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Abstract

The genus Paris is a crucial medicinal herb, widely cultivated in East Asia and Europe. In 2017 a novel Colletotrichum spe-
cies was isolated from leaf lesions with grey mould of Paris polyphylla var. chinensis in Sichuan Province of China. Through 
single-spore technique, four isolates were obtained for characterization. Phylogeny inferred from multi-locus sequences of 
ITS, gapdh, act, tub2, chs-1, and his3, showed that these isolates represented a novel sister species to C. jinshuiense within 
the C. dematium complex. Morphologically, this new species produces larger conidia than those of C. jinshuiense and cul-
tures on PDA show a noticeable pink ring. Tests showed that this species had no pathogenicity to the host plants. Based on 
phylogenetic, morphological, and pathogenicity data, we propose the name C. paridis sp. nov. for this new endophyte from 
P. polyphylla in China.
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Introduction

The genus Paris includes about 27 species that are perennial herbs of the family Liliaceae, mainly distributed in East 
Asia and Europe (Cunningham et al. 2018, Thakur et al. 2023, Shah et al. 2012). Of these, P. polyphylla, also called 
“Chonglou” in Chinese, is well known for its anti-inflammatory and hemostatic activity, resulting in huge demand 
mostly from Chinese and Indian industries (Thakur et al. 2023). Many fungal species have been reported as endophytes 
or pathogens of P. polyphylla, such as Aspergillus fumigatus, Alternaria spp., Pichia guilliermondii, Fusarium solani, 
Colletotrichum fructicola, and Setophoma terrestris (Li et al. 2008, Fu et al. 2018, 2019b, Zhao et al. 2010, Su et al. 
2023, Zhou et al. 2020, Zhang et al. 2022). Moreover, several novel species of fungi have been described from the 
genus Paris, i.e., Botrytis polyphyllae, Cercospora paridis, Passalora paridis, Septoria paridis, Urocystis paridis (Farr 
et al. 2021). 

The genus Colletotrichum includes numerous plant endophytes, pathogens, and saprobes with a worldwide 
distribution, that have been classified into at least 15 species complexes and various singletons (Damm et al. 2009, 
Cannon et al. 2012, Liu et al. 2022). Accurate identification of the Colletotrichum species is vital for biodiversity, 
evolutionary history, and for control of plant diseases (Liu et al. 2022). Due to the lack of reliable morphological 
characters (Cai et al. 2009), the phylogenetic relationships of multiple loci have become essential for species 
identification within Colletotrichum (Hyde et al. 2016, 2020, Li et al. 2016, Jayawardena et al. 2017, Tibpromma et 
al. 2017).

To date, six loci, ITS, gapdh, act, tub2, chs-1, and his3, have been used for species delimitation in the C. dematium 
complex (Damm et al. 2009, Fu et al. 2019a, Lee & Jung 2018, Yuan et al. 2020). For instance, C. hemerocallidis, 
C. eryngiicola, and C. zhejiangense have been introduced as new species within the C. dematium complex based on 
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phylogenetic analyses of these six loci and morphological features (Liu et al. 2022, Yang et al. 2012, Buyck et al. 
2017). These data provide a solid foundation for the accurate identification of the new species in this study.

During a survey on fungal diseases from P. polyphylla var. chinensis in the Beichuan Qiang Autonomous County, 
Sichuan Province, an unidentified Colletotrichum species was isolated from leaves with grey mould (Zhong et al. 2019, 
Fu et al. 2021). Therefore, the current study was conducted to identify this new species based on both morphology and 
multilocus phylogeny, and to determine any pathogenicity towards the host leaves in vitro.

Materials and methods

Fungal isolation
Sixteen fresh samples of leaves with grey mould from ten plants of Paris polyphylla var. chinensis were collected from 
a cultivated field in Beichuan Qiang Autonomous County, Sichuan Province, China (31.8494°N, 104.3986°E, 1135m 
elevation) in 2017 (Fig. 1a,b). For isolation, 1 × 0.5 cm sections were cut from the margin of leaf lesions, surface-
sterilized in 75% ethanol for 40s, washed 3 times with sterile water, then placed on sterile filter paper to air dry before 
transferring to potato dextrose agar (PDA) plates. After 2 to 5 days, fungal hyphae that grew on these plates were 
transferred to fresh PDA plates.

FIGURE 1. a. The collection of samples. b. Paris polyphylla with grey mould where C. paridis was isolated from. c. No symptoms on 
inoculated leaves. d, e. Culture of C. paridis on PDA after 5 days (d, upper; e, reverse).

Morphological and cultural characterization
Colony characters (diameters, colours, etc.) on PDA at 25 °C in darkness were recorded at days 5, 10 and 14. Colony 
diameters were measured at day 5 to calculate mycelial growth rates (mm/d). PDA plugs (7 mm diam) with fresh 
mycelia were transferred to PDA and synthetic nutrient-poor agar (SNA) plates, and incubated under near-ultraviolet 
(UV) light for about 10 days to produce the asexual morph (conidia, setae, etc.). Appressoria were produced using a 
slide culture technique, in which 10 mm2 plugs of PDA were placed in an empty Petri dish, and a sterile cover slip 
was placed over the agar (Cai et al. 2009). After five days, the formation of appressoria was observed on the cover 
slip. Micro-morphological features were observed using an Olympus BX63 microscope (Japan) and the sizes of each 
morphological structure were measured. All data in this study were analyzed using IBM SPSS Statistics v.22.
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Scanning electron microscopy
Sporulation of the fungus was observed using a microscope (Olympus BX63, Japan) and a 5 mm2 segment of colony 
on PDA was selected from an area of spore production. The sample was immersed in 2.5% glutaraldehyde fixative 
for 30 minutes, after which it was rinsed five times with 10× PBS buffer, each for a period of 10 minutes. A graded 
series of ethanol was employed to dehydrate the specimens for 15 minutes each in 60%, 70%, 80% and 90% ethanol, 
followed by two additional dehydration periods in 100% ethanol, each lasting 20 minutes. Subsequently, the sample 
was immersed in 100% tert-Butanol solution for 40 minutes, with each immersion lasting 20 minutes. Following this, 
the sample was placed into a freeze-drier (Scientz-12N/A, China) for 24 hours. The dried sample was mounted on 
aluminium stubs with double-sided copper tape and coated with gold on a coater (DII-29030SCTR, Japan). The sample 
was observed and photographed with a scanning electron microscope (JSM-IT200(LA), Japan) at the accelerating 
voltage of 5-15 kV.

dnA extraction, amplification and sequencing
The isolates were cultured on PDA at 25 °C for 5 days in darkness, before the marginal mycelia of the colonies were 
scraped off with a sterile scalpel. Total DNA was extracted using an Omega Fungal DNA Extraction Kit (Georgia, 
USA). The ITS, gapdh, act, tub2, chs-1, and his3 sequences were amplified using the primer pairs ITS1/ITS4 (White 
et al. 1990), GDF1/GDR1 (Guerber et al. 2003), ACT-512F/ACT-783R (Carbone & Kohn 1999), T1/Bt2b (Glass 
& Donaldson 1995, O’Donnell & Cigelnik 1997), CHS-79F/CHS-345R (Carbone & Kohn 1999), and CYLH3F/
CYLH3R (Crous et al. 2004), respectively. Sequencing was performed by Tsingke Biological Technology Co. 
(Chengdu, China).

Phylogenetic analysis
BLAST analyses of each gene in NCBI (http://blast.ncbi.nlm.nih.gov/) to find species matches and similarities. These 
similar and reported sequences of representative isolates were collected from GenBank. Phylogenetic trees were 
constructed as previously explained (Xue et al. 2023). Briefly, the sequences of each gene were aligned with MAFFT 
v.7 (Katoh & Standley 2013) and manually adjusted by MEGA v.6 (Tamura et al. 2013); the six loci alignments were 
then combined with SequenceMatrix 1.8 (Vaidya et al. 2011); the Bayesian inference (BI) and randomized axelerated 
maximum likelihood (RAxML) analyses were performed using both MrBayes v.3.2.6 (Ronquist et al. 2012) and 
raxmlGUI v.2.0 (Edler et al. 2021), respectively. The RAxML analyses were based on 1,000 replicates. For BI analysis, 
the best-fit nucleotide substitution models of each gene were assessed by MrModeltest v.2.3 (Nylander 2004); analyses 
of MCMC chains based on the full dataset were run for two million generations and sampled every 100 generations; 
the first 25% of the generations were discarded as burn-in. Only the RAxML tree of the combined dataset is shown 
in this study. Bootstrap values for RAxML higher than 50% and Bayesian posterior probabilities (BP) surpassing 0.9 
are given at the nodes (RAxML/BP). The single-locus trees of each gene in both BI and RAxML analyses were also 
compared by the same methods.

Pathogenicity tests
Young, healthy and consistent leaves were obtained from 2-year-old P. polyphylla var. chinensis plants in the cultivated 
field. Conidial suspensions of single-spore isolates were adjusted to a concentration of around 1×106 conidia/ml in 
sterile water with 0.01% (vol/vol) Tween 80. PDA plugs (4 mm diam.) were taken from the edge of fresh colonies. 
For each isolate, six detached leaves were inoculated with a 20 µl conidial suspension, and another six leaves were 
inoculated with the PDA plugs. Another set of six leaves were inoculated with sterile water containing Tween 80 or 
with PDA plugs without the fungus were used as controls. Inoculated leaves were transferred to an enamelware tray 
and each tray was then covered with transparent plastic films to maintain high relative humidity in a greenhouse at 16–
25 ℃. Pathogenicity assays were performed four times as described above. Five days after inoculation, the diameters 
of leaf lesions were measured to evaluate virulence.

Results

Isolation and preservation of Colletotrichum 
In total, 47 fungal strains were isolated from leaves with grey mould, and preliminarily identified by ITS sequence. 
Of these, two isolates were of Colletotrichum, 32 of Botrytis, 3 of Pythium, and 10 other fungal isolates. Only the two 
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isolates of Colletotrichum were systematically studied, and their cultural characteristics on PDA and ITS sequences 
were consistent.

Four single-spore cultures (BCTJB1–4) were finally obtained from the above Colletotrichum isolates by the 
single-spore technique and were kept in a refrigerator (4 ℃) for several months. Of these cultures, holotype BCTJB1 
(=GMCC000018, CGMCC 3.19921, ACCC 35519) was deposited in three microbiological culture collection centers. 
CGMCC is China General Microbiological Culture Collection Center (https://cgmcc.net), GMCC is Grassland 
Microbiome Culture Collection (https://gmcc.lzu.edu.cn/login) and ACCC is Agricultural Culture Collection of China 
(http://www.accc.org.cn), 

Phylogenetic analysis
The sequences of all six loci of the four single-spore isolates generated in this study were deposited in GenBank 
[the ITS sequences of pure isolates of the other genera were also submitted to NCBI: Botrytis spp. (MF614072 to 
MF614075) and Pythium sp. (PP218425)]. BLAST analyses of each gene showed that the four isolates belonged to 
the C. dematium complex. The corresponding sequences of another 35 reported isolates in the C. dematium complex 
were acquired (Table 1). After processing, the combined dataset comprised 2158 characters (518 for ITS, 249 for 
gadph, 512 for tub2, 248 for act, 239 for chs-1, and 392 for his3, including alignment gaps). For BI analysis, the 
best-fit models were determined: K80+I+G for ITS; HKY+I for act; K80+G for gapdh; GTR+G for tub2; SYM+G 
for chs-1; GTR+I+G for his3. The tree generated from both RAxML and BI analyses of the combined dataset (Fig. 
2) showed the four isolates did not cluster well with any other species of the C. dematium complex, but formed a 
monophyletic clade well-supported by RAxML/BP value (100/1). In addition, phylogeny inferred from single loci 
demonstrated that this new species was also distinguished from other species of the C. dematium complex by gapdh, 
with highly supported subclades (99/1). Ultimately, the combined alignment and its corresponding tree were deposited 
in TreeBASE (Submission ID: 30907).

TABLE 1. Sources of Colletotrichum strains and GenBank accession numbers of isolates used in this study.

Species Strain
GenBank accession number

ITS act gapdh tub2 chs-1 his3

C. anthrisci CBS 125334* GU227845 GU227943 GU228237 GU228139 GU228335 GU228041

C. anthrisci CBS 125335 GU227846 GU227944 GU228238 GU228140 GU228336 GU228042

C. circinans CBS 221.81* GU227855 GU227953 GU228247 GU228149 GU228345 GU228051

C. dematium CBS 125.25* GU227819 GU227917 GU228211 GU228113 GU228309 GU228015

C. dematium CBS 125340 GU227820 GU227918 GU228212 GU228114 GU228310 GU228016

C. dematium CBS 123728 GU227822 GU227920 GU228214 GU228116 GU22831 GU228018

C. dematium CBS 115524 GU227826 GU227924 GU228218 GU228120 GU228316 GU228022

C. dematium IMI 350847 GU227825 GU227923 GU228217 GU228119 GU228315 GU228021

C. eryngiicola MFLUCC 17-0318* KY792726 KY792717 KY792723 KY792729 KY792720 …

C. fructi CBS 346.37* GU227844 GU227942 GU228236 GU228138 GU228334 GU228040

C. hemerocallidis CBS 130624* JQ400005 JQ399991 JQ400012 JQ400019 JQ399998 …

C. insertae MFLU 15-1895 KX618686 KX618682 KX618684 KX618685 KX618683 …

C. jinshuiense PAFQ26* MG748077 MG747767 MG747995 MG748157 MG747913 …

C. jinshuiense PAFQ26a MG874830 MG874807 MG874822 MG874838 MG874814 …

C. jinshuiense PAFQ26b MG874831 MG874808 MG874823 MG874839 MG874815 …

C. jinshuiense PAFQ26c MG874832 … MG874824 MG874840 MG874816 …

......continued on the next page
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TABLE 1. (Continued)

Species Strain
GenBank accession number

ITS act gapdh tub2 chs-1 his3

C. jinshuiense PAFQ26d MG874833 MG874809 MG874825 MG874841 MG874817 …

C. jinshuiense KCTC 46679* LC324781 LC324785 LC324787 LC324791 LC324783 LC324789

C. jinshuiense KCTC 46680 LC324782 LC324786 LC324788 LC324792 LC324784 LC324790

C. jinshuiense LC8509 MZ595860 MZ664158 MZ664123 MZ673981 MZ799341 MZ673880

C. jinshuiense EsH8 MW440484 MW676252 MW676256 MW676254 MW676258 …

C. jinshuiense EsH11 MW440485 MW676253 MW676257 MW676255 MW676259 …

C. lineola CBS 125337* GU227829 GU227927 GU228221 GU228123 GU228319 GU228025

C. lineola CBS 125339 GU227830 GU227928 GU228222 GU228124 GU228320 GU228026

C. lineola CBS 125332 GU227831 GU227929 GU228223 GU228125 GU228321 GU228027

C. menispermi MFLU 14-0625* KU242357 KU242353 KU242356 KU242354 KU242355 …

C. orchidis MFLUCC 17-1302* MK502144 MK496854 MK496858 MK496860 MK496856 …

C. paridis 

BCTJB1*
= GMCC000018, 
ACCC 35519, 
CGMCC 3.19921

MF775292 MF775300 MF775312 MF775304 MF775316 MF775320

C. paridis BCTJB2 MF775293 MF775301 MF775313 MF775305 MF775317 MF775321

C. paridis BCTJB3 MF775294 MF775302 MF775314 MF775306 MF775318 MF775322

C. paridis BCTJB4 MF775295 MF775303 MF775315 MF775307 MF775319 MF775323

C. 
parthenocissicola

MFLUCC 17-1098* MK629452 MK639358 MK639362 MK639360 MK639356 …

C. quinquefoliae MFLU 14-0626* KU236391 KU236389 KU236390 KU236392 … …

C. sambucicola MFLUCC16-1388* KY098781 KY098778 KY098780 KY098782 KY098779 …

C. sedi MFLUCC14-1002* KM974758 KM974756 KM974755 KM974757 KM974754 …

C. sonchicola MFLUCC17-1299* KY962757 KY962748 KY962754 … KY962751 …

C. spinaciae CBS 128.57 GU227847 GU227945 GU228239 GU228141 … …

Colletotrichum sp. CGMCC 3.15172 HM751816 KC843547 KC843522 KC244162 GU228337 GU228043

C. zhejiangense NN076215 MZ595912 MZ664210 MZ664124 MZ674030 MZ799342 MZ673932

Outgroup

C. chlorophyti IMI 103806* GU227894 GU227992 GU228286 GU228188 GU228384 GU228090

Note: ACCC, Agricultural Culture Collection of China; CBS, Culture collection of the Centraalbureau voor Schimmelcultures; CGMCC, 
China General Microbiological Culture Collection Center; GMCC, Grassland Microbiome Culture Collection; IMI International 
Mycological Institute; KCTC, Korean Collection for Type Cultures; MFLU, Herbarium of Mae Fah Luang University; MFLUCC, Mae 
Fah Luang University Culture Collection; Sequences generated in this study are indicated in bold; ex-type strains are marked with an 
asterisk (*); …, absent.

Pathogenicity
Five days after inoculation, both conidial suspensions and PDA plugs of BCTJB1–4 caused no symptoms on detached 
leaves of P. polyphylla var. chinensis (Fig. 1c). 
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FIGURE 2. Phylogenetic tree generated from randomized axelerated maximum likelihood (RAxML) analysis based on the combined 
ITS, gapdh, act, tub2, chs-1 and his3 alignment of isolates from C. dematium complex. Bootstrap values for RAxML higher than 50% 
and Bayesian posterior probabilities (BP) higher than 0.9 are given at the nodes (RAxML/BP). Colletotrichum chlorophyti IMI 103806 is 
outgroup. Ex-type or holotype specimens are marked with an asterisk (*).

Taxonomy

Colletotrichum paridis L.H. Xue, H.W. Cui & X.K. Wei, sp. nov. Figs 1d,e, 3.
Mycobank no. MB 850803

Type:—CHINA. Sichuan Province: Beichuan Qiang Autonomous County; 31.8494°N, 104.3986°E, 1135m elevation, 
isolated from leaf lesions with grey mould of cultivated Paris polyphylla var. chinensis, 2017, L.H. Xue. Holotype 



CoLLEToTRICHUM PARIdIS SP. nov. Phytotaxa 653 (2) © 2024 Magnolia Press   •   181

GMCC000018, stored in a metabolically inactive state; ex-type living culture BCTJB1 (= GMCC000018, CGMCC 
3.19921, ACCC 35519). GenBank: MF775292 (ITS); MF775312 (gapdh); MF775300 (act); MF775304 (tub2); 
MF775316 (chs-1); MF775320 (his3).

Etymology:—Named after the host genus from which it was isolated, Paris.
Diagnosis:—Phylogenetically, C. paridis differs (by 6 bp or more) in gapdh sequence from other species within 

the C. dematium complex.
Description:—Endophytic on leaves of P. polyphylla var. chinensis. Asexual morph on PDA. Setae dark brown 

to black, smooth-walled, cylindrical to conical, tip acute or rounded, 1–4-septate, 51–193 μm (mean±SD=110±35 μm) 
long. Conidiophores hyaline to light brown, smooth-walled, septate. Conidia solitary, hyaline, curved or falcate, apex 
narrow and acute, base subtruncate, with many guttules, 21.7–31.7 × 3.7–5.5 μm (mean±SD = 24.9±2.3 × 4.6±0.5 μm; 
n = 50), length/width (L/W) ratio=5.4. Appressoria light brown, smooth-walled, ellipsoidal to irregular, sometimes 
slightly lobed, 6.2–13.5 × 4.7–11.1 μm (mean±SD = 10.2±1.7 × 6.5±1.7 μm; n = 26), length/width (L/W) ratio = 1.6. 
Sexual morph: undetermined. 

Asexual morph on SNA. Conidia solitary, hyaline, curved, apex acute, base subtruncate, with many guttules, 
24.3–30.8 × 4.2–5.7 μm (mean±SD = 27.5±1.6 × 4.7±0.3 μm; n = 50), length/width (L/W) ratio = 5.9.

Colonies on PDA flat with entire margin, aerial mycelium dense, cottony, surface reddish-brown to black with 
white to pink margin; reverse black with white to pink margin; mycelial growth rate 5.8–6.0 mm/d.

Additional material examined:—CHINA. Sichuan Province: Beichuan Qiang Autonomous County, 31.8494°N, 
104.3986°E, 1135m elevation, from grey mould of P. polyphylla var. chinensis, 2017, L.H. Xue, living cultures BCTJB2 
(ITS accession no. MF775293), BCTJB3 ((ITS: MF775294), and BCTJB4 (ITS: MF775295).

Notes:—Phylogenetically, this species is a sister group to both C. jinshuiense and Colletotrichum sp. isolate 
CGMCC 3.15172, but it differs at 9–18 positions from reported isolates of these two related species (Table 2). 
Morphologically, C. paridis produces larger conidia on SNA than those of C. jinshuiense (av. 27.5 × 4.7 vs. 24 × 4 µm) 
(Lee & Jung 2018). In addition, cultures of C. paridis on PDA show a noticeable pink ring, and have slightly faster 
mycelial growth rate (5.8–6 vs. 3.3–5.8 mm/d) (Table 3).

TABLE 2. Different nucleotide bases between Colletotrichum paridis, C. jinshuiense and Colletotrichum sp. strain CGMCC 
3.15172 at different gene loci.
Base (bp)
Species Strain ITS act gapdh tub2 chs-1 his3 Summary Literature cited

C. paridis BCTJB1* Check Check Check Check Check Check Check This study
C. paridis BCTJB2 0 0 0 0 0 0 0 This study
C. paridis BCTJB3 0 0 0 0 1 0 1 This study
C. paridis BCTJB4 0 0 0 0 1 0 1 This study
C. jinshuiense PAFQ26* 0 2 (2gaps) 6 0 3 … 11 (Fu et al. 2019a)
C. jinshuiense PAFQ26a 0 1 (1gap) 6 0 3 (1gap) … 10 (Fu et al. 2019a)
C. jinshuiense PAFQ26b 0 1 (1gap) 6 0 3 (1gap) … 10 (Fu et al. 2019a)
C. jinshuiense PAFQ26c 0 … 6 0 3 (1gap) … 9 (Fu et al. 2019a)
C. jinshuiense PAFQ26d 0 1 (1gap) 6 0 3 … 10 (Fu et al. 2019a)
C. jinshuiense KCTC 

46679* 0 0 8 (1gap) 4 4 2 18 (Lee & Jung 2018)

C. jinshuiense KCTC 46680 0 0 8 (1gap) 4 4 2 18 (Lee & Jung 2018)
C. jinshuiense LC8509 0 0 7 3 4 2 16 (Liu et al. 2022)
C. jinshuiense EsH8 0 0 8 3 1 … 12 (Wang et al. 2023)
C. jinshuiense EsH11 1 (1gap) 0 7 2 1 … 11 (Wang et al. 2023)
Colletotrichum 
sp.

CGMCC 
3.15172 0 0 9 (2gaps) 4 

(1gap) … … 13 (Tao et al. 2013)

Note: Sequences generated in this study are indicated in bold; ex-type strains are marked with an asterisk (*); …, absent.
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TABLE 3. Morphological characteristics of Colletotrichum paridis compared with C. jinshuiense.

Species Strain (Host)

Colony characters on PDA Conidia Appressoria Setae

Colonial 
morphology

Growth 
rate 
(mm/d)

Size (μm);
L/W ratio Shape Size (μm);

L/W ratio Shape Septate Length 
(μm)

C. 
jinshuiense

PAFQ26*
PAFQ26a-d
(Pyrus 
pyrifolia)

Surface pale 
grey-black with 
white margin; 
reverse black to 
dark grey-green 
in center with 
white margin

28 ℃:
5.6–5.7

on host: 
24.4–27.1 × 
4; 6.1–6.8

Curved,
apex acute

10.7 × 6; 
1.8

Ellipsoidal 
to clavate 1–4 59–363

C. 
jinshuiense
(= C. 
kakivorum)

KCTC 
46679*,
KCTC 46680
(Diospyrus 
kaki)

Surface grey-
olivaceous; 
reverse 
olivaceous-grey 
with smoke-
grey concentric 
rings

25 ℃ :
3.3–3.5

on SNA:
24 × 4; 6.0

Curved,
apex acute

10.9 × 4.7; 
2.3

Clavate or 
ellipsoidal 
to slightly 
lobed

3–6 77–125

C. 
jinshuiense

EsH8, EsH11
(Coptis 
chinensis)

Surface 
white to pale 
grey; reverse 
yellowish to 
olive

25 ℃:
5.6–5.8

on host:
25.4 × 4.5; 
5.6

Curved,
apex acute

8.3 × 7.6; 
1.1

Globose or 
obovoid 1–3 78–134

C. paridis

BCTJB1*,
BCTJB2–4
(Paris 
polyphylla)

Surface 
reddish-brown 
to black with a 
noticeable pink 
ring; reverse 
black with white 
to pink margin

25 ℃:
5.8–6

on PDA:
24.9 × 4.6; 
5.4 Curved,

apex acute
10.2 × 6.5; 
1.6

Ellipsoidal 
to irregular 1–4 51–193

on SNA: 
27.5 × 4.7; 
5.9 

Note: The new species in this study are indicated in bold; ex-type strains are marked with an asterisk (*).

Discussion

Colletotrichum species were isolated from Paris quadrifolia in Poland (Mulenko et al. 2008). Recently, C. fructicola 
and C. spaethianum were reported as pathogens on P. polyphylla in China (Zhou et al. 2020, Zhong et al. 2020). In the 
present study, C. paridis is introduced as a new species isolated from Paris and identified by a polyphasic approach 
combining colony features, morphology, and phylogenetic analyses of multi-locus sequences. Phylogenetically, C. 
paridis is most closely related to C. jinshuiense and Colletotrichum sp. isolate CGMCC 3.15172, but has notable 
differences in gapdh sequence. Morphologically, C. paridis and C. jinshuiense could be distinguished by cultural and 
conidial features. Unfortunately, morphology features were not given for isolate CGMCC 3.15172 (Tao et al. 2013).

Colletotrichum jinshuiense was first isolated from leaves of Pyrus pyrifolia in 2016, and described as a new 
species causing anthracnose disease of this host in China (Fu et al. 2019a). C. kakivorum, which was described as 
a new species causing leaf spots on diospyros kaki in Korea (Lee & Jung 2018) was later synonymysed with C. 
jinshuiense (Liu et al. 2022). Most recently, C. jinshuiense was reported to cause anthracnose of Coptis chinensis in 
China (Wang et al. 2023). Isolate CGMCC 3.15172 was reported as an endophyte of Bletilla ochracea in China (Tao 
et al. 2013). 

Endophytic Colletotrichum species have potential as biological control agents of plant diseases. For example, 
an endophytic isolate of C. gloeosporioides (6174) significantly decreased pod loss of Theobroma cacao caused by 
Phytophthora palmivora in both greenhouse experiments and field trials (Mejía et al. 2008). Also, grey mould infections 
of P. polyphylla caused by Botrytis cinerea were significantly reduced by Paenibacillus terrae PY8 (Tang et al. 2022). 
Normally, grey mould on P. polyphylla is a common disease in southwest China, resulting in up to 50% mortality 
(Zhong et al. 2019, Fu et al. 2021). Therefore, it is suggested that studies on the inhibitory activity and control efficacy 
of C. paridis against pathogens, especially against grey mould of P. polyphylla should be evaluated.
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FIGURE 3. Colletotrichum paridis (GMCC000018, holotype). a–g. Appressoria. h, i. Setae. j–l. Conidiophores and conidia. m, n. 
Scanning electron micrographs of (m) a conidium and (n) setae. o, p. Conidia.

Acknowledgements

The authors extend their sincere appreciation to the Fundamental Research Funds for the Central Universities (lzujbky-
2022-kb02, lzujbky-2023-49), Lanzhou University “Double First-Class” guiding special project-team construction 
fund-scientific research start-up fee standard (561120201), the Science and Technology Plan of Gansu Province 
(23JRRA1058), and the Major Science and Technology Project of Qinghai Province (2021-SF-A4). 

References 

Buyck, B., Duhem, B., Das, K., Jayawardena, R.S., Niveiro, N., Pereira, O.L., Bulgakov, T.S., Castaneda-ruiz, R.F., Hembrom, M.E., 
Hyde, K.D., Lewis, D.P., Michlig, A., Nuytinck, J., Parihar, A., Popoff, O.F., Ramirez, N.A., Silva, M.D., Verma, R.K. & Hofstetter, 
V. (2017) Fungal biodiversity profiles 21–30. Cryptogamie Mycologie 38: 101–146.

 https://doi.org/10.7872/crym/v38.iss1.2017.101
Cai, L., Hyde, K.D., Taylor, P.W.J., Weir, B.S., Waller, J.M., Abang, M.M., Zhang, J.Z., Yang, Y.L., Phoulivong, S., Liu, Z.Y., Prihastuti, 

H., Shivas, R.G., McKenzie, E.H.C. & Johnston, P.R. (2009) A polyphasic approach for studying Colletotrichum. Fungal diversity 
39: 183–204.



CUI ET AL.184   •   Phytotaxa 653 (2) © 2024 Magnolia Press

Cannon, P.F., Damm, U., Johnston, P.R. & Weir, B.S. (2012) Colletotrichum–current status and future directions. Studies in Mycology 73: 
181–213.

 https://doi.org/10.3114/sim0014
Carbone, I. & Kohn, L.M. (1999) A method for designing primer sets for speciation studies in filamentous ascomycetes. Mycologia 91: 

553–556.
 https://doi.org/10.2307/3761358
Crous, P.W., Groenewald, J.Z., Risède, J.M., Simoneau, P. & Hywel-Jones, N.L. (2004) Calonectria species and their Cylindrocladium 

anamorphs: species with sphaeropedunculate vesicles. Studies in Mycology 50: 415–430. 
 https://doi.org/10.3114/sim.55.1.213
Cunningham, A.B., Brinckmann, J.A., Bi, Y.F., Pei, S.J., Schippmann, U. & Lou, P. (2018) Paris in the spring: a review of the 

trade, conservation and opportunities in the shift from wild harvest to cultivation of Paris polyphylla (Trilliaceae). Journal of 
Ethnopharmacology 222: 208–216.

 https://doi.org/10.1016/j.jep.2018.04.048
Damm, U., Woudenberg, J.H.C., Cannon, P.F. & Crous, P.W. (2009) Colletotrichum species with curved conidia from herbaceous hosts. 

Fungal diversity 39: 45–87.
Edler, D., Klein, J., Antonelli, A. & Silvestro, D. (2021) raxmlGUI 2.0: a graphical interface and toolkit for phylogenetic analyses using 

RAxML. Methods in Ecology and Evolution 12: 373–377.
 https://doi.org/10.1111/2041-210X.13512
Farr, D.F., Rossman, A.Y. & Castlebury, L.A. (2021) United States National Fungus Collections Fungus-Host Dataset. Ag data 

Commons.
 https://doi.org/10.15482/USDA.ADC/1524414
Fu, R.T., Lu, D.H., Ke, Y.X., Wang, J., Chen, C. & Gong, X.S. (2018) First report of leaf spot caused by Alternaria alternata on Paris 

polyphylla var. chinensis in China. Plant disease 102: 1032.
 https://doi.org/10.1094/PDIS-11-17-1714-PDN
Fu, M., Crous, P.W., Bai, Q., Zhang, P.F., Xiang, J., Guo, Y.S., Zhao, F.F., Yang, M.M., Hong, N., Xu, W.X. & Wang, G.P. (2019a) 

Colletotrichum species associated with anthracnose of Pyrus spp. in China. Persoonia 42: 1–35. 
 https://doi.org/10.3767/persoonia.2019.42.01
Fu, R., Chen, C., Wang, J., Ke, Y. & Lu, D. (2019b) Identification of Alternaria tenuissima causing brown leaf spot on Paris polyphylla 

var. chinensis in China. Journal of Phytopathology 167: 440–444.
 https://doi.org/10.1111/jph.12815
Fu, R., Wang, J., Chen, C., Ke, Y., Chen, X. & Lu, D. (2021) Fungal disease survey and pathogen identification on Paris polyphylla var. 

chinensis in Sichuan. Molecular Plant Breeding 19: 209–217.
 https://doi.org/10.13271/j.mpb.019.000209
Glass, N.L. & Donaldson, G.C. (1995) Development of primer sets designed for use with PCR to amplify conserved genes from filamentous 

ascomycetes. Applied and Environmental Microbiology 61: 1323–1330.
 https://doi.org/10.1128/aem.61.4.1323-1330.1995
Guerber, J.C., Liu, B., Correll, J.C., Peter, R.J. (2003) Characterization of diversity in Colletotrichum acutatum sensu lato by sequence 

analysis of two gene introns, mtDNA and intron RFLPs, and mating compatibility. Mycologia 95: 872–895.
 https://doi.org/10.1080/15572536.2004.11833047
Hyde, K.D., Hongsanan, S., Jeewon, R., Bhat, D.J., McKenzie, E.H.C., Jones, E.B.G., Phookamsak, R., Ariyawansa, H.A., Boonmee, S., 

Zhao, Q., Abdel-Aziz, F.A., Abdel-Wahab, M.A., Banmai, S., Chomnunti, P., Cui, B.K., Daranagama, D.A., Das, K., Dayarathne, 
M.C., Silva, N.I., Dissanayake, A.J., Doilom, M., Ekanayaka, A.H., Gibertoni, T.B., Go ́es-Neto, A., Huang, S.K., Jayasiri, S.C., 
Jayawardena, R.S., Konta, S., Lee, H.B., Li, W.J., Lin, C.G., Liu, J.K., Lu, Y.Z., Luo, Z.L., Manawasinghe, I.S., Manimohan, P., 
Mapook, A., Niskanen, T., Norphanphoun, C., Papizadeh, M., Perera, R.H., Phukhamsakda, C., Richter, C., Santiago, A.L.C.M., 
Drechsler-Santos, E.R., Senanayake, I.C. & Tanaka, K. (2016) Fungal diversity notes 367–490: taxonomic and phylogenetic 
contributions to fungal taxa. Fungal diversity 80: 1–270.

 https://doi.org/10.1007/s13225-016-0373-x
Hyde, K.D., Norphanphoun, C., Maharachchikumbura, S.S.N., Bhat, D.J., Jones, E.B.G., Bundhun, D., Chen, Y.J., Bao, D.F., Boonmee, S., 

Calabon, M.S., Chaiwan, N., Chethana, K.W.T., Dai, D.Q., Dayarathne, M.C., Devadatha, B., Dissanayake, A.J., Dissanayake, L.S., 
Doilom, M., Dong, W., Fan, X.L., Goonasekara, I.D., Hongsanan, S., Huang, S.K., Jayawardena, R.S., Jeewon, R., Karunarathna, A., 
Konta, S., Kumar, V., Lin, C.G., Liu, J.K., Liu, N.G., Luangsa-ard, J., Lumyong, S., Luo, Z.L., Marasinghe, D.S., McKenzie, E.H.C., 
Niego, A.G.T., Niranjan, M., Perera, R.H., Phukhamsakda, C., Rathnayaka, A.R., Samarakoon, M.C., Samarakoon, S.M.B.C., Sarma, 
V.V., Senanayake, I.C., Shang, Q.J., Stadler, M., Tibpromma, S., Wanasinghe, D.N., Wei, D.P., Wijayawardene, N.N., Xiao, Y.P., 
Yang, J., Zeng, X.Y., Zhang, S.N. & Xiang, M.M. (2020) Refined families of Sordariomycetes. Mycosphere 11: 305–1059.



CoLLEToTRICHUM PARIdIS SP. nov. Phytotaxa 653 (2) © 2024 Magnolia Press   •   185

 https://doi.org/10.5943/mycosphere/11/1/7
Jayawardena, R.S., Camporesi, E., Elgorban, A.M., Bahkali, A.H., Yan, J. & Hyde, K.D. (2017) A new species of Colletotrichum from 

Sonchus sp. in Italy. Phytotaxa 314: 55–63.
 https://doi.org/10.11646/phytotaxa.314.1.3
Katoh, K. & Standley, D.M. (2013) MAFFT multiple sequence alignment software version 7: improvements in performance and usability. 

Molecular Biology and Evolution 30: 772–780.
 https://doi.org/10.1093/molbev/mst010
Lee, S.Y. & Jung, H.Y. (2018) Colletotrichum kakivorum sp. nov., a new leaf spot pathogen of persimmon in Korea. Mycological Progress 

17: 1113–1121.
 https://doi.org/10.1007/s11557-018-1424-3
Li, J., Zhao, J., Xu, L., Zhou, L., Li, X. & Wang, J. (2008) Endophytic fungi from rhizomes of Paris polyphylla var. yunnanensis. World 

Journal of Microbiology and Biotechnology 24: 733–737.
 https://doi.org/10.1007/s11274-007-9531-3
Li, G.J., Hyde, K.D., Zhao, R.L., Hongsanan, S., Abdel-Aziz, F.A., Abdel-Wahab, M.A., Alvarado, P., Alves-Silva, G., Ammirati, J.F., 

Ariyawansa, H.A., Baghela, A., Bahkali, A.H., Beug, M., Bhat, D.J., Bojantchev, D., Boonpratuang, T., Bulgakov, T.S., Camporesi, 
E., Boro, M.C., Ceska, O., Chakraborty, D., Chen, J.J., Chethana, K.W.T., Chomnunti, P., Consiglio, G., Cui, B.K., Dai, D.Q., Dai, 
Y.C., Daranagama, D.A., Das, L., Dayarathne, M.C., Crop, E.D., Oliveira, R.J.V.D., Souza, C.A.F., Souza, J.I., Dentinger, B.Y.M., 
Dissanayake, A.J., Doilom, M., Drechsler-Santos, E.R., Ghobad-Nejhad, M., Gilmore, S.P. & Góes-Neto, A. (2016) Fungal diversity 
notes 253–366: taxonomic and phylogenetic contributions to fungal taxa. Fungal diversity 78: 1–237.

 https://doi.org/10.1007/s13225-016-0366-9
Liu, F., Ma, Z.Y., Hou, L.W., Diao, Y.Z., Wu, W.P., Damm, U., Song, S. & Cai, L. (2022) Updating species diversity of Colletotrichum, 

with a phylogenomic overview. Studies in Mycology 101: 1–56.
 https://doi.org/10.3114/sim.2022.101.01
Mejía, L.C., Rojas, E.I., Maynard, Z., Van Bael, S., Arnold, A.E., Hebbar, P., Samuels, G.J., Robbins, N. & Herre, E.A. (2008) Endophytic 

fungi as biocontrol agents of Theobroma cacao pathogens. Biological Control 46: 4–14.
 https://doi.org/10.1016/j.biocontrol.2008.01.012
Mulenko, W., Majewski, T. & Ruszkiewicz-Michalska, M. (2008) A preliminary checklist of micromycetes in Poland. W. Szafer Institute 

of Botany, Polish Academy of Sciences 9: 752.
Nylander, J.A.A. (2004) MrModeltest 2.0. Program distributed by author. Evolutionary Biology Centre, Uppsala University.
O’Donnell, K. & Cigelnik, E. (1997) Two divergent intragenomic rDNA ITS2 types within a monophyletic lineage of the fungus Fusarium 

are nonorthologous. Molecular Phylogenetics Evolution 7: 103–116.
 https://doi.org/10.1006/mpev.1996.0376
Ronquist, F., Teslenko, M., Mark, P., Ayres, D.L., Darling, A., Hohna, S., Larget, B., Liu, L., Suchard, M.A. & Huelsenbeck, J.P. (2012) 

MrBayes v. 3.2: efficient Bayesian phylogenetic inference and model choice across a large model space. Systematic Biology 61: 
539–542.

 https://doi.org/10.1093/sysbio/sys029
Shah, S.A., Mazumder, P.B. & Choudhury, M.D. (2012) Medicinal properties of Paris polyphylla Smith: a review. Journal of Herbal 

Medicine 6: 27–33.
Su, J.Y., Tang, J.Y., Yang, J.H., Dong, J.H., Ji, P.Z., Zhang, L. & Chai, X. (2023) First report of root rot on Paris polyphylla var. yunnanensis 

caused by Fusarium solani in Yunnan, China. Plant disease 107: 11. 
 https://doi.org/10.1094/PDIS–06-23-1217-PDN
Tamura, K., Stecher, G., Peterson, D., Filipski, A. & Kumar, S. (2013) MEGA6: molecular evolutionary genetics analysis version 6.0. 

Molecular Biology and Evolution 30: 2725–2729.
 https://doi.org/10.1093/molbev/mst197
Tang, T., Zhang, Y., Wang, F., Mao, T., Guo, J., Guo, X., Duan, Y. & You, J. (2022) Paenibacillus terrae PY8 controls Botrytis cinerea and 

modifies the endophytic microbial community of the medicinal plant, Paris polyphylla. Biological Control 169: 104888.
 https://doi.org/10.1016/j.biocontrol.2022.104888
Tao, G., Liu, Z.Y., Liu, F., Gao, Y.H. & Cai, L. (2013) Endophytic Colletotrichum species from Bletilla ochracea (Orchidaceae), with 

descriptions of seven new speices. Fungal diversity 61: 139–164.
 https://doi.org/10.1007/s13225-013-0254-5
Thakur, U., Shashni, S., Thakur, N., Rana, S.K. & Singh, A. (2023) A review on Paris polyphylla Smith: a vulnerable medicinal plant 

species of a global significance. Journal of Applied Research on Medicinal and Aromatic Plants 33: 100447.
 https://doi.org/10.1016/j.jarmap.2022.100447
Tibpromma, S., Hyde, K.D., Jeewon, R., Maharachchikumbura, S.S.N., Liu, J.K., Bhat, D.J., Jones, E.B.G., McKenzie, E.H.C., Camporesi, 



CUI ET AL.186   •   Phytotaxa 653 (2) © 2024 Magnolia Press

E., Bulgakov, T.S., Doilom, M., Azevedo Santiago, A.L.C.M., Das, K., Manimohan, P., Gibertoni, T.B., Lim, Y.W., Ekanayaka, A.H., 
Thongbai, B., Lee, H.B., Yang, J.B., Kirk, P.M., Sysouphanthong, P., Singh, S.K., Boonmee, S., Dong, W., Anil Raj, K.N., Latha, 
K.P.D., Phookamsak, R., Phukhamsakda, C., Konta, S., Jayasiri, S.C., Norphanphoun, C., Tennakoon, D.S., Li, J., Dayarathne, 
M.C., Perera, R.H., Xiao, Y., Wanasinghe, D.N., Senanayake, I.C., Goonasekara, I.D., Silva, N.I., Mapook, A., Jayawardena, R.S., 
Dissanayake, A.J., Manawasinghe, I.S., Chethana, K.W.T., Luo, Z.L., Hapuarachchi, K.K., Baghela, A., Soares, A.M., Vizzini, A., 
Meiras-Ottoni, A., Mesic, A., Dutta, A.M., Souza, C.A.F., Richter, C., Lin, C.G., Chakrabarty, D., Daranagama, D.A., Lima, D.X., 
Chakraborty, D., Ercole, E., Wu, F., Simonini, G., Vasquez, G., Silva, G.A., Plautz Jr, H.L., Ariyawansa, H.A., Lee, H., Kusan, I., 
Song, J., Sun, J., Karmakar, J., Hu, K., Semwal, K.C., Thambugala, K.M., Voigt, K., Acharya, K., Rajeshkumar, K.C., Ryvarden, 
L., Jadan, M., Hosen, M.I., Miksık, M., Samarakoon, M.C., Wijayawardene, N.N., Kim, N.K., Matocec, N., Singh, P.N., Tian, Q., 
Bhatt, R.P. Oliveira, R.J.V., Tulloss, R.E., Aamir, S., Kaewchai, S., Marathe, S.D., Khan, S., Hongsanan, S., Adhikari, S., Mehmood, 
T., Bandyopadhyay, T.K., Svetasheva, T.Y., Nguyen, T.T.T., Antonı ́n, V., Li, W.J., Wang, Y., Indoliya, Y., Tkalcec, Z., Elgorban, 
A.M., Bahkali, A.H., Tang, A.M.C., Su, H.Y., Zhang, H., Promputtha, I., Luangsa-ard, J., Xu, J., Yan, J., Ji-Chuan, K., Stadler, M., 
Mortimer, P.E., Chomnunti, P., Zhao, Q., Phillips, A.J.L., Nontachaiyapoom, S., Wen, T.C. & Karunarathna, S.C. (2017) Fungal 
diversity notes 491–602: taxonomic and phylogenetic contributions to fungal taxa. Fungal diversity 83: 1–261.

 https://doi.org/10.1007/s13225-017-0378-0
Vaidya, G., Lohman, D.J. & Meier, R. (2011) SequenceMatrix: concatenation software for the fast assembly of multi-gene datasets with 

character set and codon information. Cladistics 27: 171–180.
 https://doi.org/10.1111/j.1096-0031.2010.00329.x
Wang, Z.Q., Yang, X.L., Chang, X.Q., You, J.M., Zhou, Y., Tan, Q., Luo, C.X., Zhang, S. & Lv, L. (2023) First report of anthracnose 

caused by Colletotrichum jinshuiense on goldthread in China. Plant disease 107: 964.
 https://doi.org/10.1094/PDIS-07-22-1528-PDN
White, T.J., Bruns, T., Lee, S. & Taylor, J. (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. 

PCR Protocols: a guide to methods and applications 18: 315–322.
 https://doi.org/10.1016/b978-0-12-372180-8.50042-1
Xue, L.H., Xu, Z.T., Liu, J.Q., Chen, H., White, J.F., Malik, K. & Li, C.J. (2023) Differences in the characteristics and pathogenicity of 

Pyrenophora species associated with seeds of Italian ryegrass. Plant disease 107: 758–770.
 https://doi.org/10.1094/PDIS-08-22-1753-RE
Yang, Y., Liu, Z., Cai, L. & Hyde, K.D. (2012) New species and notes of Colletotrichum on daylilies (Hemerocallis spp.). Tropical Plant 

Pathology 37: 165–174.
 https://doi.org/10.1590/S1982-56762012000300001
Yuan, H.S., Lu, X., Dai, Y.C., Hyde, K.D., Kan, Y.H., Kušan, I., He, S.H., Liu, N.G., Sarma, V.V., Zhao, C.L., Cui, B.K., Yousaf, N., 

Sun, G., Liu, S.Y., Wu, F., Lin, C.G., Dayarathne, M.C., Gibertoni, T.B., Conceição, L.B., Garibay-Orijel, R., Villegas-Ríos, M., 
Salas-Lizana, R., Wei, T.Z., Qiu, J.Z., Yu, Z.F., Phookamsak, R., Zeng, M., Paloi, S., Bao, D.F., Abeywickrama, P.D., Wei, D.P., 
Yang, J., Manawasinghe, I.S., Harishchandra, D., Brahmanage, R.S., Silva, N.I., Tennakoon, D.S., Karunarathna, A., Gafforov, 
Y., Pem, D., Zhang, S.N., Azevedo Santiago, A.L.C.M., Bahkali, A.H., Bhatt, V.K., Brandrud, T.E., Bulgakov, T.S., Camporesi, 
E., Cao, T., Chen, Y.X., Chen, Y.Y., Devadatha, B., Elgorban, A.M., Fan, L.F., Du, X., Gao, L., Gonçalves, C.M., Gusmão, L.F.P., 
Huanraluek, N., Jadan, M., Jayawardena, R.S., Khalid, A.N., Langer, E., Lima, D.X., Lima-Júnior, N.C., Lira, C.R.S., Liu, J.K., Liu, 
S., Lumyong, S., Luo, Z.L., Matočec, N., Niranjan, M., Oliveira-Filho, J.R.C., Papp, V., Pérez-Pazos, E., Phillips, A.J.L., Qiu, P.L., 
Ren, Y., Castañeda Ruiz, R.F., Semwal, K.C., Soop, K., Souza, C.A.F., Souza-Motta, C.M., Sun, L.H., Xie, M.L., Yao, Y.J., Zhao, Q. 
& Zhou, L.W. (2020) Fungal diversity notes 1277–1386: taxonomic and phylogenetic contributions to fungal taxa. Fungal diversity 
104: 1–266.

 https://doi.org/10.1007/s13225-020-00461-7
Zhang, G.Y., Wang, Y.H., Guo, M., Zhang, T.T., Wang, B. & Liu, H.M. (2022) Isolation and identification of a cellulase-producing 

endophytic fungus in Paris polyphylla var. yunnanensis. Biotechnology Bulletin 38: 95–104.
 https://doi.org/10.13560/j.cnki.biotech.bull.1985.2021-0266
Zhao, J., Mou, Y., Shan, T., Li, Y., Zhou, L., Wang, M.G. & Wang, J.G. (2010) Antimicrobial metabolites from the endophytic fungus 

Pichia guilliermondii isolated from Paris polyphylla var. yunnanensis. Molecules 15: 7961–7970. 
 https://doi.org/10.3390/molecules15117961
Zhong, S., Zhang, J. & Zhang, G.Z. (2019) Botrytis polyphyllae: a new Botrytis species causing gray mold on Paris polyphylla. Plant 

disease 103: 1721–1727.
 https://doi.org/10.1094/PDIS-07-18-1284-RE
Zhong, J., Li, C.X., Zhong, S.Y. & Hu, Z. (2020) First report of leaf spot caused by Colletotrichum spaethianum on Paris polyphylla in 

China. Plant disease 104: 972.
 https://doi.org/10.1094/PDIS-09-19-1844-PDN



CoLLEToTRICHUM PARIdIS SP. nov. Phytotaxa 653 (2) © 2024 Magnolia Press   •   187

Zhou, X., Li, M., Rao, B., Chen, Y., Cai, C. & Gao, H. (2020) First report of anthracnose on Paris polyphylla var. chinensis caused by 
Colletotrichum fructicola in Northern Fujian, China. Plant disease 104: 2728.

 https://doi.org/10.1094/PDIS-04-20-0693-PDN


