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ABSTRACT

Rhizoctonia solani, a soil-borne fungal pathogen, causes severe root rot
in broccoli (Brassica oleracea L. var. italica), leading to significant crop
yield losses. This study evaluates the efficacy of botanical extracts,
chemical fungicides, and biocontrol agents as sustainable management
options for R. Solani. A laboratory experiment was conducted using the
poisoned food technique to assess the antifungal activity of five
(Ailanthus  excelsa, = Chrozophora tinctoria, Cissus
quadrangularis, Argyria nervosa, and Echinops echinatus), five fungicides
(SAAF, Krilaxyl, Bavistin, Blitox-50, Dithane M-45),
Trichoderma species. Each treatment was tested for its ability to inhibit
the mycelial growth of R. solani using Potato Dextrose Agar (PDA)
medium. Mycelial Growth Inhibition Percentage (MGIP) was calculated
to evaluate treatment efficacy. The botanical extracts of A. excelsa and C.
tinctoria showed the highest efficacy, with MGIP values of 87.82% and
90.39%, respectively. Among the fungicides, Krilaxyl exhibited the
highest mycelial inhibition (95.86%), followed by Blitox-50 (92.82%).
The Trichoderma isolates also performed well, with T. viride Isolate 1
achieving 85.81% inhibition. These results indicate that both botanical
and biocontrol agents can serve as effective alternatives to chemical
fungicides in managing R. solani. The study underscores the potential of
using eco-friendly botanicals and biocontrol agents for managing R.

botanicals

and five

solani in broccoli crops. Integrating these methods into existing pest
management programs could reduce reliance on chemical fungicides
and support sustainable agricultural practices.

Keywords: Rhizoctonia solani, Botanical Extracts,

Biocontrol Agents, Trichoderma, Mycelial Growth Inhibition.

Fungicides,

INTRODUCTION

Rhizoctonia species have a broad host range and are responsible for
causing diseases in many crop plants, leading to significant economic
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losses globally (Sneh, 1996). It is difficult to estimate
the yield losses resulting from Rhizoctonia infection in
individual plants because of the variety of symptoms
that appear below the soil's surface. Furthermore, the
effects of a Rhizoctonia infection are sometimes not
fully apparent until after harvest. Rhizoctonia, for
example, develops sclerotia on tubers, infects stolons,
causes root rot, and damages belowground organs in
potato crops (Boosalis and Scharen, 1959; Campion et
al.,, 2003; Truter and Wehner, 2004; Aydin et al.,, 2011;
Aydin and Turhan, 2013; Demirer Durak, 2016). Every
year, this disease causes considerable output losses in
more than 100 horticultural and field crops (Chen et
al., 2016). The pathogen can live for years in soil
because of its capacity to persist as sclerotia and as a
mycelium in organic material (Boosalis and Scharen,
1959).

As a sterile mycelial fungus that does not generate
conidia, Rhizoctonia solani is a member of the phylum
Basidiomycota (Binder et al, 2005). As tough
structures called sclerotia and rhizomorphs, the
fungus endures harsh environments. It reproduces
sexually by producing basidiospores in specific
environmental circumstances (Sneh et al, 1991).
According to Sharon et al. (2008), R. solani hyphae are
clearly divided, ageing from light to black in color, and
forming right-angle branches with a distinctive
constriction at the base. The fungal colonies in lab
cultures have a light brown look that gradually turns
the color of camel hair.

The worldwide production of broccoli
oleracea L. var. italica Plenck), a vegetable with great
nutritional and commercial value, is seriously
threatened by root rot brought on by R. solani (Misawa
et al,, 2015). Growers face a continuous problem as a

(Brassica

result of substantial yield losses, poor crop quality, and
increased production costs caused by rhizoctonia-
induced root rot (Akber et al, 2023). Effective
management measures are necessary to lessen the
harmful effects of this virus on broccoli farming,
especially in light of the rising concerns about food
security and sustainable agriculture (Garcia-Mier et al.,
2014).

Chemical fungicides have historically been the main
tool used to manage R. solani in broccoli crops. But the
search for other management strategies has been
spurred by worries about the environment, pesticide
residues, and the emergence of fungicide-resistant
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strains (Charron & Sams, 1999; Corkley & Hawkins,
2022). The potential of botanicals and biocontrol
agents to offer sustainable, eco-friendly, and
financially feasible solutions has made them stand out
among these substitutes (Khursheed et al, 2022).
Alternative management approaches have to be
developed due to the drawbacks of chemical
fungicides and related issues (Pal and Gardener,
2006). One of the most eco-friendly and promising
methods for shielding plants against soil-borne
infections is biological management. Several research
works have illustrated how well-suited several
biological control agents are for controlling R. solani
(Roy, 1989; Brewer and Larkin, 2005; Aydin, 2015).
This study compiles information on R. solani, an
important soil-borne pathogen, and discusses progress
in its biological control.

MATERIALS AND METHODS

Experimental Design

The study was conducted at the Research Centre,
Department of Botany, R.G. Bagdia Arts, S.B. Lakhotia
Commerce, and R. Bezonji Science College, Jalna, India,
to evaluate the efficacy of botanicals, fungicides, and
agents
pathogen of broccoli crops. The experiments aimed to
quantify the impact of different concentrations of
these agents on the pathogen's growth using a
poisoned food technique, maintaining an incubation

biocontrol against Rhizoctonia solani, a

temperature of 30°C over 25 days.

Botanical Extracts

Five botanicals, Ailanthus excelsa, Chrozophora
tinctoria, Cissus quadrangularis, Argyria nervosa, and
Echinops echinatus, were selected (Table 1). Fresh
leaves were shade-dried for two days, surface-
sterilized in 70% ethanol for two minutes, and washed
with sterile distilled water. Extracts were prepared by
grinding 2, 4, 6, and 8 grams of each plant sample in
100 ml sterile distilled water, filtering through sterile
to obtain 2%, 4%, 6%, and 8%
concentrations. These extracts were incorporated into
Potato (PDA)
thoroughly, and poured into Petri plates (20 ml/plate).
Streptopenicillin (250 mg/L) was added to prevent
bacterial contamination. Five treatments were tested:

cotton wool

Dextrose Agar medium, mixed

the four botanicals and a control. Plates were
inoculated with a 4 mm disk of a one-week-old R

solani culture and incubated at 30°C for 25 days.
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Table 1. List of selected plants for evaluation of
antifungal activity.

NS:).. Selected Botanicals sf:;;er:;;e s (For Antifungal
1 Ailanthus excelsa Udasi, et al., (2023).
2 Chrozophora tinctoria Sher, et al., (2022).
3 Cissus quadrangularis | Singh, et al., (2021).
4 Argyria nurvosa Joshi, et al., (2013).
5 Echinops echinatus Bitew & Hymete, (2019).

Fungicides

Five fungicides SAAF (carbendazim 12% + mancozeb
63% WP), Krilaxyl (metalaxyl 8% + mancozeb 64%
WP), Bavistin (carbendazim 50% WP), Blitox-50
(copper oxychloride 50% WP), and Dithane M-45
(mancozeb 75% WP) were tested at concentrations of
500, 1000, 1500, and 2000 ppm. Fungicides were
added to PDA medium before solidification, ensuring
even distribution, and poured into sterilized Petri
dishes. Antibiotics were added to prevent bacterial
contamination. Each experiment was triplicated. Plates
were inoculated as described previously and incubated
at 30°C for 25 days.

Isolation of Fungal Biocontrol Agents

Fungal antagonists were isolated using the serial
dilution technique (Johnson and Curl, 1977). Soil
samples from the rhizosphere of Broccoli seedlings
were shade-dried. One gram of soil was suspended in 9
ml of sterile water, and serial dilutions (1072 to 1077)
were prepared. A 1 ml aliquot of the desired dilution
was added to molten, lukewarm medium and poured
into Petri plates, which were rotated gently for
uniform distribution. Plates were incubated at 25 *
1°C. Fungal antagonists, specifically Trichoderma spp.,
were isolated on selective medium and purified by the
single-spore method. All treatments were replicated
four times and incubated at 25 + 1°C.

Biocontrol Agents

Five biocontrol agents (BCAs) Trichoderma viride
(Isolate 1), T. viride (commercial), T. harzianum
(Isolate 2), T. harzianum (commercial), T. koningii
(Isolate 3), and T. hamatum (Isolate 4) were evaluated
using the dual culture technique. Four-millimeter discs
of R. solani and each BCA were placed equidistantly on
PDA and incubated as described. Radial growth of R.
solani was recorded at 1, 3, 5, and 7 days of incubation.
Each treatment was triplicated and standard error
were calculated.

www.ijlsci.in
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Evaluation of Antifungal Activity

Colony diameter (cm) of R. solani was measured to
determine mycelial growth inhibition percentage
(MGIP) using the formula as suggested by Vincent
(1927).

MGIP (%) = [(DC - DT)/DC] x 100
Where, DC is the diameter of the fungal colony in the
control and DT is the diameter in the treatment group.

Data Recording

Data collection involved recording colony growth and
sclerotia formation. Mycelial growth was measured in
terms of diameter using two diagonal axes through the
colony center. Data was recorded when control plates
exhibited full mycelial growth. Sclerotia development
was observed using a stereo-binocular microscope.
Mycelial growth inhibition percentage was calculated
following Bliss (1934).

RESULTS AND DISCUSSION

Botanical Extracts on Rhizoctonia solani
Management

The table below presents the efficacy of five botanical
extracts at varying concentrations (2%, 4%, 6%, and
8%) in managing R. solani, a pathogen responsible for
significant crop yield losses. The metrics used to assess
this efficacy include the Mean Colony Diameter (MCD)
and Mycelial Growth Inhibition (MGI %) in comparison
to a control group. The data demonstrates that all
botanical extracts exhibited varying degrees of efficacy
against R. solani, with A. excelsa and C. tinctoria
showing the highest mycelial growth inhibition across
all concentrations. Notably, A. excelsa achieved an MGI
of 87.82% at 8% concentration, reducing MCD to 1.09
cm from 8.95 cm in the control. C. tinctoria showed the
highest MGI of 90.39% at 6% concentration, with a
corresponding MCD of 0.78 cm compared to 8.12 cm in
the control. A. nervosa and E. echinatus showed
moderate to low efficacy, with the highest MGI values
of 35.06% and 60.51%, respectively, at 6% and 8% of
concentrations followed by C
displayed minimum effectiveness, with the MGI of
3291% at 8%
indicate significant differences in the efficacy of
treatments, confirming that botanical concentration
significantly impacts the mycelial growth inhibition of
R. Solani. This study highlights the potential of
botanical extracts as alternative, eco-friendly solutions
for managing R. solani.

quadrangularis

concentration. The F-test results
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Table 2: Comparative effectiveness of several botanicals at varying concentrations on R. solani growth in vitro.

Ailanthus Chrozophora Cissus Argyria Echinops .
Conc. of . . . ) Sclerotial
excelsa tinctoria quadrangularis nurvosa echinatus .
Plant Formation
MCD MGl MCD MGl MCD MCD MGl MCD MGl
extract MGI % *x
(cm) % (cm) % (cm) (cm) % (cm) %
2 3.52 | 60.67 2.56 | 68.47 | 7.32 17.47 6.96 | 19.72 | 5.86 | 28.79 +++
4 243 | 72.84 161 | 80.17 | 7.86 11.38 6.73 | 2237 | 556 | 3244 ++
6 1.44 | 83.91 0.78 | 90.39 | 6.29 29.08 5.63 | 35.06 | 4.33 | 47.38 +
8 1.09 | 87.82 143 | 82.38 | 5.97 32.91 6.19 28.6 3.25 | 60.51 +
Control 8.95 8.12 8.87 8.67 8.23 +++++
F - teSt k% %k %k k% k%

Table 3: Comparative effectiveness of several fungicides at varying concentrations (ppm) on R. solani growth in vitro.

Conc. of SAAF Krilaxyl Bavistin Blitox - 50 Mancozeb Sclerotial
Fungicides [ mcp [ MGl | mcp | MGl | mcp | MGl | mcp | mGl | mcp | mar | Formation®
(ppm) (cm) % (cm) % (cm) % (cm) % (cm) % *
500 3.29 63.4 0.48 94.52 3.45 57.67 1.55 81.14 4.94 42.77 ++
1000 2.12 76.41 0.42 95.86 2.68 69.08 1.45 82.36 3.37 61.04 +
1500 2.09 76.75 0.47 94.63 2.98 65.62 0.78 90.51 4.27 50.63 +
2000 1.89 78.97 0.39 95.54 1.78 79.46 0.59 92.82 2.87 66.82 +
Control 8.99 8.76 8.67 8.22 8.65 ++++

The significant reduction in mycelial growth observed
with A. excelsa and C. tinctoria suggests that these
botanicals could be developed into effective biocontrol
agents. The effectiveness of botanical extracts in
treating Rhizoctonia solani, a serious plant disease, has
investigated in recent research. Promising
findings have been seen in the inhibition of R. solani
growth in vitro by several plant extracts. At 10%
concentration, extracts of ginger (Zingiber officinale)
and garlic (Allium sativum) showed significant mycelial
growth inhibition (Kumar et al, 2017). Cannabis sativa
L., Peganum harmala L., Datura starmonium L.,
Artemisia brevifolium L., Capparis spinosa L. and
Mentha royleana L. have been evaluated in vitro using
food poisoning and dual culture technique against
sclerotial isolates of R. solani that cause black scurf of
potatoes. The results showed that increasing
concentrations of botanical extract, from 5 to 15%,
inhibited the mycelial growth of all isolates (Hussain,
et al, 2014). The antifungal efficacy of botanicals,
bioagents and fungicides were tested against R. solani
in vitro. It was observed that seed extract and oil cake
of Madhuca longifolia suppressed the mycelia growth
(34.81; 49.63%), sclerotial formation (100%) and
production of biomass (2.18; 2.41 mg) of R solani
followed by leaf extracts of Azadirachta indica and

been
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Littorina littorea (Sriraj, et al, 2014). Other effective
botanicals included neem (Azadirachta indica), onion
(Allium cepa), and Brickellia squarrosa (Prodigiosa)
(Rodriguez-Castro et al, 2020). These plant-based
alternatives offer sustainable solutions for R. solani
management, potentially reducing reliance on
chemical pesticides (Verma et al, 2020). Further
research is needed to optimize concentrations and
evaluate field efficacy for practical agricultural

applications.

Fungicides on Rhizoctonia solani Management

The efficacy of five different
concentrations (500 ppm, 1000 ppm, 1500 ppm, and
2000 ppm) in controlling R. solani has been illustrated
in table no. 3. The metrics used to assess this efficacy
include the Mean Colony Diameter (MCD) and Mycelial
Growth Inhibition (MGI %) in comparison to a control
group. The data demonstrates that all fungicides
exhibited varying degrees of efficacy against R. solani,
with Krilaxyl showing the highest mycelial growth
inhibition across all concentrations. Notably, Krilaxyl
achieved the highest MGI of 95.86% at 1000 ppm
concentration, reducing MCD to 0.42 cm from 8.76 cm
in the control followed by Blitox - 50 showed
significant efficacy with an MGI of 92.82% at 2000

fungicides at
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ppm concentration, with a corresponding MCD of 0.59
cm compared to 8.22 cm in the control. SAAF
displayed moderate effectiveness, with the highest
MGI of 78.97% at 2000 ppm concentration. Bavistin
and Mancozeb showed lower efficacy compared to the
other fungicides, with the highest MGI values of
79.46% and 66.82%, respectively, at their highest
concentrations. The F-test results indicate significant
differences in the efficacy of treatments, confirming
that fungicide concentration significantly impacts the
mycelial growth inhibition of R. Solani. This study
highlights the potential of fungicides as effective
solutions for managing R. solani. The significant
reduction in mycelial growth observed with Krilaxyl
and Blitox - 50 suggests that these fungicides could be
developed into effective chemical control agents.
Several studies have found that fungicides such as
Carbendazim, Vitavax, Mancozeb, Bavistin, Dithane
and Tebuconazole are effective in controlling root rot
in the brassica crops as well as vegetables (Aboelmagd,
2021; Baysal-Gurel and Liyanapathiranage, 2019;
Handiseni et al, 2013; Chavan et al., 2015). Further
research should focus on field trials and formulation
improvements to enhance the practical application of
these fungicides in agricultural settings.

Efficacy of Different Trichoderma Isolates and
Commercial Products against R. solani

The chart figure below presents the performance of
different commercial
formulations in inhibiting the growth of R. solani on
Potato Dextrose Agar (PDA). The measurements
include the Mean Colony Diameter (MCD) and the
Mycelial Growth Inhibition percentage (MGI %). The
data indicates the efficacy of different Trichoderma
treatments in reducing the mycelial growth of R. solani.
T. Viride (Isolates 1) shows the highest efficacy with an
MGI of 85.81%, resulting in a significantly reduced
MCD of 12.77 mm. Commercial T. Viride also
demonstrates strong inhibition with an MGI of 80.4%.
T. harzianum (Isolates 2) and its commercial variant
exhibit similar inhibition percentages, with MGIs of
78.51% and 78.24%, respectively. T. koningii (Isolates
3) shows the lowest efficacy among the treatments,
with an MGI of 47.04%. T. hamatum (Isolates 4) has a
moderate inhibition effect with an MGI of 73.4%.
Trichoderma species, particularly T. Viride (Isolates 1),
exhibit significant potential as biocontrol agents
against R. solani. The high MGI percentages indicate
strong antagonistic properties,
application in integrated pest management programs.

Trichoderma isolates and

suggesting their
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Several researchers have reported similar findings, in
which bio-agents have been evaluated for effectiveness
against R. solani using poison food and dual culture
techniques. T. viride demonstrated the highest
mycelium inhibition (82.82%), followed by T.
harzianum (77.98%) (Abhinav et al, 2023). In vitro
testing of bioagents' efficiency against R. solani, the
fungi that causes root rot disease in sugar beet.
However, T. viride exhibited the maximum inhibitory
impact of the antagonists, followed by T. harzianum
and T. koningii, which showed the weakest
suppressive effect (Chaturvedi et al., 2023), Begum et
al. (2014), Kadhim & Matloob (2022) and Hemmati
(2016) have all reported similar results. Further
research could explore field application techniques
and the combined use of multiple Trichoderma species
to enhance control efficacy.

CONCLUSION

This study demonstrates the efficacy of several
approaches to management, such as botanical extracts,
fungicides, agents, in controlling
Rhizoctonia solani, affecting broccoli and other crops.
The findings suggest that certain botanicals, notably
Ailanthus excelsa and Chrozophora tinctoria, have
potential as eco-friendly alternatives by dramatically
suppressing mycelial development. Krilaxyl and Blitox-
50 outperformed all other fungicides tested.
Furthermore, Trichoderma viride has emerged as an
effective biocontrol agent. These findings highlight the

and biocontrol

need of incorporating sustainable techniques to
managing soil-borne diseases, lowering reliance on
chemical fungicides, and boosting food security and
agricultural sustainability. Further field trials are
required to validate their practical use in crop
protection.
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