International Journal of
Plant & Soil Science

. o International Journal of Plant & Soil Science

Volume 35, Issue 19, Page 975-985, 2023; Article no.1JPSS.105332
B ISSN: 2320-7035

ITET

Isolation and Characterization of Rice
Blast and Brown Spot Disease Iin
Different Regions of Tamil Nadu, India

V. Aishwarya 2, S. K. Manoranjitham ¥, C. Gopalakrishnan 2,
E. Somasundaram ” and S. Geethanjali °

4 Department of Plant Pathology, Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu, India.
b Department of Agronomy, Directorate of Agribusiness Development, Tamil Nadu Agricultural
University, Coimbatore, Tamil Nadu, India.

° Department of Plant Biotechnology, Centre for Plant Molecular Biology and Biotechnology, Tamil
Nadu Agricultural University, Coimbatore, Tamil Nadu, India.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: 10.9734/1JPSS/2023/v35i193633

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/105332

Received: 16/06/2023
Accepted: 22/08/2023
Published: 29/08/2023

Original Research Article

ABSTRACT

Rice (Oryza sativa L.) is the most important staple food crop cultivated in almost every district of
Tamil Nadu. Among the rice fungal diseases, rice blast caused by Pyricularia oryzae and brown
spot caused by Bipolaris oryzae are considered to be most potent threats causing major yield
losses in Tamil Nadu. The present study aims in identification and characterization of rice blast and
brown spot pathogen from different rice growing regions of Tamil Nadu. Three isolates of blast
pathogen and five isolates of brown spot pathogen were collected and characterized based on
colony morphology and conidial characters. P. oryzae and B. oryzae was identified based on
cultural and morphological characters. Molecular characterization of blast and brown spot isolates
were done with universal ITS primers. Pathogenicity test was carried out for all the isolates of blast
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and brown spot and the isolate showing maximum disease incidence was found as virulent one.
The present work of morphological and molecular characterization of blast and brown spot
pathogen will therefore be helpful to identify and manage the disease effectively in Tamil Nadu.

Keywords: Bipolaris oryzae; blast; brown spot; characterization; isolates; Pyricularia oryzae; rice.

1. INTRODUCTION

Rice (Oryza sativa L.) is the major staple food
crop for more than half of the world’s population
belonging to the family Poaceae. China is the
leading producer of rice followed by India with an
area and production of 46.38 million hectares
and 130.29 million tonnes respectively during the
year 2021-22. Rice is grown in almost all districts
of Tamil Nadu. The demand for rice is increasing
due to continuous increase in population. There
is a need to improve the production strategy of
rice by reducing the losses caused by biotic and
abiotic stresses [1,2].

Rice diseases are one of the biotic pressures
that cause roughly 15.6% of losses annually [3].
Among various diseases of rice, the rice blast
and brown spot are the most important fungal
diseases causing significant yield loss. The
pathogen Pyricularia oryzae (T: Magnoporthe
oryzae) is the causal organism of rice blast. The
pathogen infects almost all parts of the plant viz.,
leaf, collar, neck, panicle etc [4,5]. The symptom
appears as minute spots which later become
enlarged spindle shaped lesions with grey centre
and dark brown margin. The Bipolaris oryzae
(Syn:  Helminthosporium  oryzae) causes
brown spot of rice [6-12]. This pathogen
infects the leaves and the panicle, symptom
appears as minute brown dots which later
become oval shaped resembling sesame seed
[13-16].

Various studies on morphological and molecular
characterization of rice blast pathogen and brown
spot pathogen were carried out [17-19]. Many
studies on morphological and molecular
characterization of rice blast pathogen Pyricularia
oryzae [20,21] and rice brown spot pathogen
Bipolaris oryzae was performed [22,23].

In this study, isolation of the pathogen causing
blast and brown spot in rice were done by
collecting infected leaf samples from different
regions of Tamil Nadu. The isolates were
identified and characterized based on
morphological  characteristics  like  colony
characters, mycelial growth, conidial characters

etc. The molecular characterization was done by
PCR amplification of ITS regions for all the
isolates.

2. MATERIALS AND METHODS

2.1Isolation of Blast and Brown Spot
Pathogen of Rice

Blast and brown spot infected rice leaf samples
were collected from different rice growing regions
of Tamil Nadu viz., Coimbatore, Perambalur and
Thanjavur districts. The infected leaf samples
were cut into small pieces along with healthy
portion and surface sterilized in 1% sodium
hypochlorite for 1 minute followed by subsequent
washing with sterile distilled water for three times
to remove excess sodium hypochlorite. Then the
sterilized leaf bits were blot dried in sterile filter
paper and transferred into sterile petri-plate
containing Potato Dextrose Agar (PDA) medium.
The plates were incubated at 28 + 2°C and
provided with 12 hours of alternate light and
darkness. After 3 days, the actively growing
mycelium were sub-cultured and purified by
single hyphal tip method. The purified cultures
were maintained in PDA slants at 4°C for further
study.

2.2 Morphological Characterization

Morphological characterization of all the isolates
of Pyricularia oryzae and Bipolaris oryzae were
carried out in PDA medium and incubated at
room temperature for 7 days. After incubation,
colony growth, colony characters, conidium
shape, colour, and septations were observed for
all the isolates. For the sporulation of P. oryzae
and B. oryzae, a 9mm mycelial disc were placed
at centre of a sterile glass slide under aseptic
condition kept on sterile petri-plate with moist
sterile cotton. The petri-plates were sealed and
incubated at 25 + 2°C for 3 days with alternate 12
hours light and dark period. After 3 days of
incubation, the spores were collected using
sterile distiled water and observed under
compound microscope. The stress condition was
given to the pathogen for inducing sporulation by
growing in plain agar medium.
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2.3 Pathogenicity Test

To prove the pathogenicity of the pathogen,
variety CO39 susceptible to both blast and
brown spot were raised in pots under glasshouse
condition. 21 days old seedlings were inoculated
with spore suspension of 5 x 10° conidia/ml
of each isolate of Pyricularia oryzae and
Bipolaris oryzae. The inoculated plants were
given frequent watering and covered with
polythene bags to maintain humid condition
favourable for disease development. For each
pathogen 5 pots were maintained. A healthy
plant without inoculation of pathogen served
as control.  After symptom expression, the
pathogen was re-isolated from blast and
brown spot infected leaves. The re-isolated
culture was confirmed with original culture and
confirmed based on cultural and morphological
characters.

2.4 Molecular Characterization

The total genomic DNA from all the isolates of
Pyricularia oryzae and Bipolaris oryzae was
extracted by the CTAB method [24]. The isolates
were grown in Potato Dextrose broth for 15 days.
The mycelial mats were collected through filter
paper, dried at room temperature for 24 hours
and then used for DNA extraction. The genomic
DNA extracted was electrophoresed on 0.8%
agarose gel and confirmed the presence of
genomic DNA by documentation under image
analyser.

2.4.1 PCR amplification of ITS region

The universal primers ITS-1 (5-
TCCGTAGGTGAACCTGCGG -3') and ITS- 4 (5'-
TCCTCCGCTTATTGATATGC -5’) were used for
identification of all the isolates of P. oryzae and
B. oryzae. The PCR amplification reaction was
carried out for each isolate with a final volume of
10ul, which consists of 5ul Master mix, 1ul of
forward primer (ITS-1), 1yl of reverse primer
(ITS-4), 2yl of sterile distilled water and 1pl of
DNA. The PCR amplification was carried out
under the following condition in Thermocycler:
initial denaturation at 95°C for 2 minutes, followed
by 40 cycles of denaturation at 95°C for 1 minute,
annealing at 58°C for 1 minute, extension at 72°C
for 1 minute and final extension at 72°C for 5
minutes, and then hold at 10°C. Then the PCR
products were electrophoresed in 1% agarose
gel with ethidium bromide for 45 minutes in 1X
TAE buffer and then visualized under UV light in
gel documentation unit.

2.4.2 Sequencing of PCR products

A PCR reaction was performed for a total volume
of 40ul, using Emerald Amp® GT PCR master
mix, forward primer (ITS-1), reverse primer (ITS-
4) for genomic DNA of virulent P. oryzae isolate
(PO CBE1) and B. oryzae isolate (BO CBE1).
The PCR amplification was carried out in
thermocycler. The PCR products were resolved
in 1% agarose gel electrophoresis. The PCR
products was then sequenced. The obtained
nucleotide sequence was used as input
sequence in nucleotide blast analysis program at
NCBI database. The output data obtained were
analysed and the organism showing major score
was considered as the closely related species to
the test fungus (P. oryzae and B. oryzae). A
phylogenetic tree was constructed using Megall
software for the virulent isolate and ten closely
related isolates obtained from NCBI database.

3. RESULTS
3.1 Isolation of P. oryzae and B. oryzae

Blast infected leaf samples  showing
characteristic spindle shaped lesions and brown
spot infected leaf samples showing oval shaped
lesions were collected from different regions of
Tamil Nadu. The pathogen P. oryzae and B.
oryzae were isolated from blast and brown spot
infected leaf samples respectively. A total of three
isolates of Pyricularia oryzae and five isolates of
Bipolaris oryzae were obtained from different
regions of Tamil Nadu (Table 1).

3.2 Morphological Characterization of P.
oryzae and B. oryzae

The colony morphology, growth pattern, radial
mycelial growth, conidial characters of all the
isolates of P. oryzae and B. oryzae were studied
on PDA medium and presented in Table 2 and
Table 3 respectively. The colony characters
varied for different isolates of P. oryzae (Fig. 1)
and B. oryzae (Fig. 2). The diameter of the
mycelial growth was measured at 7" day after
incubation for all the isolates. Among the three
isolates of Pyricularia oryzae, the PO CBE1l
isolate grew well on PDA medium with mycelial
growth of 6.72 cm. The isolate BO CBE1 showed
maximum mycelial growth of 8.92 cm compared
to other isolates of Bipolaris oryzae.

All the isolates produced spores on PDA
medium. The spores were observed under phase
contrast microscope and size, shape and number
of septations were studied. The conidia of
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B. oryzae isolates varied from oval to cylindrical also varied among different isolates of B. oryzae.
in shape, slightly curved with a bulge in the The conidia of P. oryzae isolates were typically
middle and tapering towards the ends (Fig. 3). pyriform with a narrow apex, round base and a
The size of conidia and number of septations short hilum, 2 — 3 septate (Fig. 4).

Table 1. Isolates of Pyricularia oryzae and Bipolaris oryzae

S. No. Isolates Location District
Isolates of Pyricularia oryzae
1. PO CBE1l Paddy Breeding Station, TNAU Coimbatore
2. PO CBE2 Wetland, TNAU Coimbatore
3. PO ECK1 AC & RI, Eachangkottai Thanjavur
Isolates of Bipolaris oryzae
1. BO BSR1 Research station Bhavani Sagar
2. BO CBE1l Paddy Breeding Station, TNAU Coimbatore
3. BO CBE2 Wetland, TNAU Coimbatore
4, BO PBR1 Farmer’s field Perambalur
5. BO ECK1 AC & RI, Eachangkottai Thanjavur
Table 2. Morphological characteristics of P. oryzae
S.No. Isolate Radial mycelial Colony characters
growth (in cm)*
1. PO CBE1 6.72(2.59) Greyish brown, flat mycelium with concentric growth
2. PO CBE2 6.08 (2.47) Light grey to white, flat mycelium with concentric growth
3. PO ECK1 6.24 (2.50) Greyish white, slightly raised mycelium with concentric
growth
SE(d) 0.03
CD (0.05) 0.065
* - Mean of five replications
Table 3. Morphological characteristics of B. oryzae
S.No. Isolate Radial mycelial Colony characters
growth (in cm)*
1. BO BSR1 6.68 (2.59) Mixture of grey and white, fluffy mycelium
2. BO CBE1l 8.92 (2.99) Greyish black, fluffy mycelium with grey cottony
mycelium in centre

3. BO CBE2 7.68 (2.77) Greyish, fluffy mycelium
4, BO PBR1 8.64 (2.94) Greyish brown, fluffy mycelium
5 BO ECK1 7.52 (2.74) Greyish brown, fluffy mycelium with white dots

SE(d) 0.022

CD (0.05) 0.045

* - Mean of five replications

Fig 1. Colony characters of P. oryzae isolates
A. PO CBE1; B. PO CBEZ2; C. PO ECK1
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Fig. 2. Colony characters of B. oryzae isolates
A. BO BSR1; B. BO CBE1; C. BO CBEZ2; D. BO PBR1; E. BO ECK1
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Fig. 3. Conidia of P. oryzae
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Fig. 4. Conidia of B. oryzae

Table 4. Percent disease incidence of isolates of P. oryzae and B. oryzae

S. No. Isolates Percent disease incidence (%)
Isolates of P. oryzae

1. PO CBE1 85.00

2. PO CBE2 60.00

3. PO ECK1 70.00

Isolates of B. oryzae

1. BO BSR1 50.00

2. BO CBE1 75.00

3. BO CBE2 55.00

s4. BO PBR1 65.00

5. BO ECK1 50.00

3.3 Pathogenicity Test isolated pathogen was observed under

The pathogenicity test was performed using
variety CO39 susceptible to brown spot and
blast. The symptom of brown spot started to
appear 3" day after inoculation. The pathogen
initially produced minute, brown spots, which
gradually enlarged to oval shaped spots. The
blast symptom initiated after 4 days of spraying.
The symptom initially appeared as minute spots
which later turned into characteristic spindle
shaped, brown lesions. The pathogens were re-
isolated from the leaf showing typical symptoms.
The re-isolated pathogen was confirmed as P.
oryzae and B. oryzae based on colony
characters and conidial morphology. The colony
characters and conidial morphology of the re-

compound microscope and confirmed as P.
oryzae and B. oryzae.

From the pathogenicity test, the isolate PO CBE1
and BO CBE1l taken from Paddy Breeding
station, Coimbatore were found to be virulent
showing highest percent disease incidence when
compared to other isolates (Table 4) The plants
infected with different isolates are given in Figs. 5
and 6.

3.4 Molecular Characterization of P
oryzae and B. oryzae

PCR amplification of ITS-1 and ITS-4 regions
using universal primers showed an amplicon of
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size 560bp for all the isolates of P. oryzae (Fig. 7)
and B. oryzae (Fig. 8). The unpurified PCR
product of the virulent isolate of P. oryzae and B.
oryzae were sequenced. The newly obtained
sequences of PO CBE1 and BO CBEL1 were then
deposited in GenBank (NCBI database). The
accession number obtained for PO CBE1l was
OR304310 and for BO CBE1 was OR143391.
The phylogenetic tree for P.oryzae showed 100%
similarity and B. oryzae showed 99% similarity
with the other closely related species obtained
from NCBI database (Fig. 9. and Fig. 10.)

4. DISCUSSION
4.1 Isolation of P. oryzae and B. oryzae

The pathogen P. oryzae causing rice blast and B.
oryzae causing brown spot of rice were isolated
from infected leaves showing typical symptoms
using Potato dextrose agar medium and sub-
cultured using single hyphal tip method. Different
media like Oat meal agar medium, Rice straw
extract agar medium, etc can be used for
culturing of the pathogen. The pathogen was
identified as P. oryzae and B. oryzae based on
descriptions of colony characters and conidial
characters given by Ou [25]. Six isolates of P.
oryzae was isolated from different regions of
Tamil Nadu [21]. Five isolates of B. oryzae were
collected from different villages in Cuddalore
district, Tamil Nadu and characterized on PDA
medium [22].

4.2 Morphological Characterization of P.
oryzae and B. oryzae

In the present study, all the isolates of P. oryzae
and B. oryzae showed variations in cultural and
morphological characteristics on PDA medium.
The mycelium of P. oryzae varied from flat to
slight raised, greyish white to greyish brown,
showing concentric growth pattern. The results
were in accordance with the prior work of
Gowrisri et al. [20] on the morphological and
molecular characterization of Magnoporthe
oryzae, causing rice blast. They have grown 6
isolates of Magnoporthe oryzae on PDA medium
and studied the variation in colony characters
and conidial size. The mycelia growth showed
variation in colour from brownish grey to pure
white and both flat and aerial. The spore size
also varied between the isolates. Kumar et al.
[21] grouped 71 isolates collected from three
states of eastern India into five groups based on
colony characters. Sahu et al. [26] identified and
characterized the rice blast pathogen from

different rice growing regions of Odisha and
categorized 20 isolates into three groups.

The colony characters of B. oryzae varied from
greyish brown to greyish black in colour, slightly
raised or aerial, fluffy mycelium showing white
dots. The conidial size, shape and number of
septations also varied among the different
isolates. The similar results were obtained by
Jaiganesh and Kannan [22]. They studied the
cultural characters and pathogenicity of
Helminthosporium oryzae causing brown spot of
rice. The colony morphology of the isolates
showed light brown to black, septate, aerial or
submerged, branched mycelium. The conidia
were light brown to brown in colour, slightly
curved with bulge in the middle and tapering
toward the end. Monisha et al. [23] collected five
isolates of B. oryzae from different locations of
Tamil Nadu and characterized them based on
morphological and cultural characters. Meghana
et al (2019) studied the cultural, morphological
and molecular variability of B. oryzae causing
brown spot of rice in Northern Karnataka. Among
different media test, Potato dextrose agar
medium showed better growth of B. oryzae.

4.3 Pathogenicity Test

The pathogenicity of P. oryzae and B. oryzae
were proved by artificial inoculation of spore
suspension on the susceptible rice variety CO39
and humid condition was provided. The symptom
development was observed 7 days after
inoculation and the virulent isolate was obtained
based on maximum percent disease incidence.
The similar method was followed for proving the
pathogenicity of Magnoporthe oryzae [20,21,27]
and Bipolaris oryzae on rice [22,23]. The
pathogenicity test was performed by Gowrisri et
al. [20] for the virulent isolate of M. oryzae and
symptom was expressed after seven days of
inoculation as typical spindle shaped lesions.
Similarly, Kumar et al. [21] performed
pathogenicity test for M. oryzae isolates on
susceptible cultivar and grouped them based on
their virulence. Monisha et al. [23] used
moderately susceptible variety (CO50) towards
brown spot for proving pathogenicity of B. oryzae
and the symptom initiated 3 days after
inoculation.

4.4 Molecular Characterization of P
oryzae and B. oryzae

The PCR amplification of ITS regions were done
using universal primers ITS-1 and ITS-4 for
molecular identification of P. oryzae and B.
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oryzae. An amplicon size of ~560bp were
obtained from all the isolates of P. oryzae and B.
oryzae. The similar method was used for
molecular confirmation of isolates of P. oryzae
with the amplicon size of ~550 bp for ITS region
and ~680 bp for Pot2 transposon region [20]. An
amplicon size of ~590 bp was obtained for all the
isolates identified by Mohammadpourlima et al.

[28]. Monisha et al. [23] examined the isolates for
amplification of ITS region and an amplicon size
of ~570 bp was observed for all the isolates. The
confirmation of the pathogen at species level can
be done using gene specific primers. Molecular
characterization of Magnoporthe oryzae was
done by PCR amplification of Pot2 transposon
region using specific primers [20].

PO CBE1

PO CBE2

PO ECK1

Fig 5. Pathogenicity test for isolates of P. oryzae

BO PBR1

Fig. 6. Pathogenicity test for isolates of B. oryzae

BO ECK1
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Fig. 7. PCR amplification of ITS region of P. oryzae
L — Ladder (100bp), Lane 1 — PO CBEL1, Lane 2 — PO CBEZ2, Lane 3 — PO ECK1, Lane 4 — Positive Control (PC),
Lane 5 — Negative control (NC)

Fig 8. PCR amplification of ITS region of B. oryzae
L — Ladder (100bp), Lane 1 — BO BSR1, Lane 2 — BO CBEL1, Lane 3 - BO CBE2, Lane 4 — BO PBR1, Lane 5 —
BO ECK1, Lane 6 — Positive control (PC), Lane 7 — Negative control (NC)
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ON506042.1:49-370 Pyricularia oryzae isolate POIIRR 28
ON506041.1:48-369 Pyricularia oryzae isolate POIIRR 27
ON506045.1:47-368 Pyricularia oryzae isolate POIIRR 29

ON506183.1:50-371 Pyricularia oryzae isolate POIIRR 17
100%

ON506184.1:47-368 Pyricularia oryzae isolate POIIRR 19

ON506189.1:47-368 Pyricularia oryzae isolate POIIRR 23

ON506212.1:48-369 Pyricularia oryzae isolate POIIRR 25

ON506215.1:47-368 Pyricularia oryzae isolate POIIRR 11

ON506039.1:46-367 Pyricularia oryzae isolate POIIRR 26

OR304310.1:1-322 Pyricularia oryzae isolate POCBE1
-

Fig. 9. Phylogenetic relationship for Pyricularia oryzae

0Q876823.1:83-534 Bipolaris oryzae isolate NPT0901

0Q876822.1:81-532 Bipolaris oryzae isolate NPT1001

0Q876824.1:80-531 Bipolaris oryzae isolate NPT0902

MN966678.1:57-508 Bipolaris oryzae isolate IS (PAT)-13

99%

MT193424.1:62-513 Bipolaris oryzae strain FCCUU 1403

MT446115.1:83-534 Bipolaris oryzae strain ZMXR10

KM507738.1:18-468 Bipolaris oryzae isolate 332

MT796352.1:29-477 Bipolaris oryzae strain KUFA2077

MNO044617.1:48-496 Bipolaris oryzae isolate BO-4

OR143391.1:1-440 Bipolaris oryzae isolate BOC1

Fig. 10. Phylogenetic relationship for Bipolaris oryzae
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5. CONCLUSION

Three isolates of Pyricularia oryzae causing rice
blast and five isolates of Bipolaris oryzae causing
brown spot of rice were collected from different
locations of Tamil Nadu. The isolates were
characterized based on morphological and
molecular characteristics. The isolates were
confirmed as P. oryzae and B. oryzae based on
morphological and cultural characters. All the
isolates showed variations in colony growth,
growth pattern, mycelial characters, conidia size,
shape etc. The cultural variability can also be
studied by growing the pathogen in different
media.

From the pathogenicity test for both the
pathogen, the virulent isolate was found and can
be wused for further screening. Molecular
confirmation of P. oryzae and B. oryzae was
done using PCR amplification of ITS regions
using primers ITS-1 and ITS-4. Further
confirmation of the pathogen at species level can
be done using gene specific primers.
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