the life cycle of the pathogen (Holb, 2004; Villa-
rino et al., 2010) and host susceptibility through 
gene expression, which is known to be influenced 
by environmental factors (Guidarelli et al., 2014), 
ultimately shaping epidemic dynamics. Addition-
ally, a metapopulation study of M. fructicola by 
Radici et al. (2024) using landscape heteroge-
neity parameters (climate, host density, and air-
borne connectivity) has revealed the significant 
role of the wind-driven transport of M. fructicola 
in disease propagation, offering a framework for 
national-level plant protection strategies. 

3.2.  Environmental characteristics 
influencing Brown Rot

The severity and timing of brown rot epidem-
ics caused by Monilinia spp. are strongly influ-
enced by specific weather parameters, particu-
larly temperature, humidity, and precipitation, 
as well as their interaction with the phenological 
stages of the host plant (Van Leeuwen, 2000). 
These parameters modulate both the pathogen’s 
life cycle and host susceptibility, ultimately shap-
ing epidemic dynamics (Martini and Mari, 2014).

Temperature
As an important parameter, temperature was 

found to be critical for Monilinia spp. develop-
ment (Martini and Mari, 2014). Studies consis-
tently report that Monilinia spp. favour moder-
ate temperatures (15–25 °C) and high relative 
humidity (>85%), particularly in the presence of 
free moisture (Holb, 2008a; Martini and Mari, 
2014; Rungjindamai et al., 2014). Higher temper-
atures (>25°C) were found, in laboratory condi-
tions, to reduce the viability of conidia (Martini 
and Mari, 2014). Primary infections occur in ear-
ly spring, when conidia are released and infect 
blossoms, especially under moist conditions and 
temperatures between 15–25 °C (Angeli et al., 
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2017). As described by Martini and Mari (2014), 
under moist conditions, visible symptoms of Mo-
nilinia spp. infection on peach fruits could be ob-
served within 48-72 h of infection at a tempera-
ture range of 20-25°C. Notably, a study by Xu et 
al. (2001) investigating the effect of temperature 
and relative humidity on M. fructigena conidia 
reported that conidia only germinate under satu-
ration humidity (≥ 97% RH) with a germination 
rate increasing with the temperature to a maxi-
mum of 23-25 °C, then following a decreasing 
rate. M. fructigena conidia were found to germi-
nate within 2 h at 20- 25 °C, while on detached 
fruits, sporulation was not observed at 5 or 25°C 
(Xu et al., 2001). Based on the study conducted 
by Xu et al. (2001), conidia viability was found to 
be more dependent on temperature than on rela-
tive humidity. The latter was in agreement with 
the results reported by Hall (1963), where sporu-
lation and maturation of spores were influenced 
by temperature. 

Rainfall
Rainfall events play a triple role: they not only 

disperse spores (via splash or air currents) (Byrde 
and Willetts, 1977; Bernat et al., 2018), but also, 
when the period with rain is longer, it creates 
wounds through cracking or bruising, facilitating 
infection (Gibert et al., 2009). Longer rain peri-
ods, near flowering and harvest, strongly corre-
late with increased BR disease incidence (Micha-
ilides et al., 2007). In the study by Holb (2008b), 
the aerial spore density and meteorological vari-
ables were found to correlate, suggesting that dry 
conditions enable spore dispersal, whereas longer 
rain periods affect the number of trapped conidia. 
It was also reported that spores of M. fructige-
na were found to germinate and infect fruits at 
a very high saturation humidity (>97%). Rain is 
also related to the leaf wetness duration, and an 
experiment by Brun et al. (2023) demonstrated 
that rain shelters significantly reduced leaf wet-
ness, thereby reducing the Monilinia pathogens.

Leaf wetness duration (LWD)
Described as one of the critical environmental 

factors (Michailides et al., 2007), leaf wetness is 

used in many control systems (Brun et al., 2023; 
Casals et al., 2023) and is a known factor to im-
pact spore germination and infection efficiency in 
Monilinia spp. (Martini, 2013). As described in the 
literature, spores of Monilinia spp. require free wa-
ter on the plant surface to initiate germination and 
penetrate host tissue (Petróczy et al., 2012). Several 
studies demonstrate that infection by M. laxa and 
M. fructicola occurs when wetness duration ex-
ceeds 6-8 h under favourable temperatures (Byrde 
and Willetts, 1977; Biggs and Northover, 1988). In 
field conditions, prolonged rain events create mi-
croclimatic conditions in the orchards conducive 
to infection, especially during flowering and pre-
harvest stages (Kreidl et al., 2015).

Humidity 
Relative humidity (RH) exerts a dual influ-

ence: (i) promoting sporulation at high levels 
(>95%) (Kreidl et al., 2015) and modulating host 
tissue susceptibility (Mustafa et al., 2021). The 
increased level of RH supports conidial produc-
tion on infected tissues and enhances the viability 
of airborne inoculum (Holb et al., 2004). While 
spore germination is not entirely RH-dependent, 
optimal germ tube elongation generally requires 
RH above 90% (Xu et al., 2001; Garcia-Benitez et 
al., 2017), which is a morphological identification 
factor (Van Leeuwen, 2000). Moreover, high RH 
contributes to micro-wetness — the thin films of 
moisture on floral structures or fruit cuticles that 
may not be macroscopically visible but still fa-
cilitate infection (Xu et al., 2001).

In conclusion, the environmental parameters 
were reported as critical in the effective fore-
casting and integrated BR disease management. 
Their combined effect influences not only the vi-
ability of spore germination and infection initia-
tion but also shapes the seasonal dynamics of in-
oculum availability and latent infection. 

4. Management strategies to control Brown 
rot
4.1. Agricultural practices improving growing 
conditions 

The effective management of Monilinia spp. 
in orchards begins with the implementation of 
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cultural practices that enhance tree health and 
reduce pathogen pressure (Dowling et al., 2019). 
The establishment of new orchards should priori-
tise well-ventilated sites and an appropriate plant-
ing layout that facilitates air circulation and mini-
mises humidity within the canopy, key factors in 
limiting the infection of Monilinia spp. and spor-
ulation (Holb, 2004). Additionally, cultivating 
less susceptible cultivars, along with a rigorous 
canopy management through pruning and thin-
ning, further reduces the incidence of disease by 
improving light penetration and reducing micro-
climate conditions favourable for fungal growth 
(Barba et al., 2015; Stancheva, 2021). As suggest-
ed, all desiccated branches and mummified fruits 
must be removed during dormant season prun-
ing to eliminate overwintering inoculum sources. 
Additionally, applying horticultural pastes and 
sealants to cover large wounds to prevent coloni-
sation by wound-invading pathogens (Stancheva, 
2021). These agronomic interventions collective-
ly enhance tree growing conditions, which reflect 
tree vitality (Dobbertin, 2005) and could be used 
as additional means to the management strategies 
in withstanding fungal pathogens from the phy-
lum Ascomycota (Raykova et al., 2025).

4.2. Conventional and integrated plant 
protection control

The fungicide treatments of Monilinia spp., 
responsible for BR in stone and pome fruits, are 
highly dependent on host species and develop-
ment phenophases (Table 1). Synthetic fungicides 
are widely applied both pre- and post-harvest to 
reduce infection incidence and disease sever-
ity (Holb and Schnabel, 2005; 2007; Lyousfi et 
al., 2024; Martini and Mari, 2014). However, re-
peated and prolonged use of specific active in-
gredients such as benomyl, dicarboximides, and 
demethylation-inhibiting (DMI) fungicides—in-
cluding cyproconazole, difenoconazole, fenbuco-
nazole, and tebuconazole—has led to the devel-
opment of resistance in Monilinia populations in 
several regions (Lyousfi et al., 2024). Notably, M. 
fructicola isolates demonstrated high resistance 
to benzimidazole fungicides, with some also ex-
hibiting resistance to dicarboximides (Tshikhudo 

et al., 2022). To mitigate this issue, the applica-
tion of fungicides with diverse modes of action 
is essential. Anti-resistance strategies such as al-
ternating or combining fungicides from different 
FRAC (Fungicide Resistance Action Commit-
tee) groups are strongly recommended (Feliciano 
et al., 1987; Holb and Schnabel, 2005; Miessner 
and Stammler, 2010; Rungjindamai et al., 2014; 
Tshikhudo et al., 2022; Wan et al., 2021). For ex-
ample, fungicides like thiophanate-methyl, which 
retain efficacy against many Monilinia spp., can 
be strategically employed, especially where low 
resistance levels are observed in M. laxa (Burnett 
et al., 2010). Field studies, such as those conduct-
ed by Petrova et al. (2015), highlight the impact 
of fungicide treatment management intensity. 
Their findings showed significantly higher brown 
rot damage in conventionally managed orchards 
(cultivar ‘Erdi Biӧtermӧ’) during 2011, which the 
authors attributed to reduced fungicide applica-
tion treatments in the previous year, highlighting 
the cumulative importance of year-on-year con-
trol measures.

 
4.3.Biological control options and microbial 
antagonists

Although synthetic fungicides remain the 
main approach to control Monilinia spp. in stone 
and pome fruits due to their efficacy and reliabil-
ity (Holb and Schnabel, 2005; Martini and Mari, 
2014), increasing public concern over food safety, 
pesticide residues, and environmental sustain-
ability, coupled with the growing incidence of 
fungicide-resistant pathogen strains, has intensi-
fied the search for effective alternatives (Wan et 
al., 2021; Borisova and Petrova, 2023; Lyousfi et 
al., 2024). Biological control strategies, particu-
larly those employing microbial antagonists, have 
emerged as promising alternatives to chemical 
control methods. These biocontrol agents (BCAs) 
often function through multiple mechanisms, in-
cluding nutrient and space competition, the dis-
charge of antifungal compounds, the induction of 
host plant resistance, and the disruption of patho-
gen communication (mycoparasitism and anti-
biosis) (Lahlali et al., 2020; Casals et al., 2022). 
However, despite the abundance of experimental 
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evidence, commercial application remains limit-
ed due to inconsistent field performance, formu-
lation challenges, and regulatory hurdles (Mari 
et al., 2012; Zhang et al., 2019). As described in 
Table 2, Bacillus spp. (including B. subtilis and 
B. amyloliquefaciens) are among the most widely 
studied BCAs against Monilinia spp. These bac-
teria produce a range of lipopeptides that inhibit 
fungal growth, sporulation, and germ tube elon-
gation (McKeen et al., 1986). For instance, the 

Bacillus amyloliquefaciens strain CPA-8 showed 
strong effectiveness in reducing the incidence of 
BR in peaches and nectarines under both labora-
tory and semi-commercial conditions (Casals et 
al., 2021). Additionally, antagonistic activity has 
been observed in yeasts such as Pichia membra-
nifaciens and Kloeckera apiculata. This activity 
primarily occurs through competition and secre-
tion of killer toxins that disrupt the membranes 
of fungal cells (Zhang et al., 2019). The epiphytic 

Table 1. Chemical control to Monilinia spp.

Species Host Active ingredient Mode of Action/Frac 
group Reference

M. laxa Sour cherry Thiram Multi-site action (M3) Petrova et al. (2015)

M. fructicola Peach Tebuconazole DMI fungicide (G1) Martini (2013), Martini 
and Mari, (2014)

M, fructigena
M. fructicola

Peach Thiophanate Methyl Benzimidazole (B1) Martini (2013)

M. fructicola Nectarine Azoxystrobin QoI fungicide (C3) Dowling (2015)

M. laxa Stone fruits 
apple Fenhexamid Hydroxyanilide (E1) Malandrakis et al. (2013)

M. laxa Plum
Chlorothalonil (Bravo 
SC), Boscalid + 
Pyraclostrobin (Signum), 
Captan (Merpan)

Multi-site, SDHI + QoI, 
Phthalimide Popa et al. (2013)

M. laxa
M. fructicola Sweet cherry

QoI fungicides
(pyraclostrobin and 
azoxystrobin)

C3 Miessner and Stammler 
(2010)

M. fructicola Peach
QoI fungicides 
(azoxystrobin, 
trifloxystrobin, and 
pyraclostrobin + boscalid)

C3 + SDHI Burnett et al. (2010)

M. fructigena Apple 
Copper hydroxide 
Copper sulfate 
Methyl thiophanate 

Multi-site + B1 Florian et al. (2018)

M. fructicola Peach Fenbuconazole DMI fungicide (G1) Holb and Schnabel, 
(2007)

M. laxa
M. fructigena Sweet Cherry 

Copper hydroxide
Tebuconazole
Dodine
Myclobutanil

Multi-site, G1 Borovinova (2004)

M. laxa
M. fructigena Cherry 

Bordeaux mix, Cuproxat, 
Dithianon (Delan), 
Difenoconazole (Dificor), 
Embrelia, Captan

Various modes Stancheva, (2021)

* Note: Resistance to tebuconazole has been confirmed in M. fructigena and M. laxa, while M. laxa has shown low 
resistance to thiophanate-methyl. Sensitivity to thiophanate-methyl remains high across most isolates tested (Burnett et al., 
2010; Miessner and Stammler, 2010) 
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fungus Aureobasidium pullulans is well-known 
for its ability to adapt to phyllosphere condi-
tions and its broad-spectrum antagonistic activ-
ity against various pathogens, including Mon-
ilinia spp. The latter makes it a strong candidate 
for commercial formulations (Mari et al., 2012). 
Despite these advancements, the practical de-
ployment of microbial antagonists is hindered by 
variability in performance under fluctuating en-
vironmental conditions. For future success, inte-
grated use of BCAs within broader disease man-
agement frameworks, combined with resistant 
cultivars and predictive models, may enhance 
their efficacy and commercial viability (Lahlali 
et al., 2020; Wan et al., 2021).

 
CONCLUSIONS

The successful management of Monilinia-in-
duced brown rot in stone and pome fruits requires 
a comprehensive understanding of pathogen biol-
ogy, disease epidemiology, host and cultivar sus-
ceptibility. The three main species, M. laxa, M. 
fructigena, and M. fructicola, mainly cause the 
progression of BR disease, with M. laxa and M. 

fructicola primarily affecting blossoms, twigs, 
and fruits, whereas M. fructigena predominant-
ly affects pome fruit. The literature review sum-
marised the critical meteorological parameters re-
ported to create favourable conditions, including 
temperatures (15–25 °C), high relative humidity, 
and prolonged wetness, particularly during flow-
ering and fruit ripening leading to spore develop-
ment and BR disease progression. These weather 
parameters, combined with other environmental 
factors (e.g., landscape epidemiology), host and 
cultivar susceptibility, and pathogen inoculum 
pressure from previous years, determine the epi-
demic potential each season. The latter highlights 
the key role of disease modelling and forecasting 
as another means of adapting to changing weath-
er conditions and mitigating the risk of disease 
progression, while utilising the control manage-
ment strategies at the appropriate time.

Chemical control remains the main approach to 
control BR disease. However, resistance to benz-
imidazoles, dicarboximides, and demethylation-
inhibiting fungicides has been widely reported, 
requiring the application of other approaches and 
rotational use of fungicides with different modes 
of action. As an alternative, literature suggests 

Table 2. Biological control to Monilinia spp.
Species Host Active ingredient Reference

M. laxa,
M. fructigena Plum

Serenade ® ASO (Bacillus 
amyloliquefaciens QST 713)
Ecosist-Arbanasi (Bacillus subtilis)-soil 
and foliar application

Borisova and Petrova 
(2023)

M. laxa,
M. fructigena
M. fructicola

Stone fruits Bacillus and Pseudomonas spp Wan et al. (2021)

M. fructicola stone fruit Bacillus subtilis McKeen et al. (1986)
M. laxa,
M. fructigena
M. fructicola

Peaches
Nectarine
Cherries 

Bacillus amyloliquefaciens CPA-8 (CPA-
8)
Penicillium frequentans 909 (Pf909)

Casals et al. (2021)

M. laxa,
M. fructigena Apple

Alcaligenes faecalis ACBC1,
Bacillus amyloliquefaciens SF14 and 
SP10,
Pantoea agglomerans ACBP1

Lahlali et al. (2020)

M. fructicola Plum Pichia membranaefaciens
Kloeckera apiculata Zhang et al. (2019)

M. laxa, M.  fructicola,
M. fructigena Stone fruits Aureobasidium pullulans Mari et al. (2012)
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that biological control agents, such as Bacillus 
spp., Penicillium frequentans, and Aureobasi-
dium pullulans, have demonstrated promising 
results in controlling Monilinia spp. under both 
pre- and postharvest conditions. The deployment 
of resistant cultivars, such as ‘Regina’, in com-
bination with appropriate agricultural practices, 
will provide another means of BR management 
through reducing the inoculum pressure. Future 
research should continue to improve the early de-
tection forecasting, understand the determinants 
of resistance, and develop IPM strategies that are 
both economically and environmentally sustain-
able. 

Acknowledgements 
I am grateful to the technical team at the Insti-

tute of Agriculture - Kyustendil and to Prof. Ma-
ria Borovinova for their help and support. 

REFERENCES

Angeli, S. S., Mio, L. L. M. D., & Amorim, L. (2017). 
Comparative analysis of Monilinia fructicola and M. 
laxa isolates from Brazil: monocyclic components of 
peach brown rot. Ciencia rural, 47, e20160300. https://
doi.org/10.1590/0103-8478cr20160300

Barba, M., Ilardi, V. & Pasquini, G. (2015). Chapter Three 
- Control of Pome and Stone Fruit Virus Diseases. In 
G. Loebenstein & N. I. Katis (Eds.), Advances in Virus 
Research (Vol. 91, pp. 47-83). Academic Press. https://
doi.org/https://doi.org/10.1016/bs.aivir.2014.11.001 

Batra, L. R. (1991). World species of Monilinia (fungi): 
their ecology, biosystematics and control. Mycologia 
Memoir No 16. J. Cramer, Berlin.

Bernat, M., Segarra, J., Casals, C., Torres, R., Teix-
idó, N., & Usall, J. (2017b). Identification of fungal 
population in the environment and on surfaces of 
stone fruit packinghouses. European Journal of 
Plant Pathology. 148:723-731. https://doi.org/10.1007/
s10658-016-1120-6  

Bernat, M., Segarra, J., Navas-Cortés, J. A., Casals, 
C., Torres, R., Teixidó, N., & Usall, J. (2018). Influ-
ence of temperature and humidity on the survival of 
Monilinia fructicola conidia on stone fruits and inert 
surfaces. Annals of Applied Biology. 173:63-70. https://
doi.org/10.1111/aab.12434 

Biggs, A. R. & Northover, J. (1988). Influence of 
temperature and wetness duration on infection of 
peach and sweet cherry fruits by Monilinia fructi-

cola. Phytopathology 78:1352-1356.   https://www.
apsnet.org/publications/phytopathology/backissues/
Documents/1988Abstracts/Phyto78_1352.htm 

Bobev, S. G., Angelov, L. T., Van Poucke, K., & Maes, 
M. (2020) First report of brown rot on peach, nectarine, 
cherry, and plum fruits caused by Monilinia fructicola 
in Bulgaria. Plant Disease 104(5), p 1561. https://doi.
org/10.1094/PDIS-10-19-2094-PDN 

Borisova, A. & Petrova, V. (2023). Evaluation of mi-
crobial-based products and an inorganic chemical for 
control of Мonilinia spp. in plum organic production. 
Journal of Central European Agriculture, 24(3), 696-
702. https://doi.org/10.5513/JCEA01/24.3.3846 

Borovinova, B. (2004). Yield loss caused by fruit rot fungi 
on sweet cherry in Kyustendil region, Bulgaria. Inter-
national journal of horticultural science, 10(4), 49-52. 
https://doi.org/10.31421/IJHS/10/4/509

Borovinova, M. (2007). Economically important fungal 
diseases of apple and cherry and their control in inte-
grated fruit production. Habilitation Thesis. Institute of 
Agriculture-Kyustendil (Bg).

Borovinova, M. (2015). Susceptibility of Sour Cherry 
Cultivars to Economically Important Fungal Diseases 
in Kyustendil Area. PLANT SCIENCE, LII(2), 59-62 
(Bg).

Brun, L., Combe, F., Gros,C., Walser, P., & Saudreau, 
M. (2023). Protecting Apricot Orchards with Rain 
Shelters Reduces Twig Blight Damage Caused by Mo-
nilinia spp. and Makes It Possible to Reduce Fungicide 
Use. Agronomy 2023, 13, 1338. https://doi.org/10.3390/
agronomy13051338 

Burnett, A. L., Lalancette, N., & McFarland, K. A. 
(2010). Effect of QoI Fungicides on Colonization and 
Sporulation of Monilinia fructicola on Peach Fruit and 
Blossom Blight Cankers. Plant Disease, 94(8), 1000-
1008. https://doi.org/10.1094/pdis-94-8-1000 

Butac, M., Zamfirescu, B., & Nicolae, S. (2023). Results 
regarding compatibility of some plum cultivars grafted 
on different rootstocks. Romanian Journal of Horticul-
ture, 77. 

Byrde, R. J. W. & Willetts, H. J. (1977). The Brown 
Rot Fungi of Fruit: Their Biology and Control. Ox-
ford: Pergamon Press. https://www.sciencedirect.
com/book/9780080197401/the-brown-rot-fungi-of-
fruit#book-info 

CABI. (2009). Datasheet Types: Pest, Invasive species, 
Vector of plant pest. Monilinia fructigena (brown rot). 
CABI Compendium, 34747. https://doi.org/10.1079/
cabicompendium.34747 

Casals, C., Guijarro, B., De Cal, A., Torres, R., Usall, 
J., Perdrix, V., Hilscher, U., Ladurner, E., Smets, 
T., & Teixidó, N. (2021). Field validation of biocontrol 
strategies to control brown rot on stone fruit in several 
European countries. Pest Management Science, 77(5), 
2502-2511. https://doi.org/10.1002/ps.6281 



Растениевъдни науки, 2025, 62 (5) Bulgarian Journal of Crop Science, 2025, 62 (5)

97

Casals, C., Torres, R., Teixidó, N., De Cal, A., Segarra, 
J., & Usall, J. (2022). Brown rot on stone fruit: From 
epidemiology studies to the development of effective 
control strategies. Scientia Horticulturae, 301, 111096. 

Casals, C., Segarra, J., Torres, R., Teixidó, N., De 
Cal, A., & Usall, J. (2023). Validation of a Warning 
System to Control Brown Rot in Peach and Nectar-
ine. Agronomy, 13(1), 254. https://doi.org/10.3390/
agronomy13010254 

Chiţulescu, L., & Cristea, S. (2017). Efficacy of some 
treatments on Monilinia fructigena (Aderh. & Ruhl.) 
Honey fungus attack on apple. Annals of the Univer-
sity of Craiova-Agriculture, Montanology, Cadastre 
Series, 47(2), 75-81. 

De Cal, A., Egüen, B., & Melgarejo, P. (2014). Veg-
etative compatibility groups and sexual reproduction 
among Spanish Monilinia fructicola isolates obtained 
from peach and nectarine orchards, but not Monilinia 
laxa. Fungal Biology, 118(5-6), 484-494. https://doi.
org/10.1016/j.funbio.2014.03.007 

De Miccolis Angelini, Milvia, R., Landi, L., Raguseo, 
C., Pollastro, S., Faretra, F., & Romanazzi, G. (2022). 
Tracking of Diversity and Evolution in the Brown Rot 
Fungi Monilinia fructicola, Monilinia fructigena, and 
Monilinia laxa. Frontiers in Microbiology, Volume 13 
- 2022. https://doi.org/10.3389/fmicb.2022.854852 

De Miccolis Angelini, R. M., Landi, L., Raguseo, C., 
Pollastro, S., Faretra, F. & Romanazzi, G. (2023). 
Comparative genomics of the brown rot fungi Mo-
nilinia fructicola, M. laxa and M. fructigena. Acta 
Horticulture. 1363, 31-38 https://doi.org/10.17660/
ActaHortic.2023.1363.5 

Dobbertin, M. (2005). Tree growth as indicator of tree 
vitality and of tree reaction to environmental stress: a 
review. European Journal of Forest Research, 124(4), 
319-333. https://doi.org/10.1007/s10342-005-0085-3 

Dowling, M.E. (2015). Influence of repeated field ap-
plications of azoxystrobin on population diversity of 
Monilinia fructicola Clemson University]. MS Thesis. 
Clemson University

Dziedzic, E. & Błaszczyk, J. (2019). Evaluation of sweet 
cherry fruit quality after short-term storage in rela-
tion to the rootstock. Horticulture, Environment, and 
Biotechnology, 60(6), 925-934. https://doi.org/10.1007/
s13580-019-00184-y 

EPPO, 2004. Stone fruits. OEPP/EPPO, Bulletin OEPP/
EPPO Bulletin 34, 427–438

EPPO, 2020. EPPO Datasheet: Monilinia fructicola. 
EPPO Bulletin 50(1), 5-18.

EPPO Global Database (2025). EPPO Reporting 
Service articles: Monilinia fructicola. Retrieved 2025 
July 25 from https://gd.eppo.int/taxon/MONIFC/
reporting?utm_source=chatgpt.com 

EFSA Panel on Plant Health (PLH) (2011). Pest risk as-
sessment of Monilinia fructicola for the EU territory 

and identification and evaluation of risk management 
options. EFSA Journal; 9(4):2119, 155 https://doi-org.
salford.idm.oclc.org/10.2903/j.efsa.2011.2119 

Feliciano, A., Feliciano, A. & Ogawa, J. (1987). Monilin-
ia fructicola resistance in the peach cultivar Bolinha. 
Phytopathology, 77(6), 776-780. 

Florian, V., Puia, C., Groza, R., Florian, T. & Suciu, L. 
(2018). THE EFFECTIVENESS OF SOME CHEMI-
CAL TREATMENTS ON VENTURIA INAEQUA-
LIS AND MONILINIA FRUCTIGENA ON VARIOUS 
APPLE CULTIVARS. In Advances in Biotechnology, 
Sofia, 18th International Multidisciplinary Scientific 
GeoConference SGEM 2018 vol. 18, pp. 699-705. DOI: 
10.5593/sgem2018/6.2/S25.092 

Garcia-Benitez, C., Melgarejo, P. & De Cal, A. (2017). 
Fruit maturity and post-harvest environmental condi-
tions influence the pre-penetration stages of Monilinia 
infections in peaches. International journal of food 
microbiology, 241, 117–122. https://doi.org/10.1016/j.
ijfoodmicro.2016.09.010 

Gibert, C., Chadœuf, J., Nicot, P., Vercambre, G., Gé-
nard, M. & Lescourret, F. (2009), Modelling the effect 
of cuticular crack surface area and inoculum density on 
the probability of nectarine fruit infection by Monilinia 
laxa. Plant Pathology, 58: 1021-1031. https://doi-org.
salford.idm.oclc.org/10.1111/j.1365-3059.2009.02121.x 

Guidarelli, M., Zubini, P., Nanni, V., Bonghi, C., 
Rasori, A., Bertolini, P. & Baraldi, E. (2014). Gene 
expression analysis of peach fruit at different growth 
stages and with different susceptibility to Monilinia 
laxa. European Journal of Plant Pathology, 140(3), 
503-513. https://doi.org/10.1007/s10658-014-0484-8 

Hall, R. (1963). Cytology of the asexual stages of the Aus-
tralian brown rot fungus Monilinia fructicola (Wint.) 
Honey. Cytologia, 28(2), 181-193. 

Holb, I. (2004). The brown rot fungi of fruit crops (Mo-
nilinia spp.): II. Important features of their epidemiol-
ogy. https://doi.org/10.31421/IJHS/10/1/435 

Holb, I. J. & Schnabel, G. (2005). Effect of Fungicide 
Treatments and Sanitation Practices on Brown Rot 
Blossom Blight Incidence, Phytotoxicity, and Yield 
for Organic Sour Cherry Production. Plant Disease, 
89(11), 1164-1170. https://doi.org/10.1094/pd-89-1164 

Holb, I. J. & Schnabel, G. (2007). Differential effect of 
triazoles on mycelial growth and disease measure-
ments of Monilinia fructicola isolates with reduced 
sensitivity to DMI fungicides. Crop Protection, 
26(5), 753-759. https://doi.org/https://doi.org/10.1016/j.
cropro.2006.07.001 

Holb, I., Soltész, M., Nyéki, J. & Szabó, Z. (2011). Sus-
ceptibility of fruit of some plum and apricot cultivars 
to brown rot. International Journal of Horticultural 
Science, 17, 53–55. https://www.researchgate.net/pub-
lication/329639891_Susceptibility_of_fruit_of_some_
plum_and_apricot_cultivars_to_brown_rot 



Растениевъдни науки, 2025, 62 (5) Bulgarian Journal of Crop Science, 2025, 62 (5)

98

Holb, I. (2008a). Brown rot blossom blight of pome and 
stone fruits: symptom, disease cycle, host resistance, 
and biological control. International journal of horti-
cultural science, 14(3), 15-21. 

Holb, I. (2008b). Monitoring conidial density of Mo-
nilinia fructigena in the air in relation to brown rot 
development in integrated and organic apple orchards. 
European Journal of Plant Pathology, 120, 397-408. 
https://doi-org.salford.idm.oclc.org/10.1007/s10658-
007-9233-6 

Holtz, B. A., Michailides, T. J.  & Hong, C. X. (1998). 
Development of apothecia from stone fruit infected 
and stromatized by Monilinia fructicola in California. 
Plant Disease. 82:1375-1380. 

Hrustić, J., Mihajlović, M. & Tanović, B. (2020). Mor-
phological, cultural and ecological characterization 
of Monilinia spp., pathogens of stone fruit in Serbia. 
Pesticidi i fitomedicina, 35(1), 39-48. https://doi.
org/10.2298/PIF2001039H 

Iliev, P., Stoev, A. & Petrov, N. (2011). BETWEEN SHAR-
KA AND MONILIA. Acta Horticulture (899), 171-174. 
https://doi.org/10.17660/ActaHortic.2011.899.23 

Ioos, R. & Frey, P. (2000). Genomic Variation within 
Monilinia laxa, M. fructigena and M. fructicola, and 
Application to Species Identification by PCR. Euro-
pean Journal of Plant Pathology 106, 373–378 https://
doi-org.salford.idm.oclc.org/10.1023/A:1008798520882

Kappel, F., Granger, A., Hrotkó, K. & Schuster, M. 
(2012). Cherry. In M. L. Badenes & D. H. Byrne (Eds.), 
Fruit Breeding (pp. 459-504). Springer US. https://doi.
org/10.1007/978-1-4419-0763-9_13 

Konstantinou, S., Karaoglanidis, G. S., Bardas, G. A., 
Minas, I. S., Doukas, E. & Markoglou, A. N. (2011). 
Postharvest Fruit Rots of Apple in Greece: Pathogen 
Incidence and Relationships Between Fruit Qual-
ity Parameters, Cultivar Susceptibility, and Patulin 
Production. Plant Disease, 95(6), 666-672. https://doi.
org/10.1094/pdis-11-10-0856 

Kreidl, S., Edwards, J. & Villalta, O. N. (2015). As-
sessment of pathogenicity and infection requirements 
of Monilinia species causing brown rot of stone fruit 
in Australian orchards. Australasian Plant Pathology. 
44, 419–430 (2015). https://doi.org/10.1007/s13313-015-
0362-7 

Lahlali, R., Aksissou, W., Lyousfi, N., Ezrari, S., 
Blenzar, A., Tahiri, A., Ennahli, S., Hrustić, J., 
MacLean, D. & Amiri, S. (2020). Biocontrol activity 
and putative mechanism of Bacillus amyloliquefaciens 
(SF14 and SP10), Alcaligenes faecalis ACBC1, and 
Pantoea agglomerans ACBP1 against brown rot 
disease of fruit. Microbial Pathogenesis, 139, 103914. 
https://doi.org/10.1016/j.micpath.2019.103914 

Larena, I., Torres, R., De Cal, A., Liñán, M., Mel-
garejo, P., Domenichini, P., ... & Usall, J. (2005). 
Biological control of postharvest brown rot (Monilinia 

spp.) of peaches by field applications of Epicoccum 
nigrum. Biological control, 32(2), 305-310. https://doi.
org/10.1016/j.biocontrol.2004.10.010 

Larena, I., Villarino, M., Melgarejo, P. & Cal, A. D. 
(2021). Epidemiological Studies of Brown Rot in Span-
ish Cherry Orchards in the Jerte Valley.  Journal of 
Fungi, 7(3), 203. https://doi.org/10.3390/jof7030203

Lichou, J., Mandrin, J.F., Breniaux, D., Mercier, V., 
Giauque, P., Desbrus, D., ... & Belluau, E. (2002). 
Une nouvelle moniliose. Monilia fructicola s’attaque 
aux arbres fruitiers à noyaux. Phytoma la Défense des 
Végétaux, 2002, 547, pp.22-25. (hal-02682271) (Fr)

Lino, L. O, Pacheco, I., Mercier, V., Faoro, F., Bassi, 
D., Bornard, I. & Quilot-Turion, B. (2016). Brown rot 
strikes Prunus fruit: an ancient fight almost always lost. 
Journal of Agricultural and Food Chemistry, 64(20), 
4029-4047. https://doi.org/10.1021/acs.jafc.6b00104 

Lino, L.O, Quilot-Turion, B., Dufour, C., Corre, M., 
Lessire, R., Génard, M. & Poëssel, J. (2020). Cu-
ticular waxes of nectarines during fruit development 
in relation to surface conductance and susceptibility 
to Monilinia laxa. Journal of Experimental Botany, 
71(18), 5521–5537. https://doi.org/10.1093/jxb/eraa284  

Lyousfi, N., Blenzar, A., Taoussi, M., Laasli, S. E. & La-
hlali, R. (2024). Brown Rot Disease Caused by Fungal 
Pathogens Monilinia spp.: A Serious Threat to Pome 
and Stone Fruit Production Worldwide and Current 
Threat in Morocco. Recent Advances in Postharvest 
Technologies, Volume 2: Postharvest Applications, 
129-166. 

Malandrakis, A., Koukiasas, N., Veloukas, T., Karao-
glanidis, G. & Markoglou, A. (2013). Baseline sen-
sitivity of Monilinia laxa from Greece to fenhexamid 
and analysis of fenhexamid-resistant mutants. Crop 
Protection, 46, 13-17. https://doi.org/https://doi.
org/10.1016/j.cropro.2012.12.009 

Manganaris, G. A., Minas, I., Cirilli, M., Torres, R., 
Bassi, D. & Costa, G. (2022). Peach for the future: A 
specialty crop revisited. Scientia Horticulturae, 305, 
111390. https://doi.org/10.1016/j.scienta.2022.111390   

Manlove, K., Wilber, M., White, L., Bastille-Rousseau, 
G., Yang, A., Gilbertson, M. L. J., Craft, M. E., 
Cross, P. C., Wittemyer, G. & Pepin, K. M. (2022). 
Defining an epidemiological landscape that connects 
movement ecology to pathogen transmission and pace-
of-life. Ecology Letters, 25(8), 1760-1782. https://doi.
org/https://doi.org/10.1111/ele.14032 

Mari, M., Casalini, L., Baraldi, E., Bertolini, P. & Pra-
tella, G. C. (2003). Susceptibility of apricot and peach 
fruit to Monilinia laxa during phenological stages. 
Postharvest Biology and Technology, 30(1), 105-109. 
https://doi.org/10.1016/S0925-5214(03)00138-8 

Mari, M., Martini, C., Guidarelli, M., & Neri, F. 
(2012). Postharvest biocontrol of Monilinia laxa, Mo-
nilinia fructicola and Monilinia fructigena on stone 



Растениевъдни науки, 2025, 62 (5) Bulgarian Journal of Crop Science, 2025, 62 (5)

99

fruit by two Aureobasidium pullulans strains. Biologi-
cal Control, 60(2), 132-140. https://doi.org/10.1016/j.
biocontrol.2011.10.013 

Martini, C. (2013). Phenotype and genotype charac-
terization of Monilinia spp. isolates and preformed 
antifungal compounds in peach peel fruit at different 
developmental stages. PhD Thesis. Alma Mater Studio-
rum – University of Bologna, Italy.

Martini, C. & Mari, M. (2014). Chapter 7 - Monilinia 
fructicola, Monilinia laxa (Monilinia Rot, Brown Rot). 
In S. Bautista-Baños (Ed.), Postharvest Decay (pp. 
233-265). Academic Press. https://doi.org/https://doi.
org/10.1016/B978-0-12-411552-1.00007-7 

McKeen, C., Reilly, C. & Pusey, P. (1986). Production 
and partial characterization of antifungal substances 
antagonistic to Monilinia fructicola from Bacillus 
subtilis. Phytopathology, 76(2), 136–139. https://doi.
org/10.1094/Phyto-76-136 

Michailides, T.J., Luo, Y., Ma, Z. & Morgan, D. (2007). ​
Brown Rot of Dried Plum in California: New Insights 
on an Old Disease. ​Department of Plant Pathology, 
University of California Davis. DOI:​10.1094 

Miessner, S. & Stammler, G. (2010). Monilinia laxa, M. 
fructigena and M. fructicola: Risk estimation of resis-
tance to QoI fungicides and identification of species 
with cytochrome b gene sequences. Journal of Plant 
Diseases and Protection, 117(4), 162-167. https://doi.
org/10.1007/BF03356354 

Mitre jr, I., Tripon, A., Mitre, I. & Mitre, V. (2015). 
The Response of Several Plum Cultivars to Natural 
Infection with Monilinia laxa, Polystigma rubrum and 
Stigmina carpophila. Notulae Scientia Biologicae, 
7(1), 136-139. https://doi.org/10.15835/nsb719555 

Moldovan, C., Roșu-Mareș, S. D., Guzu, G. M., Zag-
rai, L. A., Zagrai, I., Chiorean, A. M. & Maxim, A. 
(2023). THE BEHAVIOUR OF SOME PLUM CUL-
TIVARS TO BROWN ROT FRUIT INFECTION IN 
NORTHERN TRANSYLVANIA. RJH 2023, 4, 85-90. 
https://doi.org/10.51258/RJH.2023.09 

Mustafa, M. H., Bassi, D., Corre, M. N., Lino, L. O., 
Signoret, V., Quilot-Turion, B. & Cirilli, M. (2021).  
Phenotyping Brown Rot Susceptibility in Stone Fruit. 
A Literature Review with Emphasis on Peach. Hor-
ticulturae, 7(5):115. https://doi.org/10.3390/horticul-
turae7050115  

Northover, J. & Biggs, A. R. (1990). Susceptibility of 
immature and mature sweet and sour cherries to Mon-
ilinia fructicola. Plant Disease 74: 280-284

Obi, V. I., Barriuso, J. J. & Gogorcena, Y. (2018). Peach 
Brown Rot: Still in Search of an Ideal Management 
Option. Agriculture, 8(8), 125. https://www.mdpi.
com/2077-0472/8/8/125  

Quero-García, J., Iezzoni, A., Pulawska, J. & Lang, 
G. A. (2018). Cherries: botany, production and uses. 
CHOICE: Current Reviews for Academic Librar-

ies, 55(11), 1351. https://link.gale.com/apps/doc/
A550491625/LitRC?u=salcal2&sid=summon&xid=71
a904bf 

Ortega, S. F., Del Pilar Bustos López, M., Nari, L., 
Boonham, N., Gullino, M. L. & Spadaro, D. (2019). 
Rapid Detection of Monilinia fructicola and Monilinia 
laxa on Peach and Nectarine using Loop-Mediated 
Isothermal Amplification. Plant Disease. 103(9):2305-
2314. https://doi.org/10.1094/PDIS-01-19-0035-RE 

Petróczy, M., Szigethy, A. & Palkovics, L. (2012). Mon-
ilinia species in Hungary: morphology, culture charac-
teristics, and molecular analysis. Trees, 26(1), 153-164. 
https://doi.org/10.1007/s00468-011-0622-2 

Petrova, V., Borovinova, M. & Borisova, A. (2015). 
Disease and Pests of Sour Cherry and Their Control in 
Conventional and Integrated Plant Protection. PLANT 
SCIENCE, LII(5), 3-9 (Bg).

Papavasileiou, A., Testempasis, S., Michailides, T. J. & 
Karaoglanidis, G. S. (2015), Frequency of brown rot 
fungi on blossoms and fruit in stone fruit orchards in 
Greece. Plant Pathology, 64, 416-424. https://doi-org.
salford.idm.oclc.org/10.1111/ppa.12264 

Plantegenest, M., Le May, C. & Frédéric, F. (2007). 
Landscape epidemiology of plant diseases Journal 
of The Royal Society Interface.4:963–972. http://doi.
org/10.1098/rsif.2007.1114 

Poniatowska, A., Michalecka, M. & Puławska, J. 
(2016). Genetic diversity and pathogenicity of Mon-
ilinia polystroma – the new pathogen of cherries. Plant 
Pathology, 65: 723-733. https://doi-org.salford.idm.
oclc.org/10.1111/ppa.12463 

Popa, T., Cristea, S., Zală, C. R. & Manole, M. S. (2013). 
Research on the efficacy of fungicides for control of 
Monilinia laxa (Aderh. & Ruhl.) honey on plum tree. 

Popatanasova, D. & Sotirov, D. (2005). Investigations 
on the influence of the rootstock on cherry cracking of 
cultivar Van. Scientific Papers of the National Center 
for Agricultural Sciences, 3, 208-211 (Bg). 

Popatanasova, D., Christov, N. & Borovinova, M. 
(2005). Results of investigations on cracking and rot 
susceptibility of some sweet cherry cultivars. Scien-
tific Papers of the National Center for Agricultural 
Sciences, 3, 212-216 (Bg).

Radici, A., Martinetti, D., Vanalli, C., Cunniffe, N. J., 
& Bevacqua, D. (2024). A metapopulation framework 
integrating landscape heterogeneity to model an air-
borne plant pathogen: the case of brown rot of peach in 
France. Agriculture, Ecosystems & Environment, 367, 
108994. https://doi-org.salford.idm.oclc.org/10.1016/j.
agee.2024.108994 

Raykova, A., Jackson, J., Harper, A. L., Poore, A., An-
twis, R. & Mastin, A. (2025). Determining manage-
ment strategies to control ash dieback disease through 
the study of molecular and environmental interactions. 
Forests, https://www.mdpi.com/1999-4907/16/1/149 



Растениевъдни науки, 2025, 62 (5) Bulgarian Journal of Crop Science, 2025, 62 (5)

100

Rungjindamai, N., Jeffries, P. & Xu, X. M. (2014). 
Epidemiology and management of brown rot on stone 
fruit caused by Monilinia laxa. European Journal of 
Plant Pathology, 140(1), 1-17. https://doi.org/10.1007/
s10658-014-0452-3 

Sharma, R. & Kaul, J. (1988). Susceptibility of apples to 
brown rot in relation to qualitative characters. 

Stancheva, Y. (2006). Atlas of diseases of agricultural 
crops. Volume 2: Diseases of agricultural crops. PEN-
SOFT (Bg).

Stancheva, Y. (2021). Atlas of diseases of agricultural 
crops. Volume 2: Diseases of perennial crops. Infinity 
Books (Bg).

Stoev, A., Marinova, N., Dimkova, S., Ivanova, D. & 
Todorova, S. (2017). Comparative agrobiological 
characteristics of plum cultivars. Journal of Mountain 
Agriculture on the Balkans, 20(2), 294-304

Todorova, S. & Marinova, N. (2024). Susceptibility of 
Plum Cultivars of Prunus Domestica L. to Early (Mo-
nilinia Laxa) and Late Brown Rot (Monilinia Fructige-
na). Journal of Mountain Agriculture on the Balkans, 
27(3), 327-339. 

Tshikhudo, P. P., Nnzeru, L. R. & Munyai, T. C. (2022). 
Monilinia fructicola intercepted on Prunus spp. im-
ported from Spain into South Africa between 2010 
and 2020. South African Journal of Science, 118(7/8). 
https://doi.org/10.17159/sajs.2022/12499 

Van Brouwershaven, I. R., Bruil, M. L., Van Leeuwen, 
G. C. M. & Kox, L. F. F. (2010). A real‐time (TaqMan) 
PCR assay to differentiate Monilinia fructicola from 
other brown rot fungi of fruit crops. Plant Pathology, 
59(3), 548-555.

Van Leeuwen, G. C. (2000). The brown rot fungi of fruit 
crops (Monilinia spp.), with special reference to Mon-
ilinia fructigena (Aderh. & Ruhl.) Honey. Wageningen 
University and Research. Retrieved 2025 July 24 from 
https://edepot.wur.nl/197272 

Van Leeuwen, G. C. M., Holb, I. J. & Jeger, M. J. 
(2002). Factors affecting mummification and sporula-

tion of pome fruit infected by Monilinia fructigena 
in Dutch orchards. Plant Pathology, 51(6), 787-793. 
https://doi-org.salford.idm.oclc.org/10.1046/j.1365-
3059.2002.00789.x 

Villarino, M., Melgarejo, P., Usall, J., Segarra, J. & De 
Cal, A. (2010). Primary Inoculum Sources of Monilinia 
spp. in Spanish Peach Orchards and Their Relative 
Importance in Brown Rot. Plant Disease, 94(8), 1048-
1054. https://doi.org/10.1094/pdis-94-8-1048 

Wan, C., Kahramanoğlu, İ. & Okatan, V. (2021). Ap-
plication of plant natural products for the management 
of postharvest diseases in fruits. Folia Horticulturae, 
33(1), 203-215. https://doi.org/10.2478/fhort-2021-0016 

Xu, X. M. & Robinson, J. D. (2000). Epidemiology of 
brown rot (Monilinia fructigena) on apple: infection 
of fruits by conidia. Plant Pathology, 49(2), 201-206. 
https://doi-org.salford.idm.oclc.org/10.1046/j.1365-
3059.2000.00437.x 

Xu, X.-M., Guerin, L. & Robinson, J. D. (2001). Effects 
of temperature and relative humidity on conidial ger-
mination and viability, colonization and sporulation of 
Monilinia fructigena. Plant Pathology, 50(5), 561-568. 
https://doi-org.salford.idm.oclc.org/10.1046/j.1365-
3059.2001.00606.x  

Žďárská, I., Vávra, R., Skřivanová, A., Blažková, 
J. & Suran, P. (2017). Evaluation of Monilinia blos-
som blight in sweet cherry orchards. https://doi.
org/10.17660/ActaHortic.2017.1172.12

Zhang, J., Liu, J., Xie, J., Deng, L., Yao, S. & Zeng, 
K. (2019). Biocontrol efficacy of Pichia membranae-
faciens and Kloeckera apiculata against Monilinia 
fructicola and their ability to induce phenylpropanoid 
pathway in plum fruit. Biological Control, 129, 83-91. 
https://doi.org/10.1016/j.biocontrol.2018.09.018 

Zhu, X.-Q., Niu, C.-W., Chen, X.-Y. & Guo, L.-Y. 
(2016). Monilinia Species Associated with Brown Rot 
of Cultivated Apple and Pear Fruit in China. Plant 
Disease, 100(11), 2240-2250. https://doi.org/10.1094/
pdis-03-16-0325-re 

Received: August, 11, 2025; Approved: September, 25, 2025; Published: October, 2025


