J. Trop. Plant Pests Dis.
Vol. 23, No. 1, March 2023
Pages: 38—46

ISSN: 1411-7525
E-ISSN: 2461-0399
DOI : 10.23960/j.hptt.12338-46

SHORT COMMUNICATION

Tar spot disease of sorghum plants caused by Phyllachora sp. in Bogor, Gunung
Kidul and West Lombok, Indonesia

Dwi Astuti'?, Suryo Wiyono!, Sri Hendrastuti Hidayat!, Trikoesoemaningtyas’, & Satya Nugroho?

Manuscript received: 11 March 2022. Revision accepted: 16 August 2022. Available online: 12 January 2023.

ABSTRACT

The sorghum (Sorghum bicolor) plant is highly tolerant and adapted to drought. It has the potential to be developed and
planted on marginal land in Indonesia. Tar spot disease is one of the obstacles to sorghum cultivation. In Indonesia, there
is no report yet about this disease, especially on sorghum. To achieve optimal disease management, information on disease
incidence and severity levels, as well as pathogen tar spot disease identification, are required. The aims of this study were to
morphologically identify the pathogen and determine the level of incidence and severity of tar spot in sorghum cultivation
areas in Bogor Regency, Gunung Kidul Regency, and West Lombok Regency. The disease observations were carried out on
17 sorghum varieties from the three areas with no experimental design. The results of the observation of the tar spot disease
incidence in 17 varieties of sorghum from Bogor, Gunung Kidul, and West Lombok were 100%. The level of tar spot disease
severity varied from 32.4% in the Latu Keta sorghum variety to the highest of 87.9% in the Samurai sorghum variety. The
macroscopic and microscopic observation results of tar spot on sorghum plants showed that the cause of the tar spot disease

was the Phyllachora fungi. This is the first report of a tar spot on sorghum caused by Phyllachora sp. in Indonesia.
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INTRODUCTION

Sorghum (Sorghum bicolor) is the cereal crop
that is currently the fifth most agriculturally important
crop in the world in terms of total production and
planted area (Gladman et al., 2019). Biruma et al.
(2012) reported that sorghum is highly tolerant to
drought. According to Kong et al. (2018), these
tolerances allow sorghum to be grown on marginal
lands under global warming environmental conditions.
In Indonesia, sorghum is one of the crops developed to
meet human and animal food needs as well as industry
(Soenartiningsih et al., 2013). Sorghum also has wide
adaptability, so it can be grown on dry land and has the
potential to be developed and cultivated in Indonesia
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(Santosa & Human, 2009).

Sorghum cultivation is constrained by pest and
disease attacks (Soenartiningsih et al., 2013). Breeding
can be used to improve sorghum plants against pests
and diseases. Selection of sorghum accession which
has resistance to pathogen infection against the disease
is needed as the genetic source for breeding. For
those purposes, comprehensive information about the
disease is needed. Symptoms of attack, morphological
characteristics, modes of transmission, levels of disease
incidence and severity, and disease epidemiology must
be known. This information is also needed in order to
determine the disease management (Soenartiningsih et
al., 2013) with the appropriate technique or method in
the breeding materials selection. On the other hand, if
we know the numbers of disease incidence and severity,
we can assume that the pathogen can have a significant
effect on the plant, especially on plant health and plant
production. After we know the disease incidence and
severity, we shall proceed to the identification of that
pathogen.

Identification of pathogenic fungi that cause plant
diseases is needed to obtain optimal disease control
management (Rustiani et al., 2015). This identification
is especially for the pathogen fungi that have never
been known before, such as Phyllachora causing tar
spot disease in sorghum. There was no report about tar
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spot disease in sorghum plants, especially in Indonesia.
Appropriate disease control management must be
supported by an adequate diagnosis of the pathogen.
Identification of the pathogens according to IPPC
(2009) is a diagnostic action to determine the profile
of the pathogen that can be used for plant protection
purposes. Related research about the pathogen
identification through morphological characterization
of the Phyllachora has been widely reported on other
plants of the Poaceae family, but there have been no
reports on sorghum plants, especially in Indonesia.
The information above is not sufficient in Indonesia,
so it is necessary to conduct research related to
the identification of morphology and molecular
Phyllachora in sorghum plants in Indonesia.

The initial identification of the Phyllachora sp.
causing tar spot disease and pathogenic fungi generally
can be done by morphological identification of the
fungi (Tonge et al., 2014). Morphological identification
was carried out by both macroscopic and microscopic
observations. Macroscopic observations can be made
by observing the visible symptoms, the shape, size
of the spots, and other symptoms around the spots.
Microscopic observations included observations of
the mycelium, the wall of perithecium with its shape
and size, and the shape and size of the ascus and
ascospores (Pereira et al., 2010; McCoy et al., 2018).
This research reported the incidence and severity of
tar spot disease caused by Phyllachora sp. on sorghum
plants in sorghum cultivation areas in Bogor Regency,
Gunung Kidul Regency, and West Lombok Regency.
This report is also the novelty of the research because
there have been no reports before of this tar spot disease
on sorghum in Indonesia. This research also reported
the results of the morphological identification of the
Phyllachora sp. on sorghum, thus confirming that this
tar spot disease is caused by the Phyllachora sp.

MATERIALS AND METHODS

Research Site. This research was conducted in the
Genomic Laboratorium, Research Center of Genetic
Engineering, National Research and Innovation
Agency, Cibinong, Bogor, West Java. Observations
and sample collection were taken in sorghum
cultivation area in Cibinong, Bogor Regency, West
Java Province (6°29°38”S, 106°50°48”E); Playen,
Gunung Kidul Regency, Special Region of Yogyakarta
Province (7°57°50”S, 110°30’48”E) and Narmada,
West Lombok Regency, West Nusa Tenggara Province
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(8°35°52”S, 116°13’8”E).

Sample Collection. Sorghum leaves with tar spots
were collected directly from the field without any
experimental design. Fresh leaves were cut and placed
between banana pseudostems to preserve the freshness
of leaf samples until the laboratorium.

Observation on Disease Incidence and Disease
Severity. Disease incidence observations were carried
out on several sorghum plants which represented
the three areas of sorghum cultivation. The disease
incidence and severity of the Konawe Selatan, Super 1
and Pahat varieties from the sorghum cultivation area
in Bogor, then on the Bioguma and Samurai varieties in
Gunung Kidul and on the Latu Monca, Latu Keta Na’e,
Latu Keta, Latu Kaca, Gando Bura and Gando Keta
varieties in West Lombok. For the disease incidence,
the number of plants with disease and the total number
of plants were observed. The percentage number of
disease incidence can be calculated using the Zadoks
& Schein formula (1979).

Dlz%XIOO%

DI = Disease Incidence (%);
n = Number of diseased plants;
N = Number of plants that observed in each

cultivation line.

Disease severity was calculated by selecting
several plants randomly from each wvariety line,
marking each sample plant, then observing the sample
plants that were attacked by the disease and scoring
them according to the predetermined disease scoring.
The tar spot disease score was referred to by Loladze
et al. (2019) with disease rating scores from 1 to 5.
Score 1 denotes the highly resistant or close to immune
reaction with nearly 0% of infected leaves and no
visible Phyllachora stromata; and score 2 denotes the
plant that was resistant to moderately resistant reaction
with 1% to 25% of leaf area affected by some scattered
Phyllachora stromata. Score 3 denotes a plant with a
moderately resistant reaction, with 26-50% of the leaf
area affected by a moderate density of chlorotic lesions
and well-developed tar spot symptoms; score 4 denotes
a plant with a susceptible reaction, with 51-75% of the
leaves exhibiting large clustered chlorotic and necrotic
spots; and score 5 denotes a plant with a susceptible
reaction, with 76-100% of the leaves exhibiting large
clustered chlorotic and often premature aging of the
stems. The percentage numbers of disease severity
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can be calculated using the Horsfall & Barratt formula
(1945) using the score data from the list above. Scoring
data is not displayed in this report.

> (Ni.Vi)

= V)
DS NV X 100%
DS = Disease Severity (%);
Ni = Numbers of plants with i-scored;
Vi = Thei-scored;
N = Number of the observed plants;
V = The highest score.
Morphological Identification. Morphology

identification, both of macroscopic and microscopic
detection, used the tar spot on the sorghum leaf, which
was directly taken from the field. Macroscopic detection
was carried out by direct observation of the pathogen,
including the shape and size of the spots, the color of
the spots and other symptoms around the spots. For the
characteristics of macroscopic observation were spots,
such as color, shape, size, and type of spot or colony.
For the characteristics of microscopic was fruiting
bodies of Phyllachora. Microscopic observations were
started by sterilizing the leaf surface with tar spot
symptoms. The leaf surface was gently wiped using
a cotton swab moistened with 70% alcohol and then
wiped with a cotton swab moistened with sterile water.
A drop of water was put on the fruiting bodies and the
fruiting bodies were removed from sorghum leaves
using the tip of a scalpel and put onto an object glass
ready for microscopic observation. Asci and ascospores
characters were observed using a NIKON Eyepiece
AM7025B microscope. Lactophenol blue was used
as a dye. The characteristics of Phyllachora sp. were
identified according to the references of Dayarathne et
al. (2017) and Li et al. (2019).

RESULTS AND DISCUSSION

Sorghum is a cereal crop of the Poaceae
family that has the potential to be developed in
Indonesia with many advantages, including as a
source of carbohydrates. It has begun to be widely
cultivated in Indonesia, especially on marginal lands
(Tabri & Zubachtiodin, 2013). One of the threats to
sorghum cultivation in Indonesia is a disease, and
most commonly, a fungal infection. Since 2018,
the Indonesian government, through the ministry of
agriculture, requires the freedom of any disease if the
breeders want to release new varieties. It’s a challenge
for the sorghum breeder to develop sorghum for any
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purpose with disease resistance. Tar spot is one of the
common diseases in sorghum, but there has been no
report about it.

Tar spot is a disease that commonly attacks
cereal crops, including sorghum. Tar spot disease was
caused by Phyllachora infection. In maize, it was first
detected in Illinois and Indiana, USA in 2015 and has
been reported and confirmed by Mottaleb et al. (2019).
Monteiro et al. (2003) stated that this pathogen in
maize has a small damaging effect on the host, but if it
is abundant on the leaf surface, it will have a huge effect
because it blocks the sunlight entrance and inhibits the
photosynthesis process. High yield losses due to this
disease in maize can occur if the climate and weather
conditions are favorable for the development of this
pathogen (Cao et al., 2017). This research reported the
incidence and severity of tar spot disease caused by
Phyllachora infection on sorghum in three regions in
Indonesia.

Tar Spot Disease of Sorghum Plants. The incidence
of the tar spot disease in all varieties from three areas
of sorghum cultivation in this report was 100%. The
symptoms were recognized as shiny black spots like tar
drops (Figure 1). The Phyllachora sp. formed colonies
on the leaf surface with small black spots. The number
of tar spot symptoms can be used as a parameter for
the presence of the previous infection of the tar spot
disease pathogen in those sorghum cultivation areas.
The sorghum cultivation area in Gunung Kidul was
previously cultivated side by side with corn and
eucalyptus plants. The sorghum cultivation area in
West Lombok is an ex-situ collection area of genetic
resources belonging to the Indonesian Agency for
Agricultural Research and Development, West Nusa
Tenggara (BPTP NTB), which was previously planted
with local corn. Based on this information, it is surely
shown that the Phyllachora inoculum already existed
in the field before.

Sorghum cultivation in the Bogor area has the
same history as the two previous areas. The area was
close to the sorghum cultivation area with tar spot
disease. This areca was the tar spot disease research
area where tar spot disease artificial inoculation was
carried out on the crops. Phyllachorales is an obligate
fungal parasite. Mottaleb et al. (2019) revealed that
Phyllachora maydis causing tar spot disease in maize,
can survive on dry leaves and also on other parts of
plants, such as the husks of maize ears etc. In plants
with a high attack of tar spot disease, we also found
the fruiting body of Phyllachora on leaf midribs and
husks or seed coats (Kleczewski et al., 2020) as well
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Figure 1. Tar spot of sorghum plants (Sorghum bicolor) caused by Phyllachora sp.

as on stems. Fruiting bodies on the leaves and parts
of this plant are the source of inoculum for the next
plantation, especially sorghum, which has a close
relationship with maize.

Ruhl et al. (2016) stated that Phyllachora
maydis, the pathogen of tar spot on corn, might have
been introduced by air movement through the nearby
area. The transmission is also because of the weather,
which is warm and humid. Sorghum cultivation in
Gunung Kidul was cultivated at the end of the dry
season with no rain for 3 months, but in the morning
it was often filled with mist that carried a lot of water
vapour, so the conditions became humid and good for
the tar spot disease spread and development. Similar
to the sorghum cultivation in the Bogor area, it was
cultivated at the end of the dry season, but with the
weather anomaly, the conditions at that time were
often rainy with slight to moderate intensity, so those
conditions were good for the spread and development
of disease. The severity of the tar spot disease on 9
varieties planted in Bogor, 2 varieties planted in
Gunung Kidul and 6 varieties planted in West Lombok
can be seen in Table 1.

The percentage numbers of disease severity
can be calculated using the scoring data and are not
displayed in this report. The severity of tar spot disease
varied from 32.4% in the Latu Keta sorghum variety to
the highest of 87.9% in the Samurai sorghum variety.
From these numbers, we can conclude that the Latu
Keta sorghum variety has much greater resistance to
tar spot disease than the Samurai variety, which is
susceptible to tar spot disease. The percentage number
32.4% in the Letu Keta variety according to Singh
et al. (2022) from the Maximum Disease Severities
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(MDS) for tar spot is susceptible (30.0-48.3% MDS),
which means medium severity of tar spot. According
to the MDS number, the percentage number of 8§7.9%
in Samurai variety is the most susceptible (more than
48.3% MDS) or high severity of tar spot.

The severity of tar spot disease on these 17
varieties of sorghum can be used as a reference in
selecting resistant sorghum varieties to tar spot disease
for sorghum cultivation. It can also be used as a
reference to decide which varieties can be used as a
genetic source for the breeding approach. The severity
of tar spot disease in this study varied due to different
varieties of sorghum because plants with different
levels of disease resistance have different resistance
mechanisms (Ahn et al., 2019).

Plants have a defense mechanism against
pathogens or pests with inbred defense mechanisms or
natural barriers both morphologically, physiologically,
and biochemically (Das, 2019). The plant’s defense
mechanism will be shown after the plant is infected
by the pathogen. The general defense mechanism is to
minimize the invasion or reduce the development or
action of the pathogen.

Sorghum produces phytoalexin, a defense
molecule as a response to fungal infections. The
phytoalexin compound interacts with the apressoria
of the fungi and Kkills the pathogenic fungi (Das &
Rajendrakumar, 2017). Sorghum’s defense mechanism
against pathogenic fungi that cause leaf spots is
generally related to cell walls, such as the accumulation
of reactive oxygen species (ROS). ROS accumulation
is activated during the biotrophic phase to prevent
the development of pathogenic fungi (Puttalingaiah,
2011). Sorghum’s other defense mechanism against
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Table 1. Numbers of tar spot disease severity of sorghum plants from three district in Indonesia

District Sorghum Varieties Disease Severity (%)
Konawe Selatan 44.0
4183 47.2
Sorgum Malai Mekar 50.0
Kawali 53.1
Bogor Super 1 53.6
181 53.5
Jagung Rote 559
JP 63.0
Pahat 72.2
) Samurai 87.9
Gunung Kidul .
Bioguma 77.4
Latu Monca 62.0
Latu Kaca 71.6
West Lombok Gondo Keta 69.2
Gondo Bura 78.0
Latu Keta 324
Latu Keta Na'e 32.8

pathogenic fungi is lignification (Bhuiyan et al.,
2009). During the defense response, lignin phenolic
compounds or accumulated lignin-like compounds
can prevent pathogen infection. Another defense
mechanism related to lignin compounds in plants as
a response to fungal infection is the hypersensitive
response (HR) associated with programmed cell death
(PCD). Lee et al. (2019) elaborated on the role of lignin
in disease defense mechanisms by preventing HR-
PCD. Cell death becomes a barrier for the pathogen.
Pathogens cannot invade healthy cells in the absence
of nutrients because they are blocked by the barrier.
The defense mechanisms of sorghum against fungal
pathogen infection, especially the fungus that causes tar
spot, should be carried out to obtain useful information
for breeding and developing disease-resistant sorghum
plants.

Morphologi Identification. Morphological
identification was carried out both macroscopically and
microscopically. The macroscopic observation results
of the symptoms caused by this fungus on the sorghum
leaves indicate that this fungus is a fungus in the genus
Phyllachora, family Phyllachorales. This was as stated
in the taxonomic section of several Phyllachora species
that infect several Poaceae plants in an Dayarathne
et al. (2017). The macroscopic observations results
about Phyllachora parasitized sorghum in this study

were similar to Dayarathne report about Phyllachora
parasitized Poacea plants. The symptoms from this
tar spot on the sorghum leaves were characterized by
black spots on the leaf surface with a size of 1-2 x 1-3
mm, the shape of the spots is round and as the disease
progresses it is mostly oval and elongated. The shape
of the spots is raised and shiny. The number of spots
increases through the disease progresses and it depends
on the resistances of the host, gregarious and scatteres
and surrounded by a yellow halo of discolored leaf
tissue. The further infection will cause these spots to
enlarge and will spread to other leaves and finally to all
leaves on the plant (Mahuku et al., 2013).

The microscopic observations resulting from tar
spots on the sorghum leaves (Figure 2) were: paraphyses
0.93-2.27 umwide, filiform and numerous, unbranched,
septate, longer than the asci and tapering apices. Asci
measure 62.3-74.7 x 12.0-15.3 um (X = 68.9 x 13.4
um, n=30), 8-spored, unitunicate, long, cylindrical to
fusiform, obtuse to rounded apex, and uniformly thick
walls. Ascospores 19.8-13.0 x 5.0-6.3 um (X = 11.5 x
5.5 um, n=30), uniseriate with sometimes overlapping
and oblique, hyaline, constrictions at the centre),
some are ellipsoidal and occasionally ovoid, aseptate
with one-celled. These microscopic observations of
ascospores (Figure 2.F-2.H), asci (Figure 2.1-2.K),
and paraphyses (Figure 2.E) were similar to other
microscopic types of Phyllachora that infected other
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Figure 2. Phyllachora sp. that infected sorgum leaves caused of tar spot disease. A. Tar spots on sorghum leaves;
B—C. Close up of tar spots; D—E. Asci and paraphyses; F-H. Ascospores; [-K. Asci. Scale bars: A= 10

mm; B-C=1 mm, D-E=20 um; F—-K= 10 pm.

plants, such as Poaceae plants (Dayarathne et al.,
2017), and infected Cardiospermum grandiflorum,
also known as balloon vine or hearth pie plants (Pereira
et al., 2010). From these similarities, we can conclude
that the Phyllachora that caused tar spots on sorghum
are the same Phyllachora that caused tar spots on other
plants. Once again, this was the first report of tar spot
on sorghum caused by Phyllachora sp., so molecular
identification was needed to confirm the species of
Phyllachora that infected sorghum.

CONCLUSION

Tar spot is a disease that commonly attacks cereal
crops, including sorghum. The observation results of the
tar spot disease incidence in 17 varieties of sorghum
from Bogor, Gunung Kidul, and West Lombok were
100%. The severity of tar spot disease varied from
32.4% in the Latu Keta sorghum variety to the highest
of 87.9% in the Samurai sorghum variety. From these

values, we could conclude that the Latu Keta sorghum
variety had much greater resistance to tar spot disease
than the other varieties with medium severity of tar spot.
The level of tar spot disease severity of these 17 varieties
of sorghum could be used as a reference to decide
which varieties could be used as a genetic source for
the breeding approach. The severity of tar spot disease
in this study varied due to different sorghum varieties.
The macroscopic and microscopic observation results
of tar spot on sorghum plants showed that the cause of
the tar spot disease was Phyllachora. This was the first
report of a tar spot on sorghum caused by Phyllachora
sp. Therefore, molecular identification is needed to
confirm the species of Phyllachora.

ACKNOWLEDGMENTS

The authors would like to thank Mr. Sumarno as
chief of Sawahan 2, Bleberan, Playen District, Gunung
Kidul Regency, Special Region of Yogyakarta and



44 J. Trop. Plant Pests Dis.

Ms. Eka as researcher at the Indonesian Agency for
Agricultural Research and Development, West Nusa
Tenggara (BPTP NTB). Thank you also to Ade Nena N.,
Dwi Wiedyajayantie, and Budi Satrio at the Research
Center of Genetic Engineering, National Research and
Innovation Agency (BRIN), for their support in this
research.

FUNDING

This research was supported by Bottom-Up New
Initiative grant of 2021 from Indonesian Institute of
Sciences.

AUTHORS’ CONTRIBUTIONS

SW and SHH considered and planned the
experiment. T and SN informed the sorghum plant
damage area and supported the genetic resources. SN
supported the microscopic observation. DA collected
data on the plant damage area, performed analysis,
and interpreted the data. DA, SW, and SHH prepared
the manuscript. The authors provided responses and
comments on the research flow, data analysis and
interpretation, as well as the shape of the manuscript. All
the authors have read and approved the final manuscript.

COMPETING INTEREST

There is no competing interest regarding this
publication.

REFERENCES

Ahn E, Hu Z, Perumal R, Prom LK, Odvody G,
Upadhyaya HD, & Magill C. 2019. Genome
wide association analysis of sorghum mini core
lines regarding anthracnose, downy mildew and
head smut. PloS ONE. 14(5): e0216671. https://
doi.org/10.1371/journal.pone.0216671

Bhuiyan NH, Selvaraj G, Wei Y, & King J. 2009. Role
of lignification in plant defense. Plant Signal.
Behav. 4(2): 158-159. https://doi.org/10.4161/
psb.4.2.7688

Biruma M, Martin T, Fridborg [, Okori P, & Dixelius
C. 2012. Two loci in sorghum with NB-
LRR encoding genes confer resistance to
Colletotrichum sublineolum. Theor. Appl. Genet.
124(6): 1005-1015. https://doi.org/10.1007/
s00122-011-1764-8

Vol. 23, No. 1, 2023: 38—46

Cao S, Loladze A, Yuan Y, Wu Y, Zhang A, Chen J,
Huestis G, Cao J, Chaikam V, Olsen M, Prasanna
BM, Vicente FS, & Zhang X. 2017. Genome-
wide analysis of tar spot complex resistance
in maize wusing genotyping-by-sequencing
SNPs and whole genome prediction. Plant
Genome. 10(2): 1-14. https://doi.org/10.3835/
plantgenome2016.10.0099

Das IK & Rajendrakumar P. 2017. Disease resistance
in sorghum. In: Das IK & Padmaja PG (Eds.).
Biotic Stress Resistance in Millets. pp. 23-67.
Academic Press, Massachusetts, US. https://doi.
org/10.1016/B978-0-12-804549-7.00002-0

Das IK. 2019. Advances in sorghum disease resistance.
In: Aruna C, Visarada KBRS, Bhat BV, & Tonapi
VA (Eds.). Breeding Sorghum for Diverse and
Uses. pp. 313-324. Woodhead Publishing,
Cambridge, UK. https://doi.org/10.1016/B978-
0-08-101879-8.00019-X

Dayarathne MC, Maharachchikumbura SSN, Jones
EBG, Goonasekara ID, Bulgakov TS, Al-Sadi
AM, Hyde KD, Lumyong S, & McKenzie EHC.
2017. Neophyllachora gennov. (Phyllachorales),
three new species of Phyllachora from
Poaceae and resurrection of Polystigmataceae
(Xylariales). Mycosphere. 8(10): 1598-1625.
https://doi.org/10.5943/mycosphere/8/10/2

Gladman N, Jiao Y, Lee YK, Zhang L, Chopra R,
Regulski M, Burow G, Hayes C, Christensen
SA, Dampanaboina L, Chen J, Burke J, Ware
D, & Xin Z. 2019. Fertility of pedicellate
spikelets in sorghum is controlled by a jasmonic
acid regulatory module. /nt. J. Mol. Sci. 20(19):
4951. https://doi.org/10.3390/ijms20194951

Horsfall JG & Barratt RW. 1945. An improved
grading system for measuring plant disease.
Phytopathology. 35: 655.

IPPC. 2009. International Standard for Phytosanitary
Measures (ISPM). FAO, Italy.

Kleczewski NM, Plewa DE, Bissonnette KM,
Bowman ND, Byrne JM, LaForest J, Dalla-
Lana F, Malvick DK, Mueller DS, Chilvers MI,
Paul PA, Raid RN, Robertson AE, Ruhl GE,
Smith DL, & Telenko DEP. 2020. Documenting
the establisment, spread, and severity of
Phyllachora maydis on corn, in The United
States. J. Integr. Pest Manag. 11(1): 14; 1-5.
https://doi.org/10.1093/jipm/pmaa012


https://doi.org/10.1371/journal.pone.0216671 
https://doi.org/10.1371/journal.pone.0216671 
https://doi.org/10.4161/psb.4.2.7688
https://doi.org/10.4161/psb.4.2.7688
https://doi.org/10.1007/s00122-011-1764-8
https://doi.org/10.1007/s00122-011-1764-8
https://doi.org/10.3835/plantgenome2016.10.0099
https://doi.org/10.3835/plantgenome2016.10.0099
https://doi.org/10.1016/B978-0-12-804549-7.00002-0 
https://doi.org/10.1016/B978-0-12-804549-7.00002-0 
https://doi.org/10.1016/B978-0-08-101879-8.00019-X 
https://doi.org/10.1016/B978-0-08-101879-8.00019-X 
https://doi.org/10.5943/mycosphere/8/10/2
https://doi.org/10.3390/ijms20194951
https://doi.org/10.1093/jipm/pmaa012 

Astuti et al.

Kong W, Kim C, Zhang D, Guo H, Tan X, Jin H,
Zhou C, Shuang LS, Goff V, Sezen U, Pierce G,
Compton R, Lemke C, Robertson J, Rainville L,
Auckland S, & Paterson AH. 2018. Genotyping
by sequencing of 393 Sorghum bicolor BTX623
x [S3620C recombinant inbred lines improves
sensitivity and resolution of QTL detection.
G3: Genes Genomes Genet. 8(8): 2563-2572.
https://doi.org/10.1534/g3.118.200173

Lee MH, Jeon HS, Kim SH, Chung JH, Roppolo D, Lee
HJ, Cho HJ, Tobimatsu Y, Ralph J, & Park OK.
2019. Lignin-based barrier restricts pathogens
to the infection site and confers resistance in
plants. The EMBO Journal. 38(23): €101948.
https://doi.org/10.15252/embj.2019101948

Li XL, Wu SR, Wang CL, Feng YL, Zhao CY,
Chen ZQ, Yu JF, Luo R, Promputtha I, & Sun
DF. 2019. Two new species of Phyllachora
(Phyllachoraceae, Phyllachorales) on bamboo
from China. Phytotaxa. 425(2): 078-086.
https://doi.org/10.11646/phytotaxa.425.2.2

Loladze A, Rodrigues FA Jr, Toledo F, Vicente FS,
Gérard B, & Boddupalli MP. 2019. Application
of remote sensing for phenotyping tar spot

complex resistance in maize. Front. Plant Sci. 10:
552. https://doi.org/10.3389/1pls.2019.00552

Mahuku G, Vicente FMS, & Shrestha R. 2013.

Tar spot complex of maize: Facts and
actions. [International Maize and Wheat
Improvement Center CIMMYT. Accessed

June 16™ 2020. https://www.researchgate.net/
publication/266732736

McCoy AG, Romberg MK, Zaworski ER, Robertson
AE, Phibbs A, Hudelson BD, Smith DL, Beiriger
RL, Naid RN, Byrne JM, & Chilvers MI. 2018.
First report of tar spot on corn (Zea mays)
caused by Phyllachora maydis in Florida, lowa,
Michigan and Wisconsin. Plant Dis. 102(9):
1851-1855.  https://doi.org/10.1094/PDIS-02-
18-0271-PDN

Monteiro FT, Vieira BS, & Barreto RW. 2003.
Curvularia lunata and Phyllachora sp.:
two fungal pathogens of the grassy weed
Hymenachne amplexicaulis from Brazil.
Australas. Plant Pathol. 32: 449-453. https://

doi.org/10.1071/AP03047

Mottaleb KA, Loladze A, Sonder K, Kruseman G, &
Vicente FS. 2019. Threats of tar spot complex

Tar Spot Disease of Sorghum Plants Caused by Phyllachora sp. 45

disease of maize in the United States of America
and its global consequences. Mitig. Adapt.
Strateg. Glob. Change. 24: 281-300. https://doi.
org/10.1007/s11027-018-9812-1

Pereira J, Bezerra JL, Drechsler-Santos ER, &
Maia LC. 2010. First report of Phyllachora
serjaniicola causing tar-spot on Cardiospermum
grandiflorum. Trop. Plant Pathol. 35(4):
245-247. https://doi.org/10.1590/S1982-
56762010000400007

Puttalingaiah B. 2011. Mechanism of Disease
Resistance in Sorghum: Infection Induced
Defense Responses in Sorghum: Accumulation
of Reactive Oxygen Species and Cell Wall
Modifications. LAP  Lambert Academic
Publishing, Chisinau.

Ruhl G, Romberg MK, Bissonnette S, Plewa D,
Creswell T, & Wise KA. 2016. First report of
tar spot on corn caused by Phyllachora maydis
in the United States. Plant Dis. 100(7): 1496.
https://doi.org/10.1094/PDIS-12-15-1506-PDN

Rustiani US, Sinaga MS, Hidayat SH, & Wiyono S.
2015. Tiga spesies Peronosclerospora penyebab
penyakit bulai jagung di Indonesia [Three
species of Peronosclerospora as a cause downy

mildew on maize in Indonesia. Berita Biologi.
14(1): 29-37.

Santosa DDS & Human S. 2009. Modified starch of
sorghum mutant line Zh-30 for high fiber muffin
products. Afom Indonesia. 35(1): 1-9. https:/
doi.org/10.17146/aij.2009.43

Singh R, Shim S, Telenko DEP, & Goodwin SB.
2022. The parental inbred lines of the Nested
Association Mapping (NAM) population of
corn show sources of resistance to tar spot In
Northern Indiana. Plant Dis. 2022 Jul 14. https://
doi.org/10.1094/PDIS-02-22-0314-SC

Soenartiningsih, Fatmawati, & Adnan AM. 2013.
Identifikasi beberapa penyakit utama pada
tanaman sorgum dan jagung di Sulawesi Tengah
[Identification of main diseases of sorghum and
corn in central sulawesi]. In: Haryono, Subagio
H, Aqil M, & Pabendon MB (Eds.). Prosiding
Nasional Serealia. pp. 420-432. Balai Penelitian
Serealia. Maros.

Tabri F & Zubachtirodin. 2013. Budidaya tanaman
sorgum [Sorghum cultivation]. In: Sumarno,
Damardjati DS, Syam M, & Hermanto (Eds.).


https://doi.org/10.1534/g3.118.200173 
https://doi.org/10.15252/embj.2019101948 
https://doi.org/10.11646/phytotaxa.425.2.2
https://doi.org/10.3389/fpls.2019.00552 
https://www.researchgate.net/publication/266732736 
https://www.researchgate.net/publication/266732736 
https://doi.org/10.1094/PDIS-02-18-0271-PDN 
https://doi.org/10.1094/PDIS-02-18-0271-PDN 
https://doi.org/10.1071/AP03047
https://doi.org/10.1071/AP03047
https://doi.org/10.1007/s11027-018-9812-1
https://doi.org/10.1007/s11027-018-9812-1
https://doi.org/10.1590/S1982-56762010000400007
https://doi.org/10.1590/S1982-56762010000400007
https://doi.org/10.1094/PDIS-12-15-1506-PDN 
https://doi.org/ 
https://doi.org/ 
https://doi.org/10.17146/aij.2009.43
https://doi.org/10.1094/PDIS-02-22-0314-SC 
https://doi.org/10.1094/PDIS-02-22-0314-SC 

46 J. Trop. Plant Pests Dis.

Sorgum. Inovasi Teknologi dan Pengembangan.
pp. 175-187. IAARD Press.

Tonge DP, Pashley CH, & Gant TW. 2014. Amplicon-
based metagenomic analysis of mixed fungal
samples using proton release amplicon
sequencing. Plos ONE. 9(4): €93849. https://
doi.org/10.1371/journal.pone.0093849

Vol. 23, No. 1, 2023: 38—46

Zadoks JC & Schein RD. 1979. Epidemology and

Plant Disease Management. Oxford University
Press, New York.


https://doi.org/ 
https://doi.org/ 
https://doi.org/10.1371/journal.pone.0093849

