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plants
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Abstract

Early blight disease, caused by Alternaria solani, poses a significant challenge to tomato cultivation,
leading to substantial economic losses and reduced yields. Conventional fungicides have been the
primary means of control, but their indiscriminate use has resulted in resistant strains and environmental
concerns. This research presents an innovative integrated management strategy that harnesses the
potential of botanical extracts and biocontrol agents to combat early blight disease sustainably. The study
isolated and identified A. Solani, evaluated the antifungal efficacy of botanical extracts, and tested the
inhibitory effects of biocontrol agents. The results demonstrate promising control capabilities, suggesting
that a combined approach can offer a balanced, eco-friendly, and cost-effective solution for safeguarding
tomato crops and promoting sustainable agriculture.
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Introduction

The tomato (Lycopersicon esculentum Mill) stands as an iconic vegetable and an indispensable
horticultural crop, celebrated globally for its versatility in adapting to diverse climatic
conditions and its remarkable nutritive significance. With a history dating back to the mid-19t"
century, tomatoes have remained a staple in the human diet due to their remarkable flavour and
nutritional value. In 2014-2015, the world witnessed an astounding annual production of 163.4
million tonnes of tomatoes, covering an area of 4.8 million hectares. In India, tomatoes are
cultivated across 791.0 thousand hectares, yielding a commendable productivity of 22.0 tonnes
per hectare. However, the state of Haryana, occupying a modest area of 30.0 thousand
hectares, faces challenges in maintaining comparable production levels as compared to other
states like Madhya Pradesh and Andhra Pradesh. One of the most significant adversaries faced
by tomato cultivators is the devastating early blight disease, primarily caused by the pathogen
Alternaria solani. This fungal disease has been responsible for substantial economic losses,
reducing yields by up to 78-80%. The disease manifests through characteristic irregular
leathery lesions with concentric rings on leaves, posing a severe threat to the plant's health and
productivity. The conventional method of controlling early blight disease has long relied on
the indiscriminate use of fungicides, leading to fungicide-resistant strains and environmental
hazards. Therefore, there is an urgent need for a more sustainable and eco-friendly approach to
manage this agricultural challenge effectively. This research endeavours to present a
pioneering integrated management strategy that harnesses the potential of botanical extracts
and biological control agents in mitigating early blight disease in tomato plants. By tapping
into the synergistic effects of these natural formulations, we aim to enhance the plant's internal
resistance against abiotic and biotic factors, ultimately achieving a balanced, environmentally
conscious, and cost-effective solution for safeguarding tomato crops. In pursuit of this
objective, our study focuses on the isolation, identification, and pathogenicity verification of
the early blight pathogen, Alternaria solani. Furthermore, we evaluate the efficacy of selected
botanical extracts in suppressing the infection in tomato plants, paving the way for a
sustainable integrated disease management approach. Through this innovative research, we
aspire to contribute to the advancement of agriculture and the sustainable production of
tomatoes, bolstering food security and fostering ecological harmony.

Materials and Methods
A. Evaluation of different plant extracts against A. Solani
The five plants used are listed in Table 1. Datura (D Stramonium), Neem (A Indica),
Eucalyptus (E Globulus), and Lantana (L Camera) were collected from Dehradun.
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The Garlic (A Sativum) was obtained from the local vegetable
market in Dehradun.

Table 1: List of botanical plants

l\?c;. C’czgm:n Botanical Name Family Eﬁ?;
1. Datura Datura stramonium| Solanaceae |Leaves
2. Neem Azadirachta indica Meliaceae Leaves
3. Eucalyptus |Eucalyptus globulus| Myrtaceae |Leaves
4. Lantana Lantana camera | Verbenaceae |Leaves
5. Garlic Allium sativum | Amaryllidaceae | Cloves

B. Details of the layout plan

1. Number of treatments: 17.

2. Number of replications: 3.

3. Spacing: Row to Row: 40 cm.

4. Spacing: Plant to Plant: 15 cm.

5. Plotsize: 1.5x1.5 m2,

6. Date of sowing: 19 February 2023.
7. Experimental design: CRBD.

C. Preparation of solani inoculum for application

The 10-day-old culture of A. solani grown on PDA media was
flooded with 15 ml of sterile distilled water, and colonies of
A. Solani were scraped aseptically with the help of a sterile
rubber spatula. The resultant suspension was filtered through
double layers of sterilised cheesecloth, and the final
concentration was adjusted to 4 105 conidia per ml using a
hemocytometer. The prepared inoculum was used for foliar

spraying.

D. Foliar application

The individual applications of T. viride (10 g/lit), Flusilazole
(0.04 ml/lit), Kasugamycin (0.04 ml/lit), Garlic (20 ml/lit),
Neem (20 ml/lit), and the combined application of
Kasugamycin + Neem (0.04 ml/lit + 20 ml/lit), Flusilazole +
Garlic (0.04 ml/lit + 20 ml/lit), Kasugamycin + Garlic (0.04
ml/lit + Garlic + Neem (20 ml/lit) were applied as foliar
sprays. A battery-operated knapsack sprayer with a hollow
cone nozzle was used for foliar spray.

Result

A. Collection of diseased samples and isolation of
pathogens

The data pertaining to observations of the plant parts of
tomatoes showing the typical early blight symptoms were
collected from the farmer’s fields, which are located in the
eight villages of Dehradun. During the collection of samples,
the symptoms were found on all aerial parts of the plant,
including the leaves and stem. The lesions on leaves were
observed to be angular, oval, or circular in shape. The stem
lesions were found as rectangular, dark, and slightly sunken
blotches. The spots, when made into slides and observed
under the light microscope, were found to be dark muriform
conidia of the pathogen. The isolates were purified by a
single-spore isolation technique. Moreover, one culture of A.
solani was obtained from the Indian Type Culture Collection
(ITCC), New Delhi, with ITCC No. 3720. The obtained
culture was maintained in PDA slants and stored at 4 °C for
further investigation.

B. Cultural characteristics of different isolates of solani
The results of the cultural characteristics of eight isolates of
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Alternaria solani on the PDA medium Isolates of A. solani
differed with respect to their cultural characteristics. The
isolates of A. solani grown on PDA showed variation in their
colony colour, character, margin, and zonation. Different
types of colonies colours, like dark black, greenish-brown,
greenish-white, brownish, greyish-white, light grey, light
black, and black colonies, were observed in PDA culture
media. Mostly, the colonies had smooth or rough colony
characters with regular and irregular margins. The smooth
colony character was observed in five isolates, viz., AsP, AsK,
AsN, Asd, and AsS; the rough colony character was observed
in three isolates, viz.,, AsD, AsR, and AsV. The colony
margins varied from regular to irregular. Regular margins
were observed in six isolates, viz., AsP, AsK, AsN, Asd, AsS,
and AsV. Whereas the other two isolates had irregular
margins. Among eight isolates, seven were found without
zonation and one had zonation.

C. Test of pathogenicity of solani isolates

All eight isolates of A. solani were tested for pathogenicity by
the following Koch’s postulate method: These isolates were
subjected to pathogenicity tests on susceptible cells under in
vitro conditions using the detached leaf technique and showed
typical early blight symptoms. All isolates of A. solani were
able to produce characteristics of early blight symptoms, like
concentric rings on leaves. The infected leaves showed brown
spot-like symptoms that may be angular, oval, or circular in
shape.

D. Effects of wvarious plant extracts on conidial
germination of solani

The antifungal activity of aqueous extracts of five plants, such
as Datura (Datura stramonium), Garlic (Allium sativum),
Neem (Azadirachta indica), Eucalyptus (Eucalyptus
globulus), and Lantana (Lantana camera), was evaluated
under in vitro conditions against conidial germination of A.
solani through the microscopic slide technique (Rodrigues et
al. 2010) B°. All plant extracts at 5, 10, 15, and 20%
concentrations were found to be significantly effective in
reducing the conidial germination of A. solani as compared
with the control. The highest percent of conidial germination
(98.28%) was measured in control over all the plant extracts
at all concentrations.

E. In vitro effects of biocontrol agents on the radial growth
of solani

The antagonistic activity of four biocontrol agents, such as
Trichoderma viride, Trichoderma harzianum, Bacillus
subtilis, and Pseudomonas fluorescens, was screened under in
vitro conditions against A. solani through a dual culture
method on PDA. The two fungal biocontrol agents and the
two bacterial biocontrol agents A critical perusal of data
pertaining to the effect of four biocontrol agents on radial
growth (mm) and percent inhibition of mycelial growth of A.
solani against control in vitro results revealed that all
biocontrol agents significantly inhibited the radial growth of
the A. solani pathogen when compared with the control
treatment. Results revealed that the maximum radial growth
was recorded in the control treatment (90 mm). Among four
biocontrol agents, minimum radial growth was found in T.
Viride (12.76 mm), followed by B. Subtilis (15.56 mm), while
maximum radial growth was observed in P. Fluorescens
(27.06 mm), followed by T. Harzianum (18.13 mm). The
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maximum inhibition percent of radial growth of A. Solani by
the dual culture technique was observed in the case of T.
Viride (85.72%), followed by B. subtilis (83.11%), after 7
days of inoculation at 252 °C. The least inhibition percent of
radial growth of A. Solani was observed in the case of P.
Fluorescens (69.93%), followed by T. harzianum (79.85%).

Table 2: In vitro efficacy of various biocontrol agents against A.

solani
Biocontrol agents Radial growth (mm) | Inhibition %
Trichoderma viride 12.76+1.23e 85.82
Trichoderma harzianum 18.13+0.80c 79.85
Pseudomonas fluorescens 27.06+1.02b 69.93
Bacillus subtilis 15.20+1.08d 83.11
Control 90.0+0.00a -
SE (m) 0.541
CD (5%) 1.727

Results are expressed as means of three replicates; indicating
the standard deviation of the means. Different letters showed
significant differences in treatment results according to
Duncan’s multiple range test at p 0.05.

Discussion

Among different sectors, the agricultural sector has played a
pivotal role in boosting the economic growth and
development of any country. Also, the agricultural sector
firmly provides food security, generates employment, and
boosts national income (Mozumdar, 2012; Pawlak and
Kolodziejczak, 2020) [*6-371, However, despite this importance,
the agriculture sector continuously faces a wide array of
problems, particularly climate change (Cramer et al., 2018)
[38], Climate change creates various problems, such as
decreased crop production, disrupted food availability, rainfall
variation, and changes in extreme weather events, and also
affects the factors responsible with respect to disease
incidence, such as the progress of plant growth, pathogen
resurgence, decrease in beneficial microbe population, and
development of plant diseases (Sharma et al., 2019a; Maurya
et al., 2022) 3% %9 Plant diseases are generally caused by
different types of detrimental microbes, such as fungi,
bacteria, viruses, and nematodes (Ratnadass et al., 2012) 11,
Early blight symptoms are seen at all stages of plant growth.
Symptoms appear first on leaves as dark brown to black
lesions with concentric rings (Kumar et al., 2018) ¥, The
conidia survive on the soil surface and on the old, dry lower
leaves of the plant and spread under favourable conditions.
Potato is severely affected by early blight, causing a
significant impact on quality and tuber yield loss of up to 50%
annually (Landschoot et al., 2017) 3. Several researchers
and scientists have attempted to manage early blight disease.
A successful disease-reducing strategy could comprise a
single practise but to get long-term solutions to combating
disease losses, it requires the combined application of various
control strategies (Khoury and Makkouk, 2010; Holtappels et
al., 2021) 3132 However, the disease can be managed by the
use of a considerable number of fungicides and biocontrol
agents combined with other management practices (Gholve et
al., 2014; Wavare et al., 2016; Gopi et al., 2020) [33-39],

Conclusion
The combined application of biocontrol agents and plant
extracts showed significant potential in the management of
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early blight in tomatoes caused by A. Solani. The outcomes
obtained from the present study indicated that a carefully
planned combined application of biocontrol agents and
botanical extracts may even be more productive than a single
method. It can be used as a better alternative strategy for
disease management of early tomato blight under sustainable
agriculture. Therefore, the farmers may be advised to take an
integrated approach to achieving higher profitable production
and effective management of early blight disease in tomatoes.
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