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Bacillus subtilis (Bbv57) Strain Controls Post
Flowering Stalk Rot of Maize caused by
Fusarium verticillioides

Abstract

Among the treatments implied under artificial epiphytotic conditions, Seed
treatment (10 g/kg) with Bacillus subtilis (Bbv57) and Soil Application (2.5 kg/ha)
recorded lower Fusarium Post Flowering Stalk Rot incidence (3.8 %) compared
with Untreated control (8.9%). Among the treatments implied at infected fields
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of Vagarai and Keeranur, Seed treatment (10 g/kg) with Bacillus subtilis (Bbv57)
and Soil Application (2.5 kg/ha) recorded lower Fusarium Post Flowering Stalk Rot
incidence (2.0% and 1.04%) compared with Untreated control (7.5% and 3.56%)
in both hot spot areas with yield of 5 to 6 t/ha. This study indicated that, Bacillus

subtilis (Bbv57) was found to be a potential bio control agent for controlling stalk

rot of maize.
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Introduction

The most important diseases associated with maize are caused by
fungi, which are primarily represented by the genus Fusarium. In
India, the disease is prevalent in most of the maize growing areas,
particularly in rain fed areas viz., Jammu and Kashmir, Punjab,
Haryana, Delhi, Rajasthan, Madhya Pradesh, Uttar Pradesh,
Bihar, West Bengal, Andhra Pradesh, Tamil Nadu and Karnataka,
where water stress occurs after flowering stage of the crop [1]. In
September 2012, symptoms of Fusarium stalk rot were observed
on maize cultivar PAC 740 (Advanta Ltd., Hyderabad, India) grown
in a field in Tinsukia, Assam, northeast India (27.5° N; 95.37° E;
elev. 116 m) [2]. Reported that incidence of Post Flowering Stalk
Rot complex (Charcoal rot, Fusarium stalk rot, late wilt) varying
from 5 to 40 per cent at different parts of the country. The annual
loss due to maize diseases in India was estimated to the tune of
13.2 to 39.5% [3]. The disease incidence ranged from 10 to 42%
in Karnataka [4]. The estimated loss due to Fusarium stalk rot has
been reported as 38% in total yield [5].

The infection of maize by Fusarium verticillioides can result in
highly variable disease symptoms ranging from asymptomatic
plants to severe rotting and wilting. Systemic infection can start
from fungal conidia or mycelia that are either carried inside the
seeds or on the seed surface [6,7]. The fungus develops inside
the young plant, moving from the roots to the stalk and finally to
the cob and kernals described the transmission of Fverticillioides
from seed to kernals in four steps that include (i) seed to seedling
transmission, (ii) colonization of the stalk, (iii) movement into the
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ear, and (iv) spread within the ear. Irrespective public and private
bred hybrids all are succumbing to severe stalk rot. Fusarium stalk
rot was observed in the plant age group of 55 to 65 days which
coincides with tasseling and silking and immediately followed
grain formation stage. The soil borne pathogen led to breakage of
stalk rotting, lodging and premature death of the infested plants.
Hence, the present study was undertaken with an objective to
work out management strategies using Bacillus as one of the
components for this threatening disease.

Materials and Methods

Mass multiplication of inoculum for fusarium
stalk rots (Fusarium verticillioides)

The present investigation was carried out during 2019-2020
at Maize Research Station, Vagarai, Tamil Nadu Agricultural
University, which is located at 10.58° N latitude, 77.57° E
longitudes with an altitude of 254 MSL in the Dindigul region of
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Tamil Nadu state.

Isolations were done by plating surface sterilized (4 per cent
sodium hydrochloride) small pieces of infected tissues on Potato
Dextrose Agar (PDA) medium. Purification of cultures was
made by hyphal tip method. The fungal hyphae are aseptically
transferred to culture plates containing the sterile PDA medium
to get stock culture. The culture colour of F. verticillioides is
pinkish white and it can be identified by confirming the shape of
microconidia. The inoculum was increased on toothpicks, which
are boiled several times thoroughly in water to remove resin,
gum or any toxic substances that might inhibit the growth of
the fungus. After washing they were dried into sun. Keeping the
tapering end upwards, the dried toothpicks were staked loosely
in screw capped jars. Prior to autoclaving, potato dextrose broth
is added. The level of broth was adjusted to one-third length of
toothpicks after autoclaving. Subsequently, the sterilized jar was
seeded with fungus and incubated 280°C for one week. Abundant
mycelial growth was spread on the toothpicks.

Inoculation of Fusarium verticillioides on maize

Inoculations should be made with of 45-50 days old plants just
after flowering stage, in the lower internodes (second) above
the soil level. The toothpicks is inserted diagonally after pricking
and making 2 cm hole with the help of jabber in the desired
internodes. Disease symptoms appeared in the inoculated plants
about 20-25 days after inoculation. The disease intensity and
severity is recorded following 1-9 rating scale [8]. (1) Healthy
or slight discolouration at the site of inoculation; (2) Up to 50%
of the inoculated internode is discoloured; (3) 51-75% of the
inoculated internode is discoloured; (4) 76-100% of the inoculated
internode is discoloured; (5) Less than 50% discolouration of the
adjacent internode; (6) More than 50% discolouration of the
adjacent internode; (7) discolouration of three internodes; (8)
discolouration of four internodes; (9) discolouration of five or
more internodes and premature death of plant.

Field experiments on the bio efficacy of Bbv57
on Fusarium stalk rot of maize

To assess the field performance of bio agents, the trials were
conducted at Maize Research Station, Vagari, Dindigul region
of Tamil Nadu namely in randomized block design with three
replications maintaining spacing of 60 cm between rows and 20
cm between plants. The bioagents T.asperellam (1 x 10* cfu/g)
and B.subtilis (1 x 10° cfu/g) were applied in the soil before sowing
@ 200 g/m?. Unamended plots served as check. Seeds were
treated with the slurry of carbendazim (0.2%) and bio agents of
talc based formulation viz., T.asperellam (4 g/kg), B.subtilis (10 g/
kg). Soil application of T.asperellam and B.subtilis was done @2.5
kg/ha just before sowing. After treating with fungicides, maize
seeds were allowed to air dried before sowing. Bio agent treated
seeds were kept overnight in moist chamber so as to enable the
antagonists to establish on seed surface. The fungi toxicants were
applied in the form of spray on the above ground parts of the
plants. Two foliar sprays, first two days after inoculation followed
by the second 15 days later were made. Observations on disease
severity were recorded 45 days after tooth pick inoculation of the
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pathogen following 1-9 scale devised by [8]. Disease scoring was
done until cob development stage.

Field experiments on the bio efficacy of Bbv57
on Fusarium stalk rot of maize in hotspot areas

Two hot spot areas were selected during Kharif 2020 and summer
2021 in the Fusarium infected field at MRS, Vagarai, and in where
10-15% disease incidence was observed and summer 2021 at
Keeranur, Palani (Tk.), where 3%-10% disease incidence was
noticed. The crop was sown in randomized block design with
three replications maintaining spacing of 60 cm between rows
and 20 cm between plants. The bio agents T.asperellam (1 x
10* cfu/g) and B.subtilis (1 x 10° cfu/g) were applied in the soil
before sowing @ 200 g/m2. Unamended plots served as check.
Seeds were treated with the slurry of carbendazim (0.2%) and
bio agents of talc based formulation viz., T.asperellam (4 g/kg),
B.subtilis (10 g/kg). Soil application of T.asperellam and B.subtilis
was done @ 2.5 kg/ha just before sowing. After treating with
fungicides, maize seeds were allowed to air dried before sowing.
Bio agent treated seeds were kept overnight in moist chamber
so as to enable the antagonists to establish on seed surface. The
fungi toxicants were applied in the form of seed treatment and
soil application on the above ground parts of the plants at 45
days of sowing. Observations on disease severity were recorded
45 days after sowing until cob development stage.

Results and Discussion

In vivo studies on the efficacy of Bacillus subtilis (Bbv57) strain
on Post Flowering Stalk Rot of Maize caused by Fusarium
verticillioides in maize were conducted under artificial and
natural epiphytotic conditions at Maize Research Station, Vagarai
and in two hot spot locations, where the disease incidence was
3-10%. The experimental results revealed the reduction of 2.9%
with increased yield of 6.5 tonnes/ha in Bacillus subtilis (Bbv57)
treated plots compared to untreated control, which showed 5.1%
disease incidence, with low yield of 5.6 tonnes/ha (Figure 1).
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In vivo efficacy of Bbv 57 strain against Fusarium stalk
rot of maize under artificial Epiphytotic condition.

Figure 1
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T1: Seed Treatment (4 g/kg) + Soil Application (2.5 kg/ha) with
Trichoderma asperellam (Tv1), T2: Seed Treatment (10 g/kg) +
Soil Application (2.5 kg/ha) with Bacillus subtilis (Bbv57), T3: Seed
Treatment (2 g/kg) + Soil Application with Carbendazim (0.2%),
T4: Untreated control. Among the treatments implied at infected
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fields of Vagarai and Keeranur, Seed treatment (10 g/kg) with
Bacillus subtilis (Bbv57) and Soil Application (2.5 kg/ha) recorded
lower Fusarium PFSR incidence (2.0% and 1.04%) compared
with Untreated control (7.5% and 3.56%) in both hot spot areas.
Bacillus subtilis one of the bio control agent found to colonize the
roots of Maize and to control Fusarium at early stages of crop
growth with high competitive ability in terms of colonizing the
roots @ 1.4 x 107 cfu/g/root (Figure 2).
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In vivo efficacy of Bbv 57 strain against Fusarium stalk
rot of maize under artificial Epiphytotic condition.
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Figure 2

T1: Seed Treatment (4 g/kg) +Soil Application (2.5 kg/ha) with
Trichoderma asperellam (Tv1), T2: Seed Treatment (10 g/kg) +Soil
Application (2.5 kg/ha) with Bacillus subtilis (Bbv57), T3: Seed
Treatment (2 g/kg) +Soil Application with Carbendazim (0.2%), T4:
Untreated control. Bacillus subtilis one of the biocontrol agents
found to colonize the roots of Maize and to control Fusarium at
early stages of crop growth with highly competitive ability in terms
of colonizing the roots 107 cfu/g/root. The results were in line
with the findings of Bacillus subtilis CE1 at 10% and 10’ CFUmI-1
inocula was able to reduce rhizoplane and endorhizosphere
colonization of F. verticillioides in greenhouse trials [8].

Figueroa revealed that in plantae assays with three Bacillus
isolates: B. megaterium (B5), B. cereus sensu lato (B25) and
Bacillus sp. (B35) displayed the highest antagonistic activity
against Fv in terms of disease reduction on maize plants [9].
Antagonistic activity analysis revealed that these strains produce
glucanases, proteases or chitinases, as well as siderophores and
auxins and suggests these as possible control mechanisms against
Fusarium verticilliodes.

Bacillus species use diverse mechanisms that may inhibit this
fungal pathogen including nutrient competition, production
of antifungal lipopeptides, or production of lytic enzymes such
as chitinases that can degrade the fungal cell wall as a means
to avoid fungal hyphal extension [10-13]. B. subtilis in maize
causes a reduction in mycotoxin production and a decrease in Fv
colonization. Bacillus cereus increased grain yield by 43.8 % in
maize [14]. It has been reported that Bacillus velezensis BM21,
a potential and efficient bio control agent in control of corn stalk
rot caused by Fusarium graminearum [15].
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Similar results were found in Bbv57 strain effective in controlling
Fv possibly due to the several PGPR traits that the bacterium
possesses. Bbv57 is currently being studied to develop a novel
biological product based on spore production to reduce Fusarium
stalk, ear and root rots in maize fields [16].

Our findings with Fv in vivo have been recently confirmed in
field trials and the efficacy of Bacillus subtilis (Bbv57) have been
proved in order to exploit as potential bio control agents suitable
for widespread use in the large extensions of maize sown in dry
land ecosystems in Tamil Nadu, India.

Statistical analysis

Statistical analyses were conducted using the IRRISTAT version
92-1 programmed developed by biometrics unit at International
Rice Research Institute, The Philippines. Differences between
treatment mean values were determined following LSD test at
0.05 probability level.

Conclusion

The present investigation highlighted the potentialities of talc-
based formulations of Bacillus subtilis obtained from Department
of Plant Pathology, Tamil Nadu Agricultural University,
Coimbatore-641003, Tamil Nadu, and India in managing disease
of maize. Seed treatment and soil application of Bacillus subtilis
reduced disease incidence under in vivo conditions with high
yield and the same isolate may be recommended for ecofriendly
management of maize Post Flowering Stalk Rot in dry land
ecosystems.

Acknowledgements

The author is thankful to Tamil Nadu Agricultural University for
funding through Non-Plan Scheme and providing field to carry
out experimental trials at Maize Research Station, Vagarai.

References

1. Singh N, Rajendran A, Meena S, Mittal G. (2012) Biochemical response and
host-pathogen relation of stalk rot fungi in early stages of maize (Zea mays
L.). African J Biotech 11(82): 14837-14843.

2. lalS, Leon DC, Saxena VK, Singh SB, Singh NN, et al. (1998) Maize stalk rot
complexes: Innovative Breeding Approaches. Proc Seventh Asian Regional
Maize Workshop, Los Banos, Philippines.

3. Payak MM, Sharma RC (1985) Maize diseases and approaches to their
management in India. Trop Pest Mgmt 31(1):302-310.

4. Harlapur SI, Wali MC, Prashan M, Shakuntala NM (2002) Assessment of
yield losses in maize due to charcoal rots in Ghataprabha Left Bank Canal
(GLBC) Command area of Karnataka. Karnataka J Agric Sci 15: 590-591.

5. AICRP, 2014. Annual Report of AICRP Maize Pathology Udaipur Center.

6. Kedera CJ, Leslie JF, Claflin LE (1992). Systematic Infection of corn by
Furasium moniliforme (abstr.) Phytopathol 82: 1138.

7. Munkvold GP, Desjardins AE (1997) Fumonisins in maize. Can we reduce
their occurrence? Plant Dis 81: 556-584.

8. Shekhar M, KumarS(2012) Inoculation Methods and Disease Rating Scales
for Maize Disease. DIRECTORATE OF MAIZE RESEARCH (Indian Council of
Agricultural Research) Pusa Campus, New Delhi-110 012 (India).

3


https://doi.org/10.5897/AJB12.1851

10.

11

12.

2021

Research Journal of Plant Pathology

Cavaglieri L, Orlando J, Rodriguez MI, Chulze S, Etcheverry M (2005)
Biocontrol of Bacillus subtilis against Fusarium verticillioides in vitro and at
the maize root level. Res Microbiol 156(5-6):748-754.

Lopez AMF, Ramirez JDC, Figueroa FRQ, Mendoza IEM (2013) A high-
throughput screening assay to identify bacterial antagonists against
Fusarium verticillioides. ) Basic Microbiol 54(51):125-133.

Ongena M, Jacques P (2008) Bacillus lipopeptides: versatile weapons for
plant disease bio control. Trends Microbiol 16(3):115-125.

Kishore GK, Pande S, Podile AR (2005) Biological Control of Late Leaf Spot
of Peanut (Arachis Hypogaea) with Chitinolytic Bacteria. Phytopathol
95(10):1157-1165.

© Under License of Creative Commons Attribution 3.0 License

13.

14.

15.

16.

Vol. 4 No.5: 01

Nihorimbere V, Cawoy H, Seyer A, Brunelle A, Thonart P, et al. (2012)
Impact of Rhizosphere factors on cyclic lipopeptide signature from the
plant beneficial strain Bacillus amyloliquefaciens $499. FEMS Microbiol
Ecol 79(1):176-191.

Raaijmakers JM, Mazzola M (2012) Diversity and natural functions of
antibiotics produced by beneficial and plant pathogenic bacteria. Annu
Rev Phytopathol 50(1):403-424.

Tilak KVBR, Reddy BS (2006) Bacillus cereus and B. circulans-Novel
inoculants for crops. Curr Sci 90(5):642-644.

WangS$, Sun L, Zhang W, Chi F, Hao X, et al. (2020) Bacillus velezensis BM21,
a potential and efficient bio control agent in control of corn stalk rot caused
by Fusarium graminearum. Egypt J Biol Pest Control 30(1):9.


https://doi.org/10.1016/j.resmic.2005.03.001
https://doi.org/10.1002/jobm.201200594
https://doi.org/10.1016/j. tim.2007.12.009
https://doi.org/10.1094/PHYTO-95-1157
https://doi.org/10.1111/j.1574-6941.2011.01208.x
https://doi.org/10.1146/annurev-phyto-081211-172908
https://doi.org/10.1186/s41938-020-0209-6



