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Abstract Plants extracts possess biocidal activity which
can effectively control numerous plant pathogens. In the
present study, antimicrobial activity of formulation pre-
pared from aqueous extract of tender core of Musa
acuminata pseudostem and Tagetes erecta leaves against
pathogens infecting cucumber, barley, spinach and tomato
was studied. The extract induced biochemical defense in
the host plants, which was sustained for several weeks. The
newly emerged leaves in each test species were also pro-
tected against their respective pathogens. The activity of
peroxidase and polyphenol oxidase was significantly
enhanced by the extract formulation, leading to the
enhancement of systemic acquired resistance in the host
plants. The source materials are by-products of banana and
marigold cultivation, which at present have no commercial
utility.

Keywords Biocide - Musa acuminata - POX - PPO - SAR -
Tagetes erecta

Introduction
Plants are attacked by an array of pathogens [1]. However,

they possess structural and biochemical, defense mecha-
nisms which need to be activated against the invading
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pathogens. An array of botanical extracts have been found
to have antimicrobial properties and can induce defense
responses in plants against numerous pathogens, thereby
increasing yield of crops [2, 3].

The ripe banana fruit peel and pulp possesses antifungal
and antimicrobial properties [4, 5]. Fagbemi et al. [6]
demonstrated the control of clinical isolates of Stapyhlo-
coccus aureus ATCC 25921, Salmonella paratyphi, Shi-
gella flexnerii, Escherichia coli ATCC 25922, Klebsiella
pneumoniae, Bacillus subtilis and Pseudomonas aerugi-
nosa using crude ethanolic extracts of unripe banana.
Ehiowemwenguan et al. [7] reported that aqueous and
ethanolic extract of banana peel could significantly reduce
the growth of pathogenic bacteria.

Tagetes erecta has been reported to have insecticidal
properties. Marigold roots produce compounds like a-ter-
thienyl that are allelopathic to many species of plant-par-
asitic nematodes [8, 9]. Maradufu et al. [10] and Weaver
et al. [11] used compounds extracted from the leaves and
flowers of Tagetes which were toxic to Aedes aegypti (L.)
larvae and Mexican Bean Weevils (Coleoptera: Bruchi-
dae), respectively. Cold aqueous extracts (20% w/v) from
whole plant, root and stem of Tagetes erecta collected at
pre- and post-flowering stages could control Meloidogyne
incognita in Lycopersicon esculentum [12]. Sesan et al.
[13] reported the efficacy of hydroalcoholic extracts of
Tagetes in controlling Botrytus cinerea.

The present study was conducted on tomato, barley,
cucumber and spinach plants. Tomato is the world’s most
cultivated vegetable crop. In India, it is an important
vegetable eaten raw and cooked. However, its yield is
severely impaired by several bacterial pathogens causing
speck disease. Barley has globally the maximum acreage
under cultivation. In India, the crop is gaining importance
because of its wide application in brewing industry. Its
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yield is affected mainly by Dreschlera graminea. Cucum-
ber is the important component of salad, as being eaten
raw. It also forms an important source material for many
Ayurvedic (traditional) medicine formulations. Spinach is
economically an important culinary vegetable and is a rich
source of iron and vitamin C. It is highly consumed by
Indian population which is predominantly vegetarian.
Yield of both spinach and cucumber is severely impacted
in India by several fungal, bacterial and viral pathogens.

To boost yield of all these crops, farmers use large
quantities of pesticides which are not only environmentally
hazardous, but are also responsible for several health
hazards in humans. Therefore, it is very pertinent to
develop suitable biocontrol strategies for controlling these
pathogens to increase yield.

In the Asian subcontinent particularly India, banana is
an important commercial crop. The leaves of banana have
been reported to have antimicrobial properties against
several clinical pathogens [14, 15]. Oil extract of Tagetes
leaves has been studied previously for their biocidal
activity [16—18]. In the current study, the biocidal function
of water extracts of pseudostem of banana and the leaves of
Tagetes was studied which, at present, are considered as
agricultural wastes. Their antimicrobial properties to
combat plant pathogens have not been exploited.

In the present study, efficacy of a suitable formulation
from aqueous extract of banana pseudostem and Tagetes
erecta leaves in controlling Alternaria alternata, Pseu-
domonas syringae pv. spinacae, Pseudomonas syringae pv.
tomato and Dreschlera graminea, respectively, on
cucumber, Spinach, Tomato and Barley was studied. The
study stressed upon the induction of defense enzymes and
establishment of systemic acquired resistance (SAR) by the
biocide formulation in the host plants. The broad spectrum
biocide would be environmentally safe and cost-effective
as it would be derived from agricultural waste. The com-
ponents of the biocontrol agent were selected on the basis
of earlier studies wherein their efficacy as a biocide has
been demonstrated.

The present study would unravel the understanding of
biochemical aspects of biocontrol by these extracts and
help in developing a suitable broad spectrum biocide for
commercial application.

Materials and methods
Extraction and preparation of plant extract
Pseudostem of banana and leaves of Tagetes was collected

from the Organic farm of Amity University Uttar Pradesh,
NOIDA, India.
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The outer layer(s) of tender core of banana pseudostem
was peeled off, and the inner soft core (100 g) was
homogenized in 100 mL of sterile distilled water under
aseptic conditions [19]. The homogenate was filtered
through 8-layered muslin cloth and then through 0.22-mm
membrane filters.

One hundred grams of Tagetes leaves was homogenized
in 100 mL of sterile distilled water under aseptic condi-
tions [20]. The homogenate was filtered through 8-layered
muslin cloth and then through 0.22-mm membrane filters.

Both filtrates were mixed in 1:1 ratio and designated as
extract. 1:10 and 1:100 dilution was prepared from this
extract.

Raising of plants

Seeds of Cucumis sativus, Spinacia oleracea, Solanum
lycopersicum and Hordeum vulgare were sown in sterile
soilrite in plastic trays (35 cm x 25 cm x 6 cm;
L x W x H). Plants were raised under aseptic conditions
at 2541 °C, 70% RH and a photoperiod of 12L/D hours.
Sterile Hoagland’s solution was added weekly to provide
the essential nutrients necessary for plant growth.
Eight-week-old tomato and spinach, 7-week-old cucum-
ber and 10-day-old barley plants were used for the study.

Spraying of plants

Each test plant was divided into 12 groups each containing
50 plants and treated as follows:

Group Treatment

Group 1 Plants treated with sterilized distilled water (control)

Group 2 Plants treated with pathogen*

Group 3 Plants treated with extract only

Group 4 Plants treated with premix of pathogen* and extract

Group 5 Plants treated with premix of pathogen* and 1:10 dilution

of extract

Group 6  Plants treated with premix of pathogen* and 1:100 dilution

of extract

Group 7 Pathogen* inoculated 24 h prior to treatment with extract

Group 8 Pathogen* inoculated 24 h prior to treatment with 1:10

dilution of extract

Group 9 Pathogen* inoculated 24 h prior to treatment with 1:100

dilution of extract

Group
10

Group Pathogen* inoculated after 24 h of treatment with 1:10
11 dilution of extract

Group  Pathogen* inoculated after 24 h of treatment with 1:100
12 dilution of extract

Pathogen* inoculated after 24 h of treatment with extract

* Pathogen inoculated
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Alternaria alternata on cucumber.
Pseudomonas syringae pv. spinacae on spinach.
Pseudomonas syringae pv. tomato on tomato.
Dreschlera graminea on barley.

The above-mentioned 12 groups were repeated for all
host-pathogen system. Three replicates were taken for each
group. Leaf samples were collected in triplicate from all
group replicates at 0, 24, 48, 72, 96 h, 2+ weeks and 3+
weeks intervals.

Disease incidence and severity

The disease incidence and severity on tomato and spinach
was calculated by observing the plants and their infected
leaves after one week of treatment [21].

Percentage disease incidence = (average number of
infected leaves per plant x 100)/average total number of
leaves per plant.

Disease severity (%) =sum of rating (0-3
scale) x 100/(maximum possible score x no. of leaves
observed).

For barley and cucumber, disease incidence was calcu-
lated after 1 week of treatment. According to Arabi and
Jawhar [22], disease incidence in barley and cucumber was
recorded as the proportion of diseased plants divided by the
total number of plants sampled. Disease severity was cal-
culated as infected leaf area per plant expressed as a pro-
portion of the total area. Study was performed in sets of
triplicate for each plant group and for each treatment.

Analysis of peroxidase (POX) and polyphenol
oxidase (PPO)

Three hundred milligrams of frozen leaf tissue was
homogenized at 4 °C in ice-cold sodium phosphate buffer
(0.1 M, pH 9.0) containing 10 mM B-mercaptoethanol,
1 mM phenyl methyl sulphonyl fluoride, 0.001% Triton
X-100, 1 mM ethylene diamine tetraacetic acid and 10%
(w/w) polyvinylpyrrolidone. The homogenate was cen-
trifuged at 15000x g for 20 min [23]. The supernatant was
used as crude extract for estimation of activities of per-
oxidase and polyphenol oxidase. Three replicates were
taken for each group for each plant. Protein concentration
was estimated by Bradford Test [24]. Each replicate had
equal concentration of protein.

To prepare Bradford reagent, 100 mg of Coomassie
Brilliant Blue G-250 was dissolved in 50 ml of 95%
ethanol, and subsequently, 100 ml of 85% o-phosphoric
acid was added. Bovine serum albumin (BSA) standards
were prepared in range of 0—100 mg/ml, and their absor-
bance was recorded at 595 nm on a UV-Vis spectropho-
tometer (Shimadzu 1650). A standard graph was plotted,

and the protein concentrations of the samples were deter-
mined from the graph.

The reaction mixture of POX assay consisted of
0.05 mL crude extract, 1.655 mL of distilled water,
0.245 mL of 1 M sodium phosphate buffer (pH 7.0),
0.25 mL of 100 mM guaiacol and 0.05 mL of hydrogen
peroxide (100 mM). The reaction mixture for PPO con-
sisted of 0.5 mL of sodium phosphate buffer (1 M, pH 9.0),
1.25 mL of catechol (0.2 M), 0.05 mL of enzyme extract
and 0.2 mL of distilled water. The reaction mixture for
both POX and PPO was incubated at 25 + 1°C for 5 min
and then was stopped by addition of 0.5 mL of sulfuric acid
(10% v/v). The absorbance was recorded at 470 nm/
420 nm for POX/PPO, respectively, on a UV-Vis spec-
trophotometer, Shimadzu 1650 [25]. Reaction mixture
without enzyme extract served as blank. The experimen-
tally taken molar extinction coefficient for guaiacol was
26.6 mM "' cm ™" (Costa et al. 2005) and 24.9 cm/min for
catechol [26]. Enzyme activity was expressed as units
gm ™" fresh weight min~'. Enzyme activity and the specific
enzyme activity were estimated for sample replicates for all
groups.

Native basic PAGE and in-gel activity staining

The isozyme pattern of POX was analyzed by in-gel
activity staining using guaiacol as substrate [27]. After
Native Basic PAGE, the gels were placed in a substrate
solution containing 10 mM Guaiacol in 0.1 M sodium
phosphate buffer (pH 7.0) at room temperature for 10 min.
Drops of H,O, were gradually added to the gel and shaken
gently until orange-colored bands appeared. The isoforms
were calculated by relative distance (Rf value) of each
isozyme band from each zymogram.

The isozyme pattern of PPO was analyzed by in-gel
activity staining using catechol as substrate [28]. The gels
were equilibrated in a solution composed of 0.1%
p-phenylenediamine in 0.1 M sodium phosphate buffer (pH
7.0) at room temperature for approximately 30 min. This
was followed by addition of 10 mM catechol in the same
buffer. The gels were shaken gently till discrete dark brown
bands appeared. The isoforms were distinguished by cal-
culating the relative distance (Rf value) of each isozyme
band.

Isozyme patterns of POX and PPO were studied for all
sample replicates of all groups. All the samples loaded had
equal concentration of protein.

Statistical analysis
Data for disease incidence and severity were statistically

analyzed by SPSS software (version 17) for windows
(SPSS Inc., Chicago, Illinois, USA) using univariate
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Table 1 Percent (%) disease

severity on the new leaves Treatments Disease severity in plants (%)

emerging one week after the Tomato Spinach Barley Cucumber

treatment of plants with Banana

pseudostem and Tagetes leaves Pathogen 91.44 4+ 3.5% 93.70 + 3.9% 92.28 + 3.9° 91.16 + 4.8*

aqueous extract P+E 70.68 £ 5.1%° 69.78 + 4.9%¢ 68.54 + 7.6 69.11 & 2.4%4
P + E (1:10) 57.85 + 0.9° 53.24 + 2.9 5533 + 0.8° 53.65 + 3.3
P + E (1:100) 79.55 + 6.9% 79.63 £ 2.4% 79.88 & 8.7° 77.64 &+ 4.2
P/E 70.91 + 4.2 69.96 + 2.0°° 72.08 £ 6.5 69.70 & 3.7°¢
P/E (1:10) 59.82 + 5.5° 58.40 + 7.3 50.34 + 15.8° 52.35 + 12.9¢
P/E (1:100) 80.01 + 4.9% 84.92 + 4.9% 81.93 + 5.4% 76.43 + 8.5
E/P 74.57 + 4.8 77.55 + 9.0* 70.64 + 3.8 68.20 + 1.3%°
E (1:10)/P 55.03 &+ 2.9° 57.07 + 3.7¢ 53.51 + 2.8° 51.39 + 4.5¢
E (1:100)/P 82.72 + 3.1™ 81.65 + 5.2% 79.32 + 2.6 74.92 + 1.8

Pathogen: plants treated with pathogen; P + E: Plants treated with premix of pathogen and extract;
P + E (1:10): Plants treated with premix of pathogen and 1:10 dilution of extract; P 4+ E (1:100): Plants
treated with premix of pathogen and 1:100 dilution of extract; P/E: Pathogen inoculated 24 h prior to
treatment with extract; P/E (1:10): Pathogen inoculated 24 h prior to treatment with 1:10 dilution of extract;
P/E (1:100): Pathogen inoculated 24 h prior to treatment with 1:100 dilution of extract; E/P (1:1): Pathogen
inoculated after 24 h of treatment with extract; £/P (1:10): Pathogen inoculated after 24 h of treatment with
1:10 dilution of extract; and E/P (1:100): Pathogen inoculated after 24 h of treatment with 1:100 dilution of
extract (E—1:1 mix of aqueous extract of soft inner core of banana pseudostem and leaves of Tagetes
erecta). Percentage of disease severity was averaged for three replicates +standard error. Different letters
within each column indicate that they are significantly different from each other. Data were analyzed using
ANOVA and treatment means separated with Bonferroni at Tukey’s HSD at o = 0.05

general linear model procedures and one-way analysis of
variance (ANOVA), respectively, followed by post hoc
comparisons using Bonferroni.

The data for POX and PPO were statistically analyzed
for ANOVA using the general linear model procedure and
the least squares means test of the statistical software SAS
(version 9.2 developed by SAS institute Inc., Cary, NC,
USA). Multiple pairwise comparison tests using least
square means were performed for post hoc comparisons
after two-way ANOVA with treatment and time as two
factors with replications and using Bonferroni procedure.

Results

Analysis of results demonstrates that application of aque-
ous extract mix of tender core (pseudostem) of banana and
marigold leaves on the surface of the sterile leaves of host
plants affected the disease development on the plants.
Substantial reduction in disease symptoms and induction in
activity of POX and PPO was observed after extract
treatment.

Tomato plants treated with 1:10 dilutions of aqueous
extract was most effective (P < 0.05) in inducing SAR
against Pseudomonas syringae pv. tomato, and disease
severity was highly reduced (Table 1) from 94 to 57% as
compared to its controls. In Spinach, the incidence of
Pseudomonas syringae pv spinacae was reduced from 93

@ Springer

Fig. 1 Peroxidase activity in a cucumber plants; b spinach plants;»
¢ tomato plants; and d barley plants. Ez Plants treated with sterilized
distilled water (control); f@: plants treated with pathogen; [Z]: plants
treated with extract; [J]: plants treated with premix of pathogen and
extract;[J: plants treated with premix of pathogen and 1:10 dilution of
extract; B plants treated with premix of pathogen and 1:100 dilution
of extract; [M: pathogen inoculated 24 h prior to treatment with
extract; []: pathogen inoculated 24 h prior to treatment with 1:10
dilution of extract; [¢]: pathogen inoculated 24 h prior to treatment
with 1:100 dilution of extract; E: pathogen inoculated after 24 h of
treatment with extract; [[]: pathogen inoculated after 24 h of treatment
with 1:10 dilution of extract; and [[[: pathogen inoculated after 24 h
of treatment with 1:100 dilution of extract. *p < 0.05; **p < 0.01.
¥Vertical bars represent standard error

to 53% (P < 0.05) on application of 1:10 dilution of
extract (Table 1). D. graminea on barley could be con-
trolled within 7-8 days of treatment with undiluted extract
mix, but the effect was more pronounced when it was
diluted 10 times (P < 0.05; Table 1). The disease intensity
on cucumber plants caused by Alternaria alternata was
least when treated with 1:10 dilution of the extract
(P < 0.05). The 100 times dilution was not significantly
effective. The concentrated extract mixture of tender core
of banana plant pseudostem and 7. erecta leaves could
significantly reduce the severity of these pathogens on their
respective hosts. However, the maximum control was in
1:10 dilution treated plants (P < 0.05). The extract (1:10
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«Fig. 2 Peroxidase specific activity in a cucumber plants; b spinach
plants; ¢ tomato plants; and d barley plants. Control Plants treated
with sterilized distilled water (control); pathogen plants treated with
pathogen; E: plants treated with extract; P + E(1:1): plants treated
with premix of pathogen and extract; P + E(1:10): plants treated with
premix of pathogen and 1:10 dilution of extract; P + E(1:100): plants
treated with premix of pathogen and 1:100 dilution of extract; P/
E(1:1): pathogen inoculated 24 h prior to treatment with extract; P/
E(1:10): pathogen inoculated 24 h prior to treatment with 1:10
dilution of extract; P/E(1:100): pathogen inoculated 24 h prior to
treatment with 1:100 dilution of extract; E/P (1:1): pathogen
inoculated after 24 h of treatment with extract; E/P (1:10): pathogen
inoculated after 24 h of treatment with 1:10 dilution of extract; and E/
P (1:100): pathogen inoculated after 24 h of treatment with 1:100
dilution of extract (E—1:1 mix of aqueous extract of soft inner core of
banana pseudostem and leaves of Tagetes erecta). No significant
change was observed in specific activity in all the treatments

dilution) sprayed prior to their respective pathogen inocu-
lation was most effective in controlling occurrence of the
disease.

Significant increase in POX activity in cucumber was
observed after 72 h of treatment (P < 0.05) with undiluted
and 1:10 dilution of extract (Fig. 1a). The 100 times diluted
extract could not effectively elicit POX activity (Fig. 1a) in
cucumber plants. However, the specific activity of the
enzyme was unaffected throughout the sampling period
(Fig. 2a). As compared to control, acidic POX isoform
(Rf = 0.41) was not observed in all the treated samples
(Fig. 3a).

In spinach, all the treatments, except the control and
pathogen only treated samples, had a significant rise in
POX activity (P < 0.05) after 72-96 h of respective
treatment. The undiluted extract could elicit POX activity
(P < 0.05), but the increase was twofold when plants were
treated with 1:10 dilution (P < 0.01). Plants treated with
1:10 dilution of extract after 24 h of pathogen inoculation
elicited maximum POX activity (Fig. 1b). Specific activity
of POX was slightly higher in plants treated with 1:1 and
1:10 dilution of the extract as compared to control
(Fig. 2b). In all the samples, three acidic POX isoforms (Rf
0.02, 0.50 and 0.56) were observed, but when treated with
undiluted and 10 times diluted extract, there was an over-
expression of POX isoform (Rf 0.50; Fig. 3b).

Tomato plants treated with 1:10 dilution could induce
twofold increase in POX activity after 96 h which persisted
till 2 weeks of treatment (P < 0.01; Fig. 1c). 1:100 dilu-
tions were not effective in inducing POX activity. POX
isoform (Rf 0.21) was not detected after 96 h of treatment.
The enzyme specific activity was almost constant for all the
treatments (Fig. 2c). 1:10 dilution treated plants had two
new POX isoforms with Rf value 0.35 and 0.38 (Fig. 3c).

Barley plants treated with extracts either simultaneously
with pathogen or 24 h post-pathogen inoculation
(P <0.01) had significant POX activity. The enzyme

activity was maximum at 72 h (P < 0.05; Fig. 1d). Though
the specific activity of POX was slightly high in 1:10 and
undiluted extract, the increase was not much significant.
However, plants treated with 1:100 dilutions had a mar-
ginal decrease in enzyme specific activity (Fig. 2d). A new
acidic iso-POX (Rf 0.72) was expressed after 72 h of
extract application in all dilutions (Fig. 3d).

PPO activity in cucumber significantly increased after
96 h of extract application (P < 0.01). All the samples had
significant (P < 0.05) increase in PPO activity except in
control, pathogen only and 1:100 dilution treated plants
(Fig. 4a). There was no visible change in specific activity
of PPO in all treatments (Fig. 5a). Six acidic iso-PPOs (Rf
0.28, 0.35, 0.43, 0.44, 0.45 and 0.47) were observed in all
the samples. However, 1:10 dilution treated plants had an
over expression of one iso-PPO (Rf 0.35) (Fig. 6a).

Significant activity of PPO (P < 0.05) in all samples of
spinach except those treated simultaneously with extract
and pathogen was observed after 96 h (Fig. 4b). The
specific activity of PPO was almost constant in all treat-
ments (Fig. 5b). The new isoform observed after treatment
with undiluted extract was of Rf 0.65. Application of 1:10
diluted extract led to expression of two new isozymes (Rf
0.68 and 0.72; Fig. 6b).

Tomato plants treated with 1:10 dilution of the extract
after pathogen inoculation had significantly elicited PPO
activity (P < 0.05) after 96 h of treatment (Fig. 4c). The
enzyme did not show any significant change in its specific
activity throughout sampling period (Fig. 5¢). The zymo-
gram of the gel at 72 h showed overexpression of PPO
isozyme (Rf 0.65) in plants treated with the extract
(Fig. 6¢), whereas plants inoculated with pathogen only
had absence of PPO isoforms (Rf 0.72, 0.77).

In barley, a significant (P < 0.05) increase in the
activity of PPO was observed after 72 h of extract appli-
cation (Fig. 4d). Plants treated with extract 24 h after
pathogen inoculation had increased PPO activity. 1:100
times diluted extract did not show any significant change in
PPO activity. PPO specific activity was, however, unaf-
fected (Fig. 5d). Plants treated with the extract against
pathogen inoculation had expression of an additional iso-
PPO (Rf 0.58; Fig. 6d).

Discussion

In the present investigation, an effort was made to under-
stand the efficacy of aqueous extract mix of tender core of
banana plant pseudostem and 7. erecta leaves as a bio-
control agent and its impact on physiology of host defense.
The study is important since any alteration in activity of
POX and PPO, the vital enzymes of host defense physi-
ology, would affect the interaction between the host and
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Fig. 3 Isozymes of peroxidase
in a cucumber plants after 72 h
of extract application; b spinach
plants after 72 h of extract
application; ¢ tomato plants
after 96 h of extract application;
and d barley plants after 72 h of
extract application. Lane 1
plants treated with sterilized
distilled water (control). Lane 2
plants treated with pathogen.
Lane 3 plants treated with
extract. Lane 4 plants treated
with premix of pathogen and
extract. Lane 5 plants treated
with premix of pathogen and
1:10 dilution of extract. Lane 6
plants treated with premix of
pathogen and 1:100 dilution of
extract. Lane 7 pathogen
inoculated 24 h prior to
treatment with extract. Lane 8
pathogen inoculated 24 h prior
to treatment with 1:10 dilution
of extract. Lane 9 pathogen
inoculated 24 h prior to
treatment with 1:100 dilution of
extract. Lane 10 pathogen
inoculated after 24 h of
treatment with extract. Lane 11
pathogen inoculated after 24 h
of treatment with 1:10 dilution
of extract. Lane 12 pathogen
inoculated after 24 h of
treatment with 1:100 dilution of
extract

the pathogen which can have a tremendous impact on
spread and control of potent pathogens on crop plants.
Several studies have reported the role of plant extracts in
possessing antibacterial and antifungal properties. Wang
et al. [29] demonstrated the effective role of neem seed
kernel extracts against fungal pathogens in plum and Yali
fruits. Mbega et al. [30] observed that extracts from Aloe

@ Springer

vera, Betula pendula, Coffea arabica, Ocimum basilicum
and Salvia officinalis could completely inhibit Xan-
thomonas perforans in both in vitro and in planta assays in
tomato. Clerodendrum japonicum and Catharantus roseus
leaf extract could induce SAR through salicylic acid
phenylpropanoid pathway in tomato cultivars infected by
CMV virus [31]. The extracts of Ocimum basilicum,
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Fig. 4 Polyphenol oxidase activity in a cucumber plants; b spinach
plants; ¢ tomato plants; and d barley plants. [0: Plants treated with
sterilized distilled water (control); fi: plants treated with pathogen; [1]:
plants treated with extract; [J]: plants treated with premix of pathogen
and extract; [J: plants treated with premix of pathogen and 1:10
dilution of extract; [ plants treated with premix of pathogen and
1:100 dilution of extract; [: pathogen inoculated 24 h prior to

treatment with extract; [_]: pathogen inoculated 24 h prior to treatment
with 1:10 dilution of extract; [(]: pathogen inoculated 24 h prior to
treatment with 1:100 dilution of extract; E: pathogen inoculated after
24 h of treatment with extract; []: pathogen inoculated after 24 h of
treatment with 1:10 dilution of extract; and [[l: pathogen inoculated

after 24 h of treatment with 1:100 dilution of extract. *p < 0.05;
#¥p < 0.01. ¥Vertical bars represent standard error
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Fig. 5 Polyphenol specific activity in a cucumber plants; b spinach
plants; ¢ tomato plants; and d barley plants. Control plants treated
with sterilized distilled water (control); Pathogen plants treated with
pathogen; e plants treated with extract; P + E(1:1): Plants treated
with premix of pathogen and extract; P + E(1:10): plants treated with
premix of pathogen and 1:10 dilution of extract; P + E(1:100): plants
treated with premix of pathogen and 1:100 dilution of extract; P/
E(1:1): pathogen inoculated 24 h prior to treatment with extract; P/
E(1:10): pathogen inoculated 24 h prior to treatment with 1:10
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Treatment

dilution of extract; P/E(1:100): pathogen inoculated 24 h prior to
treatment with 1:100 dilution of extract; E/P (1:1): pathogen
inoculated after 24 h of treatment with extract; £/P (1:10): pathogen
inoculated after 24 h of treatment with 1:10 dilution of extract; and E/
P (1:100): pathogen inoculated after 24 h of treatment with 1:100
dilution of extract. (E—1:1 mix of aqueous extract of soft inner core
of banana pseudostem and leaves of Tagetes erecta). No significant
change was observed in specific activity in all the treatments
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Fig. 6 Isozymes of polyphenol
oxidase in a cucumber plants
after 96 h of extract application;
b spinach plants after 96 h of
extract application; ¢ tomato
plants after 72 h of extract
application; d barley plants after
72 h of extract application.
Lane 1 plants treated with
sterilized distilled water
(control). Lane 2 plants treated
with pathogen. Lane 3 plants
treated with extract. Lane 4
plants treated with premix of
pathogen and extract. Lane 5
plants treated with premix of
pathogen and 1:10 dilution of
extract. Lane 6 plants treated
with premix of pathogen and
1:100 dilution of extract. Lane 7
pathogen inoculated 24 h prior
to treatment with extract. Lane 8§
pathogen inoculated 24 h prior
to treatment with 1:10 dilution
of extract. Lane 9 pathogen
inoculated 24 h prior to
treatment with 1:100 dilution of
extract. Lane 10 pathogen
inoculated after 24 h of
treatment with extract. Lane 11
pathogen inoculated after 24 h
of treatment with 1:10 dilution
of extract. Lane 12 pathogen
inoculated after 24 h of
treatment with 1:100 dilution of
extract

Azadirachta indica, Eucalyptus chamadulonsis, Datura
stramonium, Nerium oleander and Allium sativum could
significantly reduce disease severity in tomato plants
infected with A. solani (32). In the present study, mix of
aqueous extracts from banana pseudostem and marigold
leaves was used for testing their efficacy in reducing dis-
ease severity in four plant-pathogen systems. Similarly,

several studies have been reported on the role of these plant
extracts in possessing antibacterial and antifungal proper-
ties. Meenashree et al. [33] found that ethanolic, acetone
and petroleum ether extracts of fresh banana leaf had
antimicrobial properties against pathogenic fungi Asper-
gillus terreus and Penicillium solitum. Mordi et al. [34]
isolated lectin from banana fruit and found it to possess anti
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HIV-1 activity. Water extract of banana core has been
reported to control pathogens in a broad range of plants.
Jahan et al. [35] and Jain et al. [36] found the extract of
banana (Musa sapientum) very effective against several
Gram-positive and Gram-negative bacteria. No study has
been reported using the tender core of banana stem.

Marigold (Tagetes spp.) secretes toxic metabolites like
a-terthienyl, polyacetylenes and polythienyls, substances
well known for their insecticidal and nematicidal properties
[37, 38]. Debprasad et al. [39] and Hussain et al. [40]
reported that 7. erecta contains compounds like dodecanoic
acid, myristic acid, palmitic acid, stearic acid, myristoleic
acid and tricosane which show nematicidal activity against
M. incognita. Our studies demonstrated the inhibitory
properties of marigold leaf extracts against pathogenic
bacteria and fungi. Seven coumarins and other compounds
isolated from Tagetes spp. were assayed against pathogenic
bacteria and fungi [41]. Total extract and fractions obtained
with different solvents from leaves of Tagetes minuta
showed several degrees of antimicrobial activity against
Gram-positive and Gram-negative microorganisms [42].
Dasgupta et al. [43] reported the antibacterial effect of
Tagetes erecta leaf extract at against both Gram-positive
and Gram-negative bacterial clinical pathogen isolates.

The banana-marigold crude extract mix could signifi-
cantly induce POX and PPO activities. The aqueous extract
of tender core of banana pseudostem and 7. erecta leaves
significantly influenced the expression and activity of POX
and PPO enzymes and can play a major role in controlling
plant diseases. This is evidenced from the observation that
the activity enhancement of POX and PPO occurs within
72-96 h of treatment. The disease intensity and disease
severity are also significantly reduced when plants are
treated with the crude extract.

In the current study, the experiments were conducted
under glasshouse conditions. The aqueous extracts of
banana pseudostem and Tagetes leaves could thus be for-
mulated into an environmentally friendly biocide agent
against a wide range of plant pathogens. The study can be
extended for field trials on a range of crops and pathogens
including banana plantations.
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