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ARTICLE INFO ABSTRACT

Soybean is a legume crop originating in China. Its nutritional value, characterized
by high-quality protein and unsaturated fats, makes it an excellent cholesterol-free
diet option. Brown leaf spot of soybean, caused by Septoria glycine, is one of the
most devastating diseases, resulting in significant yield losses. This study aimed to
evaluate the effectiveness of new chemical fungicides (Topsin-M, Recado, Evito,
Polyram-DF, and Curzate-M) at concentrations of 50, 100, and 150 ppm, and phyto-
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, extracts (neem, clove, eucalyptus, ficus, and datura) at concentrations of 3, 5, and
Antifungal agents . ) . o :
Sovbean di 7% against S. glycine under in vitro conditions. The most effective treatments from
oy ea.n 1se(?ses the in vitro tests were further investigated under greenhouse conditions using a
Septoria glycine completely randomized design with three replications per treatment. The results
Fungicide efficacy indicated that, among the fungicides, Topsin-M showed the lowest mycelial growth
Plant extracts (3.5, 2.73, and 2.34 mm) at concentrations of 50, 100, and 150 ppm, respectively.

Among the phyto-extracts, clove demonstrated the most effective results, with the
least fungal growth (3.95 mm) at 7% concentration. Under greenhouse conditions,
the best results were achieved with a combination of Topsin-M and clove, resulting
in the lowest disease incidence (10.27%), followed by Topsin-M (17.65%) and
clove (26.76%). This study suggests that new chemical fungicides and phyto-
extracts can be effectively used as part of an integrated management strategy
against brown leaf spot of soybean.
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INTRODUCTION quality protein and oil content. The major soybean-
Pakistan spends a significant amount of foreign exchange  producing countries are Brazil and Argentina (Britannica,
to import edible oil and related products to meet its 2022). Soybean seeds contain 40-42% protein, 20-30%
domestic needs. Soybean is a popular oilseed crop due to carbohydrates, and 20-22% oil, along with essential
its nutritionally balanced, unique composition, and high-  vitamins and minerals (Asad et al, 2020). Isoflavones,
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present in soybeans, are a key component in the
development of functional foods. Isoflavones exhibit
significant health benefits, including anti-cancer effects,
particularly in prostate and breast cancer, antioxidant
properties, and the regulation of enzymatic activity in
steroid metabolism and synthesis (Hu et al., 2019).

Brown leaf spot of soybean, caused by Septoria glycines
(Hemmi), is a major limiting factor in soybean production.
This disease was first reported in the United States in
1922 (Wolf and Lehman, 1924). The -characteristic
symptoms of brown leaf spot include yellow halos with
dark brown, irregular necrotic spots on the leaves,
generally appearing as early as the V2 stage of plant
development (Mueller et al., 2016). Disease development
due to S. glycines typically occurs between 15-30°C, with
the optimal temperature range being 24-26°C. During the
growing season, the disease spreads vertically through
rain splashes, with rain before flowering promoting the
development of spots on leaves (Lin et al, 2021). Fruiting
bodies (pycnidia) begin to form under warm and humid
conditions (Hartman et al., 2015).

Various management strategies have been employed to
control Septoria brown leaf spot in soybean. The use of
resistant varieties is considered the best option (Ali et al.,
2016), as it poses no risks to the environment and
reduces the need for chemical pesticides. However, in the
absence of resistant varieties or during disease epidemics,
fungicides are preferred due to their superior efficacy,
ability to ensure crop quality and food safety, availability,
and favorable cost-to-profit ratios (Igbal and Mukhtar,
2020). Lin et al. (2021) demonstrated the effectiveness of
chlorothalonil against brown leaf spot of soybean, with
weekly applications at a dosage of 1.05 kg ha-! providing
effective disease control. Strobilurin fungicides have also
been shown to be highly effective against S. glycine under
in vitro conditions, outperforming other fungicides
(Mantecoén, 2008).

Concerns about the toxicity and environmental hazards of
chemical fungicides, due to their long residual effects and
potential harm to animal and human health, cannot be
ignored (Imran et al, 2021). Moreover, with increasing
awareness of health risks, there is a growing need to
explore natural alternatives that are eco-friendly and non-
hazardous to living organisms, including humans (Jabeen
et al, 2021; Khan and Javaid, 2023; Mukhtar et al., 2023).
Plant extracts have gained interest for their antifungal
properties (Khanzada et al, 2016; Saeed et al, 2021;
Azeem et al, 2022; Naqvi et al, 2023). Plants rich in
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secondary metabolites such as terpenoids, alkaloids,
glycosides, flavonoids, saponins, tannins, and quinones
exhibit antimicrobial activity (Ferdosi et al., 2021; Jabeen
et al, 2022). The use of plant extracts in disease
management has shown promising results (Igbal et al,,
2014; Javaid and Khan, 2016; Sales et al., 2016; Khan et al,,
2021; Shahbaz et al., 2023). For instance, plant extract
from the timber tree Prosopis nigra significantly reduced
the severity of brown leaf spot in soybean when applied
preventively (Sequin et al, 2020). Given the above
rationale, this study was designed to assess the efficacy of
novel fungicides and phyto-extracts against brown leaf
spot disease of soybean caused by S. glycine.

MATERIALS AND METHODS

Isolation, purification and identification of Septoria
glycine

Soybean leaves exhibiting typical symptoms of brown
leaf spot were collected from the Agronomy Farm Area
at the University of Agriculture, Faisalabad. These leaf
samples were transported to the Mycology Laboratory in
brown paper bags. The samples were washed with tap
water to remove dust and then cut into small pieces (3-5
mm) ensuring that both healthy and diseased portions
were included. The cut pieces were surface-sterilized by
immersion in 1% sodium hypochlorite (Clorox) for 30
sec, followed by three rinses with distilled water to
remove any residual sterilant.

Autoclaved potato dextrose agar (PDA) medium was
poured into sterilized Petri plates. After the medium
solidified, the dried leaf pieces were placed onto the
Petri plates. The plates were sealed with parafilm tape
and incubated at 25 + 2°C. Once mycelial growth began,
it was purified using the hyphal tip culture method
(Leyronas et al., 2012). Within seven days of incubation,
a purified culture was obtained and examined under a
microscope for morphological identification. The
mycelia displayed scanty growth on PDA, with cottony
white, irregularly branched, and septate hyphae. The
spores of S. glycines were straight to curved, filiform,
hyaline, with 2-4 septations, and had rounded to pointed
ends (Rawal and Sohi, 1983).

Confirmation of pathogenicity

Pathogenicity was confirmed using the leaf detachment
method. Soybean seeds were grown in plastic pots (10 x
13 cm) containing peat moss
conditions. Young leaves, 40 days old, were collected,
washed with tap water, surface sterilized with sodium

under controlled
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hypochlorite, and placed on sterilized moist filter paper
in a clean tray. Mycelial plugs (6 mm in diameter) from
the pure culture of S. glycines were obtained using a cork
borer and placed on each leaf, except for the control. The
tray was then sealed with parafilm tape and incubated at
25°C with a 12-hour photoperiod. Browning symptoms
began to appear four days after inoculation, and the
pathogen was re-isolated from these leaves and
compared with the parent culture for confirmation.
In-vitro management of S. glycine using chemicals
Five chemical fungicides (Topsin-M, Recado Super,
Polyram DF, Evito, and Curzate-M) along with a control
treatment were tested against S. glycine using the
poisoned food technique at three different
concentrations: 50, 100, and 150 ppm. The stock
solutions for each fungicide were prepared by dividing
the percentage of active ingredient by 100 and adding
that quantity to 100 ml of distilled water. Then, 0.5, 1.0,
and 1.5 ml of the stock solution were added to 100 ml of
PDA media to achieve concentrations of 50, 100, and 150
ppm, respectively. The amended media was poured into
Petri plates, and a 6 mm diameter mycelial plug was
placed at the center of the solidified media. The
experiment was conducted using a Completely
Randomized Design (CRD) with three replications for
each treatment. Fungal growth was measured daily for
four consecutive days at 24-hour intervals.

In vitro management of S. glycine using plant extracts
Five natural plant extracts (neem, clove, datura, ficus,
and eucalyptus) were evaluated against S. glycine in vitro
food
concentrations: 3%, 5%, and 7%, by adding the required

using the poisoned technique at three
aqueous solutions to 100 ml of distilled water. The
preparation of concentrations and the inoculation of
Petri plates were conducted following the procedure
described above.

Management of brown leaf spot of soybean under
greenhouse conditions

Soybean plants were grown in earthen pots (15.24 x
10.16 cm) in the greenhouse of the Department of Plant
Pathology, UAF. The inoculum was prepared by adjusting
the concentration of conidial spores to 4 x 103 - 5 x 10*
cfu per ml using a Neubauer hemocytometer (Sequin et
al, 2020) and sprayed on plants at the V2 stage. The most
effective chemical (Topsin-M) and plant extract (clove)
identified under laboratory conditions were further
investigated individually and in combination under

greenhouse conditions against brown leaf spot of
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soybean. Two concentrations (0.5% and 1%) were
prepared for the greenhouse experiment by mixing the
most effective concentrations of both treatments: 150
ppm of Topsin-M and 7% clove extract. Each treatment
had three replications, with each replication containing
three soybean plants. The control group was left
untreated. After the first symptoms appeared in the
control group, disease incidence (%) was recorded twice
at 7-day intervals. The brown spot diagrammatic scale,
with representative leaf pictures, was used to measure
disease incidence (Cruz et al., 2010).

Statistical analysis

The laboratory experiments included 16 treatments for
both fungicides and plant extracts, while the greenhouse
experiments included seven treatments. CRD was used
for the in vitro experiments, and a Randomized Complete
Block Design (RCBD) was employed for the greenhouse
experiments. Data were subjected to analysis of variance
(ANOVA) at a 0.05% level of significance. Fisher’s least
significant difference (LSD) test was used to separate the
means at p < 0.05. Statistical analysis was performed
using the “Statistics 8.1” software.

RESULTS

Evaluation of synthetic chemicals against S. glycine
under In vitro conditions

Among all the treatments, Topsin-M showed the least
fungal growth, measuring 2.85 mm, followed by Recado
(5.83 mm), Evito (7.79 mm), Curzate-M (10.32 mm), and
Polyram-DF (11.62 mm) (Figure 1A). The interaction
between treatments and concentrations revealed that
Topsin-M exhibited minimal fungal growth at 150, 100, and
50 ppm, with measurements of 2.34 mm, 2.73 mm, and
3.50 mm, respectively. This was followed by Recado (6.74
mm, 5.70 mm, 5.04 mm), Evito (9.93 mm, 7.27 mm, 2.57
mm), Curzate-M (9.67 mm, 10.25 mm, 11.04 mm), and
Polyram-DF (11.25 mm, 11.50 mm, 12.12 mm) (Figure 1B).
The impact of the interaction between treatments and
duration showed that Polyram-DF resulted in the
maximum mycelial growth, with measurements of 7.72
mm, 9.11 mm, 12.05 mm, and 17.61 mm after 24, 46, 72,
and 96 h, respectively. In contrast, Topsin-M exhibited
the minimum my-celial growth, with values of 2.44 mm,
2.65 mm, 3.00 mm, and 3.33 mm after the same
durations, followed by Recado (5.11 mm, 5.20 mm, 5.73
mm, 7.28 mm), Evito (5.77 mm, 6.70 mm, 8.42 mm,
10.25 mm), and Curzate-M (6.32 mm, 7.15 mm, 10.82
mm, 16.98 mm) (Figure 1C).
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Figure 1. (A) the main impact of different fungicides on mean
mycelial growth of S. glycine, (B) the impact of fungicides
with effect of concentrations on growth of S. glycine and (C)
the impact of fungicides with effect of time durations on
mycelial growth of S. glycine under in vitro environment.
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Evaluation of phyto-extracts against S. glycine under
in vitro conditions

Among all the phyto-extracts tested, clove exhibited the
least fungal growth (4.25 mm), followed by datura (6.20
mm), ficus (8.65 mm), neem (9.78 mm), and eucalyptus
(10.58 mm), as compared to the control (Figure 2A). The
interaction between treatments and concentrations
revealed that clove consistently resulted in the minimum
fungal growth at 7%, 5%, and 3% concentrations (3.95
mm, 4.12 mm, and 4.68 mm, respectively). This was
followed by datura (5.79 mm, 6.12 mm, 6.70 mm), ficus
(4.29 mm, 8.11 mm, 13.55 mm), neem (8.13 mm, 11.34
mm, 9.88 mm), and eucalyptus (9.04 mm, 10.39 mm,
12.30 mm) at the same concentrations (Figure 2B).

The effect of phyto-extracts over different time
durations indicated that eucalyptus extract was the least
effective, showing maximum mycelial growth (3.02 mm,
9.32 mm, 13.01 mm, 16.96 mm) after 24, 48, 72, and 96
h, respectively. In contrast, clove was the most effective,
resulting in the lowest fungal growth. The interaction
between treatment and time (TxD) showed that clove
maintained minimal fungal growth across all time points
(3.69 mm, 3.85 mm, 4.53 mm, and 4.92 mm). Other
treatments demonstrated moderate effects, such as
datura (5.68 mm, 5.92 mm, 6.19 mm, 7.03 mm), ficus
(2.07 mm, 6.55 mm, 10.25 mm, 15.74 mm), and neem
(4.09 mm, 8.17 mm, 13.05 mm, 16.96 mm) (Figure 2C).
Management of brown leaf spot of soybean under
greenhouse conditions

All treatments demonstrated a significant controlling effect
against brown leaf spot of soybean. Among the combinations
tested, Topsin-M + Clove proved to be the most effective,
resulting in the lowest disease incidence of 10.27%, followed
by Topsin-M (17.65%), and Clove (26.76%) (Figure 3A).
Each treatment was applied at two concentrations. The
interaction between treatments and concentrations revealed
that at 0.5% and 1% concentrations, the Topsin-M + Clove
combination exhibited the lowest disease incidence of
14.97% and 5.57%, respectively, followed by Topsin-M alone
(23.03% and 12.27%), and Clove (33.89% and 19.62%)
(Figure 3B). Moreover, the interaction between treatment
and application days showed that the Topsin-M + Clove
combination resulted in minimal disease incidence of
12.08% and 8.46% after 7 and 14 days of application,
respectively. In contrast, the solo application of Clove
provided the least effective control, with the highest disease
incidence of 28.66% and 24.85% over the same periods
(Figure 3C).
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Figure 2. (A) the mean mycelial growth of S. glycine after
phytochemical treatments, (B) the impact of
phytochemicals in relation with concentrations on
growth of S. glycine and (C) effect of treatments in
relation with time durations on mycelia growth of S.
glycine under laboratory conditions.

451

DOI:10.33804/pp.008.03.5243

(A) 60- .
S so.
Iy
e
S 40-
T
£ 30- b
b
g 20 - c
2
D 1 o - ﬁ
0 . r .
) e e N
o o \h"c'\oq o™
o
<o®
o5
(B) 60 - Conc. (%) a
[P, b
& 50
I
2
S 40+
T
£ 30-
b
g 20 -
0
N I“:I ,
“ 0\04 G\°q c’c““‘o\
\“'
<o%°
C [ EAmED
( ) 60 1 Days _a_
g 50 4
§ g
S 40-
T
£ 30
@
g 20 -
2
0 T T O
(\ o \o X
o oo®
<0 o
0%

Figure 3. (A) Mean disease incidence of Brown leaf spot
of soybean after application of most effective treatments,
(B) the impact of treatments with effect to
concentrations against Brown leaf spot of soybean and
(C) the mean disease incidence after application of
treatments with effect to days.
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DISCUSSION

Among the various management strategies used to
combat plant diseases, chemical pesticides are widely
favored due to their long-lasting effects, easy availability,
and lower cost. In this study, five synthetic chemicals
were evaluated for their effectiveness in controlling S.
glycine. These included Topsin-M (70% WP), Recado
Super (32% SC), Evito (18+25%), Polyram-DF (70%),
and Curzate-M (72% WP).

Among these new-generation chemical pesticides,
Topsin-M produced the best results, inhibiting the
growth of S. glycine under both in vitro and greenhouse
conditions. Topsin-M contains thiophanate-methyl,
which belongs to FRAC Group 1 (Benzimidazoles). This
chemical acts as a tubulin inhibitor, preventing
microtubule assembly within cells. It exhibits
preventive, systemic, and curative effects, which are
tailored to specific crops, fungi, and environmental
conditions (Loughlin, 2017).

Another chemical that significantly reduced the growth
of S. glycine was Recado Super, a mixture of azoxystrobin
(200 g/L) and difenoconazole (120 g/L). Azoxystrobin is
particularly against  fungal
germination, while difenoconazole is more potent
against mycelial development of fungi (Wang et al,
2016). The metabolic mechanism of azoxystrobin is
similar to that of naturally occurring strobilurins,
offering a broad spectrum of action against fungi from
the Oomycetes, Ascomycetes, Deuteromycetes, and
Basidiomycetes  taxonomic Azoxystrobin
functions by binding to the cytochrome bcl complex in

effective conidial

groups.

the fungal mitochondria, disrupting electron transport
and oxidative phosphorylation, the processes by which
energy is generated (Joseph, 1999).

On the other hand, difenoconazole acts as a sterol
demethylation inhibitor, preventing fungal growth by
blocking the
membranes. This reduction in sterol production hinders

biosynthesis of ergosterol in cell
further infection and invasion of host tissues by slowing
or stopping fungal growth.

These results are consistent with the findings of
Mantecén (2008), who evaluated four conventional
chemical pesticides. The best results in reducing disease
incidence and severity were observed with strobilurin
plus
epoxiconazole, trifloxystrobin plus cyproconazole, and
azoxystrobin plus cyproconazole. This study is further
supported by Cruz et al. (2010), who discussed the

fungicides, specifically pyraclostrobin
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effectiveness of triazole and strobilurin-based fungicides
against S. glycine. Similarly, de Oliveira et al. (2000)
found azoxystrobin, followed by difenoconazole and
benomyl, to be the most effective fungicides against S.
glycine. Furthermore, Batzer et al. (2016) highlighted the
potential of fluopyram fungicide as a seed treatment
against brown leaf spot of soybean.

Chemical pesticides play a crucial role in modern
agriculture, helping to meet the demands of a growing
population. However, their highly toxic nature poses
significant risks to both the environment and human
health when used extensively and without proper safety
measures. Additionally, they negatively impact nearby
organisms, including animals and agricultural workers,
who are exposed to these pollutants both directly and
indirectly (Rani et al,, 2021).

To address these concerns, plant extracts have been
explored as alternative methods for disease
management. Plant extracts are eco-friendly, less toxic,
and possess antifungal properties, making them
biodegradable and safe to use (Shuping and Eloff, 2017).
In this study, five plant extracts (Datura, Clove, Ficus,
Eucalyptus, and Neem) were evaluated against S. glycine
under in vitro conditions. Among these, Clove was found
to be the most effective.

Clove contains eugenol, acetyleugenol, chavicol, acetyl
salicylate, and humulenes (Zheng et al., 1992), which
exhibit broad-spectrum antifungal activity. Clove oil and
eugenol significantly inhibited the production of germ
tubes, a key factor in the pathogenicity of various fungi.
Moreover, clove extract contains azole compounds that
disrupt fungal cell development by interfering with
sterol biosynthesis, reducing ergosterol production,
which is essential for maintaining cell membrane
integrity (Pinto et al., 2009).
The effectiveness of Clove extract was further
demonstrated when combined with the chemical
Topsin-M in greenhouse experiments. This combination
showed significant control over S. glycine with the
lowest disease incidence.

Our findings are supported by Sequin et al. (2020), who
investigated the antifungal activity of the timber tree P.
nigra extract, both alone and in combination with
synthetic chemicals. The methanol leaf extract of P.
nigra, rich in the antifungal component tryptamine,
exhibited the strongest activity against S. glycines,
enhancing the effectiveness of difenoconazole when
used together. Similarly, Lal et al. (2016) found that
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neem extract was the most effective biocontrol agent
among five tested plant extracts against S. lycopersici,
followed by ginger, garlic, onion, and mustard. Previous
studies have also highlighted the antifungal efficacy of
neem and Eucalyptus against various fungal diseases
(Khan and Javaid, 2021; Javaid et al., 2022).

CONCLUSION

The findings of the present study indicate that both
synthetic fungicides and phytoextracts can be used
effectively to manage brown leaf spot of soybean, caused
by Septoria glycine. Among the phytoextracts tested,
clove demonstrated particularly promising results
against S. glycine, suggesting its potential
alternative for managing brown leaf spot. For sudden
outbreaks of the disease, synthetic chemicals like
Topsin-M can be an effective solution. Additionally,
many plants possess antimicrobial properties;
identifying and utilizing these plant-based ingredients
could become a valuable tool in the bio-management of
plant diseases.
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