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Morphological and molecular
identification of Schizophyllum
commune causing storage bulb
rot disease of Lanzhou edible lily
in China and its biological
characteristics

Qiaolan Liang*, Liexin Wei, Ying'e Chen, Bingliang Xu and
Na Zhang

College of Plant Protection, Biocontrol Engineering Laboratory of Crop Diseases and Pests of Gansu
Province, Gansu Agricultural University, Lanzhou, China

Lily bulb rot disease has harmed edible lily in recent years, resulting in yield losses
in China. As a results, both morphological and molecular techniques must be used
to confirm the etiology of storage bulb rot disease on lily bulbs. Lily bulbs with
indications of rot symptoms during storage were gathered in Lanzhou, Gansu
Province, China. A strain was isolated and its morphologically characterized as
a Schizophyllum commune specie. Pathogenicity tests further confirmed that
the strain caused apparent S. commune symptoms on lily bulbs which were
consistent with those seen in the field. The pathogenicity of S. commune to lily
bulb was 100%, and morphological identification showed that the mycelia of the
pathogen were white and villous, with septate, branched, and acicular bodies
and obvious lock-shaped joints. The mycelia had uneven thickness, ranging from
1.03 to 3.06 pm, and turned gray-white at the later growth stage. Moreover, the
pathogen formed a mycelial column on potato dextrose agar (PDA) medium,
which formed a coral-like fruiting body primordium, which split, forming pileus
for spore production. The spores were colorless and cylindrical, with an oblique
tip and a size of 4.6-7.2 pm X 2.2-2.7 pm. The isolate was deduced as based
on phylogenetic analysis with 2 genes (ribosomal DNA-ITS and LSU) as well as
morphological characteristics and cultural features, the isolate was identified
S. commune. Soluble starch, yeast extract, temperature of 30°C, pH 7, relative
humidity of 100%, and complete dark were shown to be the optimum culture
conditions for surface mycelium growth. In conclusion, this is the first report of
S. commune causing bulb rot of edible lilies in China. The study provides a basis
for more effective control strategies for lily bulb rot disease.

KEYWORDS

edible lily bulb rot disease, Schizophyllum commune, characterization, molecular
identification of a pathogen, Lanzhou edible lily

1 Introduction

Lanzhou lily (Lilium davidii var. duch), belonging to the genus Lilium of the Liliaceae
family, is a perennial herbaceous plant with extremely high nutritional value (Dai et al., 2022).
Storage diseases of lily have recently surged, resulting in 30-60% loss (Liang, 2011). During
storage, the outer layer of the infected bulb forms brown spots with necrotic centers, which
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gradually spread to the surrounding tissues, resulting in the drying
and rotting of the entire bulb. A field investigation found that the
disease incidence of lily bulbs was 23.3%, with the disease index of
12.7; however, after storing the lily bulbs in the refrigerator at 2°C for
30 days, the disease incidence reached 100%, and the disease index
was 67.0, greatly reducing the quality and commodity value of lily
(Gong et al., 2015).

At least 10 species of fungal pathogens are known to cause lily
diseases worldwide, Colletotrichum liliacearum, C. lilii, C. spaethianum
(Shangetal., 2016; Zhou et al., 2018; Liao et al., 2023), Botrytis cinerea,
B. elliptica (Wu et al., 2015), Fusarium graminearum, E solani,
E tricinctum, E commune, E proliferatum, E moniliforme, F. tabacinum,
E oxyspora, and F. fujikuroi (Shang et al., 2014; Li et al., 2013; Fang
etal, 2021; Song et al., 2022; Liao et al., 2023; Liu et al., 2024; Sun et al.,
2024). Viral pathogens such as Lily mottle virus and Lily symptomless
virus (Asjes, 2000) have also been reported to cause lily diseases.
Though a common wood rot pathogen, Schizophyllum species is rarely
reported on lily bulb rot. Schizophyllum species, a fungal genus with a
wide host range and significant economic relevance as a plant pathogen,
comprises a large number of widely distributed morphologically and
phylogenetically distinct fungal species (Song et al., 2022). Traditionally,
Schizophyllum species were identified based on colony morphology,
fruiting body characteristics, and other phenotypic characteristics such
as the size and shape of macro-and microconidia (Raudaskoski et al.,
2012). However, it is difficult to distinguish Schizophyllum species
based solely on the traditional morphological criteria. Molecular-based
techniques have proven particularly effective for identifying and
discriminating closely related Schizophyllum species (O'Donnell and
Cigelnik, 1997). Multi loci phylogenetic analyses of Schizophyllum
based on the internal transcribed spacer (ITS) and arger subunit
ribosormal unit (LSU) have been used to identify the species (Grassi
et al., 2018). Identifying the main pathogens causing bulb rot of
Lanzhou lily is important for the effective control of storage rot disease
and improving the commercial value of edible lily bulbs.

Studies on etiology are essential for a good disease diagnosis and for
developing future research on the epidemiology and control of diseases.
Therefore, this study used a polyphasic strategy that incorporated
morphological features and phylogenetic analysis to identify pathogens
causing storage rot disease of edible lily bulbs in China.

2 Materials and methods
2.1 Plant material

The incidence of lily bulbs in Lanzhou lily planting base (Qilihe
District, Lanzhou, Gansu Province, China) was investigated by
random method. A total of 500 lily bulbs were investigated, and the
investigation was continued after being stored at 2°C for 30 days. The
pathogenic fungi were isolated, purified and identified from 60
diseased lily scales with different symptoms.

2.2 Isolation and purification of the
pathogen

The scales of lily bulbs with disease spots were rinsed with tap
water and cut into smaller sections (1 mm x 1 mm) at the junction site

Frontiers in Microbiology

10.3389/fmicb.2024.1489999

of diseased and healthy tissues. The sections were sterilized with 75%
alcohol for 1 min, followed by 0.1% mercury for 30 s, and rinsed with
sterile water 3-5 times. Thereafter, the sections were dry-blotted using
sterilized filter paper and inoculated on potato dextrose agar (PDA)
plates (3 pieces per plate). The plates were incubated upside down at
25°C. After 3 days, petri plates with colonies were selected, and a small
piece of hyphae was collected from the edge of the colonies and
inoculated at the center of new PDA plates for incubation at
25°C. After the spore formation, the pathogen was purified using a
single spore isolation method and inoculated into the prepared test
tube containing the PDA slant. The formed hyphae were then stored
at 4°C for later use.

2.3 Pathogenicity determination

The pathogenicity tests were performed on healthy lily scales.
Healthy lily scales were cleaned with running tap water for 60 s,
surface disinfected with 70% ethanol for 30 s, washed 3 times with
sterile distilled water, the isolate strain hyphae and pileus were
inoculated on those lily scales to confirm pathogenicity, an empty agar
block was placed on lily scales used as a control. Those treatment
experiment were repeated three times, a total of 36 lily scales were
treated. All treated lily scales were placed in petri dish (wet sponge on
the bottom, a piece of sterile filter paper on the top and its middle put
a sterile soaked cotton) and kept in an artificial climate chamber
(25 + 1°C and 65% RH). The fungus was re-isolated from the site of
disease using the procedures described above and the morphological
characteristics were observed under the microscope (Carl Zeiss,
China), compared with those of the inoculated isolate to determine the
pathogenicity of the isolate strain by Koch’s postulates. Their images
were captured via photomicrography using a digital camera, everyday
symptoms were observed and documented (SONY DSC-T20, Japan).

2.4 ldentification of the pathogen

The pathogen was identified by morphological identification and
molecular analysis methods. The morphological methods involved
observing the growth characteristics, colony color, hypha morphology,
spore morphology, and spore size and the molecular analysis methods
involved PCR analysis and sequencing. The genomic DNA of the
isolate was extracted using the fungal genomic DNA extraction kit
(Omega, Shanghai, China). DNA samples were stored at-20°C until
they were analyzed. ITS1/ITS4 primers and LROR/LR7 primers were
used amplify the internal transcribed spacer (ITS), and large subunit
ribosomal unit (LSU) genes (Grassi et al., 2018). A 25 pL volume
containing 1 pL of DNA template, 1 pL of each primer, 12.5 puL of
2 x Easy TagPCR Super Mix, and 9.5 pL of ddH,0O was used for
polymerase chain reaction (PCR; Qingke Biotech). Using PCR
reactions in a thermal cycler (Model A37028; China). PCR
amplification products were visualized on agarose gels and sequenced
by Wuhan Jinkailui Bioengineering Co., LTD. (Wuhan, China).

The sequences were amplified from the DNA using the generic
fungal primers ITS-1 (5-TCCGTAGGTG AACCTGCGG-3"), ITS-4
(5-TCCTCCGCTTATTGATATGC-3"), LSU-LROR (5-ACCCGCT
GAACTTAAGC-3"),and LSU-LR7 (5'-TACTACCACCAAGATCT-3).
The ITS and LSU sequences of the strains isolated in this study were
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subjected to a nucleotide BLAST search using the National Center for
Biotechnology Information Database (NCBI: http://www.ncbi.nlm.
nih.gov) to obtain the preliminary identifications. GenBank database'
was used to compile data sets for phylogenetic analysis. Comparison
by used MAFFT 7.4 software, clipping by used Bio Edit 7.0 software,
correction and format conversion by used Mesquite 3.5 software.
Finall, MEGA 7.0 was used to compare gene sequences to
representative sequences from closely related Schizophyllum species,
and a phylogenetic tree was generated using the neighbor-joining
method with 1,000 bootstrap replicates.

2.5 Effect of different carbon and nitrogen
sources on the growth of the pathogen

The glucose 15.0 g, ammonium sulphate 2.1 g, agar 18.0 g added
to 1,000 mL of distilled water as basal medium, lactose 13.5 g, fructose
15.0 g, soluble starch 13.1 g and xylose 13.5 g were used instead of
glucose in the basal medium to formulate different carbon source
media, respectively. After sterilization, all kinds of media are poured
into sterilized petri dishes to make media plates and set aside. On the
ultra-clean workbench, the fungus cake was made from the edge of
S. commune colony cultured for 4 days with a sterilized punch with a
diameter of 5 mm, and then inoculated into the above culture
medium, respectively. Each treatment was repeated for three times,
marked and placed in a constant temperature incubator at 25°C. After
4 days, the growth of the colony was observed, and the diameter of the
colony was measured by the “cross” method. To determine the effects
of different carbon sources on the growth of S. commune.

On the basis of the best carbon source culture medium selected
above, ammonium sulfate was replaced by ammonium nitrate 2.11 g,
potassium nitrate 4.52 g, urea 0.96 g, peptone 2.8 g and yeast extract
4.7 g, respectively, and made into different nitrogen source culture
media. Sterilization, inoculation, culture and “cross” method were
carried out in the same way as carbon source determination, so as to
determine the influence of different nitrogen sources on the growth of
S. commune.

2.6 Effect of different temperatures, pH
levels, relative humidity, and light
conditions on the growth of the pathogen

The best carbon and nitrogen source culture medium screened
from the experiment in section 2.5 was utilized to determine the radial
mycelial growth of the causative pathogen under different
temperatures, pH, relative humidity, and light conditions.

Briefly, 45 mL of the sterilized media was poured into three petri
plates and inoculated with uniform culture fungus cake (5 mm) from
actively growing fungal cultures. The plates were incubated for 4 days
under 6 different temperatures (17, 20, 25, 27, 30, and 35°C). After
4 days, the growth of the colony was observed, and the diameter of the
colony was measured by the “cross” method. To determine the effects
of different temperatures on the growth of S. commune.

1 http://www.ncbi.nlm.nih.gov
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Adjust the pH of the sterilized culture medium with 0.1 N sodium
hydroxide (NaOH) or 0.1 N hydrochloric acid (HC) to 6,7, 8,9 and 10
respectively, 45 mL of the different pH media was poured into three
petri plates and inoculated with uniform culture fungus cake (5 mm)
from actively growing fungal cultures. The plates were incubated for
4 days under the optimum temperature conditions of the above
screened. After 4 days, the growth of the colony was observed, and the
diameter of the colony was measured by the “cross” method. To
determine the effects of different the value of pH on the growth of
S. commune.

On the basis of the optimum temperature and pH selected above,
the plates were incubated for 4 days under 6 different relative humidity
(50, 60, 70, 80, 90, and 100%). After 4 days, the growth of the colony
was observed, and the diameter of the colony was measured by the
“cross” method. To determine the effects of different relative humidity
on the growth of S. commune. Besides, on the basis of the optimum
temperature, pH and relative humidity selected, the plates were
incubated for 4 days under 3 different light conditions (complete light,
complete dark and alternate light and dark). After 4 days, the growth
of the colony was observed, and the diameter of the colony was
measured by the “cross” method. To determine the effects of different
light conditions on the growth of S. commune.

2.7 Data analysis

All statistical analyses were performed using SPSS 21.0. Differences
were analyzed using multiple analyses of variance with Duncan’s
significant difference tests. A p value<0.05 was considered statistically
significant. The data were presented as the mean + standard error (SE).

3 Results

3.1 Isolation and pathogenicity analysis of
the fungus

Five strains were isolated and purified from 60 diseased lily scales
by investigating 500 bulbs stored at 2°C (Figures 1A,B). They are
Fusarium oxysporum, Alternaria alternata, Botrytis cinerea, and
Penicillium cyclopium Westl and an unknown strain, numbered L1
(Figures 2A-C), with isolation rates of 63.33, 33.33, 1.70, 1.70, and
25.00%, respectively. The mycelia and fruiting bodies of isolated L1
strain were inoculated on 12 lily scales for pathogenicity test,
respectively. It was found that the scales were yellow-brown disease
spots 7 days after inoculation, which were similar to those on natural
infected (original) lily bulbs (Figures 2D-F). Both mycelia and fruiting
bodies were pathogenic, and the pathogenicity was 100%.

3.2 Morphological identification of the
fungus causing lily bulb rot disease

Morphological identification showed that the mycelia of the
pathogen were white and villous, with septate, branched, and acicular
bodies, obvious lock-shaped joints, and uneven thickness ranging
from 1.03 to 3.06 pm wide. The mycelia turned gray-white at the later
growth stage (Figure 2C).
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FIGURE 1

The symptom of Lanzhou lily. (A) Before of Lanzhou lily storage. (B) After 30 days of Lanzhou lily storage.

FIGURE 2

bulb (a) and healthy bulb (b).

The L1 strain isolated from lily bulbs and its pathogenicity. (A) L1 strain pure culture. (B) L1 strain fruiting body. (C) Microscopic image showing
cylindrical and lock-shaped joint mycelia of the L1 strain. (D,E) Lily bulbs inoculated with L1 strain hyphae and pileus of fruit body. (F) Naturally infected

At 25°C, the mycelium column on the PDA medium formed a coral-
like fruiting body primordia, which swelled into many sacs that formed
a round hole on the top and pod-like split from the side, and these sacs
expanded to form fruit bodies (Figures 3A-D). The pileus was pliable,
thin-fleshed, white or light yellow, fan or kidney-shaped, with an average
diameter of 3.43-10.29 mm. Its surface was densely covered with fluff,
and the edges were rolled in and palmately cracked (PDA culture 4 days).

The gills were narrow, linear, non-uniform, white or grey-white,
rewinding and radiating from the base with unequal length and
longitudinally split along the edge. The stipe was short or absent, and
a pile of light yellow spores was formed on the petri dish lid above the
pileus (Figures 3E-N). The spores were colorless and cylindrical, with
an oblique tip and a size of 4.6-7.2 pm x 2.2-2.7 pm (Figure 30). The
fungal structures were similar to those observed in previous studies
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(Mao, 2000). After the L1 strain was cultured in a liquid shake flask at
25°C for 4 days, it formed crisscrossed hyphae, which tangled into
several small mycelial pellets (Figure 3P). The pellets were white with
a sticky texture and different sizes, and their surface had a mycelium
column, which formed the fruiting body primordium and
fruiting bodies.

3.3 Molecular identification of the fungus
causing lily bulb rot disease
The DNA of strain L1 was amplified by ITS, and LSU. The 601 bp,

and 1,363 bp amplified fragments were obtained by 1% agarose gel
electrophoresis, respectively, associated with unique sequence to the
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FIGURE 3

Fruit body formation of S. commune. (A) Mycelial column of S. commune on potato dextrose agar (PDA). (B) Coral-like fruiting body primordium (initial
stage). (C) Split fruiting body primordium. (D) pileus of the fruiting body. (E=K) Different shapes of fruiting body pileus. (L) Gills of the pileus. (M,N) Light
yellow spore prints. (O) Spores ejected from the pileus. (P) Mycelial balls and columns produced in the liquid shake flask.

strain of S. commune. ITS, and LSU sequences were matched to
GenBank sequences using blast. ITS, and LSU genes sequences
(GenBank Accession Nos: MT251889, and PP082822) all showed
100% identity with S. commune CBS57983 (MH861655, MH595605)
sequence (Figure 4). Our strain L1 was identified as S. commune based
on morphological and molecular characteristics.

3.4 Effect of different carbon and nitrogen
sources on the growth of S. commune

After 4 days of incubation, the mycelial growth of S. commune was
the fastest, and its colony diameter was the largest (54.5 mm) when
soluble starch was used as the carbon source; however, its growth was
slowest, and colony diameter was the smallest (19.2 mm) when lactose
was used as carbon source. There was a significant difference between
the colony diameters of S. commune growing on soluble starch and
lactose, and the colony diameters of those growing on other carbon
sources were between the two (Figure 5A). Furthermore, the mycelial
growth of S. commune was the fastest, and its colony diameter was the
largest (51.6 mm) when yeast extract was used as the nitrogen source,
while the utilization effect of potassium nitrate was the lowest,
resulting in the smallest colony diameter (16.8 mm). There was no
significant difference in the colony diameter of S. commune grown on
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ammonium nitrate and urea, but there was a significant difference
between those growing on other nitrogen sources. The colony
diameters of S. commune growing on other nitrogen sources were
between those grown on yeast extract and potassium nitrate
(Figure 5B).

3.5 Effect of different temperature, pH
levels, relative humidity, and light
conditions on the growth of S. commune

Soluble starch 15.00 g, yeast extract 4.7 g, agar 18.0 g, 1,000 mL
distilled water. The average radial mycelial growth was measured at
each temperature after 4 days of incubation, and the results are
presented in Figure 6. At 30°C, the highest radial mycelial growth was
37.8 mm, and there were significant differences in colony diameter at
different temperatures. Higher temperatures favored the formation of
fruiting bodies, with 25°C being the most conducive to the production
of the fruiting bodies of S. commune (Figure 6A). At pH 7, the
maximum radial mycelial growth was 55.0 mm, while minimum
radial mycelial growth (34.0 mm) was recorded at pH 5, and the
mycelial growth rate at the other pH level was between the two
(Figure 6B). The growth of S. commune colonies was positively
correlated with the relative humidity of the environment; thus, the
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Effect of different carbon and nitrogen sources on the growth of S. commne.

(B) Effect of different nitrogen sources on the growth of S. commne.

(A) Effect of different carbon sources on the growth of S. commne.

greater the relative humidity, the better the colony growth. The colony
growth of S. commune was the best, and the mycelium growth was the
densest, with the largest colony diameter (57.0 mm) when the relative
humidity reached 100%; however, this humidity level was not
conducive to the growth of fruiting bodies. The colony growth was the
slowest, with the smallest colony diameter (22.0 mm) when the
relative humidity was 50%, but this humidity level was most conducive
to the growth of fruiting bodies. There was a significant difference in
the colony diameter of S. commune growing under 100 and 50%
humidity levels, and the colony diameter of those growing under other
relative humidity levels were between the two (Figure 6C).
Furthermore, continuous darkness of 24 h was the most suitable for
the growth of S. commune, resulting in the largest colony diameter
(41.1 mm). However, the growth of S. commune was the slowest under

Frontiers in Microbiology

full light conditions, which resulted in the smallest colony diameter
(22.2 mm). The colony diameter of S. commune under the alternating
dark and light conditions was between that under continuous darkness
and full light conditions, and there was a significant difference in the
diameter of each colony. The full light and alternating dark/light
conditions were beneficial to the growth of the fruiting bodies of
S. commune, while full darkness was beneficial to the growth of
mycelium (Figure 6D).

4 Discussion

S. commune is a facultative parasitic fungus which not only could
decay dead and fallen trees, but also could infect living trees, causing
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Effect of different temperatures (A), pH levels (B), relative humidity (C), and light conditions (D) on the growth and sporulation of S. commne.

white rot in the xylem and eventually causing tree death (Li, 1985;
Wang and Huo, 2006; Sun, 2019). S. commune infection rate is
significantly elevated in the wound and the primary rod, with decay
areas (Adaskaveg et al., 1993). The pathogen can cause white wood
decay (Mao, 2000), apple tree rot, and peach tree rot, with incidence
rates of up to 100%, and the longer the age of the tree, the higher the
incidence rate (Bergdahl and French, 1985; Zeng et al., 2008).
S. commune is drought-tolerant and light-loving with a wide range of
mycelial growth temperatures, reproduces rapidly, and contains a
highly active cellulase enzyme that reaches deep into the xylem, thus
greatly impacting the infested trees (Bergdahl and French, 1985). As
a “medicinal and food” crop, Lanzhou lily is rich in carbohydrates,
minerals, vitamins, proteins, and dietary fibre and thus has a high
nutritional value (Dai, 2005). After 9-year-old lily bulbs are dug from
the field, they are mostly subjected to low-temperature or cold storage,
and vacuum-packed after peeling off the decayed bulbs before sale;
however, when the temperature rises, even the vacuum-packed lily
bulbs cause become seriously decayed due to the amplification of the
pathogens they carry, therefore affecting their consumption (Shang
et al., 2014). It has been found that lily storage-phase diseases are
caused by various pathogens, with the most common being
E oxysporum, Rhizopus stolonifer, and Penicillium cyclopium, among
others (Liang, 2011; Gong et al., 2015). In this study, the identified
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fungal pathogen, S. commune could also cause bulb rot of lily by
wound infestation of Lanzhou lily bulbs, making it the first report of
S. commune as the causative agent of storage rot disease in Lanzhou
lilies in China.

The results showed that S. commune could slow growth in an
environment below 17°C optimum growth temperature was 30°C,
and the optimum relative humidity was 100%, indicating that the
storage disease of lily bulbs was more serious at higher temperatures
and higher humidity. Moreover, the best growth of the pathogen was
at pH 6.0 in total darkness, with starch as the carbon source, and the
growth was poorer in the medium containing nitrogen than in the
medium containing carbon. The results of this study are somewhat
different from a previous study on the decay pathogen, S. commune of
torrefied trees, which found that the fungus could grow at 15-35°C,
with 20-25°C as the optimal growth temperature range, and that
S. commune grew optimally when the carbon source was fructose
(Wang et al., 2009). However, our results were consistent with a study
by Liang et al. (2022) which reported that the optimum temperature
for the growth of E schizothoracinum, the causal agent of pepper tree
rot disease, was 30°C, but the results of the study on the optimum
growth relative humidity, pH, and carbon source were somewhat
different. There are many different research results on the optimal pH
range for the growth of Schizosaccharomyces pombe. Chen (1986)

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1489999
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Liang et al.

reported that the optimal pH range for the growth of S. pombe was
5.0-6.0, and its mycelial growth ceased at pH less than 5.0 and more
than 10.0. Moreover, Lu and Lu (2011) found that the optimum pH
range of the fungus was 4.5-5.5, with a humidity of 70% and a
temperature range of 8-34°C, and the optimum growth occurring at
the temperature range of 23-26°C. This indicated that different hosts
influence the optimum growth conditions of S. pombe and that the
cause of such differences might be related to the environmental
growth conditions of the host and host species.

In summary, S. commune. Was found to be the causative pathogen
of storage bulb rot of Lanzhou lilies in China. The pathogen was
identified through morphological characterisation, molecular
characterisation based on ITS and LSU sequences and pathogenicity
analysis. The optimal culture conditions of the pathogen were soluble
starch for the carbon source, ammonium sulphate for the nitrogen
source, 30°C, pH 7, relative humidity of 100%, and total darkness. To
our knowledge, this is the first report of S. commune as a causative
agent of storage rot disease in Lanzhou lilies in China. The results lay
the foundation for developing a safe and effective method of
disinfecting and treating lily storage cold rooms and for pre-treating
lily bulbs to prevent and control bulb rot disease caused by
S. commune. Thus, the study provides a basis for more effective disease
control strategies. However, in this study, only the morphological and
biological characteristics of S. commune were studied, but the
biological characteristics of F. oxysporum, A. alternata, B. cinerea, and
P, cyclopium Westl and the pathogenicity of these five pathogens alone
and combined infection lily bulbs need further research.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

QL: Conceptualization, Writing — original draft, Writing - review
& editing. LW: Conceptualization, Data curation, Writing — review &
editing. YC: Investigation, Methodology, Writing - original draft. BX:

References

Adaskaveg, J. E., Miller, R. W, and Gilbertson, R. L. (1993). Wood decay, lignicolous
fungi, and decline of peach trees in South Carolina. Plant Dis. ]. 77, 707-711. doi:
10.1094/PD-77-0707

Asjes, C.]. (2000). Control of aphid-borne lily symptomless virus and lily mottle virus
in lilium in the Netherlands. Virus Res. 71, 23-32. doi: 10.1016/S0168-1702(00)00185-4

Bergdahl, D. R, and French, D. W. (1985). Association of wood decay fungi with
decline and mortality of apple trees in Minnesota. Plant Dis. J. 69, 887-890. doi: 10.1094/
Phyto-74-785

Chen, G. L. (1986). Domestication and culture of Schizophyllum commune pombe.
Edible Fungi 2:8.

Dai, Y. C. (ed.). (2005). Map of decayed fungi of Chinese forest disease pathogens.
Beijing: Science Press, 81-82.

Dai, L., Singh, S. K., Gong, H., Tang, Y., Peng, Z., Zhang, J., et al. (2022).
Rhizospheric microbial consortium of lilium lancifolium thumb causes lily root rot
under continuous cropping system. Front. Microbiol. 13:981615. doi: 10.3389/
fmicb.2022.981615

Frontiers in Microbiology

10.3389/fmicb.2024.1489999

Data curation, Investigation, Software, Writing - original draft,
Writing - review & editing. NZ: Conceptualization, Methodology,
Software, Validation, Writing - original draft, Formal analysis, Writing
- review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the Gansu Province college industry support plan
project (2023CYZC-49); Major Science and Technology Project of
Gansu Province (No. 18ZD2NAO010); Subject construction fund
project of Gansu Agricultural University (No. GAU-XKJS-2018-155).
Biotechnology Project of Gansu Provincial Department of
Agriculture and Animal Husbandry (No. GNSW-2016-25), and
Project of Lanzhou Science and Technology Bureau (No. 2018-4-78).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmicb.2024.1489999/
full#supplementary-material

Fang, D., Chen, ], Yi, C, Li, Z.,, Guo, L., Wang, T., et al. (2021). First report of
Fusarium fujikuroi causing bulb rot on Lilium lancifolium in China. Plant Dis. 105:2254.
doi: 10.1094/PDIS-06-20-1197-PDN

Gong, H. L., Sun, A.J,, Li, X, Tang, G. G., Yuan, H. J., Feng, Z. P, et al. (2015). Identification

of the pathogen from stored Lanzhou lily bulb rot disease and biological characteristics. Sci.
Tech. Food Indust. 36, 97-102. doi: 10.13386/j.issn1002-0306.2015.20.011

Grassi, E., Robledo, G., and Levin, L. (2018). Influence of light on lignin-degrading
activities of fungal genus polyporus s. str. J. Basic Microbiol. 58, 947-956. doi: 10.1002/
jobm.201800183

Li, Z. L. (1985). Isolation, culture and biological characteristics of Schizophyllum. J.
Shanxi Univ. 4, 76-82. doi: 10.13451/j.cnki.shanxi.univ(nat.sci.).1985.04.012

Li, Y. Y., Wang, Y. ], Xie, Z. K., Wang, R. Y., Qiu, Y, Pan, H. Q, et al. (2013). First
report of lily blight and wilt caused by Fusarium tricinctum in China. Plant Dis. 97:993.
doi: 10.1094/PDIS-11-12-1010-PDN

Liang, X. D. (2011). Disease control technology of Lanzhou lily during storage. Agric.
Tech. Inform. 20, 29-30. doi: 10.15979/j.cnki.cn62-1057/5.2011.21.014

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1489999
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1489999/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1489999/full#supplementary-material
https://doi.org/10.1094/PD-77-0707
https://doi.org/10.1016/S0168-1702(00)00185-4
https://doi.org/10.1094/Phyto-74-785
https://doi.org/10.1094/Phyto-74-785
https://doi.org/10.3389/fmicb.2022.981615
https://doi.org/10.3389/fmicb.2022.981615
https://doi.org/10.1094/PDIS-06-20-1197-PDN
https://doi.org/10.13386/j.issn1002-0306.2015.20.011
https://doi.org/10.1002/jobm.201800183
https://doi.org/10.1002/jobm.201800183
https://doi.org/10.13451/j.cnki.shanxi.univ(nat.sci.).1985.04.012
https://doi.org/10.1094/PDIS-11-12-1010-PDN
https://doi.org/10.15979/j.cnki.cn62-1057/s.2011.21.014

Liang et al.

Liang, Q. L., Wei, L. X, Xu, B. L., and Wu, Q. (2022). Identification on pathogens of
Zanthoxylum bungeanum decay disease and screening of its biocontrol fungicides. Acta
Agric. Boreali-occidentalis Sinica 31, 1211-1221.

Liao, T. L., Luo, J. Y., Chen, L., Zhu, J., Li, B., and An, Q. L. (2023). Major diseases and
pathogens of tulip and lily and the methods for pathogen detection and identification.
Plant Prot. 49, 1-9.

Liu, C. Q, Wang, Y. Q, Jin, L., Wang, Y., and Liu, D. L. (2024). Morphological,
molecular, and biological characterization of bulb rot pathogens in stored Lanzhou lily
and the in vitro antifungal efficacy of three plant essential oils. Front. Microbiol.
15:1307966. doi: 10.3389/fmicb.2024.1307966

Lu, Z. M., and Lu, B. L. (2011). Characteristics and artificial cultivation techniques of
white ginseng fungus. Edible Med. Mushrooms 19, 49-50.

Mao, X. L. (ed.). (2000). The macro fungi in China. Zhengzhou: Henan Science
Press, 1-719.

O'Donnell, K., and Cigelnik, E. (1997). Two divergent intragenomic rDNA ITS2 types
within a monophyletic lineage of the fungus Fusarium are nonorthologous. Mol.
Phylogenet. Evol. 7, 103-116. doi: 10.1006/mpev.1996.0376

Raudaskoski, M., Kothe, E., Fowler, T. J., Jung, E. M., and Horton, J. S. (2012). Ras and
rho small G proteins: insights from the Schizophyllum commune genome sequence and
comparisons to other fungi. Biotechnol. Genet. Eng. Rev. 28, 61-100. doi: 10.5661/
bger-28-61

Shang, Q., Yang, G., Wang, Y., Wu, X., Zhao, X., Hao, H,, et al. (2016). Illumina-based
analysis of the rhizosphere microbial communities associated with healthy and wilted
Lanzhou lily (Lilium davidii var. unicolor) plants grown in the field. World J. Microbiol.
Biotechnol. 32:95. doi: 10.1007/s11274-016-2051-2

Frontiers in Microbiology

09

10.3389/fmicb.2024.1489999

Shang, Q. H., Zhao, X,, Li, Y. Y,, Xie, Z. K., and Wang, R. Y. (2014). First report of
Fusarium tricinctum causing stem and root rot on Lanzhou lily (Lilium davidii var.
unicolor) in China. Plant Dis. 98:999. doi: 10.1094/PDIS-11-13-1146-PDN

Song, X., Han, E, Ding, G., Xiao, Z., and Li, L. (2022). First report of stem rot of

Scrophularia ningpoensis caused by Fusarium commune in China. Plant Dis. 107:1625.
doi: 10.1094/PDIS-09-21-1896-PDN

Sun, Y. M. (2019). Occurrence regularity and control technology of Schizophyllum
commune in Walnut. Shanxi For. Sci. Tech. 48, 1-2.

Sun, L., Deng, L. G, Fan, J. Q,, Xiang, W, Chen, Q. D., He, Q,, et al. (2024). First report
of Fusarium commune causing bulb rot on lily (Lilium brownii var. Viridulum baker) in
Hunan Province of China. Plant Dis. 108:2220. doi: 10.1094/PDIS-12-23-2588-PDN

Wang, L. L., Gao, G. P, Zhang, W., Zhang, H. Y., Wei, Z. H., Xin, W,, et al. (2009). Study
on biological characteristics of Schizophyllum commune. Liaoning For. Sci. Tech. 6, 15-17.

Wang, Z., and Huo, Y. E (2006). Advanced in Schizophyllum commune and
Schizophyllian polysaccharose. J. Microbiol. 26, 73-76.

Wu, Z., Hao, Z., Zeng, Y., Guo, L., Huang, L., and Chen, B. (2015). Molecular
characterization of microbial communities in the rhizosphere soils and roots of diseased
and healthy panax notoginseng. Antonie Van Leeuwenhoek 108, 1059-1074. doi:
10.1007/s10482-015-0560-x

Zeng, X. W,, Cui, B. K, Xu, M. Q,, Pu, C. G,, and Liu, H. J. (2008). Wood-decaying
fungi on timber or wooden construction in China (II). For. Res. 21, 783-791. doi:
10.3321/j.issn:1001-1498.2008.06.009

Zhou, L., Wang, Y., Xie, Z., Zhang, Y., Malhi, S. S., Guo, Z., et al. (2018). Effects of lily/

maize intercropping on rhizosphere microbial community and yield of Lilium davidii
var. unicolor. J. Basic Microbiol. 58, 892-901. doi: 10.1002/jobm.201800163

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1489999
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.3389/fmicb.2024.1307966
https://doi.org/10.1006/mpev.1996.0376
https://doi.org/10.5661/bger-28-61
https://doi.org/10.5661/bger-28-61
https://doi.org/10.1007/s11274-016-2051-2
https://doi.org/10.1094/PDIS-11-13-1146-PDN
https://doi.org/10.1094/PDIS-09-21-1896-PDN
https://doi.org/10.1094/PDIS-12-23-2588-PDN
https://doi.org/10.1007/s10482-015-0560-x
https://doi.org/10.3321/j.issn:1001-1498.2008.06.009
https://doi.org/10.1002/jobm.201800163

	Morphological and molecular identification of Schizophyllum commune causing storage bulb rot disease of Lanzhou edible lily in China and its biological characteristics
	1 Introduction
	2 Materials and methods
	2.1 Plant material
	2.2 Isolation and purification of the pathogen
	2.3 Pathogenicity determination
	2.4 Identification of the pathogen
	2.5 Effect of different carbon and nitrogen sources on the growth of the pathogen
	2.6 Effect of different temperatures, pH levels, relative humidity, and light conditions on the growth of the pathogen
	2.7 Data analysis

	3 Results
	3.1 Isolation and pathogenicity analysis of the fungus
	3.2 Morphological identification of the fungus causing lily bulb rot disease
	3.3 Molecular identification of the fungus causing lily bulb rot disease
	3.4 Effect of different carbon and nitrogen sources on the growth of S. commune
	3.5 Effect of different temperature, pH levels, relative humidity, and light conditions on the growth of S. commune

	4 Discussion

	References

