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INTRODUCTION

The Botryosphaeriaceae includes a range of phylogenetically 
and morphologically diverse fungi with a broad host range and 
geographic distribution globally (Punithalingam 1980, Slippers & 
Wingfield 2007, Liu et al. 2012, Phillips et al. 2013). These fungi 
occur primarily on woody plants including both economically 
important crops and native trees (Slippers & Wingfield 2007). 
Many species of Botryosphaeriaceae are well-known pathogens 
that can cause stem canker, shoot blight and dieback on woody 
plants; however, some species of Botryosphaeriaceae have been  
described as latent pathogens or endophytes that cause disease  
when the plant is under stress conditions (Slippers & Wingfield 
2007). 
Species of Eucalyptus are widely planted in more than 100 
countries, and because of the rapid growth of some Eucalyptus 
trees, they represent one of the most widely planted genera for 
commercial forestry worldwide, with approximately 20 million 
hectares (Mha) established in plantations (Iglesias-Trabad et 
al. 2009). In China, Eucalyptus plantations have expanded 
substantially during the past 30 years, with more than 4.5 Mha 

of Eucalyptus established in South China by the end of 2013 
(Chen & Chen 2013). Industrial Eucalyptus plantations in China 
are typically single species or hybrid plantings, often from a few 
clones that share a common parentage (Wei 2005, Turnbull 
2007, Zhou & Wingfield 2011). The model of large-scale plan-
tations with few clones greatly increases the threat from pests 
and diseases (Wingfield 2003, Wingfield et al. 2008). In recent 
years, the sustainable development of Eucalyptus plantations 
in China has been increasingly threatened by pathogens and 
pests (Zhou & Wingfield 2011). The important diseases in Chi-
nese Eucalyptus plantations include stem canker /wilt caused 
by species of Botryosphaeriaceae (Chen et al. 2011c), Cerato
cystis (Chen et al. 2013, Liu et al. 2015), Chrysoporthe (Chen 
et al. 2010) and Teratosphaeria (Chen et al. 2011a); leaf blight/
spot caused by species of Teratosphaeriaceae (Burgess et al. 
2006), Mycosphaerellaceae (Burgess et al. 2007), Calonectria 
(Lombard et al. 2010, Chen et al. 2011b) and Quambalaria 
(Zhou et al. 2007); and bacterial wilt associated with Ralstonia 
solanacearum (Cao 1982, Old et al. 2003).
Relatively little research has been conducted on diseases 
caused by Botryosphaeriaceae on Eucalyptus trees in China 
(Chen et al. 2011c, Li et al. 2015a). Based on DNA sequence 
comparisons and morphological features, five species of Botryo
sphaeriaceae have been identified from Eucalyptus in China 
to date, including Botryosphaeria fabicerciana from FuJian, 
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Abstract   The Botryosphaeriaceae is a species-rich family that includes pathogens of a wide variety of plants, 
including species of Eucalyptus. Recently, during disease surveys in China, diseased samples associated with 
species of Botryosphaeriaceae were collected from plantation Eucalyptus and other plants, including Cunning
hamina lanceolata, Dimocarpus longan, Melastoma sanguineum and Phoenix hanceana, which were growing 
adjacent to Eucalyptus. In addition, few samples from Araucaria cunninghamii and Cedrus deodara in two gardens 
were also included in this study. Disease symptoms observed mainly included stem canker, shoot and twig blight. 
In this study, 105 isolates of Botryosphaeriaceae were collected from six provinces, of which 81 isolates were 
from Eucalyptus trees. These isolates were identified based on comparisons of the DNA sequences of the inter-
nal transcribed spacer regions and intervening 5.8S nrRNA gene (ITS), and partial translation elongation factor 
1-alpha (tef1), β-tubulin (tub), DNA-directed RNA polymerase II subunit (rpb2) and calmodulin (cmdA) genes, the 
nuclear ribosomal large subunit (LSU) and the nuclear ribosomal small subunit (SSU), and combined with their 
morphological characteristics. Results showed that these isolates represent 12 species of Botryosphaeriaceae, 
including Botryosphaeria fusispora, Cophinforma atrovirens, Lasiodiplodia brasiliense, L. pseudotheobromae,  
L. theobromae and Neofusicoccum parvum, and six previously undescribed species of Botryosphaeria and Neo
fusicoccum, namely B. pseudoramosa sp. nov., B. qingyuanensis sp. nov., B. wangensis sp. nov., N. hongkongense 
sp. nov., N. microconidium sp. nov. and N. sinoeucalypti sp. nov. Aside from B. wangensis, C. atrovirens and  
N. hongkongense, the other nine Botryosphaeriaceae species were isolated from Eucalyptus trees in South China. 
Botryosphaeria fusispora (26 % of the isolates from Eucalyptus) is the dominant species, followed by L. pseudotheo
bromae (23 % of the isolates from Eucalyptus). In addition to species found on Eucalyptus trees, we also found  
B. pseudoramosa on M. sanguineum; B. wangensis on C. deodara; C. atrovirens on D. longan; L. theobromae on  
C. lanceolata, D. longan and P. hanceana; and N. hongkongense on A. cunninghamii. Pathogenicity tests showed 
that the 12 species of Botryosphaeriaceae are pathogenic to three Eucalyptus clones and that Lasiodiplodia species 
are the most aggressive. The results of our study suggest that many more species of the Botryosphaeriaceae remain 
to be discovered in China. This study also provides confirmation for the wide host range of Botryosphaeriaceae 
species on different plants.
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Fig. 1   Disease symptoms on Eucalyptus trees caused by Botryosphaeriaceae. a. Typical dieback of a Eucalyptus grandis clone in FunJian Province;  
b. dieback of Eucalyptus globulus; c–e. stem cankers and lesions on main stems of different Eucalyptus clones/genotypes; f. branch and twig blight of a Euca
lyptus grandis clone; g. fruiting structures with abundant mature dark conidia on a Eucalyptus branch; h. new branches germinated after main stem infection.
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GuangXi and HaiNan Provinces, Lasiodiplodia pseudotheobro
mae from GuangXi Province, L. theobromae from GuangDong 
and GuangXi Provinces, Neofusicoccum parvum from FuJian 
and GuangXi Provinces and N. ribis s.lat. from FuJian Province 
(Chen et al. 2011c, Li et al. 2015a). These species were col-
lected from cankered stems and blighted branches or twigs, and 
pathogenicity tests showed that all five species could produce 
lesions on Eucalyptus seedlings or trees (Chen et al. 2011c, 
Li et al. 2015a).
In China, species of Botryosphaeriaceae also have been iso-
lated from a number of other woody and horticultural plants, 
including Acacia confusa (Zhao et al. 2010), Actinidia chinensis 
(Zhou et al. 2015), Bougainvillea spectabilis, Polyscias balfou
riana (Li et al. 2015a), Juglans regia (Li et al. 2015b, Yu et al. 
2015), Malus domestica (Tang et al. 2012, Xu et al. 2015a), 
Rosa rugosa (Chen et al. 2016), Vitis vinifera (Yan et al. 2012, 
2013) and Vaccinium corymbosum (Xu et al. 2015b). Botryo
sphaeriaceae species identified from these plants resided in 
Botryosphaeria, Lasiodiplodia and Neofusicoccum. These Bo 
tryosphaeriaceae were all isolated from diseased tissue of the 
respective plant hosts.
From 2013–2014, surveys were conducted on Eucalyptus in 
plantations and some plants adjacent to Eucalyptus, and di-
seases with symptoms typical of those caused by Botryosphae
riaceae were observed. Diseased samples were collected and 
the putative Botryosphaeriaceae fungi (based on microscopic 
morphology) were isolated. In addition, few samples previously 
collected from Araucaria cunninghamii and Cedrus deodara 
were also included in this study. The aims of this study are to:
  – identify these species of Botryosphaeriaceae based on 

phylogenetic analyses and morphological characteristics;
  – clarify the geographic distribution of these Botryosphae

riaceae species; and 
  – evaluate pathogenicity of the identified Botryosphaeriaceae 

species on different Eucalyptus clones.

MATERIALS AND METHODS

Disease symptoms, sample collection and fungal isolation
Disease surveys were mainly conducted on species of Eu
calyptus in plantations distributed in FuJian, GuangDong, 
GuangXi and HaiNan Provinces. Disease symptoms typically 
caused by Botryosphaeriaceae include tree dieback, stem 
canker, branch canker and twig blight (Fig. 1). Other plants, 
including Cunninghamina lanceolata, Dimocarpus longan, 
Melastoma sanguineum and Phoenix hanceana, which were 
growing in close proximity to Eucalyptus trees, were also ran-
domly surveyed in this study. These surveys were conducted 
during 2013–2014. Samples of diseased materials, including 
stems, branches and twigs that showed typical symptoms of 
Botryosphaeriaceae infection, were collected and taken to the 
laboratory for fungal isolation. Diseased branches of C. deodara 
in HeNan Province and A. cunninghamii in Hong Kong Region 
with similar symptoms typical of Botryosphaeriaceae collected 
previously, were also added in this study (Fig. 1).
Fungi were isolated from diseased stems, branches and 
twigs, as well as from pycnidia produced on diseased tissues 
of Eucalyptus and other plants. When pycnidia formed on the 
surface of diseased tissue, the pycnidia were scratched lightly 
with a sterile scalpel and transferred with a sterile steel needle 
to 2 % malt extract agar (MEA) media containing 20 g of malt 
extract powder (Beijing Shuangxuan Microbial Culture Medium 
Products Factory, Beijing, China) and 20 g of agar per litre of 
water (Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China) under a stereomicroscope (Carl Zeiss Ltd., Munchen, 
Germany). For diseased tissues that did not produce pycnidia, 

small tissue pieces (approximately 0.25 cm2) were cut from 
inner wood and transferred to 2 % MEA. Pieces of pycnidia 
and wood were incubated at room temperature for 2–5 d until 
colonies formed. Colonies with morphological characteristics 
typical of Botryosphaeriaceae were transferred to fresh 2 % 
MEA plates. Pure cultures were obtained by transferring single 
hyphal tips from colonies to 2 % MEA. Cultures were deposited 
in the culture collection of the China Eucalypt Research Centre 
(CERC), Chinese Academy of Forestry (CAF), ZhanJiang, 
GuangDong Province, China. Isolates linked to type specimens 
of the fungal species were deposited in the China General 
Microbiological Culture Collection Center (CGMCC), Beijing, 
China. The specimens were deposited in the Collection of 
Central South Forestry Fungi of China (CSFF), GuangDong 
Province, China.

DNA extraction, PCR amplification and sequencing
DNA extractions and sequence comparisons were conducted 
on selected isolates collected from different trees and dif-
ferent regions (Table 1). For the selected isolates, mycelia 
were scraped from 7-d-old cultures using sterile scalpels and 
transferred to 2 mL Eppendorf tubes. A CTAB-based protocol, 
‘Method 5’ described by Van Burik et al. (1998), was used to 
extract the DNA samples. The resulting DNA was checked for 
purity and concentration using a NanoDrop 2000 Spectrometer 
(Thermo Fisher Scientific Inc. Waltham, MA, USA). Prior to PCR 
amplification, each DNA sample was diluted to approximately 
100 ng/μL with DNase/RNase-free ddH2O (Sangon Biotech 
Co., Ltd., Shanghai, China). The internal transcribed spacer 
(ITS) region was amplified using the primers ITS1/ITS4 (White 
et al. 1990), a part of the translation elongation factor 1-alpha 
(tef1) gene was amplified using the primers EF1-728F/EF1-
986R (Carbone & Kohn 1999) or EF1F/EF2R (Jacobs et al. 
2004), a part of the β-tubulin (tub) gene was amplified using the 
primers BT-2a/BT-2b (Glass & Donaldson 1995), a part of DNA-
directed RNA polymerase II subunit (rpb2) gene was amplified 
using the primers fRPB2-5F/ fRPB2-7cR for Botryosphaeria 
and Cophinforma (Liu et al. 1999), rpb2-LasF/rpb2-LasR for 
Lasiodiplodia (Cruywagen et al. 2017) and RPB2bot6F/RPB-
2bot7R for Neofusicoccum (Pavlic et al. 2009a, Sakalidis et 
al. 2011), the nuclear ribosomal large subunit (LSU) region 
was amplified using the primers LR0R/LR5 (Vilgalys & Hester 
1990, Cubeta et al. 1991), the nuclear ribosomal small subunit 
(SSU) region was amplified using the primers NS1/NS4 (White 
et al. 1990). For the isolates of Lasiodiplodia, a portion of the 
calmodulin (cmdA) gene was amplified using the primers CAL-
228F/CAL-737R (Carbone & Kohn 1999). All primers were 
synthesised by Life Technologies (Thermo Fisher Scientific 
Inc., Shanghai, China). The PCR mixtures to amplify the ITS, 
tef1, tub, rpb2, cmdA, LSU, SSU regions used the TopTaqTM 
Master Mix Kit (Qiagen Inc., Hilden, Germany). All amplification 
reactions consisted of 25 μL TopTaqTM Master Mix (contain 1.25 
U TopTaqTM DNA Polymerase, 200 μM of each dNTP and 1.5 
mM MgCl2), 0.2 mM of each primer and 50 ng template DNA 
(made up to a total volume of 50 μL with RNase-free water). The 
amplification conditions consisted of an initial denaturation step 
at 94 °C for 3 min, 35 cycles of 94 °C for 1 min, 55 °C (except 
45 °C for SSU) for 1 min, and 72 °C for 1 min, followed by a 
final elongation step at 72 °C for 10 min.
PCR amplifications were carried out in a thermocycler (Bio-Rad 
Laboratories, Inc., Berkeley, California, USA). The PCR pro-
ducts were separated by electrophoresis in 1.5 % agarose gels 
with SYBR Safe DNA Gel Stain (Thermo Fisher Scientific Inc., 
USA) in 1× Tris-acetate-EDTA (TAE) buffer at a constant voltage 
(80 V) for 30 min. All PCR products were sequenced in both 
directions using the primers specified above by Beijing Geno-
mics Institution, Guangzhou, GuangDong Province, China. The 
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nucleotide sequences were edited with MEGA v. 6.0.5 software 
(Tamura et al. 2013). Sequences obtained in this study were all 
deposited in GenBank (http://www.ncbi.nlm.nih.gov) (Table 1).

Phylogenetic analyses
The preliminary identities of the isolates sequenced in this study 
were obtained by conducting a standard nucleotide BLAST 
search using the ITS, tef1, tub, rpb2, cmdA, LSU, SSU se-
quences. The sequences of the ex-type strains that were closely 
related to the Botryosphaeriaceae isolates sequenced in this 
study were downloaded from NCBI (http://www.ncbi.nlm.nih.
gov/) and used for polygenetic analyses (Table 2). Sequences 
were aligned using MAFFT online v. 7 (http://mafft.cbrc.jp/
alignment/server/) (Katoh & Standley 2013), with the iterative 
refinement method (FFT-NS-i setting). The alignments were 
further edited manually with MEGA v. 6.0.5 software (Tamura 
et al. 2013). Resulting alignments and phylogenetic trees for all 
the datasets were deposited in TreeBASE (http://treebase.org).
The BLAST results showed that the isolates collected in this 
study were grouped in the genera Botryosphaeria, Cophinfor
ma, Lasiodiplodia and Neofusicoccum. Phylogenetic analyses 
were conducted for each of the ITS, tef1, tub, rpb2, cmdA, LSU 
and SSU datasets for genera Botryosphaeria /Cophinforma, 
Lasiodiplodia and Neofusicoccum, respectively. As the cmdA 
sequences are only available for Lasiodiplodia, and not for Bo 
tryosphaeria, Cophinforma and Neofusicoccum, the analy-
ses for cmdA sequences were only conducted for the genus 
Lasiodi plodia.
Phylogenetic analyses were also conducted for combined data- 
sets, as the LSU and SSU sequences are not available for 
some of the previously described species of Botryosphaeria, 
Cophinforma, Lasiodiplodia and Neofusicoccum, and the rpb2 
sequences are not available for some species of Botryosphae
ria. The ITS, tef1 and tub sequences were combined for phylo-
genetic analyses of Botryosphaeria/Cophinforma isolates, the 
ITS, tef1, tub, rpb2 and cmdA sequences were combined for 
Lasiodiplodia isolates, and ITS, tef1, tub and rpb2 sequences 
were combined for Neofusicoccum isolates.
Two phylogenetic analysis methods were used: PAUP v. 4.0b10 
(Swofford 2003) for the maximum parsimony (MP) analyses and 
PhyML v. 3.0 (Guindon et al. 2010) for maximum likelihood (ML) 
tests. For MP analyses, gaps are treated as a fifth character and 
the characters are unordered and of equal weight with 1 000 
random addition replicates. The equally most parsimonious 
trees were obtained using the heuristic search function and 
tree bisection and reconstruction (TBR) as the branch swap-
ping algorithms. MAXTREES were limited to 5 000, and branch 
lengths of zero were collapsed. A bootstrap analysis (50 % 
majority rule, 1 000 replicates) was performed to determine 
the confidence levels of the tree-branching points (Felsenstein 
1985). Tree length (TL), consistency index (CI), retention index 
(RI), rescaled consistency index (RC) and homoplasy index (HI) 
were used to evaluate the trees (Hillis & Huelsenbeck 1992).
For ML analyses of each dataset, the best models of nucleotide 
substitution were determined using jModelTest v. 2.1.5 (Darriba 
et al. 2012). Additional ML parameters in PhyML include the 
retention of the maximum number of 1 000 trees and the de-
termination of nodal support by non-parametric bootstrapping 
with 1 000 replicates. All phylogenetic trees were viewed using 
MEGA v. 6.0.5 (Tamura et al. 2013). Neofusicoccum parvum 
(ATCC 58191) was used as the outgroup taxon for analyses 
of Botryosphaeria and Cophinforma; Botryosphaeria dothidea 
(CBS 115476) was used as the outgroup taxon for analyses of 
Lasiodiplodia and Neofusicoccum (Table 2).
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Morphology
Representative isolates for each genotype of Botryosphaeria
ceae species identified by DNA sequence comparisons were 
selected for morphological study. To induce sporulation, se-
lected isolates were transferred to 2 % water agar (WA) media 
(20 g of agar per litre of water) with double-sterilised pine 
needles placed on the surface of the media (Smith et al. 1996). 
These cultures were incubated at 25 °C under near-ultraviolet 
light for 4–6 wk. Conidia in the pycnidia were mounted in one 
drop of 80 % lactic acid on glass slides and examined under 
a stereomicroscope (Carl Zeiss Ltd., Munchen, Germany). 
Conidia and other structures were examined and recorded us-
ing a Zeiss Axio Imager A1 microscope and a Zeiss AxioCam 
MRc digital camera with Zeiss Axio Vision v. 4.8 software (Carl 
Zeiss Ltd.). Measurements of conidiomata, conidiophores and 
conidiogenous cells were made to determine the smallest and 
the largest values. For the isolates selected as a holotype, the 
lengths and widths of 100 conidia per isolate were measured, 
as well as 25 measurements of the remaining isolates of each 
taxon. Average (mean), standard deviation (SD), minimum (min) 
and maximum (max) measurements are presented as (min–)
(mean–SD)–(mean+SD)(–max). The average length/average 
width ratio (L/W) of the conidial measurements was calculated.
Colony morphology was characterised by cultures grown on 
2 % MEA for 7 d and colony colour was determined using the 
colour charts of Rayner (1970). For growth studies, a 5-mm-
diam plug from the growing margin of 7-d-old colonies of each 
representative isolate was placed in the centre of 90-mm-diam 
Petri plates containing 2 % MEA. These cultures were incubated 
in the dark at 5 °C intervals from 5–40 °C. Five replicate plates 
of each isolate at each temperature were conducted. Two di-
ameter measurements, orthogonally, were recorded daily until 
the fastest growing culture reached the edge of the Petri plate. 
The experiment was repeated once and the average for each 
of the eight temperatures was calculated.

Pathogenicity tests
To determine the pathogenicity of the identified species on Eu 
calyptus seedlings, representative isolates of all Botryosphae
riaceae species identified in this study were selected to in-
oculate on Eucalyptus seedlings. Three Eucalyptus clones, 
CEPT-11 (Eucalyptus urophylla × E. grandis), CEPT-12 (E. uro 
phylla) and CEPT-13 (E. urophylla × E. tereticornis), were used 
for inoculations. The Eucalyptus seedlings were 1-yr-old, ap-
proximately 1.7 m in height, and had a 2.0 cm diam at the root 
collar. For each clone, 10 seedlings were inoculated with each 
isolate. On each inoculated seedling, a 5-mm-diam wound was 
made on the tree stem using a cork borer to remove the bark 
and expose the xylem. The wounds are located approximately 
30 cm above the root collar. For inoculation, 5-mm-diam plugs 
of mycelia from the margins of colonies grown on 2 % MEA for 
7 d in the dark were taken and placed into the wounds with the 
mycelia facing the cambium. Inoculated wounds were encased 
with masking tape to prevent contamination and desiccation. 
Ten seedlings of each Eucalyptus clone were inoculated with 
sterile MEA plugs to serve as negative controls. One month 
after inoculation, the bark of inoculated seedlings was removed 
and the internal lesion/wound length on the cambium was mea-
sured. The inoculated fungi were re-isolated by cutting small 
pieces of wood from the edges of the lesions and cultivating 
them in 2 % MEA at 25 °C. Re-isolations were made from the 
seedlings inoculated by mycelium plugs and MEA plugs. The 
data were analysed by one-way analyses of variance (ANOVA) 
using SAS v. 9.3 (SAS Institute Inc. 2011).

RESULTS

Fungal isolation
In this study, 105 isolates from Eucalyptus and other plants that 
show typical morphology of Botryosphaeriaceae were isolated. 
Eighty-one isolates were collected from Eucalyptus trees: 12 
from FuJian Province, 39 from GuangDong Province, 29 from 
GuangXi Province and one from HaiNan Province. Eighteen 
isolates with typical characteristics of Botryosphaeriaceae were 
collected from other plants which were growing in close proxim-
ity to Eucalyptus: two from C. lanceolata, 10 from D. longan, 
four from M. sanguineum, and two from P. hanceana. In addi-
tion, three isolates were collected from A. cunninghamii and 
C. deodara, respectively (Table 1).

Phylogenetic analyses
For all the 105 isolates in this study, ITS, tef1, tub, rpb2, cmdA, 
LSU and SSU sequence data were generated and deposited in 
GenBank (Table 1). The PCR fragments are approximately 520 
bps for the ITS region, 280 bps for the tef1 region, 430 bps for 
the tub region, 610 bps for the rpb2 region, 850 bps for the LSU 
region and 1040 bps for the SSU region. The genotype for each 
isolate was determined by the ITS, tef1, tub, rpb2, LSU, SSU se-
quences for isolates in the genera Botryosphaeria, Cophinforma 
and Neofusicoccum, and by ITS, tef1, tub, rpb2, cmdA, LSU, 
SSU sequences for isolates in the genus Lasiodiplodia (Table 1).  
The preliminary identities of the isolates were determined 
from conducting a standard nucleotide BLAST with the se- 
quences of ITS, tef1, tub, rpb2, cmdA, LSU and SSU, the re-
sults consistently showed that the isolates sequenced in this 
study resided in Botryosphaeria, Cophinforma, Lasiodiplodia 
or Neofusicoccum. One to two isolates of each genotype were 
selected and used for phylogenetic analyses, depending on 
the number of isolates of each genotype (Table 1). Based on 
the comparisons for six to seven region sequences generated 
in this study and published sequences from ex-type strains of 
Botryosphaeriaceae downloaded from NCBI, sequences of 
Botryosphaeria, Cophinforma, Lasiodiplodia or Neofusicoc
cum related to species emerging from this study were used for 
analyses (Table 2). The aligned sequences of each region of 
ITS, tef1, tub, rpb2, cmdA, LSU, SSU, as well as the combined 
sequences of three to five (Botryosphaeria /Cophinforma: three; 
Lasiodiplodia: five; Neofusicoccum: four) regions were deposit-
ed in TreeBASE (No. 21430). These datasets for genera Botryo 
sphaeria/Cophinforma, Lasiodiplodia and Neofusicoccum, as 
well as statistical values for the trees for the MP analyses and 
parameters for the best-fit substitution models of ML analyses, 
are provided in Table 3.

Species residing in Botryosphaeria
 For the isolates grouping in the genus Botryosphaeria, iso-
lates clustered into four phylogenetic groups (Groups A–D) for 
each of the ITS, tef1, tub, rpb2 and ITS/tef1/tub datasets (Fig. 
2a–d, g). For each of the LSU and SSU datasets, Groups A, C 
and D clustered together (Fig. 2e–f). The ITS sequences of Bo
tryosphaeria fabicerciana, B. fusispora, B. kuwatsukai, B. rosa 
ceae and the six Chinese isolates (CERC2274, CERC2911, 
CERC2918, CERC2930, CERC3426 and CERC3441) in Group A  
are consistent, and all of them grouped into one phylogenetic 
clade (Fig. 2a). For the tef1 sequence analyses, the isolates in 
Group A clustered closely to B. fabicerciana and B. fusi spora 
(Fig. 2b). For the tub sequences, the isolates in Group A resided 
in the same phylogenetic clade with B. fusispora (Fig. 2c). For 
the rpb2, LSU and SSU sequences, the isolates in Group A clus-
tered to the same clade with B. fabicerciana and B. fusi spora 
(rpb2 is not available to B. fusispora) (Fig. 2d–f). The phylo- 
genetic analyses for ITS, tef1, tub, rpb2, LSU and SSU sequences  
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Fig. 2   Phylogenetic trees based on maximum likelihood (ML) analyses for species in Botryosphaeria and Cophinforma. a. ITS region; b. tef1 gene region;  
c. tub gene region; d. rpb2 gene region; e. LSU region; f. SSU region; g. combination of ITS, tef1 and tub regions. Isolates sequenced in this study are in 
bold. Bootstrap support values ≥ 60 % for ML and MP are presented above branches as follows: ML/MP, bootstrap support values < 60 % are marked with 
‘–’, and absent (< 50 %) are marked with ‘*’. Isolates representing ex-type sequences are marked with ‘T’. Neofusicoccum parvum (ATCC 58191) was used 
as the outgroup taxon.
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Fig. 3   Phylogenetic trees based on maximum likelihood (ML) analyses for species in Lasiodiplodia. a. ITS region; b. tef1 gene region; c. tub gene region; 
d. rpb2 gene region; e. cmdA gene region; f. LSU region; g. SSU region; h. combination of ITS, tef1, tub, rpb2 and cmdA regions. Isolates sequenced in this 
study are in bold. Bootstrap support values ≥ 60 % for ML and MP are presented above branches as follows: ML/MP, bootstrap values < 60 % are marked 
with ‘–’, and absent (< 50 %) are marked with ‘*’. Isolates representing ex-type sequences are marked with ‘T’. Botryosphaeria dothidea (CBS 115476) was 
used as the outgroup taxon.
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Fig. 4   Phylogenetic trees based on maximum likelihood (ML) analyses for species in Neofusicoccum. a. ITS region; b. tef1 gene region; c. tub gene region;  
d. rpb2 gene region; e. LSU region; f. SSU region; g. combination of ITS, tef1, tub and rpb2 regions. Isolates sequenced in this study are in bold. Bootstrap sup-
port values ≥ 60 % for ML and MP are presented above branches as follows: ML/MP, bootstrap support values < 60 % are marked with ‘–’, and absent (< 50 %) 
are marked with ‘*’. Isolates representing ex-type sequences are marked with ‘T’. Botryosphaeria dothidea (CBS 115476) was used as the outgroup taxon.
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showed that the six Chinese isolates in Group A are most 
closely related to B. fabicerciana and B. fusispora (Fig. 2a–f). 
The analyses of the combination of ITS, tef1 and tub sequences 
indicated that the six isolates are not forming a well-resolved 
clade, but are phylogenetically more closely related to B. fusis
pora than to B. fabicerciana (Fig. 2g). Based on the phylogenetic 
analyses for ITS, tef1, tub, rpb2, LSU, SSU and the combina-
tion of the ITS, tef1 and tub sequences, the six isolates were 
identified as B. fusispora.
Isolates in Group B (CERC2001, CERC2983 and CERC3452) 
and Group C (CERC2946 and CERC2947) were found to be 
consistently distinct from other known phylo genetically related 
species of Botryosphaeria by congruent distinction in the multi-
ple datasets (Group B: ITS, tef1, rpb2 and LSU datasets; Group 
C: ITS, tef1 and rpb2 datasets) (Fig. 2a–f). The analyses of the 
combination of ITS, tef1 and tub sequences indicated that the 
isolates in Group B and Group C form two well-resolved clades 
supported by relatively high bootstrap values (Fig. 2g). Isolates 
in Groups B and C represent two previously undescribed spe-
cies of Botryosphaeria.
The phylogenetic analyses based on ITS, tef1, tub, rpb2, LSU 
and SSU sequences consistently showed that three isolates 
(CERC2298, CERC2299 and CERC2300) in Group D were 
phylogenetically most closely related to B. auasmontanum,  
B. dothidea, B. minutispermatia and B. sinensia (Fig. 2a–f). 
The analyses of combined ITS, tef1 and tub sequences showed 
that isolates in Group D form one well-resolved clade (Fig. 
2g). Isolates in Group D were identified as a new species of 
Botryosphaeria.

Species residing in Cophinforma
 The BLAST results for ITS sequences show that isolates 
CERC3482, CERC3484, CERC3489 and CERC3490 (Group E)  
are related to the genus Cophinforma. Only two species of 
Cophinforma have previously been described, Cophinforma 
atrovirens (Mehl et al. 2011, Phillips et al. 2013) and C. mamane 
(Gardner 1997, Phillips et al. 2013). The two species of Co
phinforma are morphologically very similar, but can be distin-
guished based on ITS sequence data. BLAST results of the 
ITS sequences indicate that the four Chinese isolates are more 
closely related to C. atrovirens than to C. mamane. A BLAST 
search of the tef1 sequences show that the Chinese isolates 
and the ex-type isolate of C. atrovirens (CBS 124934) are identi-
cal. Cophinforma mamane does not have a tef1 sequence and 
cultures are not available (Phillips et al. 2013). Based on the 
sequence comparisons of the ITS and tef1 regions (tub gene 
sequences are not available for species of Cophinforma), iso-
lates in Group E were identified as C. atrovirens (Fig. 2a–b, g).

Species residing in Lasiodiplodia
 The isolates in our study that clustered in the genus 
Lasiodi plodia grouped into three phylogenetic groups for the 
tef1 dataset (Group F: CERC2284; Group G: CERC2024, 
CERC3420, CERC3513, CERC3516; Group H: CERC2286, 
CERC2962, CERC3495) (Fig. 3b), and two clades (Group 
F = Group G; Group H) for the ITS, tub, rpb2, cmdA, LSU 
and SSU datasets (Fig. 3a, c–g). For Group F, the sequence 
analyses of the ITS, tef1, tub, rpb2, cmdA datasets showed 
that the Chinese isolates clustered into the same (ITS, tef1, 
rpb2 and cmdA) clade or close (tub) to L. brasiliense (LSU 
and SSU sequences are not available to L. brasiliense) (Fig. 
3a–g). The analyses indicated that isolates in Group G and 
Group H clustered into the same (ITS, tub, rpb2, cmdA, LSU 
and SSU) clade or close (tef1) to L. theobromae and L. pseudo
theobromae, respectively (Fig. 3a–g). The analyses of the 
combination of the ITS, tef1, tub, rpb2 and cmdA sequences 

indicated that the isolates in Groups F, G and H are phylo-
genetically most closely related to L. brasiliense, L. theobromae 
and L. pseudotheobromae, respectively (Fig. 3h). Altogether, 
the results of these phylogenetic analyses identified isolates 
in Groups F, G and H as L. brasiliense, L. theobromae and  
L. pseudotheobromae, respectively.

Species residing in Neofusicoccum
 For the Chinese isolates that grouped in the genus Neofu
sicoccum, the isolates in this study clustered into four phylo-
genetic groups for the ITS, tef1, tub and rpb2 datasets (Group 
I: CERC3497, CERC3498; Group J: CERC2967, CERC2968, 
CERC2973; Group K: CERC2005, CERC2265, CERC3416, 
CERC3451; Group L: CERC2951, CERC3503, CERC3504, 
CERC3508) (Fig. 4a–d). The Chinese Neofusicoccum isolates 
clustered into three groups (Group I, Group J = Group K, Group L)  
for the LSU dataset, and two groups (Group I, Group J = Group K  
= Group L) for the SSU dataset (Fig. 4e–f). 
Previous studies have shown that phylogenetic analyses of the 
ITS, tef1, tub and rpb2 sequences, especially a combination 
of the four gene sequences, is an efficient method for species 
identification in Neofusicoccum (Pavlic et al. 2009a, Sakalidis 
et al. 2011, Osorio et al. 2017). The isolates in each of Group I 
and J were found to be consistently distinct from other known 
phylogenetically closely related species of Neofusicoccum by 
congruent distinction in all the ITS, tef1, tub and rpb2 datasets 
(Fig. 4a–d). Isolates in Group K formed a single independent 
clade that was distinct from any known Neofusicoccum species 
in the tef1 and rpb2 datasets (Fig. 4b, d). The analyses of the 
combination of the ITS, tef1, tub and rpb2 sequences indicated 
that isolates in each of Groups I, J and K formed a well-resolved 
clade that was distinct from any described Neofusicoccum spe-
cies which are supported by high bootstrap values (Fig. 4g).  
Therefore, we considered isolates in Groups I, J and K to rep-
resent three undescribed species of Neofusicoccum.
The Chinese isolates in Group L grouped in the same clade 
as N. parvum based on the ITS, tub, rpb2, LSU and SSU se-
quence analyses (Fig. 4a, c–f), and close to N. parvum on the 
tef1 sequence analysis (Fig. 4b). In the phylogenetic analyses 
combining four gene regions, isolates in Group L were identified 
as N. parvum (Fig. 4g).

Morphology and taxonomy
Representative isolates (Table 1, 4) selected for morphological 
studies produced asexual fruiting structures on pine needles on 
WA media within 4–6 wk. No sexual structures were observed 
during the same period of time. For the 12 phylogenetic groups 
of Botryosphaeriaceae which were distinguished by DNA se-
quences, morphological studies, including culture and conidia 
characteristics, show that isolates in each of Group A, E, F, G, H 
and L were morphologically similar to the type specimens linked 
to it via sequence data, especially in the morphological char-
acterisation of conidia (Table 4), namely B. fusispora, C. atro 
virens, L. brasiliense, L. theobromae, L. pseudotheobromae 
and N. parvum, respectively. For phylogenetic groups B, C, D, 
I, J and K, morphological differences were observed compared 
to the phylogenetically most closely related species based 
on sequence data, and consequently each of the six groups 
were considered as new species. Based on the phylogenetic 
analyses and the morphological characteristics, the fungi col-
lected from Eucalyptus and other plants in this study represent 
12 species of Botryosphaeriaceae, including six previously un-
described species. These new species are described as follows.
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Species1 Conidial size (μm) (L × W)2 Mean (μm) (L × W)3 L / W 4 Reference

Botryosphaeria auasmontanum (8.1–)8.8–11.3(–13) × (2.5–)2.9–3.9(–5) 10.1 × 3.4 3.0 Slippers et al. (2014)
B. corticis (20.5–)23.5–32.5(–34.5) × (5.0–)5.5–7(–7.5) 28.9 × 6.4 4.5 Phillips et al. (2006)
B. dothidea (20–)23–27(–30) × 4–5(–6) 26.2 × 5.4 4.9 Slippers et al. (2004a)
B. fabicerciana (16.5–)19.5–24.5(–26) × (4.5–)5–6.5(–7.5) 22.0 × 5.8 3.8 Chen et al. (2011c)
B. fusispora (16.5–)19–23.5(–28.5) × 5–6(–8) 21.2 × 5.6 3.8 This study
B. fusispora 16–22 × 4–5.5 20.0 × 5.0 4.0 Liu et al. (2012)
B. kuwatsukai (18.5–)20–24.5(–26) × 5–7(–8) 22.3 × 6.2 3.6 Xu et al. (2015a)
B. minutispermatia 8–14 × 3–4 13.0 × 3.5 3.7 Ariyawansa et al. (2016)
B. pseudoramosa5 (8–)10–13(–16) × (4–)4.5–5(–6) 11.5 × 4.6 2.5 This study
B. qingyuanensis5 (15–)19.5–24.5(–28.5) × (5–)6–6.5(–7.5) 22.0 × 6.2 3.5 This study
B. ramosa (11–)12–15(–16) × (4.7–)5–6(–7) 13.5 × 5.5 2.3 Pavlic et al. (2008)
B. rosaceae 20–31 × 6–8 26.2 × 6.7 3.9 Zhou et al. (2017)
B. scharifii (11.5–)13–17(–19) × 4–6.5 15.4 × 5.2 2.7 Abdollahzadeh et al. (2013)
B. sinensia (15–)19–29 × 5–7 24.3 × 5.9 4.1 Zhou et al. (2016)
B. wangensis5 (20.5–)22–26(–29) × (4.5–)5.5–6.5(–7.5) 23.8 × 6.0 3.9 This study
Lasiodiplodia brasiliense 22.7–29.2 × 11.7–17 26.0 × 14.6 1.8 Netto et al. (2014)
L. brasiliense (22–)25–27(–28) × (12–)13.5–15(–15.5) 26.0 × 14.4 1.8 This study
L. pseudotheobromae (22.5–)23.5–32(–33) × (13.5–)14–18(–20) 28.0 × 16.0 1.7 Alves et al. (2008)
L. pseudotheobromae (22.5–)24.5–28.5(–31.5) × (12–)13–15(–16) 26.5 × 13.8 1.9 This study
L. theobromae (19–)21–31(–32.5) × (12–)13–15.5(–18.5) 26.2 × 14.2 1.9 Alves et al. (2008)
L. theobromae (21–)24–26.5(–29.5) × (11–)12.5–14(–16) 25.3 × 13.1 1.9 This study
Neofusicoccum algeriense (14.5–)17–18(–21) × (4.5–)5.5–5.7(–6.5) 17.6 × 5.6 3.1 Berraf-Tebbal et al. (2014)
N. batangarum (12–)14–17.5(–20) × (4–)4.5–6(–6.5) 15.5 × 5.5 2.9 Begoude et al. (2010)
N. cordaticola 18–28 × 4.5–7 23.3 × 5.3 4.3 Pavlic et al. (2009b)
N. hongkongense5 (11.5–)13–15.5(–17.5) × (4–)4.5–5(–5.5) 14.1 × 4.7 3.0 This study
N. kwambonambiense 16–28 × 5–8 22.3 × 6.3 3.6 Pavlic et al. (2009b)
N. microconidium5 (10–)11.5–13(–14.5) × (4–)4.5–5.5(–6) 12.3 × 5.0 2.5 This study
N. mangiferae (11–)12–15(–17.5) × 5–6.6 13.6 × 5.4 2.0–2.5 Slippers et al. (2005)
N. occulatum 14–22 × 3.5–7.5 18.3 × 5.2 3.5 Sakalidis et al. (2011)
N. parvum (12–)13.5–21(–24) × 4–6(–10) 17.1 × 5.5 3.2 Phillips et al. (2013)
N. parvum (15.5–)16.5–19(–21) × (4.5–)5–6(–6.5) 17.9 × 5.5 3.3 This study
N. ribis (16–)19–23(–24) × 5–6(–7) 20.8 × 5.5 3.8 Slippers et al. (2004a)
N. sinense (15.2–)17.6–20.4(–23) × (6.9–)7.4–8(–9) 18.7 × 7.7 2.4 Zhang et al. (2017)
N. sinoeucalypti 5 (13–)15–20.5(–25.5) × (4–)5–5.5(–6.5) 17.7 × 5.2 3.4 This study
N. umdonicola 15–23.5 × 4.5–6.5 19.4 × 5.5 3.5 Pavlic et al. (2009b)
1 Isolates and measurements in bold were examined in this study.
2 Minimum–(average – standard deviation)–(average + standard deviation)–maximum or minimum–maximum, L × W = length × width.
3 L × W = average length × average width.
4 L/W = average length/average width.
5 Novel species described in this study.

Table 4   Conidial measurements of Botryosphaeriaceae species examined in this study and comparison with measurements described in previous studies.

TAXONOMY

Botryosphaeria pseudoramosa G.Q. Li & S.F. Chen, sp. nov. 
— MycoBank MB822323; Fig. 5

 Etymology. Named for its phylogenetic resemblance to B. ramosa.

Sexual morph unknown. Conidiomata pycnidial, produced on 
pine needles on WA within 2–4 wk, globose to ovoid, dark 
brown to black, up to 698 μm wide, sometimes with a neck up 
to 1 660 μm long, arising from the substrate, covered by hyphal 
hairs, embedded in needle tissue, semi-immersed to superficial, 
unilocular, with a central ostiole. Conidiophores reduced to coni- 
diogenous cells. Conidiogenous cells holoblastic, discrete, hya- 
line, cylindrical to lageniform, phialidic with periclinal thicken-
ing, (10–)11–16(–22.5) × (1–)2–3.5(–4) μm. Paraphyses not  
seen. Conidia hyaline, thin-walled, smooth with granular con-
tents, unicellular, aseptate ellipsoid to fusoid, base subtruncate 
to bluntly rounded, (8–)10–13(–16) × (4–)4.5–5(–6) μm (av. 
= 11.5 × 4.6 μm, n = 100; L/W = 2.5) (Table 4). 
 Culture characteristics — Colonies on MEA have fluffy my-
celia with an uneven margin and a few cottony aerial mycelia 
reaching to the lid of the Petri plate, with an appressed mycelial 
mat that is sparse to moderately dense. Colony mycelia initially 
white, becoming smoke grey (21’’’’f) to pale mouse grey (15’’’’’d) 
at the surface and olivaceous (21’’k) to iron grey (23’’’’’k) at the 
reverse within 10–14 d. Optimal growth temperature is 30 °C, 
covering the 90 mm plates after 5 d. No growth at 5 °C. After 
5 d, colonies at 10 °C, 15 °C, 20 °C, 25 °C, 30 °C, 35 °C and 
40 °C reached 17 mm, 20 mm, 64 mm, 80 mm, 87 mm, 33 mm 
and 8 mm, respectively.

 Specimens examined. China, GuangXi, from twigs of one Eucalyptus 
tree, fruiting structures induced on needles of Pinus sp. on water agar, 
24 May 2014, S.F. Chen & G.Q. Li (holotype CSFF2025, culture ex-type 
CERC2001 = CGMCC3.18739); GuangDong, from twigs of one Eucalyptus 
tree, 24 May 2014, S.F. Chen & G.Q. Li (CSFF2026, culture CERC3455 = 
CGMCC3.18741); GuangDong, from twigs of one Melastoma sanguineum 
plant, 17 Mar. 2014, S.F. Chen (CSFF2027, culture CERC2983 = CG-
MCC3.18740).

 Notes — Botryosphaeria pseudoramosa is phylogenetically 
closely related to B. ramosa and B. scharifii. Botryosphae 
ria pseudoramosa can be distinguished from B. ramosa and  
B. scharifii based on the morphology of their conidia. Conidia 
of B. pseudoramosa (av. 11.5 × 4.6; L/W = 2.5) are smaller 
than B. ramosa (av. 13.5 × 5.5; L/W = 2.3) (Pavlic et al. 2008) 
and B. scharifii (av. 15.4 × 5.2; L/W = 2.7) (Abdollahzadeh et 
al. 2013) (Table 4).

Botryosphaeria qingyuanensis G.Q. Li & S.F. Chen, sp. nov. 
— MycoBank MB822324; Fig. 6

 Etymology. Named for the QingYuan Region where the fungus was iso-
lated for the first time.

Sexual morph unknown. Conidiomata pycnidial, produced on 
pine needles on WA within 2–4 wk, solitary, globose to ovoid, 
dark brown to black, up to 317 μm wide, 229 μm high, embedded 
in needle tissue, semi-immersed to superficial, unilocular, with a 
central ostiole. Conidiophores absent. Coni diogenous cells holo- 
blastic, discrete, hyaline, cylindrical to lageniform, phialidic with 
periclinal thickening, (7–)7.5–12(–14.5) × (2–)2.5–3.5 μm. Para 
physes not seen. Conidia hyaline, thin-walled, smooth with 
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granular contents, unicellular, aseptate narrowly fusiform, base  
subtruncate to bluntly rounded, (15–)19.5–24.5(–28.5) × 
(5–)6–6.5(–7.5) μm (av. = 22 × 6.2 μm, n = 100; L/W = 3.5) 
(Table 4).
 Culture characteristics — Colonies on MEA have fluffy my-
celia with an uneven margin and few cottony aerial mycelia 
reaching to the lid of the Petri plate, with an appressed mycelial 
mat that is sparse to moderately dense. Colony mycelia initially 
white, becoming smoke grey (21’’’’f) to pale mouse grey (15’’’’’d) 
at the surface and smoke grey (21’’’’f) to iron grey (23’’’’’k) at 
the reverse within 10–14 d. Optimal growth temperature is 
(25–)30 °C, reaching the edge of the 90 mm plates after 5 d. 
No growth is observed at 5 °C and 40 °C. After 5 d, colonies 
at 10 °C, 15 °C, 20 °C, 25 °C, 30 °C and 35 °C reach 14 mm, 
22 mm, 52 mm, 73 mm, 74 mm and 12 mm, respectively.

 Specimens examined. China, GuangDong, from twigs of one Eucalyptus 
tree, fruiting structures induced on needles of Pinus sp. on water agar, 4 Dec. 
2013, S.F. Chen & G.Q. Li (holotype CSFF2028, culture ex-type CERC2946 
= CGMCC3.18742); GuangDong, from twigs of one Eucalyptus hybrid tree, 
fruiting structures induced on needles of Pinus sp. on water agar, 4 Dec. 2013, 
S.F. Chen & G.Q. Li (CSFF2029, culture CERC2947 = CGMCC3.18743).

 Notes — Botryosphaeria qingyuanensis is phylogenetically 
closely related to B. corticis, B. fabicerciana, B. fusispora, B. ku 
watsukai and B. rosaceae, but can be distinguished from these 
species based on morphological or growth characteristics. Co-
nidia of B. qingyuanensis (av. 22 × 6.2; L/W = 3.5) are wider 
than these of B. fabicerciana (av. 22 × 5.8; L/W = 3.8) and the 
optimal growth temperature of B. qingyuanensis ((25–)30 °C) 
is different from that of B. fabicerciana (25(–30) °C) (Chen et 
al. 2011c). Conidia of B. qingyuanensis are longer and wider 
than B. fusispora (av. 20 × 5; L/W = 4) (Liu et al. 2012). Conidia 
of B. qingyuanensis are smaller than B. corticis (av. 28.9 × 6.4; 

L/W = 4.5) (Phillips et al. 2006) and B. rosaceae (av. 26.2 × 6.7; 
L/W = 3.9) (Zhou et al. 2017). Conidia of B. qingyuanensis are 
slightly shorter than B. kuwatsukai (av. 22.3 × 6.2; L/W = 3.6) 
(Xu et al. 2015a) and no conidia or microconidia are observed 
for B. qingyuanensis, but conidia with 1–3 septa before germi-
nation and microconidia (3–8 × 1–2 μm) have been found for 
B. kuwatsukai (Xu et al. 2015a) (Table 4).

Botryosphaeria wangensis G.Q. Li & S.F. Chen, sp. nov. — 
MycoBank MB822325; Fig. 7

 Etymology. Named after the Wang village where the fungus was isolated 
for the first time.

Sexual morph unknown. Conidiomata pycnidial, produced on 
pine needles on WA within 2–4 wk, solitary, globose to ovoid, 
dark brown to black, up to 698 μm wide, 484 μm high, embed-
ded in needle tissue, semi-immersed to superficial, unilocular, 
with a central ostiole, exuding conidia in a yellow mucoid mass. 
Conidiophores absent. Conidiogenous cells holoblastic, dis-
crete, hyaline, cylindrical to lageniform, phialidic with periclinal 
thickening, (6–)8.5–13.5(–15) × 2–3(–3.5) μm. Paraphyses 
not seen. Conidia hyaline, thin-walled, smooth with granular 
contents, unicellular, aseptate, becoming 1-septate before 
germination, narrowly fusiform, base subtruncate to bluntly 
rounded, (20.5–)22–26(–29) × (4.5–)5.5–6.5(–7.5) μm (av. 
= 23.8 × 6 μm, n = 100; L/W = 3.9) (Table 4). Spermatophores 
hyaline, smooth, branched, cylindrical to subcylindrical (Fig. 7f). 
Spermatogenous cells discrete or integrated, hyaline, smooth, 
cylindrical, producing spermatia on their tips, holoblastic or 
proliferating via phialides with periclinal thickenings, 6.5–16 
× 1.5–2.5 μm. Spermatia unicellular, aseptate, hyaline, thin-
walled, allantoid to rod-shaped, 3.5–4.5 × 1–1.5 μm, L/W = 2.9.

Fig. 5   Botryosphaeria pseudoramosa. a–b. Conidiomata formed on pine needle culture; c–d. conidiogenous cells and developing conidia; e. conidia; f. living 
culture after 10 d on 2 % MEA (front). — Scale bars: a–b = 500 μm; c–e = 10 μm; f = 1 cm.
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CGMCC3.18744); HeNan, from twigs of one Cedrus deodara tree, 26 Nov. 
2013, S.F. Chen (CSFF2031, culture CERC2300 = CGMCC3.18746).

 Notes — Botryosphaeria wangensis is phylogenetically close-
ly related to B. auasmontanum, B. dothidea, B. minutispermatia  
and B. sinensia. Botryosphaeria wangensis can be distin-
guished from its phylogenetically closely related species by the  
size of their conidia. Conidia of B. wangensis (av. 23.8 × 6; L/W 
= 3.9) are longer and wider than those of B. auasmontanum (av. 
10.1 × 3.4; L/W = 3) (Slippers et al. 2014) and B. minutisper
matia (av. 13 × 3.5; L/W = 3.7) (Ariyawansa et al. 2016) and 
shorter and wider than those of B. dothidea (av. 26.2 × 5.4; 
L/W = 4.9) (Slippers et al. 2004a) and B. sinensia (av. 24.3 × 
5.9; L/W = 4.1) (Zhou et al. 2016) (Table 4).

 Culture characteristics — Colonies on MEA have fluffy my-
celia with an uneven margin and a few cottony aerial mycelia 
reaching to the lid of the Petri plate, with an appressed mycelial 
mat that is sparse to moderately dense. Colony mycelia initially 
white, becoming smoke grey (21’’’’f) to mouse grey (13’’’’’i) at 
the surface and olivaceous grey (21’’’’’i) to iron grey (23’’’’’k) 
at the reverse within 10–14 d. Optimal growth temperature is 
30 °C, covering the 90 mm plates after 5 d. No growth at 5 °C 
and 40 °C. After 5 d, colonies at 10 °C, 15 °C, 20 °C, 25 °C, 
30 °C and 35 °C reach 15 mm, 21 mm, 50 mm, 69 mm, 89 mm 
and 24 mm, respectively.

 Specimens examined. China, HeNan, from twigs of one Cedrus deodara 
tree, fruiting structures induced on needles of Pinus sp. on water agar, 26 
Nov. 2013, S.F. Chen (holotype CSFF2030, culture ex-type CERC2298 = 

Fig. 6   Botryosphaeria qingyuanensis. a. Conidiomata formed on pine needle culture; b–c. conidiogenous cells and developing conidia; d. conidia; e. living 
culture after 10 d on 2 % MEA (front). — Scale bars: a = 500 μm; b–d = 10 μm; e = 1 cm.
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Neofusicoccum hongkongense G.Q. Li & S.F. Chen, sp. nov. 
— MycoBank MB822328; Fig. 8

 Etymology. Named after the Hong Kong Region where it was isolated 
for the first time.

Sexual morph unknown. Conidiomata pycnidial, produced on 
pine needles on WA within 2–4 wk, solitary, globose to ovoid, 
dark brown to black, up to 694 μm wide, up to 776 μm high, 
embedded in needle tissue, semi-immersed to superficial, 
unilocular, with a central ostiole. Conidiophores reduced to 
conidiogenous cells. Conidiogenous cells holoblastic, discrete, 
hyaline, cylindrical, phialidic with periclinal thickening, (9.5–) 
12–18.5(–22) × (1.5–)2–2.5(–3) μm. Paraphyses not seen. 
Conidia hyaline, thin-walled, smooth with granular contents, 
unicellular, aseptate narrowly fusiform, base subtruncate to 
bluntly rounded, (11.5–)13–15.5(–17.5) × (4–)4.5–5(–5.5) μm 
(av. = 14.1 × 4.7 μm, n = 100; L/W = 3) (Table 4). 
 Culture characteristics — Colonies on MEA have fluffy my-
celia with an uneven margin and a few cottony aerial mycelia  

reaching to the lid of the Petri plate, with an appressed mycelial 
mat that is sparse to moderately dense. Colony mycelia initially 
white, becoming smoke grey (21’’’’f) to grey olivaceous (21’’’’b) 
at the surface and grey olivaceous (21’’’’b) to olivaceous grey 
(21’’’’’i) at the reverse within 10–14 d. Optimal growth tempera-
ture is 25 °C, covering the 90 mm plates after 5 d. No growth at 
5 °C or 40 °C. After 5 d, colonies grown at 10 °C, 15 °C, 20 °C, 
25 °C, 30 °C and 35 °C reach 25 mm, 41 mm, 66 mm, 90 mm, 
84 mm and 9 mm, respectively.

 Specimens examined. China, Hong Kong, from twigs of Araucaria cun
ninghamii, fruiting structures induced on needles of Pinus sp. on water agar, 
11 Mar. 2014, S.F. Chen (holotype CSFF2034, culture ex-type CERC2973 
= CGMCC3.18749); Hong Kong, from twigs of Araucaria cunninghamii, 11 
Mar. 2014, S.F. Chen (CSFF2035, culture CERC2968 = CGMCC3.18748).

 Notes — Based on phylogenetic analyses, N. hongkongense 
phylogenetically clustered in the N. parvum/N. ribis species 
complex. Neofusicoccum hongkongense can be distinguished 
from other species in the N. parvum /N. ribis complex by the size 
and shape of their conidia. The conidia of N. hongkongense 

Fig. 7   Botryosphaeria wangensis. a–b. Conidiomata on pine needle culture; c–d. conidiogenous cells and developing conidia; e. conidia with 1 septum;  
f. spermatogenous cells; g. spermatia; h. living culture after 10 d on 2 % MEA (front). — Scale bars: a–b = 500 μm; c–g = 10 μm; h = 1 cm.
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(av. 14.1 × 4.7; L/W = 3) are shorter and narrower than those 
of N. algeriense (av. 17.6 × 5.6; L/W = 3.1) (Berraf-Tebbal et 
al. 2014), N. batangarum (av. 15.5 × 5.5; L/W = 2.9) (Begoude 
et al. 2010), N. cordaticola (av. 23.3 × 5.3; L/W = 4.3) (Pavlic 
et al. 2009b), N. kwambonambiense (av. 22.3 × 6.3; L/W = 
3.6) (Pavlic et al. 2009b), N. occulatum (av. 18.3 × 5.2; L/W = 
3.5) (Sakalidis et al. 2011), N. parvum (av. 17.1 × 5.5; L/W = 
3.2) (Phillips et al. 2013), N. ribis (av. 20.8 × 5.5; L/W = 3.8) 
(Slippers et al. 2004a), N. sinense (av. 18.7 × 7.7; L/W = 2.4) 
(Zhang et al. 2017), N. sinoeucalypti (av. 17.7 × 5.2; L/W = 
3.4) (this study) and N. umdonicola (av. 19.4 × 5.5; L/W = 3.5) 
(Pavlic et al. 2009b). The conidial size of N. brasiliense remains 
unknown (Marques et al. 2013) (Table 4).

Neofusicoccum microconidium G.Q. Li & S.F. Chen, sp. nov. 
— MycoBank MB822326; Fig. 9

 Etymology. Named for the small conidia of this fungus.

Sexual morph unknown. Conidiomata pycnidial, produced on 
pine needles on WA within 2–4 wk, solitary, globose to ovoid, 
dark brown to black, up to 895 μm wide, 1 729 μm high, embed-
ded in needle tissue, semi-immersed to superficial, unilocular, 
with a central ostiole, exuding conidia in a white mucoid mass. 
Conidiophores reduced to conidiogenous cells. Conidiogenous 
cells holoblastic, discrete, hyaline, cylindrical, phialidic with 
periclinal thickening, (10.5–)12.5–18(–20.5) × (2–)2.5–3(–3.5) 
μm. Paraphyses not seen. Conidia hyaline, thin-walled, smooth 
with granular contents, unicellular, aseptate narrowly fusiform, 
base subtruncate to bluntly rounded, (10–)11.5–13(–14.5) × 
(4–)4.5–5.5(–6) μm (av. = 12.3 × 5 μm, n = 100; L/W = 2.5) 
(Table 4). 

Fig. 8   Neofusicoccum hongkongense. a. Conidiomata formed on pine needle culture; b. conidiogenous cells and developing conidia; c. conidiogenous cells; 
d. conidia; e. living culture after 10 d on 2 % MEA (front). — Scale bars: a = 500 μm; b–d = 10 μm; e = 1 cm.
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 Culture characteristics — Colonies on MEA have fluffy my-
celia with an uneven margin and a few cottony aerial mycelia 
reaching to the lid of the Petri plate, with an appressed mycelial 
mat that is sparse to moderately dense. Colony mycelia initially 
white, becoming pale mouse grey (15’’’’’d) to olivaceous grey 
(21’’’’’i) at the surface and olivaceous grey (21’’’’’i) to iron grey 
(23’’’’’k) at the reverse within 10–14 d. Optimal growth tempera-
ture is 30 °C, reaching the edge of the 90 mm plates after 5 d. 
No growth at 5 °C. After 5 d, colonies at 10 °C, 15 °C, 20 °C, 
25 °C, 30 °C, 35 °C and 40 °C reach 24 mm, 34 mm, 66 mm, 
74 mm, 86 mm, 36 mm and 8 mm, respectively.

 Specimens examined. China, GuangDong, from twigs of E. urophylla × 
E. grandis, fruiting structures induced on needles of Pinus sp. on water agar, 
22 July 2014, S.F. Chen & G.Q. Li (holotype CSFF2032, culture ex-type 
CERC3497 = CGMCC3.18750); GuangDong, from twigs of E. urophylla ×  
E. grandis, 22 July 2014, S.F. Chen & G.Q. Li (CSFF2033, culture CERC3498 
= CGMCC3.18751).

 Notes — Neofusicoccum microconidium is phylogenetically 
closely related to N. mangiferae. The two species can be distin-
guished from each other based on conidial morphology. Conidia 
of N. microconidium (av. 12.3 × 5; L/W = 2.5) are smaller than 
those of N. mangiferae (av. 13.6 × 5.4; L/W = 2–2.5) (Slippers 
et al. 2005) (Table 4).

Neofusicoccum sinoeucalypti G.Q. Li & S.F. Chen, sp. nov. — 
MycoBank MB822327; Fig. 10

 Etymology. Named after the host genus Eucalyptus from which it was 
isolated for the first time.

Sexual morph solitary, globose to ovoid, dark brown to black, 
up to 1 007 μm wide, 685 μm high, embedded in needle tissue, 
semi-immersed to superficial, unilocular, with a central ostiole. 
Conidiophores absent. Conidiogenous cells holoblastic, dis-
crete, hyaline, cylindrical to lageniform, phialidic with periclinal 
thickening, (10–)10.5–11 × 2–3 μm. Paraphyses not seen. 
Conidia hyaline, thin-walled, smooth with granular contents, 
unicellular, aseptate, narrowly fusiform, base subtruncate to 
bluntly rounded, (13–)15–20.5(–25.5) × (4–)5–5.5(–6.5) μm 
(av. = 17.7 × 5.2 μm, n = 100; L/W = 3.4). Spermatophores 
hyaline, smooth, cylindrical to subcylindrical. Spermatogenous 
cells discrete or integrated, hyaline, smooth, cylindrical, pro-
ducing spermatia on their tips, holoblastic or proliferating via 
phialides with periclinal thickenings, 8.5–15.5 × 1.5–2 μm. 
Spermatia unicellular, aseptate, hyaline, thin-walled, allantoid 
to rod-shaped, 2.5–4.5 × 1.5 μm, L/W = 2.1.
 Culture characteristics — Colonies on MEA have fluffy myce-
lia with an uneven margin and a few cottony aerial mycelia that 
reach to the lid of the Petri plate, with an appressed mycelial mat 
that is sparse to moderately dense. Colony mycelia are initially 

Fig. 9   Neofusicoccum microconidium. a. Conidiomata formed on pine needle culture; b–c. conidiogenous cells and developing conidia; d. conidia; e. living 
culture after 10 d on 2 % MEA (front). — Scale bars: a = 500 μm; b–d = 10 μm; e = 1 cm.
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white, becoming pale mouse grey (15’’’’’d) to mouse grey (13’’’’’i) 
at the surface and olivaceous buff (21’’’d) to iron grey (23’’’’’k) 
at the reverse within 10–14 d. Optimal growth temperature is 
30 °C, reaching the edge of  the 90 mm plates after 5 d. No 
growth at 5 °C or 40 °C. After 5 d, colonies at 10 °C, 15 °C, 
20 °C, 25 °C, 30 °C and 35 °C reach 25 mm, 31 mm, 53 mm, 
78 mm, 90 mm and 11 mm, respectively.

 Specimens examined. China, GuangDong, from twigs of E. urophylla 
× E. grandis, fruiting structures induced on needles of Pinus sp. on water 
agar, 30 July 2013, S.F. Chen & G.Q. Li (holotype CSFF2036, culture ex-
type CERC2005 = CGMCC3.18752); GuangXi, from twigs of E. urophylla ×  

E. grandis, 25 Oct. 2013, S.F. Chen & G.Q. Li (CSFF2037, culture CERC2265 
= CGMCC3.18753); GuangXi, from twigs of Eucalyptus hybrid, 22 May 2014, 
S.F. Chen & G.Q. Li (CSFF2038, culture CERC3416 = CGMCC3.18754).

 Notes — Neofusicoccum sinoeucalypti clustered in the N. par 
vum/N. ribis species complex. Other species in this complex in-
clude N. algeriense, N. batangarum, N. brasiliense, N. cordatico
la, N. hongkongense (this study), N. kwambonambiense, N. occu 
latum, N. parvum, N. ribis and N. umdonicola. For these spe-
cies, except N. brasiliense (morphological data not avai lable) 
(Marques et al. 2013), spermatia have been reported only in 
N. sinoeucalypti and are allantoid to rod-shaped. Conidia of  

Fig. 10   Neofusicoccum sinoeucalypti. a. Conidiomata formed on pine needle culture; b. conidiogenous cells and developing conidia; c. immature conidia; 
d–e. mature conidia with 1–2 septa; f. spermatogenous cells; g. spermatia; h. living culture after 10 d on 2 % MEA (front). — Scale bars: a = 500 μm; b–g = 
10 μm; h = 1 cm.
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N. sinoeucalypti (av. 17.7 × 5.2; L/W = 3.4) are longer and 
wider than those of N. hongkongense (av. 14.1 × 4.7; L/W = 3),  
longer and narrower than those of N. batangarum (av. 15.5 × 
5.5; L/W = 2.9) (Begoude et al. 2010) and N. parvum (av. 17.1 
× 5.5; L/W = 3.2) (Phillips et al. 2013), shorter and narrower 
than those of N. cordaticola (av. 23.3 × 5.3; L/W = 4.3) (Pavlic 
et al. 2009b), N. kwambonambiense (av. 22.3 × 6.3; L/W = 
3.6) (Pavlic et al. 2009b), N. ribis (av. 20.8 × 5.5; L/W = 3.8) 
(Slippers et al. 2004a), N. sinense (av. 18.7 × 7.7; L/W = 2.4) 
(Zhang et al. 2017) and N. umdonicola (av. 19.4 × 5.5; L/W = 
3.5) (Pavlic et al. 2009b), shorter than those of N. occulatum 
(av. 18.3 × 5.2; L/W = 3.5) (Sakalidis et al. 2011), and nar-
rower than those of N. algeriense (av. 17.6 × 5.6; L/W = 3.1) 
(Berraf-Tebbal et al. 2014). The optimal growth temperature of 
N. sinoeucalypti (30 °C) is different compared to N. algeriense 
(25 °C) (Berraf-Tebbal et al. 2014), N. batangarum (25 °C) 
(Begoude et al. 2010), N. brasiliense (27.7 °C) (Marques et 
al. 2013), N. hongkongense (25 °C) (this study), N. occulatum 
(25 °C) (Sakalidis et al. 2011) and N. ribis (25 °C) (Slippers et 
al. 2004a) (Table 4).

Distribution of Botryosphaeriaceae
According to the phylogenetic and morphological analyses 
of the 105 isolates collected in this study, twelve species of 
Botryosphaeriaceae were identified from seven hosts in the 
FuJian, GuangDong, GuangXi, HaiNan and HeNan Provinces 

and the Hong Kong Region of China (Fig. 11). These species 
include B. fusispora (21 isolates: all from Eucalyptus hybrids),  
B. pseudoramosa (12 isolates: 8 from Eucalyptus hybrids, 4 from  
M. sanguineum), B. qingyuanensis (2 isolates: both from one 
Eucalyptus hybrid), B. wangensis (3 isolates: all from C. deo
dara), C. atrovirens (5 isolates: all from D. longan), L. brasiliense 
(1 isolate: from a Eucalyptus hybrid), L. pseudotheobromae 
(19 isolates: 17 from unknown Eucalyptus hybrids, two from 
E. urophylla × E. grandis), L. theobromae (20 isolates: six from 
unknown Eucalyptus hybrids, five from E. urophylla × E. grandis, 
2 from C. lanceolata, 5 from D. longan, 2 from P. hanceana),  
N. hongkongense (3 isolates: all from A. cunninghamii), N. micro 
conidium (2 isolates: both from E. urophylla × E. grandis),  
N. parvum (6 isolates: all from E. urophylla × E. grandis) and  
N. sinoeucalypti (11 isolates: nine from E. urophylla × E. grandis, 
two from Eucalyptus hybrids) (Table 1, Fig. 11). The 81 isolates 
collected from Eucalyptus trees include nine species (except for 
B. wangensis, C. atrovirens and N. hongkongense) of Botryo
sphaeriaceae. Of these nine species from Eucalyptus, B. fusi 
spora (26 % of the isolates), L. pseudotheobromae (23 % of the 
isolates) and L. theobromae (14 % of the isolates) are domi-
nant and are distributed throughout the surveyed Provinces of 
South China. Of the 12 species of Botryosphaeriaceae, L. theo 
bromae (isolated from C. lanceolata, D. longan, a Eucalyptus 
hybrid and P. hanceana) and B. pseudoramosa (isolated from 
a Eucalyptus hybrid and M. sanguineum) were collected from 
more than one plant host (Fig. 11).

Fig. 11   Map showing the 12 species of Botryosphaeriaceae detected from different regions and plant hosts. The different Botryosphaeriaceae species are 
indicated as numbers 1 to 12; the plant hosts are shown as letters A to G. For example, A8 indicates L. theobromae (number 8 of fungal species) isolated from 
Eucalyptus spp. (letter A of plant species) in HaiNan Province. The pies in colours indicate Botryosphaeriaceae isolated from different plant hosts in this study, 
the pies without colour indicate Botryosphaeriaceae species reported from Eucalyptus in previous studies (Chen et al. 2011c, Li et al. 2015a).
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Pathogenicity tests
Twenty-eight isolates representing the 12 species of Botryo
sphaeriaceae identified in this study were used for inoculations 
on three different Eucalyptus clones (different parents) (Table 
1, 5). Pathogenicity tests indicate that all of the Botryosphae
riaceae isolates tested produce lesions on stems of the three 
Eucalyptus clones, while MEA unclonised plugs produced only 
wounds. Overall, isolates in species of Lasiodiplodia produce 
relatively longer lesions than that of Botryosphaeria, Cophin
forma and Neofusicoccum. For all three tested Eucalyptus 
clones, the lesions produced by Lasiodiplodia isolates are all 
significantly longer than the wounds caused by negative con-
trols, except isolate CERC3420 (L. theobromae) on CEPT-11 
and CEPT-13 (P < 0.05) (Table 5). For isolates in the genera 
of Botryosphaeria, Cophinforma and Neofusicoccum, isolates 
CERC3497 (N. microconidium) and CERC2005 (N. sinoeu
calypti) also produce significantly longer lesions on CEPT-11 
and CEPT-13 (P < 0.05) (Table 5). Analysis of variance shows 
significant differences in the susceptibility of the three Euca
lyptus clones to some of the isolates we tested. For example, 
the lesions produced by isolate CERC2284 (L. brasiliense) on 
three Eucalyptus clones are significantly different from each 
other (P < 0.05) (Table 5). Analysis of results also show that 
not all the isolates of the same species of Botryosphaeriaceae 
react in the same manner to the Eucalyptus clones. For exam-
ple, lesions produced by isolate CERC3420 (L. theobromae) 
on clone CEPT-12 are significantly longer than those on 
CEPT-13, whereas lesions produced by isolate CERC3513 
(L. theobromae) on CEPT-12 are significantly shorter than 
those on CEPT-13 (P < 0.05) (Table 5). In addition, based on 
the lesions caused by all Botryosphaeriaceae isolates in this 
study, CEPT-11 (average lesion length: 33.0 ± 2.4 mm) is more 
tolerant than CEPT-12 (average lesion length: 44.2 ± 3.2 mm) 
and CEPT-13 (average lesion length: 42.0 ± 3.4 mm). All 12 
species of Botryosphaeriaceae were re-isolated successfully 

from the lesions, and no Botryosphaeriaceae were isolated from 
the negative controls, thus fulfilling Koch’s postulates.

DISCUSSION

In this study, disease samples from symptomatic trees with stem 
cankers, shoot and twig blight were collected mainly from Euca
lyptus and six other plant hosts in China. Botryosphaeriaceae 
was isolated from these diseased samples. Based on phyloge-
netic analyses and morphological characteristics, 12 species 
of Botryosphaeriaceae were isolated from these samples and 
the genera Botryosphaeria, Cophinforma, Lasiodiplodia and 
Neofusicoccum were identified from among a relatively large 
collection of isolates. These species include Botryosphaeria 
fusispora, Cophinforma atrovirens, Lasiodiplodia brasilience, 
L. pseudotheobromae, L. theobromae, Neofusicoccum parvum 
and each of three previously undescribed species of Botryo
sphaeria and Neofusicoccum, namely B. pseudoramosa sp. 
nov., B. qingyuanensis sp. nov., B. wangensis sp. nov., N. hong 
kongense sp. nov., N. microconidium sp. nov. and N. sinoeu
calypti sp. nov.
In this study, ITS, tef1, tub, rpb2, cmdA, LSU and SSU se-
quences were generated to distinguish and describe new 
species of Botryosphaeria, Cophinforma, Lasiodiplodia and 
Neofusicoccum. For the six to seven regions used for analyses 
of Botryosphaeria, Lasiodiplodia and Neofusicoccum, phylo-
genetic analyses based on sequence comparisons show that 
polymorphic nucleotides exist between some isolates collected 
in this study and other closely related species. Sequences of 
the ITS, tef1 and tub regions are widely used to distinguish 
and describe new species of Botryosphaeria, Lasiodiplodia 
and Neofusicoccum of Botryosphaeriaceae (Phillips et al. 
2013, Chen et al. 2015, Linaldeddu et al. 2015, Coutinho et al. 
2017), except ITS, tef1 and tub, rpb2 genes are also used for 
the species identification of Neofusicoccum (Pavlic et al. 2009a,  

Species Isolates Eucalyptus clones

  CEPT-11 CEPT-12 CEPT-13

Botryosphaeria fusispora CERC1998 17.6 ± 1.8 m-p1 27.1 ± 9.3 k-p 10.6 ± 0.7 op
 CERC2274 10.3 ± 0.4 op 10.7 ± 0.4 op 9.2 ± 0.2 op
 CERC2930 12.3 ± 1.2 op 13.9 ± 2.4 m-p 14.5 ± 1.6 m-p
 CERC3446 12.0 ± 0.6 op 17.5 ± 4.5 m-p 15.5 ± 2.8 m-p
B. pseudoramosa CERC2001 13.5 ± 0.8 n-p 15.5 ± 4.0 m-p 11.1 ± 0.5 op
 CERC3452 16.8 ± 2.0 m-p 26.9 ± 7.3 k-p 13.9 ± 1.9 m-p
B. qingyuanensis CERC2946 10.4 ± 0.5 op 16.2 ± 5.6 m-p 11.1 ± 0.8 op
 CERC2947 11.0 ± 0.5 op 18.2 ± 5.2 l-p 10.4 ± 0.5 op
B. wangensis CERC2298 10.6 ± 0.5 op 12.3 ± 0.8 op 10.0 ± 0.2 op
 CERC2299 9.3 ± 1.1 op 11.1 ± 0.3 op 9.8 ± 0.1 op
Cophinforma atrovirens CERC3484 11.0 ± 1.5 op 10.0 ± 1.5 op 8.8 ± 1.1 op
 CERC3489 12.2 ± 0.7 op 9.2 ± 0.2 op 9.4 ± 0.3 op
Lasiodiplodia brasiliense CERC2284 41.7 ± 5.6 j-m 139.7 ± 27.3 cd 95.8 ± 15.7 f
L. pseudotheobromae CERC2286 90.7 ± 16.9 fg 84.5 ± 12.6 f-h 100.1 ± 21.8 ef
 CERC3417 78.4 ± 9.7 fg 121.0 ± 12.6 de 128.4 ± 12.2 d
 CERC3495 120.9 ± 11.5 de 138.1 ± 12.8 cd 85.9 ± 9.5 fg
L. theobromae CERC3420 26.7 ± 2.3 k-p 46.6 ± 7.5 i-l 26.8 ± 5.6 k-p
 CERC3513 123.9 ± 16.0 d 150.7 ± 21.9 b 219.5 ± 19.8 a
 CERC3516 126.3 ± 13.1 d 142.0 ± 21.6 bc 173.5 ± 18.7 b
Neofusicoccum hongkongense CERC2968 17.7 ± 1.2 m-p 12.9 ± 2.2 op 14.6 ± 1.2 m-p
 CERC2973 21.6 ± 1.2 k-p 31.8 ± 5.6 k-p 18.7 ± 1.3 m-p
N. microconidium CERC3497 32.7 ± 2.2 k-p 47.7 ± 7.5 i-k 40.8 ± 6.8 j-n
 CERC3498 16.6 ± 1.2 m-p 17.2 ± 1.7 m-p 20.8 ± 4.3 l-p
N. parvum CERC2951 10.3 ± 0.5 op 11.9 ± 0.9 op 10.3 ± 0.3 op
 CERC3504 17.3 ± 0.7 m-p 30.1 ± 5.2 k-p 22.1 ± 3.2 k-p
 CERC3509 16.0 ± 1.5 m-p 17.5 ± 4.0 k-p 15.3 ± 2.4 m-p
N. sinoeucalypti CERC2005 27.5 ± 4.7 k-p 68.0 ± 9.0 g-i 62.3 ± 8.7 h-j
 CERC3463 30.9 ± 4.8 k-p 24.0 ± 4.3 k-p 39.3 ± 7.7 j-o
Control  10.5 ± 0.6 op 10.0 ± 0.2 op 9.4 ± 0.3 op
1 Mean ± SE followed by different lowercase letters indicates treatments that are significantly different (P < 0.05); Mean = average lesion length; SE = standard error 

of mean.

Table 5   Average lesion length (mm) on seedlings of three Eucalyptus clones inoculated with Botryosphaeriaceae.
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Sakalidis et al. 2011, Osorio et al. 2017, Yang et al. 2017) and 
rpb2 and cmdA are also used for Lasiodiplodia (Cruywagen et 
al. 2017, Dou et al. 2017a, b, Osorio et al. 2017). The phylo-
genetic analyses based on a combination of the three to five 
regions (Botryosphaeria: ITS, tef1 and tub; Lasiodiplodia: ITS, 
tef1, tub, rpb2 and cmdA; Neofusicoccum: ITS, tef1, tub and 
rpb2) indicated that these isolates form independent phyloge-
netic clades supported by high bootstrap values, which are 
identified and described as six new species. In the other Chi-
nese isolates, the differences we did find occurred only in one 
of the two (Cophinforma), six (Botryosphaeria and Neofusicoc
cum) or seven (Lasiodiplodia) regions, these isolates reside in 
the same clade to previously identified species or form indepen-
dent phylogenetic clades but not supported by high bootstrap 
values, and they were identified as B. fusispora, C. atro 
virens, L. brasiliense, L. pseudotheobromae, L. theobroma and  
N. parvum.
The identification of 12 Botryosphaeriaceae species is also 
supported by morphological and/or biological characteristics. 
For each of the six species that have been described previ-
ously, their culture morphology and conidial characteristics are 
very similar to that of the type specimens. For the six newly 
described species in this study, morphological differences exist 
among them and other phylogenetically closely related species, 
especially in terms of the size and shape of conidia, as well as 
conidium septum characteristics. We also observed biological 
differences, for example optimal growth temperatures, among 
some of the species. For the six new species, B. pseudoramosa, 
B. wangensis, N. hongkongense and N. microconidium are 
easily distinguished from other phylogenetically close species 
based on conidial morphology. Although some overlap in co-
nidial shape and size is observed among some species, such 
as B. fabicerciana, B. kuwatsukai and B. qingyuanensis, these 
species can be distinguished from each other by the presence 
of a conidial septum (older conidia) and microconidia, as well as 
the optimal growth temperature. The newly described species 
N. sinoeucalypti can be distinguished from other species with 
similar conidia in the N. parvum/N. ribis complex by conidial 
morphology and the optimal growth temperature.
Except for B. wangensis, C. atrovirens and N. hongkongense, 
the other nine species were isolated from Eucalyptus trees in 
South China. Of the Botryosphaeriaceae species isolated from 
Eucalyptus, B. fusispora, L. pseudotheobromae and L. theo 
bromae are dominant and distributed in the GuangDong, GuangXi  
and HaiNan Provinces; L. pseudotheobromae and L. theo
bromae have also been found in previous studies (Chen et al. 
2011c, Li et al. 2015a), suggesting that they may be widely dis-
tributed on Eucalyptus trees in other areas in South China. Four 
new species, B. pseudoramosa, B. qingyuanensis, N. micro 
conidium and N. sinoeucalypti, were isolated from Eucalyptus in 
China. This study also presents the first report of L. brasiliense 
on Eucalyptus in the world. Species of Botryosphaeriaceae 
are distributed in all the areas surveyed where Eucalyptus is 
planted. The results of our study suggest that the species di-
versity of Botryosphaeriaceae on Eucalyptus in China may be 
higher than what was previously expected (Chen et al. 2011c). 
In addition to Botryosphaeriaceae species identified on Euca
lyptus, we also identified B. pseudoramosa from Melastoma 
sanguineum, B. wangensis from C. deodara, C. atrovirens from 
D. longan, L. theobromae from C. lanceolata, D. longan and  
P. hanceana, and N. hongkongense from A. cunninghamii. 
Aside from L. theobromae from P. hanceana (Lu et al. 2000), 
which has been reported previously, these Botryosphaeriaceae 
species are reported from their respective plant hosts for the first 
time. Disease materials were collected randomly from limited 
areas, including the areas which were adjacent to Eucalyptus 
plantations, and further work is needed to better understand 

the biodiversity and distribution of Botryosphaeriaceae on 
their hosts.
Based on sequence comparisons of the seven gene regions, 
the same genotype of L. theobromae was shared by species of 
Eucalyptus in all the surveyed provinces in South China, and  
C. lanceolata, D. longan and P. hanceana planted in GuangDong  
Province (Table 1). We isolated the newly described species  
B. pseudoramosa from both Eucalyptus trees and M. sanguine
um, and isolates from different hosts in geographically close 
areas do share the same genotype (Table 1). These results 
provide confirmation for the wide host range of L. theobromae 
and B. pseudoramosa on different plants. Previous studies 
used genetic diversity and geographic distribution comparisons 
to show the wide host range of N. mediterraneum on different 
crop trees in California (Chen et al. 2014a, b). The results of 
our current study further show that some Botryosphaeriaceae 
have wide geographic and host ranges.
Inoculation experiments revealed that all species of Botryo
sphaeriaceae identified in this study are pathogenic to the 
tested Eucalyptus clones, which is consistent with previous 
work showing that Botryosphaeriaceae species include im-
portant pathogens of Eucalyptus (Pavlic et al. 2007, Mohali et 
al. 2009, Rodas et al. 2009, Chen et al. 2011c). Pathogenicity 
tests in this study showed that species of Lasiodiplodia are 
more aggressive than Botryosphaeria and Neofusicoccum on 
three Eucalyptus clones, including one clone of E. urophylla × 
E. grandis, which is consistent with results in previous studies 
(Chen et al. 2011c). Results in Mohali et al. (2009) showed that 
some species of Neofusicoccum were more aggressive than  
Lasiodiplodia on clones of E. urophylla × E. grandis, which indi- 
cated that resistance of different genotypes of E. urophylla × 
E. grandis can be significantly different. Therefore, the identi-
fication of commercially available Eucalyptus genotypes resis- 
tant to Botryosphaeriaceae will promote the selection of resis-
tant materials for wide-scale planting.
Of the fungal species we found, L. theobromae and L. pseudo
theobromae are the most aggressive and are also widely dis-
tributed on Eucalyptus trees in different regions; it is essential 
that these pathogens be monitored carefully to help make 
decisions regarding disease management. Except for species 
of Lasiodiplodia, other fungi of the genera Botryosphaeria, 
Cophinforma and Neofusicoccum also produce lesions on 
inoculated seedlings; although these species are not highly 
virulent to Eucalyptus and are not widespread, these fungi still 
need to be monitored carefully because some of them may be 
highly aggressive to their original hosts or may spread and act 
as important pathogens in a suitable environment.
Our results in this study indicate that some species of Botryo
sphaeriaceae are widely distributed in different geographic 
regions on different hosts. These fungal species have significant 
potential to cause diseases of Eucalyptus. Management of the 
diseases on Eucalyptus reported in this study will need to rely 
on sound breeding programs to select Eucalyptus genotypes 
to match climatic and edaphic factors and silvicultural practices 
(spacing and thinning) as part of an integrated management 
strategy (Old et al. 2003). Further study is needed to better 
understand the genetic diversity of the species at the popula-
tion level and to understand the biological and epidemiological 
characteristics of these species to help with long-term disease 
management.
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