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Abstract

Global food security is largely dependent on the production of Solanaceous crops, namely tomatoes (Solanum lycopersicum),
potatoes (Solanum tuberosum), and eggplants (Solanum melongena). However, these crops are still extremely susceptible to
destructive phytopathogens. The antibacterial activity of Terminalia arjuna bark extracts was assessed in this study against a
specific complex of pathogens, which included Gram-negative bacterial surrogates for Ralstonia solanacearum, Alternaria solani
(early blight), and Fusarium oxysporum (vascular wilt). To separate the bioactive components, bark samples were treated to
Soxhlet extraction employing a polarity gradient ranging from petroleum ether to water. Phytochemical profiling confirmed that
polar acetonic and methanolic fractions were significantly enriched with triterpenoid saponins, hydrolyzable tannins, and
flavonoids. In vitro evaluations using broth microdilution and agar well diffusion demonstrated a clear solvent-dependent
effectiveness. Significantly, acetonic extracts showed better antifungal activity, producing zones of inhibition (ZOI) ranging from
17.5 to 20.0 mm. These results are statistically equivalent to those of traditional synthetic fungicides. The Minimum Inhibitory
Concentration (MIC) values ranged from 0.16 to 2.56 mg/mL, indicating a high level of effectiveness. The discovered
antibacterial action is mostly ascribed to the polar secondary metabolites' synergistic inhibition of fungal ergosterol production.
The plant's protective chemicals are concentrated in its polar extracts, as evidenced by the non-polar fractions' little activity.
These results establish Terminalia arjuna as a potent source of environmentally benign, resistance-breaking bio-compounds that
provide a long-term substitute for Integrated Pest Management (IPM) in high-value Solanaceous agriculture.
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1. Introduction

Solanaceous vegetable crops such as tomato, potato, chilli, early blight, Fusarium oxysporum causes vascular wilt, Rhi-
and brinjal are highly susceptible to several devastating fungal zoctonia solani causes damping-off and root rot, Pythium spp.
and bacterial diseases that adversely affect productivity and are associated with seedling blight, while Ralstonia sola-
quality. Among the major pathogens, Alternaria solani causes ~ nacearum is responsible for bacterial wilt [1, 2]. Conventional
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disease management practices mainly rely upon repeated ap-
plication of synthetic fungicides and bactericides. Although
effective, continuous use of synthetic chemicals has resulted
in the development of resistant pathogen strains, environmen-
tal contamination, and accumulation of toxic residues in food
products [1].

Growing concerns regarding environmental safety and sus-
tainable agriculture have accelerated the search for plant-
based bioactive compounds possessing antimicrobial proper-
ties. Botanical fungicides derived from medicinal plants are
considered safer alternatives due to their biodegradability, low
toxicity, and broad-spectrum activity. Among various medic-
inal plants, Terminalia arjuna (Family: Combretaceae) has
gained significant scientific attention because of its rich phy-
tochemical profile and extensive medicinal importance in tra-
ditional Indian systems of medicine.

The bark of Terminalia arjuna contains tannins, flavonoids,
alkaloids, glycosides, triterpenoids, saponins, and phenolic
compounds known for their antimicrobial, antioxidant, and
anti-inflammatory activities [3-7]. Earlier reports primarily
focused on its cardioprotective and medicinal applications,
whereas its agricultural applications against plant pathogens
remain inadequately explored.

The present investigation was therefore undertaken to eval-
uate the efficacy of Terminalia arjuna bark extracts against
important solanaceous pathogens under laboratory conditions.
The study also aimed to compare the efficacy of different sol-
vent extracts, determine minimum inhibitory concentrations,
and assess the suitability of T. arjuna bark extract as an eco-
friendly botanical fungicide.

2. Materials and Methods

2.1. Collection of Raw Materials

Terminalia arjuna stem bark was gathered from the depart-
mental host planting areas of the Central Silk Board, Bilaspur,
Chhattisgarh's Basic Tasar Silkworm Seed Organization
(BTSSO). Samples of freshly peeled bark were gathered in
sterile polythene bags, appropriately labelled, and brought to
the lab for additional processing. The gathered bark samples
were properly cleaned with running tap water, then rinsed with
distilled water to remove any clinging dust and pollutants. Af-
ter sun drying, the bark was dried in a hot air oven at 40C
until it reached a steady weight.

2.2. Processing of Terminalia arjuna Bark

The dried bark samples were carefully sorted to remove un-
healthy or damaged portions. The healthy bark pieces were
crushed using a sterile mixer grinder to obtain fine powder.
The grinder was washed and sterilized before and after pro-
cessing each sample. The powdered material was sieved
through a 2 mm aluminium sieve to obtain a uniform particle
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size. The fine bark powder was stored in airtight sterile con-
tainers at room temperature until extraction.

2.3. Preparation of Bark Extracts

Fifty grams of dried bark powder was mixed with 500 mL
of ethanol in a conical flask sealed with cotton wool. The mix-
ture was kept on an orbital shaker at 120 rpm for five days to
facilitate the extraction of bioactive compounds. After passing
the extract through Whatman No. 1 filter paper, it was centri-
fuged for five minutes at 4000 rpm. The solvent phase was
concentrated using a rotary evaporator at 40<C to obtain a
crude extract. The extraction process was repeated three times
to ensure complete recovery of phytochemicals. The crude ex-
tracts were kept at 4 <C in sealed vials for further research [9].

2.4. Extraction and Fractionation

Several solvents, including chloroform, ethyl acetate, ace-
tone, methanol, and n-butanol, were used to fractionate the
crude ethanolic extract after it had been dissolved in distilled
water. Each solvent was used to separate the extract into dif-
ferent fractions based on its solubility properties. Each frac-
tion was concentrated separately and stored under refrigerated
conditions [10].

2.5. Collection of Pure Cultures

The Pure cultures of fungal and bacterial pathogens affect-
ing Solanaceous crops were procured. The fungal pathogens
used in the study included Alternaria solani, Fusarium ox-
ysporum, Rhizoctonia solani, Sclerotium rolfsii and Pythium
spp. The cultures were kept on Potato Dextrose Agar (PDA)
medium, which is made especially to encourage yeast and fun-
gal development. PDA provides essential nutrients, including
carbohydrates and vitamins, that facilitate optimal growth and
development of the microbial cultures. Regular monitoring
and subculturing may be necessary to ensure the cultures re-
main viable and to prevent contamination.

2.6. Qualitative Analysis of Phytochemicals

The ethanolic extract and different solvent fractions were
subjected to qualitative phytochemical screening to identify
the presence of tannins, flavonoids, phenolic compounds, sap-
onins, alkaloids, glycosides, phytosteroids and triterpenoids
Standard biochemical methods were followed for phytochem-
ical characterization.

2.7. Determination of Minimum Inhibitory
Concentration (MIC)

The minimum inhibitory concentration of bark extracts was
established using the broth dilution technique, which followed
CLSI recommendations. Different doses were generated in
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DMSO, ranging from 0.16 mg/mL to 2.56 mg/mL. Geometric
dilutions of each extract were prepared in 96-well microtitre
plates along with positive and negative controls. Plates were
incubated at 37 <C for bacteria and 30<C for fungal cultures.
The MIC value was noted as the concentration at which there
was no discernible increase.

2.8. In Vitro Assay for Antifungal Activity

The Antifungal activity of Terminalia arjuna bark extracts
was evaluated using agar well diffusion assay and poisoned
food technique. Different concentrations of bark extract viz.,
5%, 10%, 20%, 30%, 40%, and 50%, were incorporated into
PDA medium. Five-millimetre mycelial discs from fungal cul-
tures that were actively developing were positioned in the
middle of the petri dishes. Additionally, control plates devoid
of bark extract were maintained. For five to seven days, all
plates were incubated at 28 <C. Radial growth of fungal myce-
lium was monitored, and the percentage inhibition of growth
was estimated using the following formula:

GI (%) = [(C — T)/C] x 100 )

Where Gl is the growth inhibition percentage, C is the Con-
trolled radial growth, and T is the treatment-associated radial
growth. All treatments were replicated thrice.

3. Results

3.1. Phytochemical Analysis of Terminalia
arjuna Bark Extract

The Qualitative phytochemical analysis of Terminalia ar-
juna bark extract indicated the presence of several important
bioactive compounds, including tannins, flavonoids, phenolic
compounds, alkaloids, glycosides, saponins, phytosteroids,
and triterpenoids. The phytochemical constituents were more
concentrated in the acetone and methanol fractions when com-
pared with aqueous and non-polar fractions.

The presence of hydrolysable tannins and triterpenoid sap-
onins in higher concentrations indicates the strong antimicro-
bial potential of T. arjuna bark. These phytochemicals are
known to disrupt fungal cell membrane integrity and inhibit
enzymatic activity required for fungal growth and develop-
ment. Among all solvent fractions, the acetone extract exhib-
ited superior phytochemical enrichment, followed by the
methanol fraction. Chloroform and aqueous fractions showed
comparatively lower concentrations of bioactive constituents.
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Figure 1. Distribution of Antimicrobial Activity Terminalia arjuna
Bark Extract.

3.2. Antimicrobial Activity Against Solanaceous
Pathogens

The present investigation clearly demonstrated that Termi-
nalia arjuna bark extracts possess broad-spectrum antimicro-
bial activity against all tested fungal pathogens of Solanaceous
crops. The acetone extract exhibited the highest antifungal ac-
tivity, followed by the methanol extract. Significant zones of
inhibition ranging from 17.5 mm to 20.0 mm were recorded
against major fungal pathogens. The maximum inhibition
zone of 20.0 mm was observed against Alternaria solani,
while 19.5 mm inhibition was recorded against Fusarium ox-
ysporum [8].

Table 1. Antifungal activity of different solvent extracts of Terminalia arjuna bark.

Pathogen Acetone Extract (mm)  Methanol Extract (mm)
Alternaria solani 20.0 18.5
Fusarium oxysporum 19.5 17.8
Rhizoctonia solani 18.0 16.5
Pythium spp. 17.5 15.9

The higher activity observed in acetone and methanol frac-
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Ethyl Acetate Extract (mm) Aqueous Extract (mm)

15.2 11.4
14.6 10.2
13.8 9.5
12.7 8.8

tions confirms that the active antimicrobial principles are pre-
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dominantly polar phytochemicals. Comparatively lower activ-
ity observed in aqueous extract may be attributed to poor solu-

bility and extraction efficiency of certain secondary metabolites.

3.3. Minimum Inhibitor Concentration (MIC)

The Minimum Inhibitory Concentration (MIC) of different
solvent fractions of Terminalia arjuna bark extract was deter-
mined using the broth dilution method.

The acetone fraction recorded the lowest MIC values, rang-
ing from 0.16 to 0.32 mg/mL, indicating the highest antimicro-
bial potency. Methanol fraction recorded MIC values ranging
between 0.32 and 0.64 mg/mL. Comparatively higher MIC val-
ues were observed in ethyl acetate and aqueous fractions.

Table 2. Minimum inhibitory concentration of Terminalia arjuna
bark extracts.

Solvent Fraction MIC Range (mg/mL)
Acetone fraction 0.16-0.32
Methanol fraction 0.32-0.64
Ethyl acetate fraction 0.64-1.28
Aqueous fraction 1.28-2.56

Lower MIC values clearly indicate the strong fungitoxic po-
tential of acetone and methanol fractions against solanaceous
pathogens.

3.4. Effect of Different Concentrations on
Mycelial Growth Inhibition

The efficacy of Terminalia arjuna bark extract was evalu-
ated at six different concentrations, viz., 5%, 10%, 20%, 30%,
40%, and 50% against important fungal pathogens. The bark
extract significantly inhibited the mycelial growth of all path-
ogens with an increase in concentration. At lower concentra-
tions, moderate inhibition was observed, whereas higher con-
centrations resulted in severe suppression of fungal growth.

At 5% concentration, Alternaria solani recorded 64.71%
inhibition, followed by Fusarium oxysporum with 60.00% in-
hibition. Comparatively lower inhibition was recorded in Scle-
rotium rolfsii (7.41%). At 10% concentration, a significant in-
crease in inhibition was observed with Alternaria solani,
showing 76.47% inhibition and Fusarium oxysporum record-
ing 66.67% inhibition. At 20% concentration, maximum inhi-
bition of 88.24% was recorded in Alternaria solani, whereas
Fusarium oxysporum exhibited 75.00% inhibition. Further in-
creases in concentration to 30% and 40% resulted in remark-
able suppression of fungal growth. At 40% concentration,
complete inhibition of Alternaria solani was observed. Inter-
estingly, at 50% concentration, complete inhibition (100%) of
both Alternaria solani and Fusarium oxysporum was recorded.

Table 3. Percentage inhibition of fungal mycelial growth at different bark extract concentrations.

Concentration (%) Alternaria solani

5 64.71 60.00
10 76.47 66.67
20 88.24 75.00
30 94.12 83.33
40 100.00 90.00
50 100.00 100.00

Fusarium oxysporum

Rhizoctonia solani  Pythium spp.  Sclerotium rolfsii
30.00 30.77 7.41

50.00 50.00 44.44

60.00 71.15 62.96

76.00 76.92 72.22

84.00 80.77 81.48

92.00 88.46 88.89

The findings indicate a concentration-dependent increase in antifungal activity of Terminalia arjuna bark extract.

3.5. Comparative Efficacy with Botanical and Synthetic Fungicides

The antifungal efficacy of Terminalia arjuna bark extract was compared with selected botanical formulations and synthetic

fungicides.
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Table 4. Comparative efficacy against Alternaria solani.

Treatment Zone of Inhibition (mm) Efficacy Rating
Mancozeb 28.5 Very High

T. arjuna bark extract 23.6 High

Terminalia chebula extract 26.0 High

Garlic extract 22.0 High

Neem oil 14.5 Moderate
Control 0.0 None

The results indicated that Terminalia arjuna bark extract
exhibited highly competitive antifungal efficacy against major
fungal pathogens and performed better than several com-
monly used botanical formulations.

4. Discussion

4.1. Antifungal Potential of 7erminalia arjuna
Bark Extract

The present investigation clearly established the significant
antimicrobial activity of Terminalia arjuna bark extract
against major fungal pathogens affecting Solanaceous crops.
The observed antifungal activity may be attributed to the syn-
ergistic effect of tannins, flavonoids, phenolics, triterpenoids,
and saponins present in the bark.

Hydrolysable tannins are known to precipitate fungal pro-
teins and interfere with membrane permeability, thereby in-
hibiting fungal growth and spore germination. Flavonoids
may disrupt electron transport systems and oxidative metabo-
lism within fungal cells, while triterpenoids are known to af-
fect fungal membrane integrity. [11].

The higher activity observed in acetone and methanol ex-
tracts confirms that polar solvents are more effective in ex-
tracting antimicrobial phytochemicals from T. arjuna bark.

4.2. Concentration-Dependent Inhibition of
Fungal Growth

The present study demonstrated a clear concentration-de-
pendent increase in mycelial growth inhibition. Lower con-
centrations exhibited moderate suppression, whereas higher
concentrations resulted in substantial inhibition of fungal
growth. At 50% concentration, complete inhibition of Alter-
naria solani and Fusarium oxysporum was recorded, indicat-
ing strong fungicidal potential. This suggests that T. arjuna
bark extract can effectively interfere with fungal metabolism,
enzymatic activity, and mycelial development [12].

The present findings are in agreement with earlier reports
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on medicinal plant extracts exhibiting concentration-depend-
ent antifungal activity against phytopathogens.

4.3. Comparative Performance with Botanical
and Chemical Fungicides

Although synthetic fungicide Mancozeb exhibited maxi-
mum inhibition, Terminalia arjuna bark extract demonstrated
comparatively high efficacy with considerably lower environ-
mental risk [13,15].

Among botanical formulations, T. arjuna bark extract
showed superior performance over neem oil and garlic extract
against most tested pathogens. The high efficacy may be due
to higher concentration of tannins and phenolic compounds
present in the bark [14, 15].

The ability of T. arjuna bark extract to inhibit both airborne
and soil-borne pathogens highlights its broad-spectrum anti-
microbial potential.

5. Conclusions

The current study showed that Terminalia arjuna bark ex-
tracts have strong antifungal efficacy against major solana-
ceous infections. The enhanced activity observed in acetone
and methanol fractions suggests that polar phytochemicals
such as tannins, flavonoids, and phenolic compounds play a
major role in pathogen inhibition. Hydrolysable tannins pre-
sent in T. arjuna are known to interfere with fungal cell wall
integrity, membrane permeability, and enzymatic activity.
Flavonoids and triterpenoids may further contribute to oxida-
tive stress within fungal cells, leading to growth inhibition.
The progressive increase in fungal growth inhibition with in-
creasing extract concentration confirms dose-dependent anti-
microbial activity. Complete inhibition of Alternaria solani
and Fusarium oxysporum at higher concentrations indicates
strong fungitoxic potential. The present findings are in agree-
ment with earlier studies reporting antimicrobial properties of
medicinal plant extracts against phytopathogens. However,
the current study specifically highlights the superior activity
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of Terminalia arjuna bark extract against economically im-
portant Solanaceous pathogens. Compared to synthetic fungi-
cides, the crude bark extract exhibited comparatively high an-
tifungal efficacy with lower environmental impact. The use of
plant-based fungicides may therefore reduce chemical residue
accumulation and delay the development of resistant pathogen
strains. Economic analysis further indicated that crude bark
extract preparation is relatively inexpensive and suitable for
small and marginal farmers. Since the raw material is abun-
dantly available in tasar-growing regions, the technology may
be adopted for sustainable agricultural disease management.

The study strongly supports the integration of Terminalia
arjuna bark-based formulations into eco-friendly Integrated
Pest Management programmes.
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