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with canker disease of Salix alba L.
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Abstract
A serious canker disease associated with Salix alba  L. tree in the cold desert of Kinnaur district of
Himachal Pradesh, India was thoroughly explored for molecular and morphological identification and
characterization. The samples were collected from canker infected trees of S. alba, which showed typical
symptoms of the disease on the branches and twigs. Isolation of the pathogen was done on potato
dextrose agar (PDA) medium as per the standard isolation technique and designated initially on the basis
of morphology and cultural characteristics. Further, the sequence data obtained from the amplified ITS-
rDNA region and its retrieval and comparison with the data available in GenBank confirmed initially the
strain as Cytospora chrysosperma. In vivo and in vitro pathogenicity test of isolate (C. chrysosperma) on
shoots of S.alba induced the symptoms of canker disease. These preliminary studies have provided ITS
sequence data for the pathogen which has been deposited in GenBank as Valsa sordida isolate SR91 to
further improve the understanding of the C. chrysosperma on the other woody host.
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1.  Introduction

Salix also known as Willow is a fast growing and short-rotation
species, of Salicaceae. It is mainly grow through the vegetative
propagation, and is cross compatible, having nineteen basic
chromosome number (Mabberley, 1997). In India, approximately
33 species of Salix have been reported in the temperate regions
covering 137,300 ha of land (Country Report on Poplars and
Willows 2012-2015, National Poplar Commission of India). Salix
is a biomass producing plant having wide adaptability. Bioactive
compound, salicylic acid present in the young twigs and bark of the
plant have been utilized to cure headaches. It is also a source of bio-
fuel and bioenergy production. Moreover, the Willow trees have
practical application in restoring damaged ecosystems, controlling
soil erosion, nutrient recycling and phytoremediation (Granel et
al., 2002). Being a perennial tree, Willow has many potential biotic
constrains during its life span but fungal infestation is one of the
most prevalent and damaging diseases.

In general, Cytospora species cause most serious epidemic disease,
canker usually observe on Salix, aspen and other woody plant
species throughout the world and affecting a number of other

horticultural and commercially important trees, viz., apples, plums
and birches (Limb et al., 2003; Marshall et al., 2013). Some of
these fungal species are host-specific while other can infect several
different trees resulting in mortality of the host plant due to the
attack of asexual and sexual spores on freshly wounded tissues
causing death of planted trees (Tisserat, 2004). Unfortunately,
understanding and distribution of Cytospora species is lacking in
Himachal Pradesh and in other parts of India. Cytospora refers to
the Latin name of asexual stages of these fungi (Sinclair et al., 1987)
which has been used over others, viz., Leucocytospora, Valsa and
valsella, etc. (Rossman et al., 2015). Donk (1964) clarified that the
type species of Cytospora, C. chrysosperma is the asexual morph
of Valsa sordida and is responsible for causing cankers on the
members of Salicaceae (Callan, 1998). It is also a limiting factor in
the establishment and growth of the Willows. A survey conducted
in the year 2007 to predict the distribution and status of Willows
in Lahaul and Spiti district of cold desert regions of Himalayas
revealed high Willow mortality (approximately 2 to 93.8%) due to
canker caused by C. chrysosperma (Sharma et al., 2011).

Therefore, in the current study, the impact of C. chrysosperma on
plantation of Willow in Kinnaur district of Himachal Pradesh for
continuous three years (2016-18) was deciphered. The primary
objective was to isolate, identify and then to characterize C.
chrysosperma causing a canker disease of Salix in North India for
the first time. Morphological and molecular data along with
assessment of the pathogenicity of isolated culture in in vivo and in
vitro conditions was done to develop some effective controls for
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Cytospora canker by using various crop improvement techniques
in future because other methods of cultivation and use of chemicals
to manage this disease on planted trees are laborious, time
consuming and expensive.

2.  Materials and Methods

2.1 Sampling; isolation; identif ication of pathogen and
maintenance of culture

Salix trees showing symptoms of canker on twigs, shoots and stem
were targeted for sample collection (Figures 1a and b). Pathogen
responsible for canker infection was isolated (Figures 1c and d)
from these samples.

Severely canker infected branches and twigs of  S. alba were
identified and collected from diverse regions of Kinnaur district.
Isolation of C. chrysosperma from diseased tissue was performed
using standard protocol: (i) Seven diseased samples (P1 to P7)

were collected from seven different plants and were washed under
running tap water, followed by cutting into small bits (0.5-1.0 cm)
using sterilized blade. (ii) Further, bits were sterilized via dipping
for 1 min in Bavistin (0.2% w/v) followed by 5 min in 0.5% sodium
hypochlorite (NaOCl) and finally washed thrice with distilled water
(iii) Bits were dried on filter paper (sterilized) to avoid excess
moisture and were inoculated on potato dextrose agar (PDA, Difco
Laboratory,  Detroit, MI, USA), plates (three Petri plates/samples)
and incubated at 25 ± 2oC which were frequently visualized for
mycelia growth. (iv) These were identified on morphological and
cultural basis (Long et al.,1918; Arzanlou et al., 2012) like growth,
type, color of mycelia and development of conidia and pycnidia.

From isolated and tentatively identified three cultures of C.
chrysosperma, single conidia/pycnidia was picked from PDA plates
and cultured on PDA slants (S1, S3 and S7) at pH 5.6 and incubated
at 25 ± 2oC for a week until uniform fluffy white colored mycelia
growth was observed.

a b

c d e
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Figure 1: Isolation and identification of the fungus: (a) Diseased plant, (b) Diseased sample,
(c) Putative culture of Cytospora chrysosperma isolated from diseased sample, (d) Pure
culture of Cytospora chrysosperma  isolated from diseased sample, (e) Amplified ITS
region of the fungus, (f-h) Light microscopic view of of Cytospora chrysosperma (occular
microscopyf. Pycnidiag. Pycnidia (close view) h. Conidia) Bar: d = 20 µm
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Figure 2: Testing the pathogenicity of fungus Cytospora chrysosperma (A) In vivo testing: (a) Control
plant, (b) Plant after 15 days of inoculation with S3 suspension, (B) In vitro testing: (c) Control
shoots, (d) Shoots after 15 days of inoculations with S3 suspension.

Slants containing purified culture (S3) were maintained, covered
properly and stored at 5°C for further study. Ocular micrometer
was used for scaling of pycnidia and conidia that were visualized
under the high power (400X) microscope. These tentatively
identified cultures were sent to National Center of  Fungal
Taxonomy, New Delhi (NCFT) for confirmation down to species
level.

2.2 Confirmation of pathogenicity

The mycelial mat from slants of three isolated and partially identified
cultures were homogenized in distilled water and obtained mixture
was passed through the muslin cloth for the testing of pathogenicity.

Six plants of S. alba  were raised in pots and three shoots (one year
old) along with stem were pin pricked to make wounds. Freshly
prepared 15 days old 10 ml of mycelia suspension from three
isolates (S1, S3 and S7) containing approx. 12 x 10-4 conidial spores
were sprayed on two plants per isolate at wounded areas of shoots
and were covered with moist cotton plug and parafilm. Autoclaved
distilled water was taken as control. The plants were observed for
canker disease appearance and kept for observation under polyhouse
conditions.

Evaluation of pathogenicity was also performed under laboratory
conditions (Arzanlou et al., 2012) on excised shoots (1-year old
shoots; 10-15 mm diameter; 8-10 cm in length) from healthy trees.
For inoculation, shoots were first sterilized with 70% ethanol and
then wounded randomly at 4-5 places utilizing sterile metal cork
borer. Mycelia obtained from seven-day old fungal colony of three
isolates (which were also used in field condition S1, S3 and S7)
were placed on to the wounds of shoots using moist cotton plug. It
was then covered with parafilm. Control samples were maintained
with distilled water on wound. Shoots inoculated with three isolates
were placed on three different Petri Plates, respectively with moist
filter paper to maintain relative high humidity and were kept under
25ºC with natural daylight. To check the disease progression, shoots
were analyzed after 28 days and length of necrosis, discoloration

and pycnidia on inoculated shoot were used as an indicator of
pathogenicity. An experiment was conducted to fulfill the Koch’s
postulates and attempt was made to isolate the same pathogen
from inoculated shoots used in in vitro testing. Healthy samples
were taken as control.

3. Fungal isolates for molecular characterization using ITS
marker

3.1 Genomic DNA extraction and characterization of isolate
using ITS primers

Total genomic DNA were isolated from fungal isolate S3, using
modified CTAB method (Doyle and Doyle, 1990). Quantity and
quality of DNA was determined using Nano Drop 2000 OD260/
OD280 and integrity using 0.8% agarose gel. Genomic DNA of fungal
isolate was amplified using universal primers from ITS region of
fungus. PCR amplification was performed using 40 ng of genomic
DNA, 0.5 µl of each ITS-1 (5’TCCGTAGGTGAACCTGCGG3’) and
ITS-4 (5’TCCTCCGCTTATTGATATGC3’) primers (10 nmol), 0.1
µl of dNTPs (500 µM), 1 µl of MgCl2 (1.5 mM), 1.5 µl of 10X
buffer, 1U Taq DNA polymerase to make final reaction volume 10
µl. PCR cycles were kept for pre-denaturation at 94ºC for 3 min, 35
cycles of denaturation at 94ºC for 30 sec, annealing at 50°C for 30
sec followed by extension step of PCR at 72°C for a min and final
extension for 7 min at 72°C. Amplified PCR products were separated
on 2% agarose gel and size was determined against 1500 bp ladder
and visualized under UV trans-illuminator (BioRad).

3.2 Sequencing of ITS region and BLASTn analysis

Amplified PCR product with ITS primers was sent for sequencing
to Eurofins Genomics India Pvt. Ltd., Bengaluru, India. Sequence
information retrieved after sequencing from both directions was
assessed for homology. The complete sequence was BLASTn
searched for sequence homology identification within genera by
limiting the search to organisms of Cytospora chrysosperma and
Valsa sordida.
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4.  Results

4.1 Pathogen isolation, multiplication and maintenance of
pure culture

4.1.1 Morphological characters

It is evident from the cultures that the fungus grown well on all
PDA Figures (Figure 1 c) at 25ºC and those three colonies from
samples P1, P3 and P7 which attained a diameter of 40 mm producing
whitish mycelia were subcultured on PDA slants (S1, S3 and S7,
respectively) (Figure 1 d) that changed to brown colour in 15 days.
Conidia from all three isolates were visualized under microscope
and pycnidia from S3 with both microscope and naked eye. Mycelia
grown like white cotton and spreads rapidly along the sides of
tube. In seven to ten days, at room temperature, mycelia colour
changed from yellow beige to brown to black.  After twenty days,
small pycnidia of ~0.4 to 1 mm were developed in test tubes of
isolate S3 at the edge and centre. Further, ocular microscopic results
revealed black pycnidia with globose base and small, hyaline
pycnidiospores discharged from the top of pycnidium. Conidio
phores were hyaline to dark greenish brown andhyaline conidia
were produced in chains (Figures 1 f, g, h). The size of conidia was
ranged from 2.5-4.5 × 0.3-1.0 µm (n=10).

4.1.2 Species Identification

Only isolate S3 from plant P3 (Figure 1 d) showed the characteristics
of the canker causing fungus as identified morphologically and by
sending the cultures to NCFT, New Delhi for identification upto the
species level. The identity of the pathogen was confirmed by NCFT
as C. chrysosperma on the basis of morphological and cultural
characters as mentioned above (for isolate S3) vide identification
no.7837.16, dated 03/05/2016.

4.2 Pathogenicity of fungus

Before using the fungal strains for further study, pathogenicity
tests were performed.

4.2.1 In vivo testing

In order to obtain the results of the pathogenicity test of fungus in
vivo, plants of Salix were taken and sprayed with fungal suspension
and control plants with distilled water. The perusal of the findings
indicates that after 15 days, typical symptoms of canker started
appearing on both plants sprayed with fungal suspension S3, viz.,
development of pycnidia, discoloration, stunted growth, necrosis
and dieback. Other isolates (S1 and S7) did not show such
symptoms. However, no symptoms were observed in control
samples (Figure 2A).

4.2.2 In vitro testing

Pathogenicity assay performed on shoots of Salix revealed similar
symptoms as observed in field testing. Only inoculated shoots
with isolate S3 showed canker disease progression and pycnidia in
28 days. No symptoms were there in control shoots (Figure 2B).
Koch’s postulates were fulfilled as the same pathogen was re-
isolated from inoculated shoots used in in vitro testing and not
from healthy samples. It was observed that its morphological and
cultural parameters were similar to the mother inoculant.

4.3 Amplification of isolated fungus using ITS marker

Amplification of isolated fungal DNA (from isolate S3) with ITS1
and ITS4 primers carried out successful amplification of entire ITS
region along with 5.8S gene with an amplicon size of approximately
500 bp (Figure 1 e).

4.3.1 Sequencing

After sequencing of ITS region, the size obtained was 531 bp. The
sequence was submitted in NCBI as Valsa sordida isolate SR91
(GenBank accession no. MK288138).

4.3.2 In silico analysis of the sequences

BLASTn analysis of ITS sequence with GenBank database of (http:/
/www.ncbi.nlm.nih.gov/blast) Cytospora chrysosperma and Valsa
sordida revealed its homology with various other closest gene
sequences of this genus. The sequence revealed maximum similarity
of 93% with C. chrysosperma (Sequence Id: KP114135.1).

Interestingly, both morphological and molecular characterization
(BLASTn analysis) of Cytospora isolate S3 concluded that the
isolated fungus identified in current study is C. chrysosperma,
which was further supported by NCFT results.

5.  Discussion

Cytospora canker is devastating for forest as well as urban trees
causing mortality and dieback of these woody hosts. A number of
studies have been carried out for isolation and characterization of
this fungus from various plants for understanding of its host range,
geographical relationships (Kepley, 2000; Adams et al., 2006),
genetic diversity (Abbasi et al., 2011), physiology to reduce the
damage (Mehrabi et al., 2011), morphological and phylogenetic
studies (Fan et al., 2014), etc.

In the present study, some fungal isolates were isolated from canker
infected twigs, branches as well as stems of diseased Salix trees,
particularly isolating a canker causing fungus C. chrysosperma that
appears to be an important pathogen on Salix in cold desert area of
North India as well as other parts of the world. In an investigation
done by Fan  et al. (2019), it was found that the favorable conditions
for occurrence of Cytospora spp. are dry and cold environment. In
this study, isolated fungus is described by three parameters: (i)
morphological and cultural, (ii) pathogenicity, (iii) molecular
approach based on DNA sequencing for depicting the relationship
of the identified fungus and its relatives using BLAST.

Colonies grewn well on PDA medium which is a general-purpose
medium for molds and yeasts. Phenotypic and cultural
characteristics of the isolated pathogen of the present study are in
agreement with the previous reports of isolation of C. chrysosperma
(Long et al.,1918; Adams et al., 2006; Goltapeh et al., 2011;
Arzanlou et al.2012). Currently, a morphological approach for
identification of any species is considered as some what unreliable
as these characters can differ among various species due to attributes
of host bark and cambium (Wang et al., 2016), although traditionally
structures produced by a sexual and sexual reproduction were
described exclusively for fungal species identification, i.e., characters
based on morphology of perithecia or pycnidia including locule and
spore’s shape and dimensions, respectively (Grove, 1923; Spielman,
1985). In species under Cytospora genera, previous studies have
concluded it as species complex due to shared morphological
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characteristics but also recommending DNA sequencing as a tool for
resolving its identification (Adams et al., 2004).

Pathogenicity is the ability of a pathogen to infect. For inoculation
of canker causing fungi, pathogen penetration ability in the host is
intensified by wounding of the young tree. Thus, for this study,
before proceeding to the molecular identification, pathogenicity
tests were carried out in lab and field. The putative pathogen was
inoculated on the host surface artificially, by imposing wounds and
then keeping the respective area in moist condition. Pathogenicity
evaluations are necessary to observe the relation between the species
and symptoms however, in case of Cytospora spp., their outcomes
are variable. Lawrence et al. (2017) examined Cytospora isolates
from dieback and wood cankers of grapevine in U.S. and Canadian
provinces for understanding the trunk disease complex. They
perform the pathogenicity test for two novel species: C.vinacea
and C. viticola on potted plants of Vitis vinifera, which were grown
under green house. The lesion length was observed after twelve
months showing pathogenic nature of both the species indicating
Cytospora viticola more virulent. In contrast to this, our study
showed progression of disease in field and lab conditions within 15
and 30 days, respectively. It is in accordance with a study done by
Narmani and Arzanlou (2015). They assessed the pathogenicity of
C. chrysosperma associated with trunk disease of grapevine in
Northern Iran within 28 days.

In mycology, these studies are routinely used for taxonomical
classification at family level but do not provide accurate framework
upto species level due to variations in shape and size as well as
cultivation during studies of fungal diversity. To overcome these
limitations, progress has been done in the past few years in DNA
barcoding which involves approaches based on DNA sequencing
(Xu, 2016).  The ITS DNA region of fungal isolates has been reported
as the most widely sequenced and a powerful recognition system
to identify and describe diverse group of fungal specimens
universally. White et al. (1990) described ITS primers for the first
time as conserved nucleotide sequences/regions of 18S, 5.8S and
28S rRNA genes which amplify the non-coding regions between
them. Thus, in this study, the primary fungal barcode, i.e., ITS
region of nuclear ribosomal RNA gene cluster (Schoch et al., 2012)
has been used for confirming the species level identification of
canker causing fungus C. chrysosperma in S. alba. Although, the
search was restricted to the sequences in the database that correspond
to our subset because it has been reported that there are only
twenty-three species sequences of Cytospora had been deposited
in GenBank (Norphanphoun et al., 2017). Limitation of molecular
data from type specimens clogs the ability to properly identify the
Cytospora taxa to the species-level.

6.  Conclusion
In present investigation, a canker causing pathogen Cytospora
chrysosperma was successfully isolated and identifiedfor the
first time by its morphological and molecular characters including
primary barcode from symptomatic hosts of Salix which are
widespread in cold desert area of Himachal Pradesh. This study
not only provides an insight for seriousness and contribution of
this pathogen in reduced quality and yield of hardwoods and
coniferous trees in North India but also define a rapid and
universal future strategy for its isolation. Although, some more
robust methods can be applied to fulfil additional criteria with
more accuracy at molecular level.
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