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ABSTRACT

Spinacia oleraceae L. is a significant food vegetable, and it is vital to enhance its yield against the stress of many
devastating pathogens such as Fusarium spp. The manipulation of plant extracts may mitigate the detrimental effects of
disease-causing fungi. The antifungal activity of Catharanthus roseus methanolic extracts was investigated against the
Fusarium equiseti pathogen, which causes leaf spot disease in spinach. Moreover, the elicited expression of the stress
genes of C. roseus was also explored. Antifungal bioassays revealed that increased concentration of leaf methanolic
extracts significantly suppressed pathogen development. However, leaf extract exhibited maximum inhibition (approx.
95%) in fungal biomass production. The methanolic extract of C. roseus utilized in pot trials for biocontrol assays
offered superior plant defense against pathogens, delivering the highest level of disease protection. Subsequently, RT-
PCR was performed using ETRI, ETR2, and ESRI coding genes to examine variations in the expression profiles of
ethylene-related genes under pathogenic stress in C. roseus. The results concluded that either individual or synergistic
higher expression of the ETR2 gene may suppress the growth of the pathogen, demonstrating its efficacy in controlling
the disease.

Keywords: Catharanthus roseus, Biocontrol potential, Fusarium equiseti, Methanolic extract, stress genes, RT-PCR,
Spinach.

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (https://creativecommons.org/licenses/by/4.0/)

Published first online December 05, 2025 Published final January 20, 2026
INTRODUCTION Additionally, spinach is known to support health in
various ways, including the management of iron
Spinach (Spinacia oleracea L.) is one of the deﬁciency—.relate.d anaemia, which _can lead to

most widely consumed nutrient-rich vegetables, often osteoporosis (Miano, 2016; Zeb and Jamil, 2025).
eaten in both fresh and processed forms or incorporated Despite its nutritional value, spinach is highly
into various culinary preparations (Roberts and Moreaua, susceptible to numerous fungal and viral diseases (Sunil
2016; Siddique er al., 2021). The cultivation of spinach ~ and Yadav, 2020; Liu ez al., 2021; Singh et al., 2025).
predominantly occurs during the midwinter months in Among these, anthracnose is a particularly prevalent
numerous regions worldwide, including Pakistan, China, infection that significantly reduces crop yield (Correll et
and India. Globally, approximately 253,800 hectares are al., 1994; Shova et al., 2020; Shafique et al., 2022).
dedicated to spinach cultivation, with an average yield of Fungal leaf spots are considered the most damaging and

250,000 kg per hectare. Notably, China accounts for widespread pathogens affec'ting spinach crops globa.lly.
nearly 90% of global spinach production (FAOSTAT, One of the most destructive pathogens is Fusarium

2015; Rashid e al., 2020; Hussain ef al., 2023). oxysporum, which is responsible for significant losses in

In Pakistan, spinach production has shown spinach production worldwide (Larsson and Gerhardson,
considerable growth, contributing to the country’s 1992; Corr.ell et al., 1994; Shaflque et ql., 2022; Wariebi,
improving agricultural economy. Currently, Pakistan 2025). This disease is notoriously difficult to manage
ranks among the top 10 countries globally for spinach under field conditions and can lead to complete crop
production. Spinach has garnered increased attention in failure, with up to 100% destruction repqrted (Beckmgn,
the country, owing to its significant nutritional benefits. 1987). Current disease management practices rely heavily
For example, consuming just 20 grams of spinach on chemical fungicides, which are often environmentally
provides only about 5 to 6 calories, making it a highly hazardous, economically unsustainable, and ineffective in
nutritious, low-calorie food option (Patricia, 2014). the long term.

In this context, plant innate resistance emerges
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as a viable and cost-effective approach to managing
fungal pathogens. It is generally favoured over
conventional disease control methods (Liu et al., 2010;
Javaid et al., 2018; Shafique et al., 2019). Furthermore,
systemic immunity can be activated by applying
biological agents to the plant surface. Plant extracts have
been extensively studied for their role in inducing
resistance and suppressing disease pathogenesis (Kaushik
and Dhiman, 2002; Javaid et al., 2008; Shafique et al.,
2018, 2019), particularly for their potential as biocontrol
agents.

Among such plants, Catharanthus roseus (L.)—
commonly known as bright eyes, Madagascar periwinkle,
or rose periwinkle—is renowned for its potent antifungal
(Carew and Patterson, 1970; Zahari et al., 2018) and
antibacterial properties (Jaleel et al., 2007; Balaabirami
and Patharajan, 2012; Rajashekara et al., 2022).
Catharanthus roseus is highly valued in traditional and
modern medicine for its alkaloid content, which has
potent anticancer and antidiabetic properties. The plant
contains over 130 alkaloids, but the most significant
bioactive compounds are vincristine and vinblastine.
Kumari and Gupta (2013) reported the antagonistic
effects of ethanolic leaf extracts of C. roseus against
Fusarium moniliforme. Similarly, Rajashekara et al.
(2022) characterized methanolic leaf extracts (CrPLE)
using phytochemical estimation, Thin-Layer
Chromatography (TLC), and High-Performance Liquid
Chromatography (HPLC), revealing notable
antimicrobial activity of CrPLE metabolites.

Plant infections—caused by viruses or fungi—
trigger the production of pathogenesis-related (PR)
proteins, which are regulated by various phytohormones.
Among them, ethylene plays a vital role in plant defense,
as its production increases in response to wounds,
flooding, cold, nutrient stress, and pathogen attacks (Lin
et al., 2009; Igbal et al., 2013). Pathogen invasion
accelerates ethylene synthesis, activating downstream
signaling pathways and inducing the expression of PR
genes (Kitajima and Sato, 1999).

Local spinach cultivars remain underexplored in
terms of their defense responses and potential resistance
induction by natural plant extracts. Furthermore, limited
studies have connected the biochemical defense markers
(e.g., ethylene signaling and PR protein induction) with
disease suppression in field-relevant pathogens affecting
spinach in Asia. There remains a significant gap in the
literature specific to Pakistan regarding the use of C.
roseus extracts for enhancing systemic resistance in
spinach, particularly under stress from Fusarium equiseti.

Given the increasing impact of Fusarium
infections on spinach crops, it is essential to explore the
genetic and biochemical mechanisms underlying plant
defense. This study was designed to investigate the
potential of C. roseus leaf extracts in inducing resistance
in spinach against Fusarium equiseti. Understanding this
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interaction not only contributes to the biological control
of spinach diseases but also aligns with sustainable
agricultural practices by reducing reliance on synthetic
fungicides.

MATERIALS AND METHODS

Selection of Fungal Pathogen: In a previous report by
Shafique et al. (2022), a field survey was conducted in
the fields of the Institute of Agricultural Sciences
(IAGS), University of the Punjab, Lahore, at Depalpur
and Okara, during August-September 2018-2019.
Infected spinach samples were collected to record disease
severity. Through morphological and molecular analysis,
Fusarium equiseti var. bullatum (Sherb) was identified as
the fungal pathogen causing leaf spot disease in infected
spinach samples. The pathogenicity trials, conducted
using the detached leaf method and in pot trials,
confirmed Fusarium equiseti as the most destructive
pathogen in spinach. The identified pathogen was
assigned the code F. equiseti FB-107 (Shafique et al.,
2022) and utilized for current research work.

Antifungal Potential of Metabolites

In vitro Antifungal Bioassays: Catharanthus roseus was
used for the biocontrol of the pathogen. The plant was
identified by Dr. Abdul Rehman Khan Niazi (Associate
Professor, Institute of Botany, University of the Punjab,
Lahore, Pakistan), assigned voucher no. LAH # 269023
and was deposited in the Virtual Herbarium, Institute of
Botany, University of the Punjab, Lahore, Pakistan. The
latitude of the sampling place is 31.4° N, and the
longitude is 74.35° E. Plant materials (leaves and stems)
were collected from various locations in Lahore. The
collected samples were thoroughly washed with distilled
water to remove dust and debris, and then oven-dried at a
controlled temperature to eliminate moisture content.
Once dried, the leaves and stems were separately ground
into a fine powder using a mechanical grinder. For
extraction, 100 grams of the powdered plant material
from each part (leaves and stems) were soaked in 1000
mL of absolute methanol in separate containers. The
mixtures were left to macerate at room temperature for 30
days with occasional shaking to facilitate extraction.
After the maceration period, the extracts were filtered and
stored for further analysis. The filtrates were incubated in
a hot air oven at 40 °C until they became a thick paste-
like material to obtain crude methanolic extracts of C.
roseus (20 g). To make the stock solution (10%), 5 mL of
DMSO (Dimethyl sulfoxide) was added to dissolve the
residues, and subsequently, the required amount of
distilled water was added. Eight concentrations were
created using residues ranging from 0.5% to 4.0%
obtained from the stock solution. The control treatment
chosen for comparing antifungal activity results was a 0%
concentration. Subsequently, 1 mL of spore suspension
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(5%10° spores mL") was inoculated in each flask, applied
via micropipette in aseptic conditions, and incubated at
28+2 °C for one week. The amount of fungal biomass
was measured on filter paper that was previously weighed
and then dried in an oven at 55-60 °C for 24 hours. Then,
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the dry weight of fungal pathogens was noted. The
impact of different proportions of methanolic leaf and
stem extracts from C. roseus on the pathogen was
assessed by determining the percentage of inhibition in
fungal biomass (Shafique et al., 2020).

Growth in control - Growth in treatment

Growth increase/decrease (%) =

x 100

Growth in control

Percentage inhibition constants were calculated
using regression analysis based on the reduction in fungal
biomass caused by various concentrations of metabolite
extracts from different regions of C. roseus.

In vivo Antifungal Bioassays: To evaluate the in vivo
antifungal efficacy of the plant extract against Fusarium
equiseti, spinach plants were cultivated in pots under
controlled greenhouse conditions (28 + 2°C and 70%
relative humidity). A total of 27 pots were prepared, and
3-5 spinach seeds were sown in each. At 20 days post-
sowing, seedlings were thinned to one plant per pot. The
plants were then treated with 5 mL of Catharanthus
roseus leaf methanolic extract at concentrations of 1.0%,
2.0%, 3.0%, 4.0%, 5.0%, 6.0%, 7.0%, and 8.0%,
following the methodology of Tice et al. (2000), which
justifies the use of higher concentrations for in vivo
bioassays. Control pots received only distilled water (0%
extract).

Two days after extract application, each plant
was inoculated with 3 mL of a F. equiseti spore
suspension (5 x 10° spores mL™"). To maintain humidity,
plants were covered with polythene bags and watered as
needed with tap water. After a one-week incubation
period, disease symptoms were assessed, and the
percentage of disease control was calculated. The
experiment followed a completely randomized design
(CRD) with three replicates per treatment and was
repeated the following year to validate the results.

Stress Gene Activation: The analysis of gene expression
was performed using the RT-PCR technique. Fresh leaves

of C. roseus were used to extract RNA using the RiboEx”
of “biomol” (Geneall) kit to analyze gene expression. The
cDNA was prepared from the extracted RNA by a
commercially  available first-strand cDNA kit
(Enzymomics). In the reaction, a mixture of cDNA was
used as a template. RT-PCR was performed on target
genes ETRI, ETR2, and ESRI using selected primers,
with actin as the internal control housekeeping gene. The
Primers were designed based on the GenBank database
information. The specificity of primers was checked by
running a PCR with plant DNA (extracted by the CTAB
method) as a template, and the primers' temperature was
optimized. The detail of primers is given in Table 1. The
sequence of primers used to study the expression of
antifungal genes in plants was: ETR! (F) 5'-GCT CAA
ACA CAG TCT TTA GCG AC-3', ETRI (R) 5'- ATC
ACA CTA AAC CTC GCA CCA G- 3', ETR2 (F) 5'-
GGT TTC GGT TTA CGG TTG ATG C- 3', ETR2 (R)
5'-CTG TTC CAT GGA CTG ATA TGG AC-3', ESRI
(F) 5’- CTA TAG GCG ATG AGA AAC GTC TG-3,
ESRI (R) 5'- GTG ATT TGG CTG CAA GAC GTA GC-
3', ACTI (F) 5'- GCT ATC CAA GCT GTC CTC TC-3’
and ACTI (R) 5'- GAC AGG TTC TCC TTG ATG TC-
3’. The PCR cycle conditions are: 1 cycle of initial
denaturation at 95 °C for 4 min, 36 cycles of
denaturation at 95 °C for 1 min., annealing at 40-55 °C
for 1 min., elongation at 72 °C for 1.5 min., 1 cycle of
final extension at 72 °C for 15 min., and 1 cycle of hold
at 4 °C for 60 min. Agarose gel (1% w/v) electrophoresis
was used to determine the products of RT-PCR due to
unequal amplification of the genes.

Table 1:Details of primers and antifungal genes used to study the expression of genes in plants.

Sr no. Primers Primers Sequences Tm

1 ETRI (F) 5’-GCT CAA ACA CAG TCT TTA GCG AC-3’ 57°C
ETRI (R) 5’- ATC ACA CTA AACCTC GCA CCA G-3

2 ETR2 (F) 5’-GGT TTC GGT TTA CGG TTG ATG C- 3° 57°C
ETR2 (R) 5’-CTG TTC CAT GGA CTG ATA TGG AC-3’

3 ESRI (F) 5’- CTA TAG GCG ATG AGA AAC GTC TG-3’ 58°C
ESRI (R) 5’- GTG ATT TGG CTG CAA GAC GTA GC-3’

4 ACTI (F) 5’- GCT ATC CAA GCT GTC CTC TC-3’ 55°C
ACTI (R) 5’-GAC AGG TTC TCC TTG ATG TC-3’

Statistical Analysis: The in vitro experiments were
conducted in six replicates, while the pot trials were
performed in triplicate. Data from the pot trials were
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analyzed using Statistix 8.1 software. All data underwent
analysis of variance (ANOVA), followed by Duncan’s
Multiple Range Test (DMRT) to identify significant
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differences among treatments (Steel et al., 1996). Kinetic
constants were calculated to determine the concentration
at which biomass was reduced by 50%. Expression levels
from RT-PCR bands were quantified using Imagel
software.

RESULTS

In vitro Evaluation of Metabolite Potential of
Catharanthus roseus: The influence of different levels of
concentrations of leaf and stem extracts of C. roseus
(with maximum antifungal potential) was assessed for
their influence on F. equiseti growth in laboratory trials.

Antifungal Evaluation of Catharanthus roseus Leaf
Extract: The increase in dry biomass production of F.
equiseti was monitored when exposed to the methanolic
leaf extract of C. roseus. A nonlinear relationship was
observed between fungal biomass and concentration, with
an R-squared value of 0.991. The findings showed that
every concentration of leaf extract was successful in
causing a substantial reduction in the biomass production
of F. equiseti. The growth of F. equiseti was inhibited by
a 0.5% extract concentration, resulting in approximately
20% less fungal biomass. The highest concentration (4%)
resulted in 85-95% suppression in F. equiseti biomass
(Fig.1).

Antifungal Analysis of Catharanthus roseus Stem
Extract: The assessment of the effectiveness of C. roseus
stem extracts against F. equiseti showed a significant
decrease in F. equiseti biomass production with
increasing extract concentration. Nevertheless, it was
found that the antifungal effectiveness of stem extracts
was lower compared to that of leaf extracts. The
relationship between concentrations and biomass
production was nonlinear, showing an R? value of
0.9789. The findings implied that a 0.5% concentration
was relatively ineffective, with only a 15% inhibition in
the biomass of the test fungus. Concentrations ranging
from 3-4% resulted in the most significant decrease in F.
equiseti biomass production, reaching around 75-90%
reduction (Fig. 2).

Comparative Analysis of the Antifungal Efficacy of
Catharanthus roseus Stem and Leaf Extract: The
antifungal activity of plant leaf and stem extracts against
Fusarium equiseti was evaluated through a clustered
heatmap analysis (Fig. 3), which illustrated fungal
biomass levels at extract concentrations ranging from 0%
to 4%. The results showed a clear concentration-
dependent reduction in fungal biomass for both extracts.
At lower concentrations (0-1.5%), fungal biomass
remained high, and differences between leaf and stem
treatments were minimal, indicating limited antifungal
activity. However, beginning at 2%, the leaf extract
exhibited a more rapid and consistent decrease in fungal
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biomass compared to the stem extract. This trend was
evident in the heatmap through a faster transition from
red to blue hues in the leaf extract column, reflecting
stronger inhibition. At concentrations of 3% and 4%, the
leaf extract reduced fungal biomass to near-zero levels,
while the stem extract, although inhibitory, showed
higher residual biomass. Hierarchical clustering further
supported these observations by grouping higher
concentrations (especially 3.5% and 4%) into distinct
clusters associated with low fungal biomass, particularly
in the leaf extract samples. The stem extract treatments,
while also grouped by concentration, exhibited greater
variability and less potent inhibition. Overall, the findings
demonstrated that both plant parts possess antifungal
properties, but the leaf extract was significantly more
effective. Therefore, the leaf extract exhibited higher
potential as a natural source of antifungal agents that
could be used as a biocontrol agent against the Fusarium
equiseti pathogen in Fig. 3.

Validation of Kinetic Constant of Pathogen Growth
Inhibition: The methanolic extracts from the leaves and
stems of C. roseus exhibited great potency in combating
F. equiseti. Regression analysis was performed to
investigate the relationship between fungal biomass and
concentrations of leaf and stem extracts. The specific
concentration was determined using the regression
equation, which decreased fungal biomass up to 50%
compared to the control. The determined Ki values for
the pathogen are shown in Table 1. The results for the
kinetics constants from treatments using leaf and stem
extracts were 14.84 and 16.84. Nonetheless, the leaf
extract fraction exhibited a lower value compared to the
stem extract fraction, indicating that the leaf fractions
were the most efficient at inhibiting the growth of fungal
pathogens. A comparison of Ki values revealed that stem
extracts showed lower efficacy in inhibiting the growth of
F. equiseti (Table 1).

In Vivo Evaluation of the Resistance Potential of
Catharanthus roseus Methanolic Leaf Extract Against
Fusarium equiseti Over Two Cropping Seasons: Field
bioassays were conducted to assess the antifungal defense
potential of Catharanthus roseus, specifically evaluating
the efficacy of its methanolic leaf extract against
Fusarium equiseti, a known fungal pathogen of Spinacia
oleracea. The results demonstrated a concentration-
dependent increase in disecase control across both
growing seasons (Table 2). Even at the lowest
concentration (1%), the extract achieved 10% and 12%
disease control in Seasons 1 and 2, respectively,
indicating measurable baseline activity. Subsequent
increases in  concentration led to  significant
improvements in disease suppression. At concentrations
of 2-4%, disease control increased steadily from 22% to
48% in Season 1 and from 24% to 50% in Season 2,
representing a notable improvement of 13% to 41% over
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the baseline of 1%. Higher concentrations (5-8%)
resulted in statistically significant levels of protection,
with control values ranging from 60% to 95% in Season 1
and 62% to 98% in Season 2. The highest tested
concentration (8%) provided the maximum level of
protection, with disease control ranging from 95% to

1400
1200
1000 c

800

Fungal Biomass (mg)

600

400

200

0-ve 0.5 1

J. Anim. Plant Sci., 36 (1) 2026

98%, effectively neutralizing the pathogen's impact on
treated plants. These findings confirm the strong
antifungal efficacy of the methanolic leaf extract of C.
roseus, particularly at higher concentrations, and support
its potential use as a biological control agent for
managing F. equiseti-induced diseases in spinach.

y =8.0644x2 - 226.59x + 1400.3
R2=10.9912

1.5 2 2.5 35

Concentrations( %)

Fig. 1: Effect of various concentrations of Catharanthus roseus leaf extract on the biomass production of Fusarium
equiseti. Vertical bars show the standard errors of the mean from six replicate samples. Values with
different letters show a significant difference by ANOVA, as determined by Statistix 8.1 software at p <

0.05.
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Fig. 2: Effect of various concentrations of Catharanthus roseus stem extract on the biomass production of
Fusarium equiseti. Vertical bars show the standard errors of the mean from 6 six replicate samples.
Values with different letters show a significant difference by ANOVA, as determined by Statistix 8.1

software at p < 0.05.
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Fig. 3: Comparative analysis of the antifungal efficacy

of Catharanthus roseus Stem and Leaf
Extract through Heatmap visualization.

Table 1: Kinetic constant for fungal biomass
inhibition by Catharanthus roseus leaf and
stem methanolic extracts.

Species Fraction Ki SE
F. equiseti Stem 16.84 +0.19
i Leaf 14.84 +0.29

Table 2: Defensive potential of methanolic leaf extract
of Catharanthus roseus for percentage disease
control of Spinacia oleraceae over two
cropping seasons.

Concentration of Season 1 Season 2

Disease Control
of S. oleraceae

Disease Control
of S. oleraceae

methanolic leaf
extract of C.

roseus (%) (%) (%)
1 10+0.92a 12+2.11a
2 22+1.04b 24+1.05b
3 35+£0.65¢ 34+£0.86¢
4 48 +1.16d 50+£1.17d
5 60+1.22e 62+0.74¢
6 72+£2.0f 74 +£1.63f
7 85+£0.85¢g 87+2.09¢
8 95£0.90h 98+1.47h

Values are presented as mean + SE. Means with different
letters in a column indicate a significant difference
(p<0.05).
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Comparative Analysis of the Antifungal Efficacy of
Catharanthus roseus over Two Cropping Seasons:
Heatmap analysis (Fig. 4) provided a comprehensive
graphical display of the concentration-dependent
antifungal effect of C. roseus methanolic leaf extract on
F. equiseti over two cropping seasons. At the lowest
concentration (1%), the levels of disease control were
low, with values of 12% in Season 2 and 10% in Season
1, as indicated by the dark blue colour on the heatmap,
which denoted a low level of antifungal efficacy. With
rising concentration up to 2 and 3%, a progressive
improvement in disease suppression was noted, with the
colour scale harmonized on bluish-grey, and disease
control increased to 22-35% in the first season and 24-
34% in the second season. At 4%, yellow colourations
appeared, indicating an intermediate period of modest
antifungal performance, with control ratios of 48% and
50% in Seasons 1 and 2, respectively. Specifically, the
most significant disease control was observed at 5 to 8%,
as represented by deep orange to red colors in the heat
map. Disease control rates for these treatments ranged
between 60-95% in Season 1 and 62-98% in Season 2,
with an 8% concentration almost completely suppressing
the disease. Red colour saturation and the uniform
agglomeration of highly concentrated programs certify
their excellent and repeatable antifungal performance.

TO0U00
B0.00
BO.DD
70,00
60,00
S0.00
40,00
30,0
20.00
0,00

Fig. 4: Heat map visualization for the Comparative
analysis of the antifungal efficacy of
Catharanthus roseus in two seasons



Shafique et al.,

Expression Analysis of Stress Genes: Real-time PCR
was conducted to validate the activation of stress genes in
the host plant that demonstrated immunity to the disease-
causing fungus. All three stress genes were amplified and
verified through gel analysis to confirm their presence.
The top thickness of the band indicated the greatest
expression of the transcript, which is the ETR2 gene,
while ESRI showed lower expression. ETRI had the least
intense band and therefore had the minimum gene
quantity displayed (Fig. 5). Decreased disease
susceptibility to the soilborne pathogen F. equiseti in C.
roseus was linked to a decrease in the expression of the
ethylene receptor ETR/ gene, thus validating the plant's
defense response. The bands underwent analysis through
the ImageJ software, resulting in the formation of bands
(Fig. 6). The existence of the three genes suggests that C.
roseus could potentially regulate the entry of pathogenic
fungi. Either the ETR2 gene alone or all three stress genes
could collaborate to hinder the growth of the pathogenic
fungus's biomass.
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Fig. 6: Genes’ expression profile of Bands’ intensity-based graph of the genes of Catharanthus roseus. (A):

ACTIN, (B): ESRI, (C): ETRI and (D): ETR2.
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DISCUSSION

C. roseus triggered immunity in spinach plants
against fungal diseases, supporting the research by
Balaabirami and Patharajan (2012), who used C. roseus
for plant disease control against fungi like Aspergillus
Sfumigatus, Candida albicans, Pythium aphanidermatum,
Penicillium chrysogenum, and Aspergillus niger. This
research focuses on developing horizontal resistance in
spinach plants as a strategy for effective management of
fungal pathogens that affect spinach crops. The antifungal
potential of methanolic extracts from the leaves and
stems of C. roseus was tested against the isolated
pathogen F. equiseti in this study. The leaf extracts were
more effective in inhibiting the pathogen's biomass
compared to the stem extract. The differences in the
antifungal effectiveness of extracts might be due to the
existence of various antifungal compounds in different
regions of the plant species being tested. Previous
research also confirms that the organic compounds found
in the leaves of C. roseus are effective in controlling the
pathogen due to their antifungal properties (Parekh and
Chanda, 2007). In another study, Shafique et al. (2015)
investigated the control of Fusarium wilt in chili plants
using methanolic extracts from the fruit, bark, and leaves
of Eucalyptus citriodora (Hook). The findings revealed
that the leaf extracts were highly effective against the
pathogens, resulting in a significant reduction in fungal
biomass, up to 98%. Currently, the antifungal tests
exhibited substantial inhibition of fungal growth at every
concentration of extract wused, but the highest
concentrations of C. roseus extract suppressed biomass
production by 90 to 95%. In a previous study, Kumari
and Gupta (2013) found that C. roseus leaf and stem
extracts (Ethanol, Acetone, and Aqueous extract)
exhibited antifungal properties against important fungal
strains (Candida albicans, Aspergillus fumigatus,
Aspergillus niger, Fusarium moniliforme). Organic
extract from the leaves of C. roseus was more effective in
inhibiting fungal pathogens compared to the extracts
from the stems when used at higher concentrations.
Catharanthus roseus L. is used as a prophylactic agent
against certain human pathogens by previous researchers
(Gomaa et al., 2019). It is an important plant for the
development of novel antimicrobial drugs, as it contains
active compounds responsible for its bioactivity.
Additionally, it provides insight into the genetic
regulation of alkaloids present in the extracts, which
serve as potential antimicrobial agents. A similar pattern
of defense response enhancement in C. roseus was
observed in pot trials when spinach plants were treated
with various concentrations of C. roseus extracts before
pathogen inoculation. Another study conducted by
Shafique et al. (2019) further affirms these findings,
showing that using Eucalyptus citriodora improved the
defense mechanism in Capsicum annuum L. and
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decreased Fusarium Wilt infection caused by Fusarium
oxysporum. The basic mechanism of induced resistance
involves the heightened activation of defense genes to
impede pathogen entry, or the reduced activity of certain
genes to lower the host plant's vulnerability to pathogens.
In this study, the detection of defense-related genes in C.
roseus was conducted wusing RT-PCR. Reverse
transcriptase PCR has emerged as an effective method for
examining gene expression because of its precision and
specificity (Bustin, 2002; Le et al., 2024). The findings
indicated that the ETR2 gene showed the highest level of
expression. The increased levels of ETR2 and ESRI
genes and decreased levels of the ETR/ gene indicate that
C. roseus is capable of suppressing fungal pathogens.
These genes may work together or independently to
inhibit the growth of pathogenic biomass. Scientists
highlighted the significant contribution of ETRI, ETR2,
and ESRI/ in immune responses to pathogens (Fluhr,
1998; Hoffman et al.,, 1999; Tjamos et al., 2005;
Pantelides ef al., 2013). According to the literature, it is
clear that Fusarium takes control of ETRI-mediated
ethylene signalling to advance disease progression in
plants (Pantelides et al., 2013). In the current study, the
reduced expression of ETR/ may be attributed to the
influence of Catharanthus roseus, which, at higher
concentrations, suppressed pathogen invasion in the host
plants, thereby reducing disease incidence.

Conclusion: The study concludes that methanolic
extracts of the leaves and stems of C. roseus
demonstrated strong antifungal activity against F.

equiseti. The upregulation of stress genes, viz., ETR2 and
ESRI, as well as reduced expression of ETRI/ in C.
roseus, is attributed to reducing pathogen penetration,
henceforth reducing the disease incidence.
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