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Anthracnose of beans caused by Colletotrichum lindemuthianum is regarded as one of the most
damaging diseases of legumes, producing major losses in productivity and quality every year.
Several fungicides are available for control but are dangerous to the health of the environment
and organisms, so developing organic solutions is imperative. The in-vitro study includes five
botanicals namely neem, mugwort, garlic, ginger, and wild sage, to evaluate their capacity to
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inhibit the mycelial growth of C. lindemuthianum. Analysis was done with the poisoned food
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technique with four replications for each botanical used in a completely randomized design
(CRD). The maximum growth inhibition (100%) was observed in garlic at 10% concentration,
followed by ginger (81.15%), while the minimum growth inhibition (36.58%) was observed in
wild sage at 10% concentration. Garlic, neem, and mugwort exhibited greater efficiency at
lower concentrations, whereas ginger and wild sage demonstrated increased efficiency with
higher concentrations. The in-vitro study needs to be tested in field conditions to determine
the practical efficiency of the botanicals, and a focus should be made on using garlic and ginger
to find organic solutions against the anthracnose of beans.
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INTRODUCTION

Colletotrichum lindemuthianum is considered a devastating path-
ogen causing anthracnose in beans under cool and humid condi-
tions with yield losses of up to 100% (Dhiman et al., 2020).
Lindemuth discovered the fungus in Germany in 1875 (Kadege
etal., 2022; Nabi et al., 2022). The pathogen is very genetically
variable and has co-evolved with the host, making breeding for
anthracnose resistance difficult. Co-evolution is rapid and
continuing. The discrepancies in virulence of two races of
anthracnose against 139 varieties of beans were discovered
(Barrus, 1911). More than 25 different C. lindemuthianum races
have been recognized in Brazil (Nunes et al., 2021). In Tanzania,
output losses remain very significant (40-80%), with an estimat-
ed annual cost of $304 million (Mohammed, 2013). Field losses
in these Sudanese locations could reach 90% due to seedling,

leaf, stem, and pod infections under disease-friendly circum-
stances (Nalupya, 2021). Bean anthracnose is a widespread
disease, and infected seeds are the most essential mechanism
for spreading this fungus (Degu et al., 2020). At first, symptoms
manifest as dark-red to black lesions along the veins on the
lower leaf surfaces; however, lesions may occur at any plant
location. Cotyledons may exhibit rust-colored flecks, while
petioles, leaves, and leaf veins have lesions that vary from brick-
red to purple or black. Symptoms on pods appear as brown,
deep cankers surrounded by black rings. Lesions on stems are
depressed and frequently elongate. Seed lesions are dark with a
white or reddish core. Lesions on severely diseased plants
consolidate, causing the plant to die entirely or in part. When
the disease infects the seedlings, yield losses are usually severe
(Muimba-Kankolongo, 2018).

Bean anthracnose is best controlled by prevention (Manjunatha
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etal., 2022). According to epidemiological data, the first oppor-
tunity for controlling seed-borne infections is to eliminate or
restrict pathogen inoculum in the seed-producing field. Among
the management measures used to minimize seed-borne dis-
ease in the seed production field are resistant hosts and cultural,
chemical, and biological infection control tactics (Yousef, 2021).
Botanicals are also being developed as safer alternatives to
traditional fungicides for plant disease control (Gwinn, 2018).
Natural product-based fungicides break down quickly, lowering
their environmental danger (Warra & Prasad, 2020). Plants'
antifungal activity and usefulness as potential sources of natural
fungicides are well known since they contain many aromatic
secondary metabolites such as phenols, phenolic acids, quinines,
flavones, flavonoids, flavonols, tannins, and coumarins. Com-
pounds like carvacrol, eugenol, and thymol, possessing phenolic
structures, exhibit noteworthy activity against infections
(Sernaité, 2018). Research has consistently demonstrated the
fungicidal activity of botanicals against C. lindemuthianum over
time (Bosquez-Molina et al., 2010; Peraza-Sanchez et al., 2005;
Sharma et al., 2022; Wilson et al., 1997). Different fungicides are
traditionally used to control the disease. The indiscriminate
application of chemical fungicides not only increases input costs
but also affects the environment and human health (Ashraf,
2016). The antifungal and antioxidant properties of several
botanical plants help reduce disease development and environ-
mental hazards (Kavita, 2013). The study aimed to assess the
effectiveness of locally available indigenous botanicals in Nepal
against the C. lindemuthianum pathogen responsible for bean
anthracnose. Further, the goal of our research is to investigate
these medicinally essential plants to find solutions to various
diseases using biological approaches rather than synthetic
chemical methods.

MATERIALS AND METHODS

Isolation of the pathogen

Winter bean leaves with distinctive symptoms of anthracnose
were obtained from the field of the Institute of Agriculture and
Animal Science (IAAS), Rupandehi, Nepal. For about a week, the
sample plant was incubated at 24+2°C to allow fungal develop-
ment. The contaminated leaf was then cut into small 4-5 mm
pieces and surface sterilized with 1% sodium hypochlorite
(NaOCl). They were eventually rinsed three times with distilled
water. Under aseptic conditions, the chopped leaves were dried
on sterile blotter paper and placed on Petri dishes with steri-
lized potato dextrose agar (PDA) media. The Petri plates were

Table 1. List of botanicals that had been tested against C.
lindemuthianum.

S

I\jo. Scientific Name Common Name Parts used
1 Azadirachta indica Neem Leaf

2 Artemisia vulgaris Mugwort Leaf

3 Allium sativum Garlic Bulb

4 Zingiber officinale Ginger Rhizome
5 Lantana camara Wild sage Leaf

kept in an incubator (24+2°C) for ten days and inspected daily
for any infection. The conidia were examined under a micro-
scope to validate morphology in comparison to reference
cultures of anthracnose.

Plant extract preparation

Five medicinal plants were obtained from the local area namely
neem, mugwort, garlic, ginger, and wild sage (details presented
in Table 1). The freshly harvested botanicals were washed with
tap water to remove debris from the surface, followed by
surface drying. 100 grams of each botanical were taken and
macerated into a fine paste using a sterile mortar and pestle
while adding 100 ml of distilled water. To maintain constant
concentration, the weight-to-volume ratio of botanicals to
water was kept constant throughout the procedure. The result-
ing solution was then filtered using a cotton cloth and centri-
fuged at 5000 rpm for 10 minutes. To prevent contamination
from microorganisms, the extracts were maintained in separate
flasks and autoclaved at 121°C at 15 psi for 20 minutes.

Media preparation

The medium used in the experiment was potato dextrose agar
(PDA), which was made by combining ready-made PDA powder
with distilled water. The analysis was carried out using the
"poisoned food technique" as described by (Adhikari et al.,
2018), in which two concentrations (10% and 20%) of each plant
extract were infused with PDA, resulting in a total of ten unique
growth media. To obtain 10% and 20% concentrations of plant
extract, 10 and 20 ml of each plant extract were mixed with 90
and 80 ml of PDA medium, respectively. They were then put
onto a sterilized Petri plate and allowed to solidify. Pure PDA
media was kept separately as a control, and four replications for
each unique media and control were made by pouring molten
PDA (20 ml each) into Petri dishes.

Experimental design and antifungal activity assay

The entire experiment was conducted in a completely randomized
design (CRD), with five botanicals (10% and 20% concentrations
each) along with a control and four replications of each concentra-
tion of botanical extracts, yielding 44 petri plates. The fungal
development in each treatment was continuously observed, and
the diameter of the mycelium in each plate was measured every 24
hours. The percentage of mycelium growth inhibition (MGI) was
estimated for the antifungal activity assay using the formula
described by (Shaoetal.,2021; Weietal.,2021).

L (C—-T)
Percentage inhibition = —c X 100
Where,

C =

colony diameter (mm).

control colony diameter (mm) and T = test plate

Statistical analysis

Data were statistically analyzed using R (version 4.3.1), and
mean comparisons were made using the least significant
difference (LSD) at a 5% level of significance.
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RESULTS AND DISCUSSION

Effect of botanical extracts on the linear diameter colony
growth of C. lindemuthianum

Different botanical extracts from diverse origins had a signifi-
cant (p< 0.01) effect on the linear diameter colony growth of the
C. lindemuthianum pathogen 24, 48, 72, 96, 120, and 144 hours
after inoculation in growth media. Garlic at 10% concentration
was shown to be the most efficient of all the botanicals exam-
ined, with no colony formation of C. lindemuthianum observed
after 144 hours of inoculation. After 144 hours, the control petri
plate was completely colonized by fungus, and the reading was
halted. In the final reading, there was no pathogen colony
formation due to the antagonistic impact of garlic (0 mm),
followed by ginger (43.5 mm). The control had the highest colo-
ny growth (89.25 mm), followed by the wild sage (67 mm), as
shown in Table 2. Similarly, a significant difference (p< 0.01) was
observed between several botanical extracts of 20% concentra-
tion in mean linear diameter colony growth at 24, 48, 72, 96,
120, and 144 hours after inoculation. Initially, no colony growth
was seen in garlic and ginger extracts, whereas the control had
the maximum colony growth (16.5 mm), followed by mugwort
(8.75 mm). After 144 hours, the control petri plate was nearly
fully colonized with fungus, and the reading was halted where
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mugwort (62.5 mm) had the highest colony growth, followed by
wild sage (62 mm). Garlic had the slowest colony growth
(17mm), followed by ginger (29.25mm) (Table 3). From tables 2
and 3, the lowest mycelium growth of 0 mm and 17 mm was
recorded after 144 hours in garlic at concentrations of 10% and
20%, followed by ginger, in which mycelium growth of 43.5 mm
and 29.25 mm was recorded at respective 10% and 20%
concentrations after 144 hours of inoculation against control.

Percent growth inhibition of C. lindemuthianum in different
botanical extracts

In-vitro, all plant extracts significantly (p<0.01) suppressed the
colony growth of the C. lindemuthianum infection. The highest
reduction in colony growth was reported at 10% concentrations
of garlic, neem, and mugwort, while ginger and wild sage inhibit-
ed colony growth at 20% concentrations. Among the botanicals
tested, garlic had the highest colony growth inhibition percent-
age (100% and 92.86% in 10 and 20% concentrations, respec-
tively), followed by ginger (68.94% and 81.15% in 10 and 20%
concentrations, respectively), and wild sage (36.58%), followed
by mugwort (47.82%) at 10% concentration, and mugwort
(37.54%), followed by wild sage (39.33%) at 20% concentration
(Tables 4 and 5). Among the many botanicals and concentra-
tions tested, garlic produced the best results.

Table 2. In-vitro efficacy of different botanical extracts (10% concentration) on growth of C. lindemuthianum.

Mean colony diameter (mm)

S. No. Treatments
24 hour 48 hour 72 hour 96 hour 120 hour 144 hour

1 Neem (Azadirachta indica) 8.25° 14.75° 23° 34¢ 42.75¢ 48.75¢

2 Mugwort (Artemisia vulgaris) 2° 13.75° 26.25°¢ 43° 52° 59.5°

3 Garlic (Allium sativum) 0° o¢ 0° 0° o¢ o¢

4 Ginger (Zingiber officinale) 0° 6° 15¢ 26¢ 34.5° 43.5°

5 Wild sage (Lantana camara) 8.5° 16.5° 30° 43.25° 54° 67"

6 Control 16.5° 31.5° 47.75° 63.75° 77.25° 89.25°
LSD (p=0.05) 2.95%** 4. 8% 3.63*** 6.39*** 8.61*** 10.06***
CV% 33.75 23.48 10.32 12.3 13.35 13.2

*Average of four replication, LSD = Least significant difference, CV = Coefficient of variation. LSD value with triple asterisk indicates highly significant

difference between treatments.

Table 3. In-vitro efficacy of different botanical extracts (20% concentration) on growth of C. lindemuthianum.

Mean colony diameter (mm)

S. No. Treatments

24 hour 48 hour 72 hour 96 hour 120 hour 144 hour
1 Neem (Azadirachta indica) 8.5° 16.5° 22.75° 34.25° 40.75° 50°
2 Mugwort (Artemisia vulgaris) 8.75° 18.5° 28P 42° 52° 62.5°
3 Garlic (Allium sativum) 0° o¢ o¢ 5.25¢ 12.5° 17°
4 Ginger (Zingiber officinale) 0° o? 10° 17.75¢ 24¢ 29.25°¢
5 Wild sage (Lantana camara) 8.5° 17.5 26.5° 41.25° 50.25° 62°
6 Control 16.5° 31.5° 4775 63.75° 77.25° 89.25°
LSD (p=0.05) 4.02%* 1.71%* 5.65*** 11.16** 14.37*** 16.51***
CV% 38.42 8.24 16.91 22.07 22.61 2151

*Average of four replication, LSD = Least significant difference, CV = Coefficient of variation. LSD value with triple asterisk indicates highly significant

difference between treatments.
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Table 4. Percent growth inhibition of C. lindemuthianum in different botanical extracts of 10% concentration.

204

Percent growth inhibition (%) Mean
S. Treatments Growth
No. 24 hour 48 hour 72 hour 96 hour 120 hour 144 hour Inhibition
(%)
1 Neem (Azadirachta indica) 49.61° 53.05° 51.68¢ 46.65° 44.62% 4537 485
2 Mugwort (Artemisia vulgaris) 87.5° 56.38° 44,95 32.41¢ 32474 33.22¢ 47.82
3 Garlic (Allium sativum) 100? 100? 100° 100? 100° 100? 100
4 Ginger (Zingiber officinale) 100? 79.98° 68.17° 59.1° 55.17° 51.21° 68.94
5 Wild sage (Lantana camara) 47.71° 47.55¢ 36.97¢ 32.17¢ 30.11¢ 24.95¢ 36.58
6 Control - - - - - - -
LSD (p=0.05) 19.31%*  17.05™*  9.29%*  11.79***  13.09*** 12.8%** -
CV% 16.65 16.78 10.21 14.47 16.55 16.67 -

*Average of four replication, LSD = Least significant difference, CV = Coefficient of variation. LSD value with triple asterisk indicates highly significant

difference between treatments.

Table 5. Percent growth inhibition of C. lindemuthianum in different botanical extracts of 20% concentration.

S. Treatments Percent growth inhibition (%) Mean Growth
No. 24 hour 48hour 72hour 96hour 120hour 144 hour Inhibition (%)
1 Neem (Azadirachta indica) 45.75° 47.29° 52.22¢ 46.22° 47.15° 43.98° 47.10
2 Mugwort (Artemisia vulgaris) 45.72° 41.12° 41.54° 34.18° 32.71° 29.99° 37.54
3 Garlic (Allium sativum) 100 100 100? 91.922 84.10° 81.11° 92.86
4 Ginger (Zingiber officinale) 100° 100° 78.94° 72.12° 68.71° 67.15° 81.15
5  Wild sage (Lantana camara) 47.04° 44.21° 44.09° 35.25¢ 34.87° 30.54° 39.33
6 Control - - - - - - -
LSD (p=0.05) 29.14%*  7.23%*%  1289%*  19.34**  20.79***  20.37*** -
CV% 28.55 7.21 13.51 22.94 25.78 2674 -

*Average of four replication, LSD = Least significant difference, CV = Coefficient of variation. LSD value with triple asterisk indicates highly significant

difference between treatments.

Table 6. List of botanicals along with chemically active constituents present in them.

Name of plant Family Major active chemical constituent Reference

Neem Meliaceae Azadirachtin (Latif et al., 2020)

(Azadirachta indica) Nimonol (Belloetal.,2018)
Epoxyazadiradione (Gyanwalietal., 2023)
Quercetin

Mugwort Asteraceae Luteolin (Soonetal., 2019)

(Artemisia vulgaris)

quercetin 3-glucoside

(Abirietal.,2018)

Eriodictyol (Ekiert et al., 2020)
Camphor
Thujone
Garlic Amaryllidaceae Allicin (Rolim et al., 2020)
(Allium sativum) Alliin (Bazaraliyevaetal., 2022)
Ajoene
Ginger Zingiberaceae Gingerols (Maoetal.,2019)
(Zingiber officinale) Shogaols (Bhattarai et al., 2018)
Paradols
Wild sage Verbenaceae beta-caryophyllene (Aliyu et al., 2020)

(Lantana camara) zingiberene

(Delgado-altamirano etal., 2019)

gamma-curcumene
alpha-humulene

Constituents present in botanical extracts

The botanicals chosen for analysis have antifungal characteris-
tics, as demonstrated by various research over the years:
Azardirachta indica (Khan et al., 2021; Nn et al., 2018; Gyanwali
et al., 2023); Artemisia vulgaris (Ekiert et al., 2020); Allium
sativum (Carreén-Delgado et al., 2023); Zingiber officinale (Li
et al., 2021); Lantana camara (Ozturk & Hakeem, 2019). The
unique chemicals found in certain plant species make them
effective against a specific type of pest. Thus, documentation of
these valuable plants is essential to conserving knowledge
through multiple generations (Lengai et al., 2020). The botani-

cals having antifungal properties with unique compounds pre-
sent in them are listed in Table 6. Over the years, several scien-
tists have reported the antifungal efficacy of many botanical
extracts against various plant diseases. In-vitro evaluation was
conducted against C. lindemuthianum using botanical extracts of
Zingiber officinale, Pongamia pinnata, Azadirachta indica, Eucalyp-
tus globules, and Ocimum sanctum (Bagade et al., 2020). They
showed the highest mycelium growth inhibition with ginger,
which is in close conformity with our experiment. Vasuki et al.
(2020) reported that the mycelial growth inhibition of garlic at 5
and 10% concentrations was superior to that of 11 different
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botanical extracts used in an experiment against C. lindemuthi-
anum. According to Choudhary et al. (2017), botanicals were
used to control the growth of C. lindemuthianum mycelia on
Vigna radiata. At 10% concentration, they observed antagonistic
effects of botanicals on mycelia proliferation. A. sativum
(80.56%), A. indica (78.83%), Z. officinale (74.38%), and Datura
(70.91%) were found to be effective in inhibiting mycelia
growth. Botanicals A. sativum, Z. officinale, and A. indica were
found to be beneficial in suppressing the mycelia growth of C.
gloeosporioides in-vitro (Handiso & Alemu, 2017; Chourasia,
2021).

The present study is in close conformity with the above works.
Garlic extracts reduced the growth of the pathogens tested in
this study. This finding is consistent with previous research on
garlic's antifungal effects. Garlic contains a chemical called
di-allyl thiosulfinate (allicin), which inhibits bacterial and fungal
growth (Cavallito et al., 1944). Garlic extract has been used in
agriculture as a natural fungicide to reduce fungal diseases in
crops. Garlic extract has been demonstrated in studies to
efficiently prevent the growth of various plant pathogenic fungi,
including Alternaria alternata,
Colletotrichum species, and Botrytis cinerea (Soteyome &
Theeramongkol, 2023).

Fusarium oxysporum,

Conclusion

From this experiment, it became clear that of the five botanical
extracts tested in-vitro against C. lindemuthianum, garlic at 10%
inhibited 100% mycelial development, whereas ginger at 20%
inhibited 81.15% mycelial growth. In-vitro study indicate that
garlic and ginger have intriguing potential, whereas neem,
mugwort, and wild sage all demonstrated inhibitory effects,
albeit at a lower level. As a result, using botanicals rather than
drugs to control the disease can be considered a safer option.
Thus, these plant extracts could be used as a novel fungicide
alternative to toxic chemical fungicides. However, these in-vitro
study findings should be validated in field circumstances before
being used in the field.
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