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Abstract

Exserohilum turcicum is an emerging pathogen of maize causing the northern leaf blight (NLB) disease
with severe losses. The disease prevails all over the area under production but has varying severity. A
temperature of 13°C to 33°C, along with 75-84% relative humidity, favours the pathogen development
and growth. Thus, the present investigation was carried out to assess the prevalence of the disease
in Bihar and the cultural, morphological, and pathogenic variability among the population through
extensive field surveys conducted in maize-growing areas of seven major maize-producing districts of
Bihar, India. A total of twenty-one isolates were identified as E. turcicum, which showed varying colony
characteristics, colony margin, margin colour, pigmentation, growth pattern, sporulation, conidial
shape, conidial size, and conidial septa. However, all the isolates produced characteristic symptoms
of cigar-shaped necrotic lesions with variation in disease reaction on the leaves of susceptible maize
inbred line CM-202. The isolates were categorized into three phylogenetic clusters with a coefficient
of 0.42 based on their variations. A similar trend was observed, and three clusters with a coefficient
of 0.52 were confirmed based on the disease reaction under field conditions. The isolates constituting
Cluster | were deemed high virulent, followed by Cluster 1l as moderate virulent, and Cluster Ill as
low virulent. All the isolates were further identified as Setosphaeria turcica, a teleomorph stage
of E. turcicum, through molecular identification using ITS sequence analysis. Conclusively, a higher
variability among the pathogen population was present, thus leading to the disease emergence, and
their virulence assessment will aid in the identification of races and simultaneously accelerate the
resistance breeding programmes in maize.
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INTRODUCTION

Maize or corn is one of the staple foods
for a global population of 4.5 billion people,
comprising at least 30% of their diet.* With climate
change, there has been an increasing advent of
disease outbreaks that have jeopardized maize
production and, consequently, food security.
Northern leaf blight (NLB) or Turcicum leaf blight
(TLB) caused by the phytopathogenic fungus
Exserohilum turcicum (Anamorph, formerly
Helminthosporium turcicum) or Setosphaeria
turcica (Teleomorph) has emerged as the major
foliar disease of maize in recent times.? The
disease was first reported in 1878 from New
Jersey, USA,? and has been concluded to cause up
to 50% loss in maize yield during severe incidence
mainly by increased defoliation and decreased
photosynthesis during the grain-filling period.
The disease was first reported in Bihar by Butler
in 1907 and simultaneously also found prevalent
in Karnataka, Andhra Pradesh, Maharashtra, and
Himachal Pradesh.? The phytopathogen requires
a moderately high temperature of 26°C, a high
relative humidity of 80-90%, and cloudy weather
with high rainfall.®> Hence, maize growing in
tropical environments with hot and humid climatic
conditions is more prone to this disease. India,
being a sub-country, also suffers a loss varying from
25-90% in maize grain yield due to this disease.®

E. turcicumisahemibiotrophicascomycete
fungus that spreads through conidia and causes
infection in plants using the appressoria; thus, the
disease incidence depends upon the successful
conidial attachment and appressorium penetration
into epidermal cells of maize leaves.” Post-
penetration, the fungi enters its biotrophic phase
and suppresses or evades the defence response
of maize plants while maintaining their viability.3®
This is followed by the necrotic phase of fungi with
higher production of secondary metabolites, cell
wall degrading enzymes (CWDEs), and biomass
that leads to necrosis.’®! It also produces effector
proteins that aid penetration and host colonization
by modulating host defence responses.'*3
However, this effector-triggered reaction can
be suppressed by elicitation of corresponding
resistance gene (R-gene) response in maize
by effector recognition.'* This is alternatively
known as major gene resistance or qualitative

resistance that is race-specific, which incites
hypersensitive responses (HR) or localized cell
death (LCD).* This interrupts the supply of
nutrients to the phytopathogen and results in
their suppression of growth and development.
To date, only a few genes have been identified
to govern this resistance, namely Ht1, Ht2, Ht3,
ht4, Htnl, Html, and NN.'® The maize breeders
also utilize quantitative resistance, which utilizes
a contribution of various genes with low additive
effects for breeding schemes,*” as the major genes
are vulnerable to resistance breakdown followed
by the emergence of new races of the pathogen.®

A key strategy to combat E. turcicum in
maize genotypes is to understand its mechanism
of infection and the factors governing resistance.
Since the phytopathogen is abundantly present
in tropics and sub-tropics with high genetic
variability,’® a thorough knowledge of the variations
among and within the populations is imperative to
develop appropriate breeding schemes.?® Various
physiological races of E. turcicum have been
determined based on their virulence to host genes,
of which Race 0 is identified to be most prevalent
among the maize-growing nations.”* However,
despite significant efforts, the information related
to variability in E. turcicum in Bihar is still absent.
Hence, the present study was conducted to
assess the cultural, morphological, and virulence
variations among the isolates from seven major
maize-producing regions of Bihar and identify
the probable prevalence of races for accelerated
resistance breeding programmes.

MATERIALS AND METHODS

Sample collection and disease incidence

The diseased maize leaf samples showing
characteristics symptoms of NLB were collected
from seven major maize-producing districts of Bihar,
India, namely Muzaffarpur, Bhagalpur, Saharsa,
Madhepura, Purnea, Katihar, and Khagaria. Three
blocks from each district were selected for sample
collection, and disease incidence was recorded
using a random observation method of 200 plants.
Each sample was excised using sterilized scissors,
collected in a sterilized polybag, and stored at 4°C
for further processing. The disease incidence was
calculated with the help of the following formulae:
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Table 2. Cultural characteristics of the pure cultures isolated from 21 diseased plant samples on a PDA medium

Isolate  Colony Type Colony Margin Pigmentation Margin
Growth (14DPI) Colour
(8DPI)
Etl Slightly raised fluffy cottony +H++ Irregular  Greyish Black Black
Et2 Slightly raised fluffy cottony +++ Regular Greyish Black Black
Et3 Slightly raised fluffy +++ Regular Greyish Black Whitish
Et4 Slightly raised fluffy +++ Irregular  Greyish Black Whitish
Et5 Flattened slightly raised +++ Irregular  Greyish Black Grey
Et6 Slightly raised cottony ++++ Irregular  Greyish Black Whitish Grey
Et7 Fluffy raised ++ Regular Whitish White
Et8 Raised cottony +++ Irregular  Greyish Black Grey
Et9 Raised cottony +++ Regular Greyish Black Grey
Et10 Raised cottony ++ Regular Greyish Black Whitish Grey
Et1l Raised cottony ++ Regular Whitish White
Et12 Raised cottony ++ Regular Whitish Grey Grey
Et13 Slightly raised white cottony ++++ Regular Greyish Black Black
Et14 Flattened cottony + Regular Whitish Grey Whitish Grey
Et15 Slightly raised cottony +++ Regular Whitish Grey Whitish Grey
Et16 Flattened slightly raised + Regular Whitish Grey Whitish Grey
Et17 Fluffy raised cottony ++ Regular Whitish Grey Whitish Grey
Et18 Slightly raised white cottony ++++ Irregular Grey Black
Et19 Fluffy raised cottony ++++ Regular Greyish Black Light Grey
Et20 Raised cottony +++ Regular Whitish Grey Whitish Grey
Et21 Slightly raised cottony +++ Irregular  Greyish Black Black

Colony growth: ++++ = Excellent (60-70 mm), +++ = Good (50-59 mm), ++ = Moderate (45-49 mm), and + = Poor (<45 mm)

Disease Incidence (%) = (Number of
diseased plants / Total number of plants observed)
x 100

Pathogen isolation, identification, and pure
culture

The disease samples were surface
sterilized with 1% sodium hypochlorite solution
(NaOCl) for 1 minute, followed by rising thrice
with sterilized distilled water. The lesions were
then excised and incubated in a sterilized moist
chamber for 3-5 days at 25°C to induce sporulation.
The spores were then identified to the original
description of E. turcicum using the microscope
as per Geeta et al.? The identified spores were
then inoculated on potato dextrose agar (PDA) and
incubated for 7 days at 25°C. The pure culture of
each isolate was then obtained using the single-
spore suspension method. The pure cultures were
then incubated at room temperature for 14 days
for further investigation. Further, they were also
sub-cultured on PDA slants and preserved at 4°C.

Assessment of cultural and morphological
variability

Each isolate was cultured on PDA at
25°C and observed for cultural characteristics at 2,
4, 6, and 8 days post-inoculation (DPI). The radial
growth of the isolate was calculated using a scale
from the centre to the margin in five angles for
three replications. Sporulation of each isolate was
calculated at 14DPI using the haemocytometer.
The fungal colonies were also observed and
recorded for shape, growing pattern, texture, and
pigmentation at 14DPI. The conidial characteristics
constituting shape, size, and septation were
recorded using a compound microscope and
micrometre.

Assessment of pathogenic variability and
sporulation

The in vitro assessment of pathogenic
variability was carried out by placing 5 mm discs of
14 days pure culture on surface-sterilized leaves of
susceptible maize inbred line CM-202 followed by
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Table 3. Radial growth and sporulation of the 21 pure cultures of E. turcicum on a PDA medium

Isolate Colony Diameter (mm) Sporulation
(ml?) at 14DPI
2DPI 4DPI 6DPI 8DPI Mean
Etl 36.5 64.0 76.5 90.0 66.8 9.80 x 10°
Et2 27.5 47.0 67.0 86.0 56.9 8.08 x 10°
Et3 28.0 46.0 66.5 84.0 56.1 8.12 x 10°
Et4 28.1 46.5 67.0 85.0 56.7 8.72 x 10°
Et5 28.5 49.5 68.5 87.0 58.4 8.85 x 10°
Et6 37.0 61.5 82.5 90.0 67.8 9.05 x 10°
Et7 21.0 42.5 61.0 73.0 49.4 5.20 x 10°
Et8 27.0 40.5 63.0 87.5 54.5 8.75 x 10°
Et9 25.5 45.0 68.0 81.0 54.9 8.40 x 10°
Et10 23.0 45.5 66.0 73.0 51.9 8.50 x 10°
Etl11 21.2 41.5 58.5 69.0 47.5 5.45 x 10°
Et12 24.0 44.5 66.4 83.0 51.5 8.25 x 10°
Et13 34.0 62.0 83.5 90.0 67.4 9.50 x 10°
Et14 24.0 42.5 54.0 56.0 44.1 3.24 x 10°
Et15 27.5 47.0 66.5 81.0 55.5 8.30 x 10°
Et16 23.5 41.1 51.0 56.5 43.0 3.20x10°
Et17 22.0 43.0 61.5 73.0 49.9 5.50 x 10°
Et18 27.5 57.5 86.0 90.0 65.3 9.30 x 10°
Et19 31.0 59.0 85.5 90.0 66.4 9.08 x 10°
Et20 28.0 42.5 65.8 84.0 55.1 8.35x 10°
Et21 27.5 42.3 64.8 82.0 54.2 8.87 x 10°

DPI - Days post inoculation

incubation at 25°C + 2°C for 10 days. The disease
development was observed daily, and days to the
first symptom and lesion area were recorded for
five replicates in a completely randomized design.
The in vivo assessment of pathogenic variability
was carried out by inoculating a 30-day plant of
CM-202 with a conidial suspension of the isolate
having 1 x 10* colony forming unit (CFU) ml? for
each isolate. The maize plants were then observed
after 14DPI for symptoms, lesion area, disease
incidence, disease severity on a scale of 1-9,3
and the number of conidia cm™ of lesion length.
The disease incidence was calculated using the
following formulae:

Disease Incidence (%) = [(Sum of
numerical rating) / (Total number of plants
observed ’ Maximum rating)] x 100

The number of conidia cm™ of lesion
length was calculated by incubating a 1 cm
diameter disc of leaf lesions for 4 days, followed
by vortexing in a test tube with 5 ml of distilled
sterilized water with Tween 20 and counting the

conidia under a compound microscope using
a haemocytometer.

Dendrogram development

The dendrogram of all the identified
isolates of E. turcicum was developed to
differentiate them into different clusters based
on their cultural, morphological, and pathogenic
variability on susceptible maize inbred line CM-202
using NTSYS software.

Molecular characterization and identification of
the isolates

The genomic DNA of all the culturally
identified isolates was harvested per Bankole
et al.®> and their quality and quantity were
checked using gel electrophoresis and
spectrophotometer, respectively. The universal
ITS1 (F:5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4
(R:52 -TCCTCCGCTTATTGATATGC-32) were used
for PCR amplification.?® The amplifications were
checked for quality using gel electrophoresis and
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then sequenced using the Sanger sequencing
method. The sequences were then aligned in
the BLASTn program (www.ncbi.nlm.nih.gov/
BLAST) to identify isolates, and the phylogenetic
relationship analysis was carried out using MEGA
X'Z4

RESULTS

Sample collection and disease incidence

A total of 21 blocks from 7 maize-
producing districts of Bihar were surveyed,
and the samples were collected along with the
geographic location, weather conditions, disease
incidence, and stage of the crop (Table 1). The
disease incidence varied from 2 to 15%, with the
highest observed in the Dholi (Moraul) block of
the Muzaffarpur district.

Cultural variability

Atotal of 21 pure cultures were obtained
based on the description of E. turcicum. The
isolates showed cottony growth with either

Et2 Et3 Et4 Et5

—
po= GROUP - 1
—
Conidia
100 pm -
% %
3 Comdla = GROUP - 11
—
—
e GROUP - 11T
—

Etl6

a fluffy or flattened appearance. The margins
were also either regular or irregular with white
to grey to black colour (Figure 1 and Table 2).
The radial growth varied significantly among the
isolates and was categorized into four groups,
namely rapid (60-70 mm) with five isolates (Et1,
Et6, Et13, Et18, and Et19), fast (50-59 mm) with
nine isolates (Et2, Et3, Et4, Et5, Et8, Et9, Et16,
Et20, and Et21), moderate (45-49 mm) with
five isolates (Et7, Et10, Et11, Et12, and Et17),
and poor (<45 mm) with two isolates (Et14 and
Et16). The highest radial growth was observed
in the Et6 isolate collected from Kahalgaon, with
67.8 mm, followed by the Etl isolate collected
from Dholi, whereas the lowest radial growth was
observed in the Et16 isolate collected from Barsoi
(Table 3). The isolates also showed a whitish-
grey to greyish-black pigmentation at 14DPI. The
highest sporulation of 9.80 x 10° spore ml* was
observed in the Etl isolate, followed by Et13
with 9.50 x 10° spore ml?, whereas the lowest
sporulation was observed in Et16 with 3.20 x 10°
spore ml? at 14DPI (Table 3).

Et17 Conidia

Figure 1. Categorization of 21 E. turcicum isolates based on cultural and morphological variability of 21 E. turcicum
isolates on PDA medium into Group-I, Group-Il, and Group-III
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Figure 2. (a) Days to first symptom of disease under in vitro study for 21 E. turcicum isolates, (b) lesion area of
group | isolates, (c) lesion area of group Il isolates, and (d) lesion area of group Il isolates

Figure 3. Symptom produced by E. turcicum isolates in in vivo study (a) initial symptom, (b) and (c) elliptical gray
streaks on the surface of the leaves, (d) progression of symptoms, and (e) single, long and cigar shaped lesion
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Morphological variability spore colour, size, and septation. The colour of
Varied morphological characteristicswere  spores varied from brown to dark brown with 2
observed among the E. turcicum isolates regarding  to 10 septations with a peculiar protruding hilum.
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Figure 4. Dendrogram of 21 E. turcicum isolates based on cultural, morphological, and in vitro pathogenic variability
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Figure 5. Dendrogram of 21 E. turcicum isolates based on in vivo pathogenic variability
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The size of the spores also varied between 64.62
pm to 215.62 um in length and 18.00 um to 38.83
pum in width (Figure 1 and Table 4).

Pathogenic variability

The isolates produced significantly
different disease reactions to the susceptible
maize cultivar. In the in vitro study, five isolates
were found to be highly virulent (Et1, Et6, Et13,
Et18, and Et19) with 2DPI to the appearance of
first symptom followed by eleven moderately
virulent isolates (Et2, Et3, Et4, Et5, Et8, Et9, Et10,
Et12, Et15, Et20, and Et21), and five least virulent
isolates (Et7, Et11, Et17, Et14, and Et16) (Figure
2a). The lesion area was recorded to be about 250-
400 mm? at 10DPI for the highly virulent isolates,
followed by 50-250 mm? at 10DPI for moderately
virulent isolates and 20-110 mm? at 10DPI for
the least virulent isolates (Figure 2b, 2c, and 2d).
In the in vivo study, the initial symptoms from the
isolates occurred as small elliptical to oval water-

Et1 Ef2

75
— —

100

—
100 =
100
29
97
100 |
7
- 50 L
100 ?
93
100 L——
29 %
99
100 |
67—

26

soaked greyish-green spots that enlarged along the
leaf length with the progression of the disease. The
lesions then became necrotic and spindle-shaped
with straw-coloured centre and dark margins.
The lesion appeared from the lower leaves to the
upper leaves of the maize plant with a gradual
increase in size (Figure 3). The highest lesion size
was observed in Et6, Et13, Et18, and Et19 isolates
with 35-40 mm x 9-13 mm. The lowest lesion size
was observed in Et14 and Et16 isolates with 3 mm
x 1 mm. The disease scoring scale also showed
the highest ratings for Et1 and the lowest for Et14
and Et16. Similarly, the highest number of conidia
cm™ lesion length was observed in Et1, Et6, Et13,
Et18, and Et19; the lowest was in Et14 and Et16
(Table 5).

Dendrogram analyses

The dendrogram analyses based on
cultural, morphological, and in vitro pathogenic
variability of all the E. turcicum isolates on

Et3 Et4 Et5 Et6 Et7 Et8 Et9 Et10 Etil Et12 Et13 Etl4 Et15 Et16 Et17 Et18 Et19 E20 E1 M

(@)

600 bp

Setosphaeria turcica strain EKT7 (Acc.No.KJ956059.1)
Setosphaeria turcica strain KET21 (Acc. No. KJ956051.1)
Setosphaeria turcica strain EKT8 (Acc. No.KJ956053.1)
Setosphaeria turcica strain EKT12(Acc.No.KJ956056.1)
Setosphaeria turcica strain EKT18 (Acc. No. KJ956052.1)
Et7

Et16
Et11
Et14
Et17 )

(b)

Clade I

— CladeII

Et19

m Clade III

Figure 6. (a) PCR amplification product of ITS for isolates of E. turcicum on gel electrophoresis around 600 bp and

(b) Phylogenetic relationship of 21 E. turcicum isolates
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Table 4. Morphological variability in conidia of the 21 pure cultures of E. turcicum on a PDA medium

Isolate Spore Colour Number Size of Conidia
of Septa

Length Width

(mm) (mm)
Etl Dark Brownish 3-10 215.62 36.05
Et2 Brownish 3-5 123.69 31.04
Et3 Brownish 3-8 146.67 32.00
Et4 Brownish 3-6 113.22 24.41
Et5 Dark Brownish 3-5 109.12 29.53
Et6 Dark Brownish 3-9 195.48 35.44
Et7 Brownish 2-6 64.62 29.73
Et8 Brownish 3-9 169.16 33.52
Et9 Brownish 3-8 142.62 34.17
Et10 Dark Brownish 3-4 100.49 20.00
Et11 Dark Brownish 3-7 74.96 28.28
Et12 Brownish 3-7 126.82 31.24
Et13 Dark Brownish 3-4 90.55 21.26
Et14 Brownish 3-8 86.53 26.07
Et15 Brownish 3-8 145.72 26.90
Etl6 Brownish 3-5 69.77 18.00
Et17 Brownish 3-6 159.24 32.24
E18 Dark Brownish 3-7 133.20 19.79
Et19 Dark Brownish 3-10 207.20 38.83
Et20 Brownish 3-5 84.02 22.00
Et21 Dark Brownish 3-6 116.49 29.12

susceptible maize inbred line revealed 3 clusters
with a similarity coefficient of 0.42 (Figure 4).
Cluster | contained five isolates (Et1, Et6, Et13,
Et18, and Et19) with a lesion length of 210-263 mm
(mean of 10DPI) with somewhat similar cultural
and morphological characters identified as highly
virulent. Cluster Il contained eleven isolates with
a lesion length of 122-179 mm and had identical
cultural and morphological characters identified
as moderately virulent. Cluster Ill contained five
isolates (Et7, Et11, Et14, Et16, and Et17) with lesion
length of 10-60 mm identified as least virulent.
Simultaneously, the dendrogram analyses based
on in vivo pathogenic variability revealed 3 clusters
of E. turcicum isolates with slight variation and a
similarity coefficient of 0.52 (Figure 5). Cluster |
contained six isolates (Et1, Et6, Et7, Et13, Et18,
and Et19) with lesion length of 12-40 mm. Cluster
Il contained eleven isolates with lesion lengths of
8-14 mm, and Cluster Ill contained four isolates
(Et11, Et14, Etl6, and Et17) with 3-8 mm lesion
lengths.

Molecular characterization and phylogenetic
relationship

Alltheisolates produced PCR amplification
products to the universal primers (Figure 6a)
and were identified as Setosphaeria turcica,
the teleomorph stage of E. turcicum, from the
BLASTNn program. The phylogenetic analysis
from the nucleotide sequence of isolates also
revealed their relation with S. turcica strains and
categorized them into three clades (Figure 6b).
Clade | constituted Et7, Et16, Et11, and Et14,
showing 100% identity to the reference isolate
with Genbank accession number KJ956059.1.
Clade Il constituted Et1, Et17, Et6, Et13, Et19, and
Et18 with 99% identity to the reference isolate with
Genbank accession number KJ956053.1. Clade IlI
constituted of Et2, Et3, Et4, Et5, Et9, Et10, Et12,
Et15, Et20, and Et21 with about 46% identity to the
reference isolate with Genbank accession numbers
KJ956051.1, 956053.1, and 956056.1.
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Table 5. Pathogenic variability in conidia of the 21 pure
cultures of E. turcicum on a PDA medium

Isolate Lesion Disease No. of
Score Conidia
Length  Width (1-9scale) Lesion
(mm) (mm) cm? Length
Etl 40 13 8 ++++
Et2 14 4 4 +++
Et3 12 3 4 +++
Et4 10 3 3 +++
Et5 8 2 3 +++
Et6 35 9 7 ++++
Et7 12 4 5 +++
Et8 9 3 3 +++
ET9 13 4 4 +++
Et10 11 4 4 +++
Et11 8 2 2 ++
Et12 10 3 3 +++
Et13 38 12 7 ++++
Et14 3 1 1 +
Et15 8 2 3 +++
Et16 3 1 1 +
Et17 6 2 2 ++
Et18 36 10 7 ++++
Et19 37 12 7 ++++
Et20 10 3 3 +++
Et21 12 3 4 +++

++++ = Excellent (50-60 x 10® conidia cm™ lesion length),
+++ = Good (38-49 x 10° conidia cm™lesion length), ++ = Fair
(26-37 x 10° conidia cm™ lesion length), and + = Poor (<26 x
10° conidia cm™ lesion length)

DISCUSSION

The present investigation is one of
the first surveys to assess the variability in the
population of E. turcicum associated with maize in
Bihar, India. An evident variability in the population
of the phytopathogen was present based on
the cultural, morphological, and pathogenic
characteristics. These variations were present both
among the population and within the population
of isolates collected from seven districts. A higher
temperature and relative humidity in Dholi
(Moraul), Bandra, Kahalgaon, and Chautham have
resulted in higher disease incidence of 12-15%
compared to lower temperatures and relative
humidity at other locations.>* These climatic
conditions favour the disease development
process, contributing to higher disease incidence;

thus, highly virulent isolates were obtained from
these locations.

The isolates showed significant variations
in cultural and morphological characteristics
constituting radial growth, margin, pigmentation,
sporulation, size and colour of conidia, and
conidial septation. These variations could be
due to the different environments in different
areas and the phytopathogen’s survival strategy.
Various studies have shown E. turcicum isolates
to produce whitish to greyish-white colonies
with white to greyish-black pigmentation on
PDA medium.*?>? A similar range of shades was
observed in the present investigation among the
isolates. All the isolates produced conidia with a
protruded hilum, a characteristic feature of the
phytopathogen based on which it is named.?” The
dimension and septation of the conidia among the
isolated were also in conformation with previous
research.?® The sporulation rate was higher in
some of the isolates, which can be linked to
the survival and spread of the phytopathogen.?®
This can also be linked to higher virulence and
disease incidence.?® As E. turcicum is a foliar
phytopathogen, it spreads through rapid spore
production and dissemination.® Thus, a higher
conidial production rate was observed in the
isolates with higher virulence and vice-versa in
the isolates with lower virulence. Additionally, this
differential rate of radial growth and sporulation
suggests that the phytopathogen is capable of
rapid spread in the maize-growing regions under
favourable conditions, which could present a stiff
challenge in its management.

The assessment of pathogenic variability
also showed a significant difference among the
isolates. The disease caused stunted growth in
infected maize plants and gradually progressed
from lower to upper leaves. It reduced the
photosynthetically active area of leaves and made
them look burnt.®*® The isolates with rapid radial
growth and higher sporulation showed higher
virulence and vice-versa in the in vivo study.
This differential virulence is conditioned among
and within the population due to the expression
of effector genes® in addition to the secondary
metabolites, enzymes, and candidate genes that
regulate pathogenicity in E. turcicum.** As reported
earlier in various studies, the phylogenetic analysis
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revealed genetic relatedness among the isolates
from different districts. This is due to the high
gene flow rate among the isolates of E. turcicum
in addition to variations arising from sexual
reproduction.?® Moreover, the phytopathogen
also shows a high rate of sexual recombination in
populations from topical regions,* which adds to
the genetic relatedness of isolates. This suggests
that the phytopathogen can produce variants at a
higher rate, so the breeding programmes should
focus on quantitative resistance, avoiding the
chances of resistance breakdown.

CONCLUSION

An evident variability among the E.
turcicum population in Bihar, India, is responsible
for causing NLB disease. All 21 isolates showed
significant cultural, morphological, and cultural
variability among and within the districts under
investigation. The isolates were categorized into
three clusters based on their aggressiveness:
highly virulent, moderately virulent, and low
virulent. Their virulence resulted from the growth
rate and sporulation of the isolated coupled
with environmental conditions. The variability
among the population of phytopathogens would
aid in developing management strategies and
prospecting breeding programmes for NLB-
resistant genotypes of maize to minimize yield loss.
The study also concludes that the development of
guantitative resistance would be more sustainable
than qualitative resistance owing to the higher
variability of the E. turcicum population.
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