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ABSTRACT- This study examined the inhibitory properties of aqueous extract and total
protein of four plant species: carnation (Dianthus caryophyllus), Indian privet (Clerodendrum
inerme), prickly pear cactus (Opuntia stricta), and periwinkle (Catharanthus roseus) against

ARTICLE INFO

Keywords: Tobacco mosaic virus (TMV). The aqueous extract and total protein from carnation, Indian
Antiviral activity privet, and cactus significantly reduced TMV infection in the local lesion host, Nicotiana
Glutinosa glutinosa. Conversely, the periwinkle extract did not demonstrate a significant inhibitory effect
Local lesion on TMV. Results showed that the inhibitory effects of carnation and Indian privet were more
Plant e>_<tract effective than those of the cactus extract. The inhibitory effects of the plant extracts applied on
Systemic the N. glutinosa leaves diminished after washing with water. Bioassay tests using total protein

from carnation, Indian privet, and cactus indicated that the inhibitory effects of these proteins
were comparable to those of their respective aqueous extracts. Thus, it can be inferred that the
inhibitory agents present in these plants are proteins. The findings from both the aqueous
extracts and the proteins extracted from carnation, Indian privet, and cactus suggest that the
inhibitory effects of these substances are localized and not systemic, being confined to the
leaves that were treated either simultaneously or prior to the virus inoculation. When N.
tabacum (var. Turkish), a systemic host, was inoculated with TMV mixed with these plant
extracts, there was no evidence of inhibition or a reduction in the incubation period. Therefore,
using these extracts to manage TMV infections in its main systemic hosts may be ineffective.

INTRODUCTION

Given the limited availability of commercial antiviral
pesticides, viral disease management primarily depends on
developing resistant plant varieties and adopting disease
avoidance strategies such as wvector control using
insecticides and planting virus-free seeds. These strategies
include controlling vectors by insecticides and planting
virus-free seeds. While developing resistant varieties is
essential, it can be costly and time-consuming. Additionally,
the use of insecticides against viral vectors poses significant
environmental risks. Consequently, there has been sustained
interest in the production and application of low-risk
biologically-based compounds for the management of viral
diseases (Verma and Baranwal, 2011; Hull, 2013). Using
plant extracts or their protein derivatives with proven
antiviral activity could be considered as an effective and
economical approach for controlling viruses. These natural
compounds may exert their effects against viral diseases
through multiple mechanisms such as neutralizing the virus
at the infection site or enhancing the plant's resistance
(Verma and Baranwal, 2011). Most studies have focused on
the impact of plant extracts on human and animal viruses,
while less research has been conducted on the impact of
these compounds on plant viruses (Verma and Baranwal,
2011). To date, a significant number of plant proteins with
inhibitory effects against plant viruses have been identified.
These include pathogenesis-related proteins, ribonucleases,

and ribosome-inactivating proteins (Pushpa et al., 2013;
Wong et al., 2014). In general, plant antiviral proteins can
be categorized into two main groups based on their mode of
action: 1) compounds that affect the virus in the extracellular
environment or at the plant surface and 2) those that affect
the virus intracellularly. The latter group can be further
divided into two subgroups. The first includes proteins with
ribosome-inactivating property that inactivate the ribosomes
of infected host cells. The effect of these proteins induces
local resistance and is most effective when applied
simultaneously with or before virus inoculation on the plant.
The second subgroup includes those that induce systemic
antiviral resistance and must be applied several minutes to
hours before virus inoculation (Verma and Baranwal, 2011;
Duarte et al., 2021).

Previous studies have identified antiviral proteins in
extracts from various plant species. Notable examples
include the root extract of Boerhavia diffusa and leaf
extracts from Clerodendrum aculeatum, Bougainvillea
spectabilis (paper flower), Cuscuta reflexa (dodder), and
Chenopodium quinoa. The protein extracts from these
plants have shown activity against several plant viruses. The
antiviral activity of these plant proteins has been mainly
evaluated by quantifying local lesions induced by the virus
in designated hosts, commonly referred to as local lesion
hosts (Verma and Baranwal, 2011; Awasthi and Verma,
2006; Awasthi et al., 2009; Biniaz et al., 2023).
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The present study investigates the effectiveness of
aqueous extracts and proteins derived from prickly pear
cactus (Opuntia stricta), carnation (Dianthus caryophyllus),
periwinkle (Catharanthus roseus), and Indian privet
(Clerodendrum inerme) against Tobacco mosaic virus
(TMV), a model virus of significant economic importance,
in both local lesion and systemic hosts. Previous studies
have shown that some of these plant species, or closely
related ones, possess antiviral properties. For example,
extracts from Opuntia streptacantha have been effective
against various human and animal viruses (Ahmad et al.,
1996). Recent studies have highlighted the local inhibitory
effects of extracts and proteins derived from O. ficus-indica
on several plant viruses, including Cucumber mosaic virus
(CMV) and TMV (Rasoulpour et al., 2017; Rasoulpoor et
al., 2018). However, there are currently no confirmed
reports regarding the effects of extracts from the prickly pear
cactus species O. stricta or periwinkle on plant viruses. The
systemic antiviral activity of extracts and proteins from C.
inerme against several viruses, including TMV, has been
reported. Moreover, the local antiviral properties of extracts
and proteins from carnation (D. caryophyllus) against
various plant viruses have also been established (Weintraub
et al., 1952; Cho et al., 2000; Mahdy et al., 2007; Duarte et
al, 2021). This study evaluates (or reevaluates) and
compares the TMV inhibitory activities of extracts from
various plant species in both local and systemic hosts, while
also examining their modes of action as observed in this
study and those reported in previous studies.

MATERIALS AND METHODS
Virus source

In this experiment, a Shiraz isolate of TMV maintained on
Nicotiana tabacum var. Turkish (the systemic host) was
used.

Plants used for antiviral testing

The anti-TMV activity of four plant species was examined:
Catharanthus roseus (periwinkle), Clerodendrum inerme
(Indian privet), Dianthus caryophyllus (carnation), and
Opuntia stricta (prickly pear cactus). Periwinkle plants were
obtained from seeds in the greenhouse at Shahrekord
University. Indian privet was obtained from an urban green
space in Ahvaz, where cuttings were rooted and
subsequently maintained in the Shahrekord University
greenhouse. Carnation was obtained from local greenhouses
in Shahrekord. A sample of prickly pear cactus was
collected from an urban green space in Isfahan and used
after propagation. The effects of aqueous extracts and total
proteins from these plants against TMV were investigated
in N. glutinosa (a local lesion host) and N. tabacum var.
Turkish (a systemic host) (Adams and Antoniw, 2006).

Determining antiviral activities in local lesion hosts

N. glutinosa plants were grown from seeds in pots. The
inoculum for TMV was prepared by extracting fresh tissue
from Turkish tobacco infected with TMV, using a 100 mM
phosphate buffer at pH 7. Fresh leaves of periwinkle,
carnation, Indian privet, and cladodes of prickly pear cactus
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were extracted in phosphate buffer to evaluate their antiviral
properties (Rasoulpour et al., 2018).

Moreover, to evaluate the inhibitory effects of plant
proteins, total proteins from the leaf tissue of Carnation,
Indian privet, and prickly pear cactus were extracted using
ammonium sulfate, following the modified method
described by Park et al. (2015). Specifically, 10 grams of
fresh plant tissue were extracted in 50 ml of extraction buffer
(37.5 mM Tris pH 7.5, 50 mM sodium chloride, 15 mM
EDTA, 75 mM sodium citrate and 0.2% sodium bisulfite).
The extract was then centrifuged at 8000 rpm for 25
minutes. The pH of the supernatant was adjusted to 5.1 by
adding acetic acid. The solution was subsequently
centrifuged at 10,000 rpm for 30 minutes, and the pH of the
supernatant was adjusted to 7 using 3 M Tris. Ammonium
sulfate was added to the solution to a final concentration of
70%. After stirring overnight at 4 °C, the resulting solution
was centrifuged at 10,000 rpm for 30 minutes. The obtained
pellet was dissolved in 5 ml of extraction buffer and
centrifuged at 10,000 rpm for 30 minutes. The supernatant
was then dialyzed twice for one hour and a third time for
eight hours against fresh phosphate buffer at 4 °C.

To evaluate the antiviral activity of aqueous and total
protein extracts from treatment plants, as well as their mode
of action against TMV in N. glutinosa, six different
experiments were conducted (local lesion tests, sections 3-1
to 3-6). In these experiments, extracts or plant proteins and
the TMV inoculum were mechanically rubbed onto the
leaves of the N. glutinosa plants by hand. Additionally, for
TMV inoculation, dusting with carborundum was
performed. The TMV inoculum used in each of these six
experiments was identical. Five days after inoculation with
TMV, the number of local lesions for each treatment was
counted and statistically analyzed. Local lesion tests were
conducted using either half-leaf or whole-leaf assays. Each
experiment was performed on a minimum of three N.
glutinosa plants. The percentage of TMV inhibition (1) was
calculated using the formula I = (1 - T/C) x 100, where C
and T represent the average number of local lesions in the
control and treated leaves, respectively (Vermaetal., 1996).
Unless mentioned otherwise, the concentrations of the plant
extracts and the TMV inoculum used in the experiments
were 200 and 100 mg/ml, respectively.

Effect of extracts on the inhibition of TMV infection in vitro

The TMV inoculum (100 mg/ml), was mixed in a 1:1 ratio
with extracts from each treatment plant (200 mg/ml). The
mixture was then applied to half-leaves of several N.
glutinosa plants (4 or 5 plants for each treatment). The
opposing half-leaves were only inoculated with TMV (50
mg/ml). Each treatment was carried out with at least 12
replicates (half-leaves). Additionally, ten half-leaves from
three N. glutinosa control plants were solely inoculated with
TMV (50 mg/ml).

Application of extracts on leaf surface before TMV
inoculation

In this experiment, we examined the inhibitory effects of the
plant extracts (treatments) applied to the leaf surface before
virus inoculation. Half-leaves from three or four N.
glutinosa plants were treated with each plant extract. After
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20 minutes, both the treated half-leaves and the untreated
half-leaves (control half-leaves) were inoculated with TMV.
Each treatment was replicated on ten half-leaves. Moreover,
ten half-leaves from four N. glutinosa (control plants) were
inoculated solely with treated TMV.

Systemic inhibitory activity of plant extracts

Twelve leaves from four N. glutinosa plants were treated
with each of four different plant extracts. Careful
randomization of the leaves was implemented to account for
potential variances in the responses of different leaves from
the same plant to the treatments. After 24 hours, these
treated leaves (referred to as "on-sites") and several
untreated leaves from the same plants (referred to as "remote
sites") were inoculated with TMV. For comparison, leaves
from four N. glutinosa plants were also inoculated solely
with TMV, serving as control plants. The leaves used in this
experiment were randomly selected from mature leaves
with approximately similar sizes.

Inhibition durability of plant extracts after washing

Nine half-leaves from three N. glutinosa plants were treated
with extracts from carnation, Indian privet, and prickly pear
cactus. Two hours later, these treated half-leaves were
thoroughly washed with water. The entire surface of both
the treated and untreated half-leaves was then inoculated
with TMV. The number of local lesions was compared
between the treated and untreated half-leaves.

Antiviral activity of plant proteins in vitro

Total protein from each treatment plant was prepared at a
concentration of 10 mg/ml and mixed in a 1:1 ratio with
TMV inoculum (100 mg/ml). This mixture was then
inoculated onto ten half-leaves from three N. glutinosa
plants. The opposing half-leaves, along with ten half-leaves
from three control plants, were inoculated solely with TMV
(50 mg/ml).

Durability and systemic activity of antiviral plant proteins

In this experiment, the systemic antiviral activity of each
plant’s total protein was examined over a 24-hour period
post-treatment. A total of ten randomly selected leaves
(replicates) from four N. glutinosa plants were treated with
each of the total proteins at a concentration of 5 mg/ml. After
24 hours, both the treated leaves and ten additional untreated
leaves from the same plants (remote sites) were inoculated
with TMV. Additionally, ten leaves from another four N.
glutinosa plants were inoculated solely with TMV to serve
as control samples.

Inhibitory effect of the extracts against TMV in a systemic
host

In this experiment the inhibition of TMV infection in the
systemic host, N. tabacum var. Turkish, by concurrently
inoculating TMV with aqueous extracts from Indian privet,
carnation, and prickly pear cactus. Individual young tobacco
seedlings were transplanted into separate pots. Aqueous
extracts from each treatment plant (200 mg/ml) were mixed
in a 1:1 ratio with the TMV inoculum (100 mg/ml) and
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applied to two leaves of ten Turkish seedlings. In parallel,
another set of ten Turkish plants was inoculated solely with
TMV (100 mg/ml), serving as the infected control plants.
Furthermore, another ten plants were treated with phosphate
buffer and designated as the healthy control plants. The
plants were spaced apart under greenhouse conditions for
symptom development. The antiviral properties of the
extracts were evaluated by monitoring the incubation period
and the appearance of mosaic symptoms until two months
after treatment. The presence of TMV infection in the plants
was evaluated using an indirect ELISA test (Konig, 1981).
Three leaves from each plant were randomly sampled and
tested for TMV infection.

Statistical analyses

The t-test was used to compare the mean values of the two
treatment groups. When evaluating the effects of more than
three treatments, the data were subjected to ANOVA
analysis, followed by Tukey's test for post-hoc comparisons
(https:/Avww.statskingdom.com/).

RESULTS AND DISCUSSION

Effect of aqueous extracts on the inhibition of TMV in N.
glutinosa

TMV inhibitory effect in vitro

The comparative analysis of each extract treatment against
its respective control treatment showed that all extracts,
except for the periwinkle, significantly reduced the number
of local lesions (Fig. 1 and Fig. 2A). ANOVA analysis
indicated that the inhibitory effects of Indian privet and
carnation were similar and significantly greater than those
of the prickly pear cactus extract (Fig. 2B). The calculated
inhibition percentages for the extracts were as follows:
Indian privet 94.8%, carnation 96.4%, cactus 87.4%, and
periwinkle 17.3%. In summary, the results of this
experiment demonstrated that the extracts from Indian
privet, carnation, and cactus were effective in neutralizing
TMV when mixed with it prior to inoculation (in vitro),
while the periwinkle extract did not exhibit such properties.

Inhibitory effect of extracts on leaf surface

In this experiment, extracts were applied to the half-leaves,
followed by the inoculation of TMV on both the treated and
untreated (control) half-leaves, as well as on control plants.
Comparative analysis revealed that the mean number of
lesions on half-leaves treated with Indian privet, carnation,
and cactus extracts was significantly lower than that
observed on the untreated half-leaves. However, the
periwinkle extract did not show a significant effect in
reducing the number of local lesions (Fig. 3). These results
were consistent with those obtained in the previous
experiment (3-1-1), demonstrating that the application of
these extracts to the leaf surface prior to TMV inoculation
had antiviral effects. According to our findings, the
compounds in the aqueous extract of periwinkle did not
exhibit anti-TMV effects. While some alkaloids found in
periwinkle have shown antiviral activity against certain
human viruses through mechanisms like protein synthesis
inhibition (Pal and Lal, 2023), such properties were not


https://www.statskingdom.com/

Kahani et al.,

observed in the aqueous extract of periwinkle when tested
against TMV.

Inducing systemic resistance 24 hours post-treatment

This experiment aimed to evaluate the potential for inducing
systemic resistance 24 hours after treating N. glutinosa
leaves with extracts from Indian privet, carnation, cactus,
and periwinkle. In treatments involving all extracts, except
for periwinkle, the mean number of local lesions on the
treated leaves (on-sites) was significantly lower than that on
the untreated leaves (remote sites). Furthermore, the mean
number of local lesions on the untreated leaves (remote
sites) did not show a significant difference compared to the
leaves of the control plants (Fig. 4). These results indicate
that the antiviral effects of Indian privet, carnation, and
cactus extracts were localized in the treated leaves, and
systemic resistance was not induced in the plants. The
observed percentages of inhibition 24 hours post- treatment
in the treated leaves (on-sites) were 92%, 87%, and 81% for
Indian privet, carnation, and cactus extracts, respectively.
No significant percentage of inhibition was observed with
the periwinkle extract in the treated leaves.

Durability of inhibitory effects after washing

In this experiment, washing treatments were applied to
evaluate the durability of the TMV inhibitory effects of
Indian privet, carnation, and cactus, all of which exhibited
anti-TMV effects in previous tests. Statistical comparisons
indicated that none of the three extracts differed
significantly in the number of local lesions from the control
group (the untreated half-leaves). Conversely, the number of
local lesions in the unwashed treatments was significantly
lower than that of the control treatments (Fig. 5A).
Additionally, the results indicated that for all three extracts,
the percentage of inhibition in the unwashed treatments was
higher than that in the washed treatments (Fig. 5B). Our
findings indicate that the inhibitory effects of Indian privet,
carnation, and cactus are limited to the leaf surfaces of N.
glutinosa. The inhibitory compounds do not penetrate the
plant cells; rather, they can be removed through washing.
Therefore, it can be suggested that when applied at sufficient
concentrations before or simultaneously with viral
inoculation, the inhibitory components from these plants
occupy specific sites on the plant's surface, which prevents
the attachment of TMV and its subsequent entry into the
cells through wounds. Similar conclusions have been
reported in other studies concerning carnation (Duarte et al.,
2021). Alternatively, the compounds from the plants may
have effectively inactivated the TMV. Conversely, some
other studies have indicated that the anti-TMV activity of
carnation is due to the inactivation of host ribosomes (RIPS)
(Taylor et al., 1994) or the induction of systemic resistance
in the host plant (Ostermann et al., 1987; Duarte et al.,
2021), which contradicts our findings. Regarding cactus, it
can be proposed that its inhibitory compounds may function
through ribonuclease activity, similar to that observed in
another species of Opuntia, O. ficus-indica (Rasoulpour et
al., 2017; Rasoulpour et al., 2018). In contrast, our results
regarding Indian privet challenge earlier studies that propose
a systemic antiviral effect of this plant extract against TMV
and some other plant viruses (Verma and Prasad, 1992;
Praveen et al., 2001).
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Fig. 1. Local lesions developed after inoculation of Tobacco
mosaic virus (TMV) alone (right half-leaves) or mixed with
aqueous extracts of (A) Clerodendrum inerme, (B) Dianthus
caryophyllus, (C) Opuntia stricta, and (D) Catharanthus roseus

(left half-leaves) in Nicotiana glutinosa
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Fig. 2. (A) The mean number of local lesions per half leaves (+
standard deviation bars) and (B) percent of virus inhibition
resulting from the inoculation of half-leaves of Nicotiana glutinosa
with Tobacco mosaic virus alone (control half leaf), in comparison
to the corresponding half-leaves treated with TMV mixed with
aqueous extracts from four plant species (treated half-leaf).
Different letters on columns (B) represent significant differences at
P < 0.05. **: significant difference at the 1% level between each
treatment and its corresponding control. ns: not significant.

TMV inhibitory effect of total proteins

The total protein concentrations extracted from 10 grams of
fresh tissue were 25 mg/ml for Indian privet, 19 mg/ml for
carnation, and 12 mg/ml for cactus. Approximately 4 ml of
total protein solution was extracted from each plant. Due to
the ineffectiveness of the periwinkle extract in inhibiting
TMV infection, the antiviral activity of its proteins was not

evaluated.
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Fig. 3. The mean number of local lesions (+ standard deviation
bars) resulting from the Tobacco mosaic virus inoculation of
half-leaves of Nicotiana glutinosa alone (control half leaf), in
comparison with the corresponding half-leaves pre-treated with
aqueous extracts of various plant species (treated half-leaf).
Control plants were inoculated only with Tobacco mosaic virus
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(TMV). **: significant difference at the 1% level between each
treatment and its corresponding control. ns: not significant.
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Fig. 4. Evaluation of different plant extracts for systemic resistance
induction against Tobacco mosaic virus infection in Nicotiana
glutinosa. The assay involved application of aqueous extracts onto
whole leaves of N. glutinosa, followed by inoculation with TMV,
24 h later, on these treated (on-site) as well as non-treated (remote)
leaves. Data are presented as mean number of local lesions per leaf
(£ standard deviation bars). Different letters on columns represent
significant differences at P < 0.05.

In vitro TMV inhibitory effects of total proteins

This experiment aimed to evaluate the effects of plant
proteins on TMV prior to inoculation. Results showed a
significant reduction in the mean number of local lesions
in the treated half-leaves compared to the control half-
leaves for all three plant proteins (Fig. 6A). The
percentage of inhibition observed was 92% for carnation,
91% for Indian privet, and 79% for cactus. This indicates
that the total proteins of Indian privet and carnation were
more effective than that of cactus in inhibiting TMV
infection (Fig. 6A). Notably, the percentage of inhibition
associated with the proteins from these three plants was
comparable to that of their respective aqueous extracts
(Fig. 1 and Fig. 6). Thus, it can be suggested that the
antiviral effects of the aqueous extracts of these plants are
mainly attributed to their protein content.
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Fig. 5. (A) The mean number of local lesions per half leaves
and (B) percentage of inhibition resulting from plant extracts
applied to Nicotiana glutinosa in washed and unwashed
treatments prior to Tobacco mosaic virus (TMV) inoculation.
In washed treatments, extracts were applied to half of the
leaves, washed after 2 hours, and inoculated with TMV (washed
(T)) along with untreated halves (washed (C)). In unwashed
treatments, extracts were applied to half of the leaves and then
both halves (unwashed (T) and unwashed (C)) were inoculated
with TMV after 2 hours. B compares inhibition percentages for
washed and unwashed treatments. Different letters on columns
denote significant differences at P < 0.05. **: 1% level
significance between treatments and corresponding controls.
ns: not significant.

Examining systemic resistance by plant proteins
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Total proteins extracted from Indian privet, carnation, and
cactus were applied to the leaves of N. glutinosa. Twenty-
four hours later, TMV was inoculated on these treated leaves
(on-sites), as well as on untreated leaves from the same
plants (remote sites) and on control plants. The mean
number of local lesions on the leaves treated with each of
the three plant proteins (on-sites) was significantly lower
than on the untreated leaves from the same plants (remote
sites). Furthermore, no significant difference was observed
between the number of local lesions at remote sites and
those on the control plants (Fig. 7). These findings confirm
that the anti-TMV properties of these protein treatments
function locally and do not induce systemic resistance.
These results are consistent with the non-systemic effects
observed from the aqueous extracts of these plants. These
results indicate that the anti-TMV properties of aqueous
extracts from Indian privet, carnation, and cactus are likely
related to their protein content. Plant proteins are known for
their antiviral properties, effectively inhibiting viral
infections (Verma and Baranwal, 2011; Duarte et al., 2021).
Three hypotheses explain the antiviral mechanisms of the
plant proteins. First, inhibitory proteins may function as
ribosome inactivating proteins (RIPs), which terminate
protein synthesis in infected cells and lead to cell death (Cho
et al., 2000; Domashevskiy et al., 2017). However, our
findings suggest that the inhibitory effects of Indian privet,
carnation, and cactus are confined to the leaf surfaces of N.
glutinosa. Second, these proteins could trigger the
production of virus inhibitory agents (VIA) that alter cellular
metabolism to promote systemic resistance (Awasthi et al.,
2016). Nonetheless, the study found localized surface
activity in Indian privet, carnation, and cactus without any
systemic effects. Third, components in some plant species
may exhibit ribonuclease activity, which can lead to virus
inactivity (Rasoulpour et al 2017). Finally, antiviral proteins
may bind to virus particles, competing for receptor sites on
the plant's surface (Van Kammen et al., 1961; Yang et al.,
2012). This aligns with our findings, suggesting that
proteins from these plants, when applied in sufficient
quantities, can prevent TMV attachment and entry.
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Fig. 6. (A) The mean number of local lesions (+ standard
deviation bars) and (B) percent of virus inhibition resulting
from the inoculation of half-leaves of Nicotiana glutinosa with
Tobacco mosaic virus alone (control half leaf), in comparison
to the corresponding half-leaves treated with TMV mixed with
total protein extracts of various plant species (treated half-leaf).
(B) Different letters on treatment bars represent significant
differences at P < 0.05. **: significant difference at the 1% level
between each treatment and its corresponding control.

Inhibitory effect of the extracts against TMV in systemic
host

In this experiment, all Turkish tobacco plants inoculated
with TMV, including both treated and untreated controls,
exhibited mosaic symptoms in 2-3 weeks. In contrast,
none of the healthy control Turkish plants displayed any
symptoms throughout the 2-month post-inoculation
period. All plants showing mosaic symptoms tested
positive for TMV in ELISA. Additionally, TMV
infection was not detected in any asymptomatic plants by
ELISA tests.
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Fig. 7. Effects of total protein extracted from different plants
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involved application of total protein onto leaves of N. glutinosa,

followed by inoculation with TMV, 24 h later, on these treated
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presented as mean number of local lesions per leaf (+ standard

deviation bars). Different letters on treatment bars represent
significant differences at P < 0.05.
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These findings suggested that the inhibitory effect of
extracts is not absolute, allowing a small amount of virus
to enter the plant and cause systemic infection in Turkish
tobacco. Furthermore, the plant extracts did not influence
the latency period of TMV when comparing Turkish
plants treated with the extracts to infected control plants
(data not shown).

CONCLUSION

The findings of this study indicate that extracts and total
proteins derived from Indian privet, carnation, and cactus
can locally inhibit TMV infection on treated leaves of a
local lesion host. The significant inhibitory effects of
these plant extracts on TMV infection in local lesion
hosts suggest their potential use in protecting natural host
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plants (systemic hosts) against TMV and other
Tobamoviruses. In this regard, a previous study
(Ostermann et al., 1987) has shown the successful use of
carnation extract to manage TMV in the systemic host of
tobacco. However, our study found that the plant extracts
used in this study were ineffective against TMV infection
in the systemic host, N. tabacum var. Turkish. Further
investigations are needed to elucidate the factors
contributing to the local anti-TMV action of the Indian
privet used in this study, in contrast to the systemic
activity of this plant species reported elsewhere (Verma
and Prasad, 1992; Praveen et al., 2001).
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