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Abstract
Severe occurrence of a leaf spot disease was found on leaves of Ningpo Figwort (Scrophularia ningpoensis) in the SunYatsen
Botanical Garden in Nanjing, China, during the summer of 2017. The morphological characteristics of the fungus were identical
with those described for Stagonosporopsis trachelii. Molecular analysis of the ribosomal internal transcribed spacer (ITS)
regions, partial beta-tubulin and actin gene regions confirmed the identity of the fungus as S. trachelii. Koch’s postulates were
completed for the same S. trachelii isolates, thereby confirming that the pathogen causes leaf spot on Ningpo Figwort
(S. ningpoensis) in China. This is the first report of S. trachelii causing leaf spot on Ningpo figwort in China and the world.
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Scrophularia ningpoensis, commonly known as the
Ningpo figwort or Chinese figwort, is a perennial plant in
the family Scrophulariaceae. The root of this plant has
been widely used as traditional medicinal material for cen-
turies in China (Li et al. 1999). Ningpo figwort root,
known as Xuanshen in Chinese, is harvested in autumn in
Jiangsu province, Zhejiang province and neighbouring
areas, then dried under sunlight for later use in the treat-
ment of a form of tuberculosis as well as mental, nervous
and gastrointestinal conditions. The root material has also
been found to possess antibacterial, antiprotozoal, antitu-
mor, anti-inflammatory, and hepatoprotective activities
(Pasdaran et al. 2012; Li et al. 2009; Yang et al. 2011).

In June 2017, many small, oval- or circular- shaped light
brown spots were observed on the leaves of most of the
Ningpo figwort plants growing in the SunYatsen Botanical
Garden in Nanjing, Jiangsu Province, China (32.02° N, 118°
E). These initial spots often turned a dark brown color, became
enlarged and irregular in shape, and developed a grey-white
sporulating necrotic center surrounded by a yellow-green halo
(Fig. 1a-c). In the late stages of the infection, leaf chlorosis

occurred, resulting in the wilting of entire leaves. The disease
incidence rates of plants in the garden and leaves per plant
were approximately 87% and 60%, respectively. The objec-
tive of this study was to identify the causal agent of the de-
scribed leaf spot disease on Ningpo figwort plants in China.

Symptomatic leaves collected from ten independent fig-
wort plants in the garden were surface sterilised with 75%
ethanol for 1 min. The leaves were then cut into small pieces
(approximately 0.5 cm2), plated onto potato dextrose agar
(PDA) medium containing rifampicin (100 μg/ml) and strep-
tomycin sulfate (100 μg/ml), and incubated at 25 °C in the
dark. After 3 days, ten fungal colonies that grew from the leaf
tissue were sub-cultured on PDA. Pure cultures of the ten
isolates were obtained using a single-spore isolation method
described by Chilvers et al. (2014) with a slight modification
as follows: a conidial suspension was diluted to 1 × 103/ml
rather than 1 × 104/ml, and the single spores were maintained
on 10% V8 medium for fifteen days (Fig. 2g-h). Colonies on
PDAwere 58–68 mm in diameter after 7 days at 25 °C, with a
growth rate of 2.5–5.0 mm per day in the early stages.
Colonies on PDA or V8 medium were regular-margined,
green to olive grey in surface color, and woolly to floccose
in texture. They also produced white to olive grey aerial
mycelia and were greenish-brown on the reverse (Fig. 2c-f).
Fungal structures were examined under a Zeiss Axio
Scope.A1 microscope equipped with a high-resolution Carl
Zeiss AxioCam MRc5x microscopy camera, and at least
30 units were measured per structure. Fungal morphology
was as follows: Pycnidia measured 120–160 μm in diameter
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Fig. 2 Morphological characteristics of Stagonosporopsis trachelii NJ1–
2. 15-day-old colony of S. tracheliiNJ1–2 on corn meal medium (CMM)
(front and reverse) (a-b), minimal salts medium (MSM) (front and
reverse) (c-d), potato dextrose agar (PDA) (front and reverse) (e-f) and
on V8-juice agar (V8) (front and reverse) (g-h); 10-day-old colony of

S. tracheliiNJ1–2 on oatmeal agar (OA) (front and reverse) (i-j); pycnidia
forming on OA (k); pycnidium (l); broken pycnidium (m); conidia (n);
chain of chlamydospores (o). Scale bars: a-j = 1 cm, k = 200 μm, l =
50 μm, m = 100 μm, n-o = 10 μm

Fig. 1 Field symptoms (a-c) and artificial inoculated symptoms (d) of leaf spot on Ningpo figwort (Scrophularia ningpoensis) caused by
Stagonosporopsis trachelii
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and were globose to subglobose in shape, dark brown in color,
with ostioles (Fig. 2k-l). The conidia measured 3.8–7.0 × 1.2–
2.4 μm (average 4.6 × 1.8 μm) with a length-to-width ratio
between 1.58 and 5.8. They were hyaline, oval to oblong,
mainly aseptate, and contained small oil drops (Fig. 2n).
Chlamydospores were aseptate, globose to ellipsoid, 7.4–
12 × 6–10 μm, light brown, thick-walled, and present in
chains or clusters (Fig. 2o). These morphological characteris-
tics were consistent with the description of Stagonosporopsis
trachelii (Syn. Phoma trachelii and Ascochyta bohemica)
(Garibaldi et al. 2015; Chen et al. 2015). One representative
pure culture NJ1–2 was deposited in China Center of
Industrial Culture Collection (CICC) with a number CICC
41704.

In addition to morphological characterisation, species iden-
tification was further validated by gene amplification of the
ribosomal internal transcribed spacer (ITS) region, actin
(ACT) gene region, and beta-tubulin (TUB) gene region of
the 10 isolates with ITS1/ITS4 (Xiong et al. 2019), ACT-
512F/ACT-783R (Carbone and Kohn 1999), and DbBt-F/
DbBt-R primer pairs (Stewart et al. 2015), respectively.
Multiple sequence alignment by BLASTN program revealed
that the ITS, ACT or TUB sequence of the 10 isolates shared
100% sequence similarity with each other (not shown). A
BLAST search in GenBank indicated three consensus se-
quences of isolate NJ1–2 (accession nos. MH062183.2-ITS,
MK050978.1-ACT, and MK050977.1-TUB) shared 99–
100% similarity with related sequences of S. trachelii in
GenBank (strain CBS 384.68–accession no. GU237856.1,
strain CBS 379.91–accession no. JN251977.1, and strain
CBS 379.91–accession no. GU237678.1, respectively).

For further understanding of interspecies relationships,
phylogenetic trees were constructed for the ITS, ACT and
TUB sequences. The sequences used for these three phy-
logenetic analyses were obtained from NJ1–2, NJ3–2 and
NJ4–1 isolated in this study. The ITS and TUB sequences
of NJ1–2, NJ3–2 and NJ4–1 were each aligned with that
of 11 other isolates of Stagonosporopsis spp. together
with one isolate each of ten other fungal species
(Alternaria alternata, Colletotrichum higginsianum,
Corynespora cassi icola , Epicoccum sorghinum,
Fusarium acutatum , Magnaporthe grisea , Phoma
herbarum, Sclerotinia sclerotiorum , Trichoderma
longibrachiatum, and Verticillium dahlia) obtained from
the GenBank da t aba s e . The s ame i so l a t e s o f
Stagonosporopsis spp. excluding one isolate of
Stagonosporopsis trachelii (DB14LUG12 isolate for ITS
and CBS 379.91 for TUB) were subjected to ITS- and
TUB- based phylogenetic analyses (Figs. 3 and 4). For
ACT-based phylogenetic analysis, a total of 23 other iso-
lates of Stagonosporopsis spp. and one isolate each of ten
other fungal species were obtained from the GenBank
database (Fig. 5). A total of ten isolates each from ten

other fungal species were used as outgroups in three phy-
logenetic trees (Figs. 3, 4 and 5). Raw sequences were
assembled with Sequencher 4.9 for Windows (Gene
Codes Corp., Ann Arbor, Michigan). The consensus se-
quences were then initially aligned using MAFFT version
7 (Katoh et al. 2017) (http://mafft.cbrc.jp/alignment/
se rve r / ) and op t imised in the SATé- I I v.2 .2 .7
(Simultaneous Alignment and Tree Estimation) high
throughput alignment platform (http://phylo.bio.ku.edu/
software/sate/sate.html) (Liu et al. 2012). Phylogenetic
analysis of ITS, TUB and ACT sequence data was con-
ducted by neighbor-joining methods using MEGA version
X (Kumar et al. 2018), and sequence distances were cal-
culated based on the Maximum Composite Likelihood
model. Confidence intervals were estimated using boot-
strap analysis with 1000 replications. The isolates NJ1–
2, NJ3–2 and NJ4–1 in each phylogenetic tree were
placed within a monophyletic clade comprising reference

Fig. 3 Phylogenetic tree constructed with sequences of internal
transcribed spacer ribosomal DNA (rDNA) region (ITS) of isolates
NJ1–2, NJ3–2 and NJ4–1 obtained in this study and other species of
Stagonosporopsis retrieved from GenBank. The tree was constructed
using the neighbor-joining method from the alignment of ITS sequences
using MEGA software (version X). Alternaria alternata, Colletotrichum
higginsianum,Corynespora cassiicola, Epicoccum sorghinum, Fusarium
acutatum, Magnaporthe grisea, Phoma herbarum, Sclerotinia
sclerotiorum, Trichoderma longibrachiatum and Verticillium dahlia (ac-
cession nos. AF347031.1, KM105190.1, AY238606.1, MH633723.1,
KU604036.1, MH864859.1, MH855910.1, AF342037.1, AF359257.1
and HQ206718.1, respectively) were used as the outgroups, which were
indicated within black solid dots. Values at the nodes indicate bootstrap
support values based on 1000 replicates. Bootstrap support values less
than 50% are not shown. Isolates NJ1–2, NJ3–2 and NJ4–1 sequenced in
this study are indicated within red solid dots
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isolates of S. trachelii species, and formed a separate
clade distinct from other species of Stagonosporopsis
(Figs. 3, 4 and 5). Based on molecular data, the fungus
was confirmed as S. trachelii.

Pathogenicity assays were performed by using the drop
inoculation method as described by Xiong et al. (2019).
Two-week-old cultures formed on 10% V8 plates at 25 °C
were flooded with sterile distilled water, and the surface was
scraped. The suspension was filtered and adjusted to 105

spores/ml with a hemocytometer. Ten healthy Ningpo figwort
leaves (fifth to sixth leaf from the top in one-year-old plants)
were collected and placed on 2% water agar Petri plates. Two
leaves were placed in each per Petri dish, one of which was
drop-inoculated with 20 μl of conidial suspension of
S. trachelii and the other treated with 20 μl of sterile distilled
water as a control. The five inoculated Petri dish plates were
then sealed with Parafilm and kept in a growth chamber at
25 °C under 90% relative humidity. Typical spot symptoms,

similar to those observed in the garden, developed on all of the
inoculated leaves five days after inoculation (Fig. 1d), while
no symptoms developed on the control leaves. Ten days after
inoculation the same fungus was re-isolated from inoculated
leaves but not from controls, and the isolate was then con-
firmed by the morphological and molecular methods previ-
ously described, thus satisfying Koch’s postulates.

Fig. 5 Phylogenetic tree constructed with sequences of partial actin of
isolates NJ1–2, NJ3–2 and NJ4–1 obtained in this study and other species
of Stagonosporopsis retrieved from GenBank. The tree was constructed
by neighbor-joining method from the alignment of actin gene sequences
using MEGA software (version X). Alternaria alternata, Colletotrichum
higginsianum,Corynespora cassiicola, Epicoccum sorghinum, Fusarium
acutatum, Magnaporthe grisea, Phoma herbarum, Sclerotinia
sclerotiorum, Trichoderma longibrachiatum and Verticillium dahlia (ac-
cession nos. JQ671702.1, KM105400.1, AB539428.1, MH141601.1,
KU603806.1, AF395965.1, AY748977.1, AF340648.1, JX238491.1
and HQ206921.1, respectively) were used as the outgroups, which were
indicated within black solid dots. Values at the nodes indicate bootstrap
support values based on 1000 replicates. Bootstrap support values less
than 50% are not shown. Isolates NJ1–2, NJ3–2 and NJ4–1 are indicated
within red solid dots

Fig. 4 Phylogenetic tree constructed with sequences of partial beta-
tubulin of isolates NJ1–2, NJ3–2 and NJ4–1 obtained in this study and
other species of Stagonosporopsis retrieved from GenBank. The tree was
constructed using the neighbor-joining method from the alignment of
beta-tubulin sequences using MEGA software (version X). Alternaria
alternata, Colletotrichum higginsianum, Corynespora cassiicola,
Epicoccum sorghinum, Fusarium acutatum, Magnaporthe grisea,
Phoma herbarum, Sclerot inia sclerot iorum , Trichoderma
longibrachiatum and Verticillium dahlia (accession nos. JQ672039.1,
KM105470.1, AB539203.1, MH141600.1, KU603877.1, AF395985.1,
AY749025.1, AY770359.1, LT707603.1 and JF343454.1, respectively)
were used as the outgroups, which were indicated within black solid dots.
Values at the nodes indicate bootstrap support values based on 1000
replicates. Bootstrap support values less than 50% are not shown.
Isolates NJ1–2, NJ3–2 and NJ4–1 are indicated within red solid dots

12 Page 4 of 6 Australasian Plant Dis. Notes (2019) 14: 12



Many species of Stagonosporopsis are plant pathogens,
classified in the family Didymellaceae, which cause destruc-
tive diseases to a huge range of agriculturally and ornamen-
tally important plants, including those in forests and other
natural ecosystems (Aveskamp et al. 2010). For example,
Stagonosporopsis andigena and S. crystalliniformis are seri-
ous foliage pathogens on potato (Solanum tuberosum) and
tomato (Solanum lycopersicum) (de Gruyter et al. 2012).
Stagonosporopsis tanaceti causes ray blight of pyrethrum
(Tanacetum cinerariifolium Sch. Bip.), representing one of
the major biotic limitations to pyrethrum production in
Australia (Chilvers et al. 2014). Stagonosporopsis
chrysanthemi also causes ray blight of chrysanthemum
(Chrysanthemum morifolium Ram.) and other plant species
(Vaghefi et al. 2012). Three closely fungal related species of
Stagonosporopsis, S. cucurbitacearum (syn. Didymella
bryoniae and Phoma cucurbitacearum), S. caricae (syn.
Phoma caricae-papayae), and S. citrulli, are major pathogens
causing gummy stem blight of cucurbits worldwide and oc-
curs everywhere they are grown, infecting at least 13 genera
and 24 species of the Cucurbitaceae, including watermelon
(Citrullus lanatus), cucumber (Cucumis sativus), cantaloupe
(Cucumis melo var. cantalupo), muskmelon (Cucumis melo),
squashes (Cucurbita pepo), and gourds (Cucurbita spp.)
(Stewart et al. 2015; Brewer et al. 2015). Rennberger and
Keinath (2018) recently expanded the host range of
S. citrulli to 37 species representing 21 genera and seven tribes
in the family Cucurbitaceae. Meanwhile, S. cucurbitacearum
was recently reported as the causal agent of leaf spot on
Luohanguo (Siraitia grosvenorii) (Jiang et al. 2015) and spot
blight on water spinach (Ipomoea aquatica) (Liu et al. 2017)
as well as tobacco (Nicotiana tabacum) (Wang et al. 2018) in
China. Stagonosporopsis trachelii has only been reported to
cause leaf spot onCampanula medium in Italy (Garibaldi et al.
2015). To our knowledge, this is the first report of S. trachelii
causing leaf spot on S. ningpoensis in China. Further studies
are needed to determine the distribution and to assess the
economic impacts of this disease in China.
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