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Abstract

Stone and pome fruit trees play a significant role in fruit production and consumption
in China. As an economic fruit tree variety in Shaanxi Province, the cultivation area of
Malus ‘Jinxiu’ has been gradually expanding. Brown rot, caused by several species of
the genus Monilinia, can result in flower blight and fruit rot, leading to serious economic
losses. In September 2025, brown rot symptoms were observed on Malus ‘Jinxiu’ fruits in
orchards in Shaanxi Province, China. A total of 90 isolates recovered from symptomatic
fruits were identified based on morphological characteristics, pathogenicity, and multi-
locus sequence analyses of the internal transcribed spacer of ribosomal DNA (rDNA-ITS),
β-tubulin gene (tub2), and laccase genes (lcc2). The results showed that the causal agent of
Malus ‘Jinxiu’ brown rot in Shaanxi Province is Monilinia yunnanensis. Furthermore, upon
artificial inoculation, M. yunnanensis isolates from both Malus ‘Jinxiu’ and ‘Fuji’ apple hosts
can cross-infect and cause brown rot symptoms. At the same time, a M. yunnanensis isolate
from Malus ‘Jinxiu’ showed similar virulence on five other local cultivated apple varieties.
To our knowledge, this is the first report of M. yunnanensis infecting Malus ‘Jinxiu’. This
study provides a basis for developing field diagnosis and integrated control measures for
brown rot disease of Malus ‘Jinxiu’ in Shaanxi Province, China.

Keywords: Malus ‘Jinxiu’; brown rot; morphology; multi-locus phylogeny

1. Introduction
Apple is one of the most important economic deciduous fruit trees in China, and its

cultivation area and output account for more than 50% of the world, with an annual total
output value of 210 billion yuan [1]. The Shaanxi Loess Plateau apple production area is
one of the important apple production areas in China, and its cultivation area and yield
rank first in China [2]. China is one of the global centers for the origin and evolution of
apple cultivation and possesses a wealth of genetic resources. To address the problem
of homogenization and simplification of apple varieties, a series of new varieties such
as ‘Qincui’, ‘Ruixue’, ‘Venus Golden’ (all three belonging to Malus domestica), and Malus
‘Jinxiu’ have been bred by domestic scientific research institutions and are widely grown in
the main apple-producing areas of Shaanxi Province [3].

Malus ‘Jinxiu’ apples (also known as “crab apple”) are small-sized edible fruits with
a diameter of 3–5 cm and usually ripen in September in northern China. Malus ‘Jinxiu’
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fruits are rich in phenolic compounds and bioactive nutrients, and they exhibit notable
health benefits, including antiviral, antimicrobial, and antioxidant [4]. This variety is highly
popular among consumers due to its unique qualities, vibrant appearance, fine texture,
sweet-and-sour flavor, and rich aroma. In recent years, Malus ‘Jinxiu’ has been widely
introduced and cultivated in the apple-growing regions of the Loess Plateau in Shaanxi.
Its fruit is sold both domestically and internationally, yielding significant economic, social,
and ecological benefits [3]. As a superior new apple variety, Malus ‘Jinxiu’ is primarily
cultivated with a dense planting system on dwarf rootstocks in northern Shaanxi. However,
the continuous expansion of cultivation areas and climate change have increased pest and
disease outbreaks. These have become a serious threat to production. In September of 2025,
during the pre-maturity stage of the Malus ‘Jinxiu’ apple, brown rot occurred extensively,
causing widespread fruit rot, significant losses in yield, and a marked decline in fruit
quality. The occurrence of this disease has become a serious challenge to the sustainable
development of the Malus ‘Jinxiu’ apple industry.

Fruit brown rot caused by Monilinia species is one of the major diseases affecting
stone and pome fruit cultivation worldwide. The disease primarily affects flowers, buds,
twigs, and fruits, particularly those nearing maturity or at maturity, and continues to cause
damage during post-harvest storage. It can lead to fruit rot in both orchard and cold
storage environments, resulting in severe economic losses [5,6]. Currently, there are six
dominant species responsible for brown rot in stone and pome fruits: Monilinia fructicola,
M. fructigena, M. laxa, M. mumeicola, M. polystroma, and M. yunnanensis [7]. Worldwide,
Monilinia spp. can infect various fruit trees, including apple, pear, peach, plum, apricot,
cherry, and kiwifruit; however, there are significant differences in the host preferences and
geographic distribution of Monilinia species among different fruit tree hosts [8–16]. The
main species of Monilinia causing brown rot in cultivated apple in China are M. fructicola,
M. polystroma, and M. yunnanensis, among which M. yunnanensis is the dominant species,
widely distributed in western China, including Shaanxi and Gansu provinces [9,17,18]. In
2016, M. fructigena and M. laxa were found on both wild and cultivated apples in natural
wild fruit forests in northern Xinjiang [19].

Brown rot of Malus ‘Jinxiu’ apple has been spreading rapidly in Shaanxi Province in
recent years, yet there is currently a lack of research reports on the pathogens responsible
for this disease. Malus ‘Jinxiu’ apples are typically cross-planted with ‘Fuji’ apples in the
same orchard, raising the question of whether the pathogen causing brown rot on Malus
‘Jinxiu’ may be transmitted from infected ‘Fuji’ apples. It is also important to investigate the
virulence of the Malus ‘Jinxiu’ brown rot pathogen on other excellent new apple varieties.
Therefore, the main objectives of this study are: (i) to investigate the occurrence and symp-
tomatic characteristics of brown rot on Malus ‘Jinxiu’ in Shaanxi Province; (ii) to identify the
species of the brown rot fungus (Monilinia) through morphological and molecular analysis;
and (iii) to determine the pathogenic characteristics of the brown rot pathogen on the fruits
of major apple varieties cultivated in Shaanxi. The results of this study will provide a
solid foundation and practical technical support for the development of a scientific control
strategy for brown rot on Malus ‘Jinxiu’ apples.

2. Materials and Methods
2.1. Sample Collection and Fungal Isolation

Disease surveys and sample collection were conducted between September and Oc-
tober 2025 at three Malus ‘Jinxiu’ orchards in Baota District, Ansai District, and Wuqi
County, Yan’an City, Shaanxi Province. Typical symptoms and signs of infected fruits
were described and photographed. In each surveyed orchard, five trees were selected for
incidence surveys, and typical fruits affected by brown rot were collected and placed in
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plastic bags. Single-spore isolation was performed as described by Zhu et al. (2016) [9].
Conidia were picked with a sterile inoculation needle from the surface of diseased fruits
and transferred to sterile centrifuge tubes containing 50 µL of sterilized water, then spread
onto plates of 2% water agar (WA) medium. After incubating in the dark at 22 ◦C for
24 hours, single-germinated conidia were transferred to potato dextrose agar (PDA) and
incubated in a constant-temperature incubator at 22 ◦C. After 7 days of incubation, the
purified isolates were transferred to PDA slants and stored at 4 ◦C for future use.

2.2. Cultural and Microscopic Characterization

Typical isolates from each orchard and region were selected for daily measurement of
colony diameter, and the average daily growth rate was calculated, while morphological
observations of the representative isolates were conducted. Conidia were collected from the
surface of diseased Malus ‘Jinxiu’ and ‘Fuji’ fruits, and their morphological characteristics
and mode of spore production were observed under an optical microscope (Panthera C2,
Motic, Xiamen, China). The length, width, and length-to-width ratio of 50 conidia from
representative isolates selected in each region were measured, and the average values for
each isolate were determined.

2.3. Pathogenicity Test

Based on the morphological identification described above, four representative isolates
(MBT2-4, MBTa2-1, MAS2-2, and MASa1-3) isolated from different regions and different
hosts were selected for pathogenicity tests. In the first pathogenicity Test, Malus ‘Jinxiu’
and ‘Fuji’ apple fruits of similar size were collected from orchards. The fruits were rinsed
with tap water, surface-disinfected with 75% alcohol, and then washed twice with sterile
water. After air-drying, the fruits were placed in plastic storage containers for later use.
Each fruit was wounded with a cork borer, (Jiangyin Elite Laboratory Instrument Co., Ltd.
Jiangyin, China) (4 mm in diameter and 2 mm in depth) before inoculation. The four test
isolates were cultured in the dark on PDA plates for 7 days. Using a 4 mm diameter sterile
cork borer, a mycelial plug was cut along the edge of the culture and inoculated into the
fruit wound, with the hyphal side facing the fruit wound site. Each treatment included
three fruits, with two biological replicates per treatment. All inoculated fruits were sprayed
with sterile water to maintain moisture. The inoculated fruits were incubated in the dark at
25 ◦C. The diameter of lesion expansion was measured daily, and the lesion growth rate
was calculated. After 7 days of incubation, the fungus was re-isolated to observe whether
the colonies and spores were consistent with those found in field infections.

In the second pathogenicity test, six apple varieties, ‘Envy’, ‘Qincui’, ‘Ruixue’, ‘Venus
Gold’, ‘Fuji’ (all belonging to M. domestica), and Malus ‘Jinxiu’ were selected to compare the
pathogenicity of the representative isolate MBT2-2 on fruits. Control fruits for treatment
were inoculated with sterile PDA plugs. The inoculation method, experimental design, and
disease assessment was the same as in Pathogenicity Test (I).

2.4. Phylogenetic Analysis

Twenty representative isolates were selected for DNA extraction and sequencing
because they were collected from different locations and hosts, which showed typical
Monilinia morphology with stable growth in culture. The isolates were cultured on PDA
plates at 22 ◦C for 7 days. Approximately 50 mg of mycelium was collected from each
isolate, placed in 1.5 mL centrifuge tubes, and genomic DNA was extracted using the
CTAB method [11]. Using the extracted genomic DNA as a template, fragments of the
internal transcribed spacer (ITS), the β-tubulin gene (tub2), and a portion of the laccase
gene (lcc2) were amplified. The primers used to amplify the ITS region were ITS1 and
ITS4 [20]; the primers for the β-tubulin region were Bt2a and Bt2b [21]; and the primers for
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the laccase gene fragment were LacaF and LacaR (Table 1) [22]. The PCR reaction volume
was 50 µL, consisting of 25 µL 2 × Taq Mix (Sangon Biotech, Shanghai, China), 0.5 µL each
of forward and reverse primers (10 mM), 2 µL DNA template, and 22 µL ddH2O. PCR
reactions were performed on a Bio-Rad T100 PCR System (Bio-Rad, Hercules, CA, USA).
Amplification products were subjected to 1% agarose gel electrophoresis, visualized using
a gel imager (Beijing Junyi-Dongfang Electrophoresis Equipment Co., LTD, Beijing, China),
and photographed. The PCR products were sent to Sangon Biotech (Shanghai, China)
for sequencing.

Table 1. Primers and PCR amplification procedures used in this study.

Name Primer Sequences (5′-3′) PCR Amplification Procedures

ITS1 TCCGTAGGTGAACCTGCGG 94 ◦C 5 min; 30 cycles of 94 ◦C 1 min, 55 ◦C 30 s,
72 ◦C 1 min; 72 ◦C 10 minITS4 TCCTCCGCTTATTGATATGC

Bt2a GGTAACCAAATCGGTGCTGCTTTC 94 ◦C 2 min; 35 cycles of 94 ◦C 2 min, 55 ◦C 60 s,
72 ◦C 1.5 min; 72 ◦C 10 minBt2b ACCCTCAGTGTAGTGACCCTTGGC

LacaF
LacaR

GCATCTGCATCTGCTATTCCAGCT
CTTACCGCCACCAACGCAGTT

94 ◦C 3 min; 30 cycles of 94 ◦C 30 s, 55 ◦C 30 s,
72 ◦C 1.5 min; 72 ◦C 10 min

The sequences of the rDNA-ITS region, β-tubulin region, and laccase gene frag-
ment from the test isolates were analyzed. The BLAST tool in the NCBI-GenBank online
nucleotide database was used to search for similar nucleotide sequences and perform
comparative analysis (https://blast.ncbi.nlm.nih.gov/, accessed on 15 December 2025).
Then, the sequences of representative Monilinia species were downloaded from GenBank.
All the sequences of the three gene fragments (ITS, β-tubulin, and lcc2) of representative
and pathogenic isolates in this study were first aligned with ClustalX. Then, they were
manually concatenated according to the ITS, β-tubulin, and lcc2 order. Finally, a maximum
likelihood tree was constructed in MEGA 7.0 software, and Botrytis cinerea isolate BCE4
was selected as an outgroup. Gaps were defined as “missing”, and the bootstrap value was
set to 1000 replicates.

2.5. Statistical Analysis

All data were expressed as mean ± standard deviation (SD). Normality and ho-
moscedasticity of the data were assessed by the Shapiro–Wilk test and Brown-Forsythe test,
respectively. Statistical comparisons among groups were performed by two-way ANOVA
(isolate X apple variety) followed by Tukey’s post hoc test. Statistical significance was set at
p < 0.05. All statistical analyses were performed using GraphPad Prism 10.6 software.

3. Results
3.1. Description of Symptoms in the Field

In September 2025, our field survey indicated that the average incidence of brown
rot of Malus ‘Jinxiu’ was 85% from three orchards in Baota District, Ansai District, and
Wuqi County, Yan’an City, Shaanxi Province. Early symptoms include brown, water-
soaked, circular lesions on the fruit, then the infected fruit became soft and rotten, with a
gray, velvety mold layer on the surface—representing the pathogen’s hyphae and conidia
(Figure 1a). Infected ‘Fuji’ apples exhibit soft rot, with a gray, concentric ring-like mold
layer on the surface (Figure 1b). At the later stage of symptoms, infected fruits lost moisture
and shriveled, turning into mummies that hang on the branches; a large number of diseased
fruits fell to the ground, potentially serving as source of inoculum for the following year’s
disease outbreak in the orchard (Figure 1c,d).
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Figure 1. Symptoms and signs of Malus ‘Jinxiu’ and ‘Fuji’ brown rot caused by Monilinia yunnanensis
in an orchard in Shaanxi, China: (a,b) infected fruits of Malus ‘Jinxiu’ and ‘Fuji’ during the growing
season; (c) infected fruits during harvest time; (d) diseased fruits dropped on the orchard floor.

3.2. Morphological Identification of Monilinia Isolates

A total of 156 diseased fruit samples were collected from three orchards: 43 fruits
from Baota District (40 Malus ‘Jinxiu’ and 3 ‘Fuji’), 52 fruits from Ansai District (41 Malus
‘Jinxiu’ and 11 ‘Fuji’), and 61 Malus ‘Jinxiu’ fruits from Wuqi County. Following isolation
and purification, 90 single-spore isolates were obtained, including 70 isolates from Malus
‘Jinxiu’ fruits and 20 isolates from ‘Fuji’ apple fruits. All these isolates exhibited identical
morphological characteristics as Monilinia-like fungi, and representative isolates MBT2-4,
MAS2-2, and MASa1-3 were selected for morphological observation and description. When
cultured at 22 ◦C for 3 days, the mycelium was white; after 7 days of incubation, the
mycelium turned gray to gray-brown. The colony margins were entire, and a large number
of black stromata were produced after 14 days of incubation (Figure 2a,b). The average daily
growth rates of the representative isolates MBT2-4, MAS2-2, and MASa1-3 on PDA medium
were 13.9 mm/day, 13.8 mm/day, and 13.1 mm/day, respectively. The conidiophores were
bead-like, and the conidia were colorless and transparent, single-celled, and elliptical or
lemon-shaped (Figure 2c,d). The dimensions of the conidia of the representative isolates
MBT2-4, MAS2-2, and MASa1-3 were, respectively, 6.33 to 15.37 µm (mean = 10.87 µm) ×
4.76 to 13.03 µm (mean = 8.53 µm), 6.85 to 16.93 µm (mean = 12.45 µm) × 5.20 to 11.38 µm
(mean = 8.21 µm), and 7.54 to 15.68 µm (mean = 11.67 µm) × 6.02 to 10.95 µm (mean =
8.41 µm), n = 60. Based on colony and conidial morphological characteristics, the isolates
obtained in this study were preliminarily identified as fungi of the genus Monilinia.

https://doi.org/10.3390/horticulturae12070894

https://doi.org/10.3390/horticulturae12070894


Horticulturae 2026, 12, 894 6 of 13

Figure 2. Colony and conidial characteristics of Monilinia yunnanensis (MBT2-4) grown on potato
dextrose agar at 22 ◦C after 14 days of incubation: (a,b) front and reverse view of colony; (c,d) conidial
chain and conidia obtained from inoculated Malus ‘Jinxiu’ fruits.

3.3. Pathogenicity Tests

Four representative isolates MBT2-4, MBTa2-1, MAS2-2, and MASa1-3 were pathogenic
and sporulated on inoculated Malus ‘Jinxiu’ and ‘Fuji’ apple fruits. Koch’s postulates were
fulfilled by re-isolating the fungus from infected fruits and re-identifying the pathogen to
the species level. On detached fruits, brown, water-soaked lesions appeared on the fruit
epidermis at the inoculation site after 2 days. The fruits exhibited soft rot after 4 days, and
gray mycelium and conidia were observed on the lesion after 7 days (Figure 3a–d,f–i). These
symptoms were consistent with those of infected fruits under natural conditions, and none
of the control fruits showed disease symptoms (Figure 3e,j). Results on the lesion expansion
rates of the tested isolates on fruits indicated that the Malus ‘Jinxiu’ isolates from Baota and
Ansai districts exhibited significantly higher lesion expansion rates on ‘Fuji’ than on Malus
‘Jinxiu’, with isolates MBT2-4 and MAS2-2 exhibiting lesion expansion rate of 6.2 mm/d on
‘Fuji’ apples, and 4.6 mm/d and 3.2 mm/d on Malus ‘Jinxiu’ apples. The lesion expansion
rate of ‘Fuji’ isolates on Malus ‘Jinxiu’ was higher than that on ‘Fuji’. Specifically, the lesion
expansion rates of isolates MBTa2-1 and MASa1-3 on Malus ‘Jinxiu’ fruits were 6.5 mm/d
and 3.9 mm/d, respectively, while those on ‘Fuji’ fruits were 4.2 mm/d and 3.7 mm/d
(Figure 4). The p-values for the main effects of fungus isolate, apple variety and their
interaction were p = 0.0005, p = 0.0615, and p < 0.0001, respectively. Thus, the pathogenicity
tests showed that M. yunnanensis isolated from both Malus ‘Jinxiu’ and ‘Fuji’ apple hosts
could cross-infect and cause disease.
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Figure 3. Symptoms and signs of four representative isolates on detached Malus ‘Jinxiu’ and ‘Fuji’
apple fruits after 7 days of inoculation with mycelial plugs of Monilinia yunnanensis: (a–d) MBT2-4,
MBTa2-1, MASa1-3, and MAS2-2 on Malus ‘Jinxiu’; (e) ‘Jinxiu’ fruits inoculated with a potato dextrose
agar (PDA) plug as a control (CK); (f–i) MBT2-4, MBTa2-1, MASa1-3, and MAS2-2 on ‘Fuji’ apple;
(j) ‘Fuji’ fruits inoculated with a PDA plug as CK.

Figure 4. Lesion expansion rates of representative Monilinia yunnanensis isolates MBT2-4, MBTa2-1,
MASa1-3, and MAS2-2 on Malus ‘Jinxiu’ and ‘Fuji’ apple after 7 days of inoculation. Error bars
represent the standard deviation from six replicates; means associated with different letters are
significantly different (p < 0.05) using Tukey’s HSD test.

Pathogenicity testing on different apple varieties showed that isolate MBT2-2 caused
disease on all tested apple varieties: ‘Envy’, ‘Qincui’, ‘Ruixue’, ‘Venus Golden’, ‘Fuji’, and
Malus ‘Jinxiu’. Two days after inoculation, water-soaked brown lesions developed around
the inoculation site on the fruit peel, and the fruits gradually softened and rotted. Seven
days after inoculation, a gray mold layer formed on the surface of infected fruit, consisting
of fungal mycelium and conidia (Figure 5a–f); no disease was observed in the control
inoculations (Figure 5g–l). Results on lesion expansion rates across the six apple varieties
showed that isolate MBT2-4 expanded most rapidly on ‘Jinxiu’ (11.4 mm/day) and most
slowly on ‘Envy’ (8.5 mm/day) (Figure 6). There are no significant differences among
these cultivars in pathogenicity (p = 0.109). Lesion expansion rates on the other four apple
varieties were similar to those on Malus ‘Jinxiu’, suggesting that the brown rot isolates from
Malus ‘Jinxiu’ pose a potential risk of infecting cultivated apple.
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Figure 5. Symptoms and signs caused by Monilinia yunnanensis isolate MBT2-2 on detached fruits
of six apple varieties 7 days after inoculation with mycelial plugs: (a) ‘Envy’; (b) Malus ‘Jinxiu’;
(c) ‘Venus Golden’; (d) ‘Qincui’; (e) ‘Fuji’; (f) ‘Ruixue’; (g–l) fruits of the six apple varieties inoculated
with a sterile plug as control.

Figure 6. Lesion expansion rates of Monilinia yunnanensis representative isolate MBT2-2 on detached
fruits of six apple varieties after 7 days of inoculation. Error bars represent the standard deviation
from six replicates.

3.4. Multilocus Phylogenetic Analysis

Twenty representative isolates from three orchards were selected for amplification
of the rDNA-ITS region, the β-tubulin region, and a portion of the laccase gene. Online
BLASTn (https://blast.ncbi.nlm.nih.gov/, accessed on 15 December 2025) alignment re-
vealed that the rDNA-ITS region sequences of the obtained isolates ranged from 506 to
513 bp, and the ITS region sequences of the tested isolates showed 99.4% to 100% similarity
with those of Monilinia (Monilia) yunnanensis. The β-tubulin gene sequences of the obtained
isolates ranged from 402 to 449 bp, and the β-tubulin gene sequences of the test isolates
showed 100% similarity with those of M. yunnanensis isolates BJCC2-1, ABC1, and GP18
isolated from apple and peach hosts in China (GenBank accession no. KR778951, KR778948,
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KR778969). The laccase gene sequences of the isolated isolates ranged from 873 to 890 bp
in length. The laccase gene sequences of the tested isolates showed 99.47–100% similar-
ity with those of M. yunnanensis isolates BJCC2-1, ABC1, and GP18 isolated from apple
and peach hosts in China (GenBank accession no. KT194343, KT194341, KT194362). The
gene sequences amplified from all tested isolates have been submitted to GenBank and
assigned accession numbers (Table 2). Phylogenetic analysis revealed that the 20 represen-
tative isolates obtained in this study clustered with M. yunnanensis isolates BJCC2-1, ABC1,
and GP18 from Chinese apple and peach hosts with 100% bootstrapping support values
(Figure 7). Combining morphological observation with molecular phylogenetic analysis,
the 20 representative isolates in this study were identified as M. yunnanensis.

Table 2. Isolates used for multigene analysis and morphological characterization.

Species Isolate Location Host
GenBank Accession Number

ITS BT LCC2

Monilinia yunnanensis MBT2-1 Baota Jinxiu PX599137 PX662842 PX686964
M. yunnanensis MBT2-2 Baota Jinxiu PX599138 PX662838 PX686965
M. yunnanensis MBT2-4 Baota Jinxiu PX599139 PX662844 PX686966
M. yunnanensis MBT2-6 Baota Jinxiu PX599113 PX662843 PX686967
M. yunnanensis MBT2-7 Baota Jinxiu PX599114 PX662820 PX686968
M. yunnanensis MBTa1-3 Baota Fuji PX599118 PX662824 PX686969
M. yunnanensis MBTa2-1 Baota Fuji PX599140 PX662839 PX686970
M. yunnanensis MAS2-1 Ansai Jinxiu PX599130 PX662834 PX686971
M. yunnanensis MAS2-2 Ansai Jinxiu PX599134 PX662837 PX686972
M. yunnanensis MAS3-1 Ansai Jinxiu PX599127 PX662832 PX686973
M. yunnanensis MAS3-3 Ansai Jinxiu PX599129 PX662833 PX686974
M. yunnanensis MASa1-3 Ansai Jinxiu PX599124 PX662828 PX686975
M. yunnanensis MASa1-7 Ansai Jinxiu PX599136 PX662829 PX686976
M. yunnanensis MASa2-1 Ansai Fuji PX599123 PX662826 PX686977
M. yunnanensis MASa2-4 Ansai Fuji PX599125 PX662830 PX686978
M. yunnanensis MASa2-5 Ansai Fuji PX599125 PX662831 PX686979
M. yunnanensis MWQ1-2 Wuqi Jinxiu PX599146 PX662847 PX686980
M. yunnanensis MWQ2-4 Wuqi Jinxiu PX599122 PX662825 PX686981
M. yunnanensis MWQ3-1 Wuqi Jinxiu PX599142 PX662846 PX686982
M. yunnanensis MWQ3-3 Wuqi Jinxiu PX599143 PX662848 PX686983
M. yunnanensis GP18 Beijing Peach HQ856917 KR778969 KT194362
M. yunnanensis BJCC2-1 Shaanxi Apple KR778913 KR778951 KT194343
M. yunnanensis ABC1 Beijing Apple KR778910 KR778948 KT194341
Monilia polystroma CBS102686 • Japan N/A HQ846944 KR778971 KT194366
M. polystroma SXP1 Shandong Apple KR778904 KR778942 KT194335
M. polystroma LS10-2 Shandong Apple KR778905 KR778943 KT194336
Monilinia fructicola LS19-1 Shandong Apple KR778925 KR778963 KT194355
M. Fructicola MX4 Shandong Apple KR778926 KR778964 KT194356
M. fructicola FT France N/A HQ846967 KR778979 KT194373
Monilinia laxa P3 France N/A HQ846947 KR778983 KT194377
M. laxa CBS298.31 • Ireland N/A HQ846949 KR778984 KT194378
Monilinia fructigena CBS101500 • Poland N/A KR778933 KR778973 KT194365
M. fructigena CBS101499 • Spain N/A KR778932 KR778974 KT194368
Botrytis cinerea BCE4 Beijing Tomato HQ846943 KR778939 KT194380

The isolates in this study are indicated in bold font. • = ex-type isolates.
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Figure 7. Phylogenetic tree of Monilinia yunnanensis based on concatenated sequences of ITS region,
tub2, and laccase genes using the Maximum Likelihood method. The isolates in this study are indicated
in bold, and • = ex-type isolates. Botrytis cinerea (BCE4) was used as the outgroup species. Numbers
labeled at each node indicate bootstrap values (%).

4. Discussion
This study conducted a systematic investigation into the species and virulence of the

brown rot pathogen affecting Malus ‘Jinxiu’ in Shaanxi Province, China. Through compre-
hensive morphological and molecular analyses, it was confirmed that M. yunnanensis is the
pathogen causing brown rot on Malus ‘Jinxiu’ and ‘Fuji’ apples grown in mixed-cultivated
orchards across three locations. M. yunnanensis isolated from Malus ‘Jinxiu’ and ‘Fuji’ apple
could infect each other’s hosts and cause similar brown rot symptoms, and M. yunnanensis
isolated from Malus ‘Jinxiu’ was also pathogenic to the local apple varieties ‘Envy’, ‘Qincui’,
‘Ruixue’, and ‘Venus Golden’. To our knowledge, this is the first report of M. yunnanensis
causing brown rot of Malus ‘Jinxiu’ globally.

Brown rot is a worldwide distributed fungal disease, causing severe yield losses
and significantly reducing the quality of stone and pome fruits in temperate regions [23].
The disease occurs both before fruit harvest and during post-harvest storage. The fungi
primarily overwinter in fruit mummies. These fruit mummies, whether falling to the
orchard ground or remaining on branches, typically serve as the source of initial infection
in the following year [5,24–26]. During orchard disease surveys in September 2025, we
frequently observed large numbers of infected fruits lying on the ground. However, the
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presence of the sexual stage of M. yunnanensis has not been discovered in orchard fields or
in laboratory studies.

China is a vast country with a wide variety of stone and pome fruit trees cultivated
extensively from north to south. Brown rot disease is widespread in China, with the
pathogen comprising six Monilinia species currently reported [7]. M. yunnanensis was the
most prevalent species distributed across 12 provinces and regions in previous studies on
stone fruits, pome fruits, and berries such as peaches, plums, apricots, hawthorns, apples,
pears, and kiwifruit [9,10,15,27–30]. In this study, M. yunnanensis was primarily identified
as the pathogen causing brown rot of Malus ‘Jinxiu’ and ‘Fuji’ apple in Shaanxi Province.
Our finding is consistent with the results of Zhu et al. [9]. Regarding the distribution of
pathogens causing brown rot in Chinese cultivated apple and pear fruit.

Traditionally, Monilinia species have been differentiated based on morphological and
cultural methods. In this study, colony and conidial morphological characteristics of the
representative isolates were similar to those of M. yunnanensis isolates previously reported
on apple and plum hosts in China. Representative isolates failed to produce conidia under
laboratory culture conditions, and the isolates tested in this study demonstrated a faster
hyphal growth rate compared with previous studies. Pathogenicity results indicated that
M. yunnanensis isolated from Malus ‘Jinxiu’ fruits exhibits similar pathogenicity on fruits of
other tested apple varieties. Consequently, this poses a potential threat to the occurrence
and outbreak of brown rot in existing and newly established orchards in this region.

Due to the minor morphological differences among Monilinia spp. and variations
in culture morphology between different isolates of the same species, as well as gradual
morphological changes in hyphae during subculturing [31], species identification based
solely on cultural characteristics is very difficult. Thus, multi-gene molecular phylogenetic
analysis has been widely applied to the species identification of Monilinia spp. [32–34]. In
this study, phylogenetic analysis was conducted using the rDNA-ITS, tub2, and laccase gene
regions, grouping the representative isolates from Malus ‘Jinxiu’ with other published M.
yunnanensis isolates into the same single clade. The phylogenetic analysis showed that
isolates from different fruit hosts and geographical regions clustered together, indicating
that M. yunnanensis is not a host-specific pathogen on Malus ‘Jinxiu’. This result is consistent
with previous findings on M. yunnanensis from peach and plum hosts [10]. The phylogenetic
tree from this study shows that M. yunnanensis is very closely related to both M. fructigena
and M. polystroma, which is consistent with previous phylogenetic analyses of Monilinia
spp. on apple and pear hosts in China [9].

Since Malus ‘Jinxiu’ is a newly introduced apple cultivar primarily cultivated in
northern Shaanxi Province, the three sampled orchards in this study were geographically
close to one another and no further surveys or sampling analyses of the brown rot pathogen
on other apple varieties were conducted. Therefore, future studies need to expand the
geographic scope of disease surveys and the range of fruit tree hosts. This is of great
significance for the epidemiological monitoring and integrated management of brown rot
in the extensive apple-growing regions of Shaanxi Province.

Monilinia species may differ in their etiology, biology, and epidemiology, which are
important considerations for disease control strategy. For example, M. laxa prefers to
infect flowers, while M. fructigena primarily infects fruits. M. yunnanensis and M. fructigena
prefer to infect pome fruit, while M. fructicola and M. laxa usually occur on stone fruit [28].
At present, chemical control is the main effective method to control brown rot disease;
however, Monilinia species have developed resistance to some fungicides in traditional
orchards [35]. Therefore, it is necessary to monitor the Monilinia spp. population structure
continuously to select effective fungicides according to different populations of brown
rot pathogens.
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5. Conclusions
In conclusion, based on morphological observations, molecular characterization, and

pathogenicity tests, we determined that M. yunnanensis causes Malus ‘Jinxiu’ brown rot
in Shaanxi, China. Pathogenicity tests on detached fruits confirmed that M. yunnanensis
isolated from Malus ‘Jinxiu’ fruits may also infect other apple varieties. These findings
provide a scientific basis for the development of targeted integrated management strategies
for Malus ‘Jinxiu’ brown rot disease in Shaanxi Province. Further studies are necessary
to investigate the epidemiology of M. yunnanensis in Malus ‘Jinxiu’ orchards, as well as
effective strategies for disease prevention and control.
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