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Abstract

Intensive and indiscriminate use of fungicides is responsible for environmental pollution effecting the living organisms.
Natural plant extracts emerge to be potential candidates having competitive abilities to overcome the plant pathogens
without effecting human health and environment. Rhizoctonia solani, a root rot causing agent is responsible to cause huge
economic losses with limited controlling agents available. The effect/potential of two plant extracts neem (Azadirachta
indica) and eucalyptus (Eucalyptus globulus) was studied against R. solani on tomato seedlings. The altered biochemical
activities and stress induced markers were monitored in diseased and treated conditions for tomato seedlings at different
growth intervals. Results revealed that stress induced markers such as accumulation of hydrogen peroxide (H,Oy,
Malondialehyde (MDA) indicated significant increase as compared to the control. Antioxidant enzymes like superoxide
dismutase (SOD), catalase (CAT) and peroxidase (POD) enzymes were also significantly increased in diseased plants
treated with plant extracts. Moreover, during protein expression analysis, presence of low molecular proteins PR-2 (33-
37kDa) were evident in diseased plants treated with neem and eucalyptus extracts as compared to control. Thus, it is
concluded that application of plant extracts triggered systemic resistance by the expression of pathogenesis related proteins
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(PR) and alteration of antioxidant enzyme activities in tomato seedlings.

Key words: Antioxidant enzymes, Pathogenesis related proteins, Plant extracts, Rhizoctonia solani and Systemic resistance.

Introduction

Rhizoctonia solani is a well-known pathogenic fungus
causing severe damage to young seedlings by morphological
and biochemical alterations (Long et al., 2019). So far,
several disease management options have been employed
such as moderately resistant varieties, cultural control,
biological control and synthetic fungicides. Among these,
excessive use of fungicides may lead to resistant fungal
strains along with adverse effects on environment that calls
an alternative input for sustainable agriculture. Thus, to
overcome this dilemma, alternative strategies using plant
extracts are being investigated since last decade (Choudhury
et al., 2018). These botanicals contain wide range of
bioactive compounds, well known for antimicrobial activity
and activate natural defense mechanism. Additionally, these
extracts also contain different substances such as plant
hormones, nutrients, antioxidants and osmoprotectants that
efficiently strengthen the defense systems (antioxidant
enzymes) of plants against environmental stresses and play a
vital role in growth promotion (Desoky et al., 2019). These
extracts may ultimately hinder disease development by
activating defense responses regarded as induction of
systemic Resistance (Rashad et al., 2018) possess defensive
enzymes and trigger Pathogenesis related proteins (PR
proteins) (Prasannath, 2017).

Plants counteract pathogen attack by inducible
responses (Malo et al., 2017) like generation of active
oxygen species (ROS) such as superoxide ion (O,),
hydrogen peroxide (H,O,) and causing oxidative damage
by lipid peroxidation, membrane damage, inactivation of
proteins and genetic (DNA) mutations which can be
controlled by the stable expression of antioxidant enzymes
such as peroxidase (POD), superoxide dismutase (SOD)

and catalase (CAT) (Das & Roychoudhury, 2014). Mostly,
the innate immunity of plants fail to maintain healthy
growth of plants, therefore, exogenous support such as
plant extracts is required to increase plant tolerance to the
stress (Desoky et al., 2018; Ur Rehman et al., 2018).

Azadirachta melia (Neem) leaves have higher total
phenolic content (Naseer et al., 2014) while Eucalyptus
globulus (eucalyptus) has monoterpene citronellal. Their
extracts are responsible to treat various fungal diseases of
plants through activating defense mechanisms (Goel et
al., 2016; Shafique et al., 2019) and stimulate immunity
of plant. The implications of plant extracts are considered
safe compared to synthetic chemicals and are effective
against different plant diseases. Consequently, the present
work was planned to explore the systemic acquired
resistance in response to the aqueous extract of neem and
eucalyptus against the attack of Rhizoctonia solani by
activating defense system.

Materials and Methods

Isolation and inoculum preparation: Tomato (Solanum
lycopersicum) seedlings having root rot symptoms were
collected. After washing, small root pieces (1 cm) were
cut from diseased plants and surface sterilized with 2%
sodium hypochlorite solution for 2 minutes followed by
washing with autoclaved water. The roots were
transferred to potato dextrose agar (PDA) at 25-30°C for a
week to observe the growth of Rhizoctonia solani. 95 g
garden soil with 5 g flour was mixed and autoclaved after
the addition of 10 ml of water for preparation of soil
inoculum. After that, fungal disc was introduced
aseptically with incubation period of about 15 days.
Flasks were agitated daily to avoid mycelial compaction.
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Preparation of leaves extracts: For the preparation of
plant extracts 50 g of powder of neem and eucalyptus was
added in 100 ml distilled water, kept overnight and then
filtered through muslin cloth. The extracts were poured in
bottles and heated at 100°C for 20 minutes to avoid
contamination.

Green house experiment: The 20 days old healthy
seedling of tomato varieties were divided into six groups
of each variety. Three groups of each variety were
transferred to pots containing natural-pathogen-free soil
where the first group was grown in untreated soil that
served as control; the second group was grown in soil
treated with neem extract, whereas, the third group was
grown in soil treated with eucalyptus extract. The
remaining three groups of each variety were grown in a
comparable set of treatments but with soil artificially
infested with 5% inoculum of R. solani w/w. The plants
were uprooted at three different intervals (5, 15 and 30
days) after the application of plant extracts to determine
the percentage colonization of roots by R. solani. The
roots were washed to remove soil, cut into 1 cm long
pieces and placed on PDA plates after surface sterilization
with 2% sodium hypochlorite solution for 2 minutes. Root
colonization was recorded after incubation for 5 days by
using the following formula:

Number of root pieces colonized by
the fungus x 100
Total number of root pieces

Colonization (%) =

Hydrogen peroxide determination: Hydrogen peroxide
was measured according to the method of Jessup (Jessup
et al., 1994). Fresh leaf tissues (500mg) were extracted in
5 ml of tri-chloro acetic acid (0.1%) and supernatant was
separated after centrifugation at 12,000 rpm for 15
minutes. Reaction mixture was prepared by adding 500 pl
of plant supernatant, 500 pl of K- phosphate buffer (pH
7.0) and 1 ml of potassium iodide. The absorbance was
measured at 390 nm.

Malondialdehyde  (MDA)  determination:  The
malondialdehyde (MDA) content was estimated by the
method of (Heath & Packer, 1968). For this, 1 g fresh
leaves was mixed in 2 ml of trichloroacetic acid (5%) and
supernatant was collected after centrifugation at 12,000
rpm for 15 minutes. 0.5% TBA and 500 pl of the
supernatant was mixed and boiled for 30 minutes at 95°C
then placed at room temperature for cooling. The mixture
was again centrifuged at 7500 rpm for 5 minutes at 4°C.
Absorbance of supernatant was taken at 532 nm and 600
nm by spectrophotometer.

Proline assay: Proline was estimated by the method of
Bates (Bates et al., 1973). For this, 500 mg tissue (leaf)
were extracted using sulfosalicylic acid and then
centrifuged at 12000 rpm for 15 minutes. Reaction
mixture containing 1 ml of supernatant, 1 ml of acid
ninhydrin solution and glacial acetic acid was boiled for 1
hour. Reaction was stopped and toluene (4 ml) was added
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and vortexed; the resulting mixture was placed for 30
minutes at room temperature. Layer formation appeared
in the solution from which absorbance was taken at 520
nm. For blank only toluene was used.

Antioxidant enzymes assays: Fresh leaves of tomatoes
were used to extract antioxidant enzymes (Elavarthi et al.,
2010). 0.1 g of leaf samples were homogenized in 1.2 ml
potassium phosphate buffer (0.2M, pH-7.8). The
homogenized mixture was centrifuged at 12000 rpm at
4°C for 15 minutes. Supernatant was used for enzyme
quantification.  For  superoxide oxide dismutase
quantification, assay mixture was prepared by adding 3
ml of K.P buffer (EDTA, |-methionine, 50 uM NBT and
Triton-X100 (0.025%)), riboflavin (20 pl) and plant
supernatant (20 pl). The reaction started when the tubes
were exposed by fluorescent tube light for 15 minutes
then absorbance was measured at 560 nm (Beauchamp &
Fridovich, 1971).For catalase quantification, the reaction
mixture consisted of K.P buffer (50Mm, pH-7.8), 15mM
H,0, and 100 ul of leaf extract. OD was observed at 240
nm after every 30 second (Aebi, 1984). For peroxidase
quantification, the reaction mixture was prepared by
adding Guaiacol 2.7 mM, K.P buffer (50 mM, pH-7.0)
and Hydrogen peroxide (2 mM). 100 pl of enzyme extract
was mixed with reaction mixture and OD was taken at
470 nm (Polle et al., 1994).

Qualitative detection of Pathogenesis related proteins
(PR-2) through western blotting: Total soluble protein
is extracted using Phosphate Buffer Saline (PBS). For
this 100 mg tissues are homogenized in 1ml PBS and
then centrifuged at 12000 rpm for 20 minutes at 4°C.
Concentration of total soluble protein was determined
through Bradford assay (Bradford, 1976). About 30-40
pg protein samples from each treatment at seedling stage
was electrophoresed on 12% gel at 100 V along with
broad range protein ladder (16-270kDa) (Laemmli,
1970). The proteins separated by SDS-PAGE were
electrophoretically transferred to PVDF membrane (0.45
pm) by using (Towbin et al., 1979) method. The
membrane was probed with primary antibody of PR-2
protein for 2-4 h with concentration of 1:1000 followed
by rabbit polyclonal antibody (2°Ab) conjugated with
alkaline phosphatase (AP). The blot was developed with
alkaline phosphatase buffer containing BCIP (5-bromo-
4-chloro-3-indolyl phosphate) and NBT (nitroblue
tetrazolium) till the bands became visible. The blot then
rinsed with distilled water, dried and scanned.

Statistical analysis

The above experiment was performed three times.
The statistical analyses of all treatments in the experiment
were made in the groups and then results were evaluated.
Two way (ANOVA) variance analysis was applied for the
evaluation of the data. The difference between the
applications was determined using the Least Significant
Design (LSD) at the p<0.05 probability level.
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Results

In tomato seedlings the induced resistance through
aqueous extract of neem and eucalyptus were analyzed in
root rot diseased seedlings of tomato at three different
intervals.

Root colonization percentage: No root colonization was
observed in plants grown in soil not infested with R.
solani inoculum. Neem extract proved more effective than
eucalyptus extract by exhibiting low percentage of
colonization in both the varieties. The root colonization
percentage reduced from 33% in tomato plant growing in
untreated infested soil to 20% in neem and eucalyptus
extract treated soil after 15 days in variety Rio grande.
While in variety Jumbo, it declined from 80% to 40% and
20%, respectively (Fig. 1). After 30 days of application of
neem extract, the reduction in root colonization
percentage was from 46.6% in untreated plants to 26.6%
in variety Rio grande and from 60% to 26.6% in Jumbo
while eucalyptus extract reduced the colonization
t033.3% in both the varieties.

Root Colonization Percentage
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Fig. 1. Root colonization percentage of two tomato varieties
(Rio grande and Jumbo) at seedling stage after 15 and 30 days of
Azadirachta indica and Eucalyptus globulus extract application.
Control (C), Diseased (D), Diseased Neem (DN) and Diseased
Eucalyptus (DE). The figure showed data from a representative
experiment that was repeated three times.

Hydrogen peroxide (H,0,): Statistical analysis revealed
that hydrogen peroxide content was not significantly
different (p>0.05) after 5- and 15-days intervals among
the varieties while after 30 days, varieties showed
significant difference (p<0.05) in hydrogen peroxide
levels. At the three different intervals, treatments (T) and
their interactions with varieties (Vx T) showed significant

differences (p<0.05). After 5- and 15-days intervals,
highest hydrogen peroxide content was found in Rio
grande as compared to jumbo in diseased plants (Fig. 2a).
While H,0, content was remarkably decreased in Rio
grande and Jumbo only after neem extract application.

Malendialdehyde (MDA): Statistical analysis revealed
that after 5, 15 and 30 days of plant extract application,
varieties (V), treatments (T) and their interaction (Vx T)
showed significant differences (p<0.05) for this
parameter. The concentration of MDA was significantly
higher in diseased plants of both the varieties at 5, 15- and
30-days intervals (Fig. 2b). At 5 days interval, MDA
content was slightly increased in Rio grande while
remarkably decreased in Jumbo in Azadirachta indica
(neem) treated seedlings. Eucalyptus application declined
MDA content in both the varieties. At 15- and 30-days
interval, lipid peroxidation declined in both varieties
where neem extract was applied.

Proline: Statistical analysis of proline content revealed
that varieties (V), treatments (T) and their interaction (\Vx
T) showed significant differences (p<0.05) at 5, 15- and
30-days intervals after plant extract application. In
diseased seedlings, proline content was decreased in both
the varieties at all the intervals (Fig. 3a). The
accumulation of proline increased remarkably after
application of both plant extracts at 5, 15- and 30-days
interval in both the varieties.

Antioxidant enzyme analysis

Superoxide dismutase: Regarding superoxide dismutase
enzyme showed significant difference (p<0.05) among
varieties (V), treatments (T) and their interaction (Vx T)
at three different intervals. Under diseased conditions,
both varieties exhibited minimum activity (Fig. 4a). The
activity of SOD was rapidly increased in Rio grande after
application of plant extract after 5 and 30 days and in
Jumbo after 15 days. Whereas Jumbo exhibited maximum
SOD activity.

Catalase: Statistical analysis of catalase enzyme revealed
that varieties (V), treatments (T) and their interaction (\Vx
T) showed significant differences (p<0.05) after 5, 15 and
30 days of plant extract application. At 5- and 15-days
intervals, in diseased condition higher catalase activity
was found in Rio grande as compared to Jumbo but
opposite results were found after 30 days (Fig. 4b). At 30-
days interval, expression of CAT was evident only in
variety Jumbo in both the extracts treatments.

Peroxidase: Statistical analysis revealed that varieties
(V), treatments (T) and their interaction (Vx T) showed
significant differences (p<0.05) at the three different
intervals. Under diseased conditions, at both 5- and 30-
days intervals, both neem and eucalyptus extracts
application showed slightly increased peroxidase activity
in both the varieties where higher peroxidase activity was
found in Rio grande compared to Jumbo (Fig. 5).
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Fig. 2. (a) Hydrogen peroxide (H,O,) (b) Malendialdehyde (MDA) content of two tomato varieties (Rio grande and Jumbo) at
seedling stage after 5, 15 and 30 days of Azadirachta indica and Eucalyptus globulus extract application. Control (C), Control Neem
(CN), Control Eucalyptus (CE), Diseased (D), Diseased Neem (DN) and Diseased Eucalyptus (DE). The figure showed data from a
representative experiment that was repeated three time and were significantly different at p<0.05 according to LSD.

Qualitative detection of Pathogenesis related proteins
(PR-2) through western blotting: Statistical analysis of
total soluble protein showed that after 5, 15 and 30 days
of plant extract application, varieties (V), treatments (T)
and their interaction (Vx T) exhibited significant
differences (p<0.05). At all the three intervals, maximum
amount of protein was observed in Jumbo in both control
and diseased conditions compared to Rio Grande (Fig.
3b). Total protein concentration gradually increased in
both the varieties after neem and eucalyptus extracts
application in control as well as in diseased stress plants.
Protein profiling of the control, diseased and plant extract

treated groups showed six visible different molecular
weight protein bands 16kDa, 30kDa 33kDa, 37kDa,
52kDa and 66kDa. Under disease treatments, two types of
molecular weight protein bands (33 and 37kDa) were
evident (Figs. 6 and 7). In both the varieties, polypeptides
with the molecular weight of 33kDa appeared in diseased
seedlings. However, after plant extract treatment,
decrease in expression of 33KDa protein but increase in
the expression of 35kDa 37kDa was observed (Fig. 8).
Both the varieties expressed the pathogenesis induced
protein (PR-2) with higher intensity in neem compared to
eucalyptus extract application.
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Fig. 3. (a) Proline content (b) Total soluble protein of two tomato varieties (Rio grande and Jumbo) at seedling stage after 5, 15 and 30
days of Azadirachta indica and Eucalyptus globulus extract application. Control (C), Control Neem (CN), Control Eucalyptus (CE),
Diseased (D), Diseased Neem (DN) and Diseased Eucalyptus (DE). The figure showed data from a representative experiment that was
repeated three time and were significantly different at p<0.05 according to LSD.

Discussion

This study has explained the use of neem and
eucalyptus extracts as potential botanical agents against the
Rhizoctonia root rot of tomato. Plant extracts exhibit
potential antifungal activities against pathogenic fungi of
plants (Abed-Ashtiani et al., 2018). The results revealed
that in both the varieties root colonization percentage was
reduced significantly by application of aqueous extract of
neem. Neem showed more effectiveness compared to
eucalyptus extract due to broad range of valuable bioactive
compounds such asquercetin, salannin, azadirachtin,
nimbolinin,nimbidin, nimbin and nimbidol (Rodrigues,
2019) having antimicrobial properties.

Stress tolerance indicators such as lipid peroxidation
(MDA) and H,0, content in diseased plants indicated more
damage due to increased oxidative stress in response to
pathogen induced biochemical, cellular and molecular
alterations (Taheri et al., 2014) such as accumulation of
reactive oxygen species. It is an earliest response of plant
against biotic stress which inhibits the pathogen growth.
ROS act as antimicrobial molecules as well as trigger
immune responses (Camejo et al., 2016). Farmer &
Mueller, 2013 reported that lipid peroxidation (measured as
MDA) was an indicator of ROS proliferation (Moldes et
al., 2016) while H,O, content served as an elicitor in plant
pathogen interaction (Zhai et al., 2017) and could improve
resistance against Fusarium (Sorahinobar et al., 2015). The
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high content of both H,O, and MDA were also reported in
Vicia faba leaves infected by bean yellow mosaic virus
(Radwan et al., 2010; Spanic et al., 2017).

In this study, lipid peroxidation and hydrogen peroxide
content were reduced after application of neem and
eucalyptus extracts. Among both the extracts, the
maximum reduction in stress tolerance markers (MDA and
H,0,) was found in neem extract treated seedlings,
suggesting role in mitigating the root rot disease
development by reduction in oxidative stress. This reduced
level of lipid peroxidation may be due to a mechanism that
activates the antioxidant defensive enzymes. It is reported
that extract of Azadirachta indica has compounds that are
rich source of antioxidants due to which it plays an
important role as free radical scavenger (Alzohairy, 2016).

Plants have different defense mechanisms against
pathogens. The best-known mechanisms are antioxidant
enzymes that constantly modulate against number of
reactive oxygen species which act as first line of defense
and systemic acquired resistance which include the
production and accumulation of PR proteins (Oliveira et
al., 2016). Plants possess fundamental mechanism of
antioxidant enzymes against stress oxidative damage (Wu
et al., 2014).In this study, antioxidant enzymes activity
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such as superoxide dismutase showed minimal activity in
diseased condition but after the applications of both the
plant extracts, SOD activity was increased in Rio grande.
This increase in SOD levels caused more accumulation of
H,O, and it is suggested that it is an essential element
involve in resistance against pathogen diseases (Sharma et
al., 2012; Li et al., 2015). Catalase and Peroxidase activity
was also increased significantly in diseased leaves of both
the varieties compared to control. Treatment of seedlings
with neem and eucalyptus extracts lead to increased
enzyme activity that resulted in suppression of the disease
due to the antifungal activity and phenolic compounds that
are associated with their antioxidant activities. Moreover,
the balance between H,0, scavenging enzymes and SOD
are crucial in determining the state level of O, and H,0,
(Saravanakumar et al., 2011). The peroxidase enzymes are
reported to have a dual role as an important scavenger of
H,O, as well as helper in the oxidation of phenolic
compounds against pathogens (Li et al., 2015). It shows
that phenolic compounds are associated with antioxidants
exhibiting redox properties, due to which acting as
reducing agent hydrogen donors and singlet quenchers
(Asif, 2015) as well as induce systemic resistance by the
accumulation of PR-Proteins.

a Superoxide dismutase | _ s b Catalase V=p<0.05
T =p<0.05 300 T=p<0.05
1500 T . ORiogrande MJumbo VxT=p<005 1 ORiogrande MJumbo VxT=p<0.05
4 b al E{_ a g a
4 b — E ab b
.E ] t w200 + T - abe
1000 | b c <
] 4 M - = be
wi s =
a— "E' ] d o w b
2 ]
- e E 4
0 a| 500 + 100 1 i g
0 ] - ﬁ i
il B e J
] f 1
o 1L L] = |:| 0~ o
1400 - V=p <005
1200 T ; T oo el : ER
4+ ™ = =p i 1 =
E VT = p< 005 250 1 e f vxT=p<0.05
%1000 X ]
] 200 1
4 < goo E ] b b
) £ 3 ¢ <2l 150 T
HEREELE: : I ;
b a ] ) 5| 100 1
Q| 400 & b ¢ E ]
= e ok L D 0= = e e L L
o 1IN [ [ | 0 - - o
1600 V=p<0.05 V=p<0.05
a T =p<0.05 450 T=p<005
1400 b VxT:p;U.US 400 VxT:p-ﬂtﬂ].US
0/1000 . ¢ : ; 300 b
k-] C
| 800 . % 250 . N
2| 600 b b =] 200 = 4
£| 150
9| a00 ¢ c 5
@ | 100 e e ¢ ¢
200 4 3| so i i ﬂ
0 T T T T T 0 4 T T T
c CN CE D DN DE c CN CE D DN DE

Fig. 4. (a) Superoxide dismutase (SOD) enzyme (b) Catalase enzyme activity of two tomato varieties (Rio grande and Jumbo) at
seedling stage after 5, 15 and 30 days of Azadirachta indica and Eucalyptus globulus extract application. Control (C), Control Neem
(CN), Control Eucalyptus (CE), Diseased (D), Diseased Neem (DN) and Diseased Eucalyptus (DE). The figure showed data from a
representative experiment that was repeated three time and were significantly different at p<0.05 according to LSD.
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Fig. 5. Peroxidase (POD) enzyme activityof two tomato varieties
(Rio grande and Jumbo) at seedling stage after 5, 15 and 30 days
of Azadirachta indica and Eucalyptus globulus extract
application. Control (C), Control Neem (CN), Control
Eucalyptus (CE), Diseased (D), Diseased Neem (DN) and
Diseased Eucalyptus (DE). The figure showed data from a
representative experiment that was repeated three time and were
significantly different at p<0.05 according to LSD.
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Fig. 6. SDS-PAGE protein profiling of variety Rio grande at
seedling stage after 5, 15 and 30 days of Azadirachta indica and
Eucalyptus globulus extract application. Control (C), Control
Neem (CN), Control Eucalyptus (CE), Diseased (D), Diseased
Neem (DN) and Diseased Eucalyptus (DE).

As reported in previous studies, these plant extracts
had direct antifungal activity against fungal pathogens;
indirectly they might trigger the host defense by
successful induction of immunity system of plant against
pathogens (Akladious et al., 2015; Abkhoo & Jahani,
2017) and protecting the plant by enhancing expression
of defense related proteins (PR proteins). SDS- PAGE
analysis revealed that different protein bands were
apparently induced under disease condition and 33 and
37 kDa also appear after plant extracts treatments. This
study revealed that number of proteins are induced to
enhance the defense system of tomato against root rot
disease. Therefore, high expression of proteins bands of
molecular weight 33 and 37kDa was found in extract-
treated plants which showed their importance in plant
resistance and they may be PR proteins. In both the
varieties, PR-2 proteins (33-37kDa) were found in neem
treated seedlings. These PR proteins generate the long
lasting and broad range of resistance against pathogens
in different crop varieties (Ali et al., 2017; Ali et al.,
2018b). There are 17 different families of PR-proteins,
among them PR-2 proteins are potential antifungal
proteins in plants (Ali et al., 2018a) which target the
fungal cell wall or hydrolyze them and cause cell death
(Agarwal et al., 2014). It is hence concluded that plant
extracts application is an ecofriendly approach to
provide possibilities for induction of systemic resistance
against different diseases to trigger antioxidant enzyme
activity and accumulate pathogenesis related proteins.
Moreover, plant extracts as SAR inducers reduce the
adverse effect on environment as well as give good and
equal effective protection as fungicides.
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Fig. 7. SDS-PAGE protein profiling of variety Jumbo at
seedling stage after 5, 15 and 30 days of Azadirachta indica and
Eucalyptus globulus extract application. Control (C), Control
Neem (CN), Control Eucalyptus (CE), Diseased (D), Diseased
Neem (DN) and Diseased Eucalyptus (DE).
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Neem (DN) and Diseased Eucalyptus (DE).

Acknowledgments

This study was supported by Karachi institute of
Biotechnology and Genetic Engineering, University of
Karachi, Karachi Pakistan.

References

Abed-Ashtiani, F., M. Arzanlou, A. Nasehi, J. Kadir, G.
Vadamalai and S. Azadmard-Damirchi. 2018. Plant tonic, a
plant-derived bioactive natural product, exhibits antifungal
activity against rice blast disease. Ind. Crops Prod., 112:
105-112.

Abkhoo, J. and S. Jahani. 2017. Efficacy of some medicinal
plants extracts for potential antifungal activity. Int. J.
Infect, 4(1).

Aebi, H. 1984. Catalase In vitro. Meth. Enzymol., 105: 121-126.

Agarwal, P. and P.K. Agarwal. 2014. Pathogenesis related-10
proteins are small, structurally similar but with diverse role
in stress signaling. Mol. Biol. Rep., 41(2): 599-611.

Akladious, S.A., G.S. Isaac and M.A. Abu-Tahon. 2015.
Induction and resistance against Fusarium wilt disease of
tomato by using sweet basil (Ocimum basilicum L.) extract.
Can. J. Plant Sci., 95(4): 689-701.

Ali, S., B.A. Ganai, AN. Kamili, A.A. Bhat, Z.A. Mir, J.A.
Bhat, A. Tyagi, S.T. Islam, M. Mushtaq, P. Yadav and S.
Rawat. 2018a. Pathogenesis-related proteins and peptides
as promising tools for engineering plants with multiple
stress tolerance. Microbiol. Res., 212: 29-37.

Ali, S., N. Chandrashekar, S. Rawat, N.M.C. Nayanakantha,
Z.A. Mir, A. Manoharan, M. Sultana and A. Grover. 2017.
Isolation and molecular characterization of pathogenesis
related PR2 gene and its promoter from Brassica juncea.
Biol. Plant, 61(4): 763-773.

Ali, S., Z.A. Mir, JA. Bhat, A. Tyagi, N. Chandrashekar, P.
Yadav, S. Rawat, M. Sultana and A. Grover. 2018b.
Isolation and characterization of systemic acquired
resistance marker gene PR1 and its promoter from Brassica
juncea. 3 Biotech., 8(1): 10.

Alzohairy, M.A. 2016. Therapeutics role of Azadirachta indica
(Neem) and their active constituents in diseases prevention
and treatment. Evid. Based. Comp. Altern. Med., 2016: 1-11.

Asif, M. 2015.Chemistry and antioxidant activity of plants
containing some phenolic compounds. Chem. Int., 1(1): 35-52.

NABEELA AFZAL ET AL,

Bates, L.S., R.P. Waldren and L.D. Teare. 1973. Determination
of proline for water-stress studies. Plant Soil, 39: 205-207.

Beauchamp, C. and I. Fridovich. 1971. Superoxide dismutase:
improved assays and an assay applicable to acrylamide
gels. Anal. Biochem., 44(1): 276-287.

Bradford, N.A. 1976. A rapid and sensitive method for the
quantitation microgram quantities of a protein isolated from
red cell membranes. Anal. Biochem., 72: 248-254.

Camejo, D., A. Guzman-Cedefio and A. Moreno. 2016. Reactive
oxygen species, essential molecules, during plant-pathogen
interactions. Plant Physiol. Biochem., 103: 10-23.

Choudhury, D., P. Dobhal, S. Srivastava, S. Saha and S. Kundu.
2018. Role of botanical plant extracts to control plant
pathogens-A review. Ind. J. Agric. Res., 52(4): 341-346.

Das, M.K. and A. Roychoudhury. 2014. ROS and responses of
antioxidant as ROS-scavengers during environmental stress
in plants. Front. Environ. Sci., 2: 1-13.

Desoky, E.S.M., A.RM. Merwad and M.M. Rady. 2018.
Natural biostimulants improve saline soil characteristics
and salt stressed-sorghum performance. Comm. Soil Sci.
Plant Anal., 49(8): 967-983.

Desoky, E.S.M., A.S. Elrys and M.M. Rady. 2019. Integrative
moringa and licorice extracts application improves
Capsicum annuum fruit yield and declines its contaminant
contents on a heavy metals-contaminated saline soil.
Ecotoxicol. Environ. Saf., 169: 50-60.

Elavarthi, S. and B. Martin. 2010. Spectrophotometric assays
for antioxidant enzymes in plants. Plant Stress Toleran.,
273-280.

Farmer, E.E. and M.J. Mueller. 2013. ROS-mediated lipid
peroxidation and RES-activated signaling. Ann. Rev. Plant
Biol., 64: 429-450.

Goel, N., K. Anukrati and P.K. Paul. 2016. Anti-
phytopathogenic and SAR inducing properties of neem: A
review. J. Chem. Pharm., 9(4): 2547-2555.

Heath, R. and L. Packer. 1968. Photooxidation in isolated
chloroplasts. Arch. Biochem. Biophys, 125: 189-198.

Jessup, W., R.T. Dean and J.M. Gebicki. 1994. lodometric
determination of hydroperoxides in lipids and proteins.
Meth. Enzymol, 233: 289-303.

Laemmli, U.K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature,
227(5259): 680-685.

Li, Y., Y. Gu, J. Li, M. Xu, Q. Wei and Y. Wang. 2015.
Biocontrol agent Bacillus amyloliquefaciens LJO2 induces
systemic resistance against cucurbits powdery mildew.
Front. Microbiol., 6: 883.

Long, J.J., E.K. Luna, M. Jackson, W. Wheat, C.E. Jahn and J.E.
Leach. 2019. Interactions of free-living amoebae with the
rice fungal pathogen, Rhizoctonia solani. BMC Res. Notes,
12(1): 1-7.

Malo, I., M. De Bastiani, P. Arevalo and G. Bernacchia. 2017.
Natural extracts from pepper, wild rue and clove can
activate defenses against pathogens in tomato plants. Eur.
J. Plant Pathol, 149(1): 89-101.

Moldes, C.A., O.F. de Lima Filho, L.J. Merini, S.M. Tsai and
J.M. Camifia. 2016. Occurrence of powdery mildew disease
in wheat fertilized with increasing silicon doses: a
chemometric analysis of antioxidant response. Acta
Physiol. Plant, 38(8): 206.

Naseer, R., B. Sultana, F. Anwar, Z. Mehmood and M. Mushtag.
2014. Variations in phenolics, antioxidant and antifungal
activities among different parts of selected medicinal
plants. Pak. J. Bot., 42(2): 705-12.

Oliveira, M.D.M., C.M.R. Varanda and M.R.F. Félix. 2016.
Induced resistance during the interaction pathogen x plant
and the use of resistance inducers. Phytochem. Lett., 15:
152-158.



PLANT EXTRACTS INDUCING SYSTEMIC RESISTANCE IN SOLANUM LYCOPERSICUM 709

Polle, A., T. Otter and F. Seifert. 1994. Apoplastic peroxidases
and lignification in needles of Norway spruce (Picea abies
L.). Plant Physiol., 106(1): 53-60.

Prasannath, K. 2017. Plant defense-related enzymes against
pathogens: A Review, 11(1): 33-48.

Radwan, D.E.M., K.A. Fayez. S.Y. Mahmoud and G. Lu. 2010.
Modifications of antioxidant activity and protein
composition of bean leaf due to Bean yellow mosaic virus
infection and salicylic acid treatments. Acta Physiol. Plant,
32(5): 891-904.

Rashad, Y., D. Aseel and E. Hafeez. 2018. Antifungal potential
and defense gene induction in maize against Rhizoctonia
root rot by seed extract of Ammi visnaga (L.) Lam.
Phytopathol. Mediter., 57(1): 73-88.

Rodrigues, M.P., A.L. Astoreca, A.A.D. Oliveira, L.A. Salvato,
G.L. Biscoto, L.A.M. Keller, C.A.D.R. Rosa, L.R.
Cavaglieri, M.1.D. Azevedo and K.M. Keller. 2019. In vitro
activity of neem (Azadirachta indica) oil on growth and
ochratoxin a production by Aspergillus carbonarius
isolates. Toxins, 11(10): 579.

Saravanakumar, D., M. Kavino, T. Raguchander, P. Subbian and
R. Samiyappan. 2011. Plant growth promoting bacteria
enhance water stress resistance in green gram plants. Acta
Physiol. Plant, 33(1): 203-209.

Shafique, S., S. Shafique, M. Zameer and M. Asif. 2019. Plant
defense system activated in chili plants by using extracts
from Eucalyptus citriodora. Biocontrol. Sci., 24(3): 137-144.

Sharma, P., AB. Jha, R.S. Dubey and M. Pessarakli. 2012.
Reactive oxygen species, oxidative damage, and
antioxidative defense mechanism in plants under stressful
conditions. J. Bot, 2012: 1-26.

Sorahinobar, M., V. Niknam, H. Ebrahimzadeh and H.
Soltanloo. 2015. Differential antioxidative responses of
susceptible and resistant wheat cultivars against Fusarium
head blight. Int. J. Farm. & Alli Sci., 4: 239-243.

Spanic, V., M.V. Vuletic, I. Abicic and T. Marcek. 2017. Early
response of wheat antioxidant system with special
reference to Fusarium head blight stress. Plant Physiol.
Biochem, 115: 34-43.

Taheri, P., A. Irannejad, M. Goldani and S. Tarighi. 2014.
Oxidative burst and enzymatic antioxidant systems in rice
plants during interaction with Alternaria alternata. Eur. J.
Plant Pathol, 140(4): 829-839.

Towbin, H., T. Staehelin and J. Gordon. 1979. Electrophoretic
transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: procedure and some applications.
Proc. Natl. Acad. Sci, 76(9): 4350-4354.

Ur Rehman, H., H.F. Alharby, Y. Alzahrani and M.M. Rady.
2018. Magnesium and organic biostimulant integrative
application induces physiological and biochemical changes
in sunflower plants and its harvested progeny on sandy soil.
Plant Physiol. Biochem., 126: 97-105.

Wu, W., X. Wan, F. Shah, S. Fahad and J. Huang. 2014. The
role of antioxidant enzymes in adaptive responses to sheath
blight infestation under different fertilization rates and hill
densities. Sci. World J., 2014: 1-8.

Zhai, X., M. Jia, L. Chen, C.J. Zheng, K. Rahman, T. Han and
L.P. Qin. 2017. The regulatory mechanism of fungal
elicitor-induced secondary metabolite biosynthesis in
medical plants. Crit. Rev. Microbiol., 43(2): 238-261.

(Received for publication 28 July 2020)



