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Abstract

Phytobiocides are a good alternative to chemicals in managing bacterial diseases including bacterial wilt of tomato caused by
Ralstonia solanacearum. In the present research study, finely ground dried powders of seven widely available medicinal plants/
weeds species viz., Peganum harmala (esfand or wild rue), Calotropis procera (sodom apple), Melia azedarach (white cedar), Allium
sativum (garlic), Adhatoda vasica (malabar nut), Tagetes patula (marigold) and Nerium oleander (oleander) were assessed for their
anti-microbial activity, both in-vitro (10% w/v) and in-vivo (10, 20, 30, and 40 g/kg of potted soil) against R. solanacearum. Aqueous
extracts (prepared as 10% w/v, soaking for 48-72 h and filtering) of C. procera, A. vasica, and T. patula inhibited the in-vitro growth
of the bacterial pathogen over 60% of that produced by the standard antibiotic streptomycin. 4. sativum, N. oleander and P. har-
mala aqueous extracts were less effective while M. azedarach showed no effect against R. solanacearum. The higher dose (40 g/
kg of soil) of C. procera, A. vasica and T. patula decreased disease severity quite effectively and increased yield and plant growth
characters as much as the standard antibiotic did. No phytotoxicity of medicinal plants powder was observed on tomato plants.
Alkaloids, flavonoids, tannins, saponins and terpenoids were detected in the aqueous extracts of 7. patula and A. vasica whereas C.
procera was found to have only alkaloids, flavonoids, tannins and saponins. Our data suggest that dried powders of 7. patula, C.
procera and A. vasica (40 g/kg of soil) could be used as an effective component in the integrated disease management programs
against bacterial wilt of tomato.

Additional key words: Peganum harmala; Calotropis procera; Melia azedarach; Allium sativum; Adhatoda vasica; Tagetes
patula; Nerium oleander.

Abbreviations used: ASM (acibenzolar-S-methyl); BW (bacterial wilt); Cmm (Clavibacter michganensis subsp. michiganensis);
CRD (completely randomized design); LSD (least significant difference); NA (nutrient agar); Pst (Pseudomonas syringae pv. to-
mato); SDW (sterilized distilled water); UOA (University of Agriculture); Xv (Xanthomonas vesicatoria).

Authors’ contributions: Conceived and designed the experiments: MA, AA and IN. Performed the experiments: ND, NU, MS
and FA. Analyzed the data: ND and IN. Critical revision of the manuscript for intellectual content: AA and IN. Wrote the paper:
MA and ND.

Citation: Din, N.; Ahmad, M.; Siddique, M.; Ali, A.; Naz, I.; Ullah, N.; Ahmad, F. (2016). Phytobiocidal management of bacte-
rial wilt of tomato caused by Ralstonia solanacearum (Smith) Yabuuchi. Spanish Journal of Agricultural Research, Volume 14,
Issue 3, €1006. http://dx.doi.org/10.5424/sjar/2016143-9012.

Received: 19 Nov 2015. Accepted: 13 Jul 2016.

Copyright © 2016 INIA. This is an open access article distributed under the terms of the Creative Commons Attribution-Non
Commercial (by-nc) Spain 3.0 Licence, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Funding: The authors received no specific funding for this work.

Competing interests: The authors have declared that no competing interests exist.

Correspondence should be addressed to Naseerud Din: naseerppl52@yahoo.com.

Introduction

Tomato (Solanum lycopersicum L.), is an important
vegetable crop throughout the world. In Pakistan, to-
mato is cultivated on 52,000 hectares with an annual
production of 529,600 tons (Anonymous, 2011). To
meet the consumer’s demand, the country frequently
imports tomatoes from India and Afghanistan. Bacte-
rial wilt of tomatoes (BW), caused by Ralstonia sola-
nacearum, is one of the most destructive diseases of
tomatoes (Sharma & Kumar, 2004; Allen et al., 2005;

Kang et al., 2007; Chaudhry & Rashid, 2011). Depend-
ing upon host, cultivar, climate, soil type, cropping
pattern and the particular strain of the bacterium, R.
solanacearum has been reported to cause direct yield
losses of 0-91% in tomato, 33-90% in potato, 10-30%
in tobacco, 80-100% in banana, and 0-20% in ground-
nuts (Elphinstone, 2005). The disease is more prevalent
in tropical and sub-tropical regions where the environ-
mental conditions (high humidity and temperature) are
more favorable for disease development. BW has re-
cently been reported from Pakistan. The incidence of
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the disease was found to be 21.9% on sweet peppers,
16.6% on hot peppers, 13.3% on tomatoes, 10.5% on
potatoes and 5.5% on brinjals. Over 80% of R. solan-
acearum strains present in Pakistan belong to biovar 3
(Begum et al., 2012; Shahbaz et al., 2015).

BW, a hard-to-control disease, cannot be sustainably
managed by any single control method. The best man-
agement strategy is to integrate different control meth-
ods including the use of natural host—plant resistance,
cropping systems (Dalal et al., 1999), genetically
modified resistant plants (Shi-Rong et al., 1999), bio-
logical control (Katayama & Kimura, 1987), limited
use of chemicals, and soil amendments (Michel &
Mew, 1998). Chemicals, however, are hazardous to
environment and cause the development of chemical-
resistant pathogens. Therefore, there is a dire need to
replace or at least reduce the amount of chemicals and
to safeguard the environment. To achieve this goal,
various non-pesticide control measures have been in-
vestigated by different researchers with varying degrees
of success in controlling BW. Green manure of above-
ground parts of pigeon pea (Cajanus cajan) and crota-
laria (Crotalaria juncea) completely suppressed to-
mato BW in 45 days (Cardoso et al., 2006). Field
application of thymol oil (derived from thyme plant)
at the rate of 0.72% reduced BW of tomato by 65-82%
(Ji et al., 2005). Combination of acibenzolar-S-methyl
(ASM) and thymol significantly reduces the incidence
of BW and increased yield of tomato (Hong et al.,
2011). ASM induces systemic resistance in treated
plants (Pradhanang et al., 2005; Hacisalihoglu et al.,
2007). Paret et al., (2010) evaluated the effect of es-
sential oils derived from palmarosa (Cymbopogon
martini), lemongrass (C. citratus) and eucalyptus (Eu-
calyptus globulus) on R. solanacearum race 4 and BW
of edible ginger. Palmarosa and lemongrass oils, at
concentrations of 0.07 and 0.14%, caused complete
inhibition of the pathogen growth in culture amendment
assays, reduced the bacterial numbers to undetectable
levels in infested potting medium, and significantly
reduced BW incidence.

Use of plant-based natural products is one of the
effective alternatives to chemicals for controlling plant
diseases including BW. Plant products are safe, non-
phytotoxic, systemic and biodegradable (Tripathi &
Dubay, 2004). Plant products can be used as green
manures, dried powders (Naz et al., 2015a,b) and aque-
ous or organic solvent extracts (Yesmin et al, 2008;
Balestra et al., 2009). Some plants, including medici-
nal plants, have larger amounts of anti-microbial
secondary metabolites. When dried powders of such
plants are used as soil organic amendments, the pow-
ders get mixed with soil water, get decomposed and
release water-soluble anti-microbial secondary me-
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tabolites which protect host plants against pathogens
(Naz et al., 2015b). The aim of this study was to ex-
plore the anti-microbial potential of those traditional
medicinal plant species which grow wildly, are easily
available in large numbers and free of cost. Seven such
plant species viz Peganum harmala (estand or wild
rue), Calotropis procera (sodom apple), Melia azedar-
ach (white cedar), Allium sativum (garlic), Adhatoda
vasica (malabar nut), Tagetes patula (marigold) and
Nerium oleander (oleander) were selected for the
study.

P harmala, a perennial, bushy and wild-growing
flowering plant is widely distributed in North Africa,
Middle East, Turkey, Iran, India and Pakistan (Duran
& Hamzaoglu, 2002; Ehsanpur & Sadat, 2002; Youse-
fi et al., 2009). It is rich in medicinal alkaloids includ-
ing harmaline, harmine, harmalol and peganine (Mas-
soud et al., 2002; Lala et al., 2004; Astulla et al., 2008;
Bukhari et al., 2008). C. procera, a drought-resistant,
salt-tolerant, small, erect and compact shrub weed is
native to India, Pakistan, Nepal, Afghanistan, Iran,
Middle East, and many parts of Africa. This shrub,
well-known for its medicinal properties (Murti et al.,
2010), is used in several traditional medicines and is
known to possess analgesic, antitumor, antioxidant,
hepato-protective, anticonvulsant, antimalarial and
antimicrobial activity (Sharma et al., 2011). Using an
agar well diffusion method, methanol and aqueous
extracts of C. procera leaves were shown to be phyto-
biocidal to both gram-positive and gram-negative
bacteria. Both extracts produced clear zones of inhibi-
tion as compared to the standard antibiotic streptomy-
cin (Yesmin et al., 2008). M. azedarach, a deciduous,
shade, ornamental and medicinal tree, is native to India,
Pakistan, Iran and China. It has been naturalized in
several regions of the world (Nakatani ez al., 1998). A.
sativum, a bulbous herb and native to Middle Asia
(Petrovska & Cekovska, 2010) has tremendous tradi-
tional dietary and medicinal applications (Ross et al.,
2001). Balestra et al. (2009) sprayed aqueous extracts
of fresh 4. sativum (1%, w/v) and Ficus carica (30%,
w/v) on 1-month-old potted tomato plants (cv. Pullrex)
24 h before their inoculation with tomato bacterial
pathogens i.e., Pseudomonas syringae pv. tomato (Pst),
Xanthomonas vesicatoria (Xv) and Clavibacter mich-
iganensis subsp. michiganensis (Cmm), causal agents
of bacterial speck, bacterial spot and bacterial canker,
respectively and found that the extracts were effective
in reducing disease incidence and disease severity.
These plant extracts resulted in effective disease control
of up to 65% (4. sativum) and 38% (F. carica) of that
of the standard copper treatment. The researchers con-
cluded that greenhouse-grown-tomatoes could be
protected against Pst, Xv and Cmm by using the aque-
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ous extracts of 4. sativum and F. carica. A. vasica,
indigenous to India, is an evergreen shrub and is
popularly used for the treatment of cough, asthma,
colds, rheumatic diseases and traumatic injuries (Gao
et al., 2008). In Pakistan, this plant grows wildly, in
large quantities, in mountains, waste places and along
road sides and is available free of cost. Aqueous and
methanolic extracts of 4. vasica were found to have
strong anti-oxidant and anti-microbial activity against
some human bacterial pathogens (Kaur et al., 2012).
T. patula, native to North and South America, includes
annual and perennial, wild and cultivated herbaceous
plants which have been shown to possess anti-micro-
bial, antifungal and antiviral activities (Soule, 1996;
Russel et al., 1997). N. oleander, an evergreen shrub,
grows in the Mediterranean, Syria, Turkey (Bas et al.,
2012), India and Pakistan. This plant has been used as
anti-microbial, anti-leprotic, anti-cancer, cardiotonic
and central nervous system depressant (http://www.
inchem.org/documents/pims/plant/pim366.htm).
Keeping in view the economic importance of toma-
toes in Pakistan, the losses caused by BW, lack of re-
sources among farming communities, the cost-free and
easy availability of these medicinal plants, we con-
ducted both in-vitro and in-vivo studies investigating
the potential of these plant species to be used as an
eco-friendly and effective component in the integrated
management against bacterial wilt of tomato.

Material and methods
Bacterial culture and inoculum production

R. solanacearum was obtained from the plant bacte-
rial culture bank of the Department of Plant Pathology,
the University of Agriculture (UOA), Peshawar. The
strains of the bacterium used in this study belonged to
the most aggressive biovar, i.e., biovar 3 (unpublished
data). The bacterium was sub-cultured on nutrient agar
(NA) medium (per 1 L: beef extract, 3 g; peptone, 5 g;
agar, 15 g) at 28 °C for 48 h (Ramesh et al., 2009). The
bacterial cells were flooded with sterilized distilled
water (SDW) and scrapped off the NA plate with
sterilized cotton swab to make a bacterial suspension
(Wai et al., 2013). The concentration of the suspension
was adjusted to 1.5 x 10% ¢fu/mL (ODgy = 0.3) in a
spectrophotometer (Hindi, 2013; Lin et al., 2014). This
suspension was used for in-vitro bacterial inhibition
tests as well as for inoculation of healthy plants during
different in-planta experiments. Morphological char-
acteristics such as colony color, colony shape, margins,
elevation and texture were studied to confirm the pu-
rity of the culture.
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Pathogenicity tests

Pathogenicity of R. solanacearum was confirmed by
inoculating 4-weeks old tomato plants and tomato fruits
with a bacterial suspension (1.5 x 10% cfu/mL). The
plants were kept in growth chamber (average RH =
80%, temperature, 25-30 °C, dim light for 12 h daily)
for up to two weeks while fruits were kept in incubator
at 28 °C. Typical symptoms of the disease were noticed
on plants and tomato fruits. The bacterium was re-
isolated from stem and fruit sections by crushing them
in sulphate buffer and plating on nutrient agar plate
(EU, 1998).

Medicinal plant species and their extracts

Green leaves and succulent branches of seven me-
dicinal species (10-40 individual plants per species)
viz P. harmala, C. procera, M. azedarach, A. sativum,
A. vasica, T. patula and N. oleander were collected
from different regions of Mohmand and Khyber Agen-
cies, Peshawar, Pakistan, authenticated by a weed
botanist, and specimens were deposited in the her-
barium of UOA, Peshawar, Pakistan. Plant materials
of each species were pooled together, washed with tap
water, cut into small pieces, shade-dried (Mahlo et al.,
2010) for 45 days and ground to make fine powder (2
mm mesh) with the help of a grinder (Kumar et al.,
2011). The powder of each plant was stored separately
at 4°C (Oguwike et al., 2013). To obtain plant aqueous
extracts, the ground powder of each plant was sepa-
rately soaked in water for 48-72h (Frey and Meyers,
2010) by mixing 10g powder with SDW and adjusting
the volume to 100 mL (10% w/v). The suspension was
filtered through Whatman filter paper (20 um) to re-
move large plant particles. This filtrate was used in
different dilutions (0% or undiluted, 25%, 50%, and
75%).

In-vitro studies

The different dilutions of aqueous extracts of the
medicinal plants were tested for their ability to inhibit
the in-vitro growth of R. solanacearum using paper
disc (6 mm, Whatman) diffusion method (Bauer et al.,
1996). A bacterial lawn was prepared by pouring 100
uL of the bacterial suspension (1.5 x 10® cfu/mL) on
NA plates and spreading uniformly (Balestra et al.,
2009; Hindi et al., 2013). Paper discs were loaded with
20 uL of each plant extract dilution and air-dried.
Negative and positive control paper discs were loaded
with 20 uL of SDW and streptomycin (200 ppm) re-
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spectively. Each plate received six paper discs; four
discs of different dilutions, one disc of standard anti-
biotic streptomycin and one disc of SDW (Frey &
Meyers, 2010). The plates were incubated overnight at
30°C and the zones of inhibition were measured across
the discs with transparent plastic ruler. The experiment
was done three times using completely randomized
design (CRD) with five replications.

Detection of secondary metabolites in
aqueous extracts of plants

Based on their performance in in-vitro tests against
R. solanacearum, aqueous extracts (10% w/v, prepared
as described before) of some plants were tested for the
presence of major anti-microbial plant secondary me-
tabolites in them. Alkaloids were detected by mixing
1.5 mL of 1% HCI with 2 mL of plant aqueous extract,
heating the mixture in water bath for a few minutes and
adding 6 drops of Mayer’s reagent. Appearance of or-
ange precipitate was indicative of alkaloids (Rasool et
al., 2010). For the detection of terpenoids, the protocol
of Vijay et al. (2013) was followed. For this purpose, 2
mL of aqueous extract were mixed with 2 mL of chlo-
roform, the mixture was evaporated and the resulting
fine powder was mixed with 2 mL of concentrated
sulphuric acid. The mixture was heated for 2 min. For-
mation of greyish color indicated the presence of terpe-
noids. To detect flavonoids, a few drops of lead acetate
were mixed with 2 mL of plant aqueous extract. Forma-
tion of yellow precipitate was considered as the presence
of flavonoids (Salhan et al., 2011). To confirm the pres-
ence of tannins and saponins in the aqueous extracts of
plants, the protocol of Saidulu et al. (2014) was used.
Tannins were considered to be present if blackish pre-
cipitate appeared after mixing a few drops of ferric
chloride with 5 mL of the aqueous extract. Similarly,
saponins were considered to be present if frothing ap-
peared and persisted after adding 2 mL of plant extract
to 5 mL of distilled water and agitated for 3 min.

In-vivo studies

Experiments were conducted in screen house to study
the effect of dry powders of five selected plant species
(C. procera, A. sativum, A. vasica, T. patula, and N.
oleander) on the control of bacterial wilt of tomatoes.
Tomatoes (cv. Rio Grande) were cultivated in large
earthen pans filled with heat-sterilized soil (100 °C for
6 h). One-month old plants were transplanted (1 seed-
ling/pot) to 15 cm-diameter earthen pots (Ramesh et al.,
2009). Each pot had 2 kg of pasteurized mixture of clay
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and sand (2:1 w/w). Different doses, i.e., 10, 20, 30 and
40 g/kg of soil (Flores-Moctezuma et al., 2006) of dry
powder of the medicinal plants were mixed with soil
before transplanting seedlings. Plants were inoculated
by clipping the lower leaf with scissor dipped in fresh
bacterial suspension of 1.5 x 10% cfu/mL (Hindi, 2013).
For comparison, standard antibiotic, streptomycin (200
ppm, 30 mL/pot, applied as drench 4 times at 20 days
interval) and control treatment (inoculated with bacteria,
no treatment applied) were also included in the experi-
ment. CRD with five replications was used for the ex-
periment. The potted plants were watered as needed and
fertilized once with 100 mL/plant of 0.1%, 25-5-32 +
micronutrients hydro-sol fertilizer (Engro Crop Ltd.)
one week after transplanting (Kokalis-Burelle et al.,
2005). The experiment was terminated 90 days after
transplanting and the data were recorded on disease
severity, plant height (cm), tomato yield/plant (g), plant
fresh biomass (g), number of shoots/plant, root
weight (g), and plant dry biomass (g).

Disease severity (%)

The 1-5 disease severity scale of Wai et al. (2013)
based on the degree of drooping and wilting of leaves,
was slightly modified (to make it simpler while retain-
ing its usefulness) and used for recording disease sever-
ity data. The modifications were that the five category
scale was reduced to four categories by merging to-
gether categories 3 and 4 of the original scale. The
various categories of the modified scale are, 1 = no
visible symptoms, 2 = one leaf to half of the foliage
wilting, 3 = nearly all of the foliage wilting, 4 = the
whole plant wilting and dead. Disease severity (%) for
each treatment was then computed using the formula
developed by Bdliya & Dahiru (2006), S = 1003 n/4N,
where S = disease severity (%), > n = summation of
individual ratings, 4 is the highest category on the rat-
ing scale and N = total number of plants per treatment.
Four severity data points were recorded for each treat-
ment with two weeks interval.

Data analysis

Data recorded for disease severity, yield and plant
growth characters under in-vitro and in-vivo conditions
were considered as dependent factors, while different
treatments (different medicinal plant extracts and their
doses) were considered as independent factors using
CRD. The data were subjected to analysis of variance
using Statistix (NH Analytical Software, Roseville,
MN, USA) (Campbell & Madden, 1990). Treatment
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means of the different dependent factors were com-
pared using Fisher’s protected least significance dif-
ference (LSD) test at p=0.05 (Gomez & Gomez, 1984).

Results

Morphology and pathogenicity
of R. solanacearum

To verify that the stored cultures remained pure and
did not lose pathogenicity during storage, its morpho-
logical characteristics were observed and pathogenic-
ity was tested before using it for different experiments.
On nutrient agar, the bacteria produced off-white/cream
colored, irregular, fluidal and non-transparent colonies
after 48 hours of incubation at 28 °C. Plants inoculated
with R. solanacearum showed symptoms of bacterial
wilt disease 8 days after inoculation. The first symp-
toms appeared as wilting of the youngest leaves or
leaflets. Later on, branches also showed wilt symptoms.
The bacteria were re-isolated from the infected plant
samples to confirm Koch postulates.

The in-vitro anti-microbial activity of aqueous
extracts of the medicinal plants

C. procera, A. vasica, T. patula and A. sativum were
found to have anti-microbial activity against the bacte-
rial pathogen in agar plate diffusion assay. All dilutions
of M. azedarach, P. harmala (except 0% dilution), N.
oleander (except the 0% dilution) and the lowest dilu-
tion (75%) of 4. sativum and T. patula did not inhibit
the in-vitro growth of the bacterium. The un-diluted
(0% dilution) aqueous extract of C. procera produced

the maximum (13 mm) zone of inhibition, followed by
that of A. vasica (12.20 mm) and 7. patula (12 mm)
(Table 1 and Fig. 1). The results of the inhibition zones
produced by the undiluted and 25% diluted aqueous
extracts of C. procera were statistically at par with
those produced by the undiluted extracts of 4. vasica
and T. patula. In comparison with the standard antibi-
otic streptomycin (200 ppm), the undiluted extracts of
C. procera, A. vasica and T. patula were 63%, 59% and
58%, respectively, as effective as the antibiotic.

Detection of secondary metabolites
in aqueous extracts of plants

To investigate if there was any correlation between
the presence or absence of a certain secondary metabo-
lite in the aqueous extract of a medicinal plant and its
ability to inhabit the in-vitro bacterial growth, the ex-
tracts of five plant species (7. patula, A. vasica, C.
procera, A. sativum and N. oleander) were used for the
detection of these metabolites. The results (Table 2)
revealed the presence of all major anti-microbial sec-
ondary metabolites like alkaloids, flavonoids, tannins,
saponins and terpenoids in the aqueous extracts of 7.
patula, A. vasica, C. procera (terpenoids, undetectable)
and N. oleander (saponins, undetectable). However,
A. sativum lacked alkaloids, flavonoids and tannins.

In-vivo studies

Effect of medicinal plant’s powder on BW severity

To investigate whether the in-vitro anti-microbial
activity of the medicinal plant species could result

Figure 1. Zones of inhibition produced by A. vasica (left) and C. procera (right) aqueous extracts,
in the following dilutions: A, undiluted or 0%, B, 25%, C, 50%, D, 75%. E, water control, F, antibi-
otic streptomycin.
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Table 1. Effect of medicinal plant aqueous extracts and their dilutions on the in-vitro growth
inhibition of R. solanacearum 24 hours after incubation at 30°C

Plant Concentration Inhibition zone (mm) % Decrease over streptomycin

M. azedarach 100% 0.00] -
M. azedarach 50% 0.00j -
M. azedarach 33% 0.00j -
M. azedarach 25% 0.00] -
N. oleander 100% 9.20 ef 55.34
N. oleander 50% 0.00 -
N. oleander 33% 0.00 -
N. oleander 25% 0.00j -
A. sativum 100% 9.40 de 54.37
A. sativum 50% 8.60 efg 58.25
A. sativum 33% 7.40 gh 64.08
A. sativum 25% 0.00j -
C. procera 100% 13.00 b 36.89
C. procera 50% 11.20 ¢ 45.63
C. procera 33% 9.60 de 53.40
C. procera 25% 8.20 efgh 60.19
T patula 100% 12.00 be 41.75
T patula 50% 8.60 efg 58.25
T patula 33% 7.80 fgh 62.14
T patula 25% 0.00 j -
A. vasica 100% 12.20 be 40.78
A. vasica 50% 10.80 cd 47.57
A. vasica 33% 9.00 ef 56.31
A. vasica 25% 7.00 h 66.02
P. harmala 100% 2.801 86.41
P. harmala 50% 0.00 ] -
P. harmala 33% 0.00j -
P. harmala 25% 0.00] -
Streptomycin 200 ppm 20.60 a -
Control (water) 0.00] -
LSD =1.40

The values shown are the mean of five replicates. Means within column followed by different letters

are significantly different from each other (p < 0.05).

into their ability to control BW in-planta, four pow-
der doses (10, 20, 30, and 40 g/kg soil), of each plant
species (except P. harmala and M. azedarach which
showed very little and no in-vitro anti-microbial
activity, respectively) were tested for the control of
the disease. All doses (except 10 g/kg soil) of ground
dry powders of all tested plant species significantly
(p < 0.05) reduced disease severity at 14-, 28-, 42-
and 56-days post-inoculation as compared to control
(Table 3). However, in comparison with the disease
severity of the antibiotic-treated plants at 56-days

Spanish Journal of Agricultural Research

post inoculation, only the higher dose (40 g/kg soil)
of T. patula, A. vasica and C. procera performed
better. Plants treated with 40 g kg™! soil of C. pro-
cera, T. patula and A. vasica had 31.17%, 33% and
39.50% respectively more disease severity than those
treated with the antibiotic. Disease severity levels
of plants treated with C. procera, T. patula and A.
vasica were statistically at par with each other. To-
mato plants treated with dry powder doses of 40 g/
kg of soil showed no phytotoxic effects (N. Din,
pers. observ.).
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Table 2. Detection of secondary metabolites in aqueous extracts of medicinal plants

Secondary metabolites

Medicinal plants
Alkaloids Flavonoids Tannins Saponins Terpenoids
T patula + + + + +
A. vasica + + + + +
C. procera + + + + -
A. sativum - - - + +
N. oleander + + + - +

+ indicates presence and — indicates absence of chemical.

Table 3. Effect of medicinal plants powder and their doses on disease severity 14, 28, 42 and 56 days post-inoculation on R.

solanacearum-inoculated tomato plants

Plant Dose (g/kg soil) lfI days p.ost- 2.8 days p.ost- 4.2 days p.ost- 5.6 days p.ost-
inoculation inoculation inoculation inoculation
T. patula 10 56.26 b 47.76 bed 37.73 cde 3433 cd
T. patula 20 46.00 def 34.93 hi 30.167 fgh 26.46 fg
T. patula 30 38.33 ghi 25.66 jk 23.83 ij 22.66 hi
T. patula 40 30.44 jk 24.66 k 23.334j 18.66j (33.00)
A. vasica 10 5450 b 46.33 cde 39.16 ¢ 35.76 ¢
A. vasica 20 47.00 de 36.00 ghi 30.00 fgh 28.33 ef
A. vasica 30 37.33 hi 25.00 jk 23.33 i 23.33 ghi
A. vasica 40 28.80 kl 23.66 k 21.50j 20.66 ij (39.50)
C. procera 10 46.16 def 41.66 efg 39.00 cd 26.50 fg
C. procera 20 38.00 ghi 35.46 hi 31.56 gh 22.50 hi
C. procera 30 34.00 ij 23.33kl 20.00 jk 18.83 ]
C. procera 40 25.661 21.66 kl 19.16 jk 18.16j (31.17)
N. oleander 10 55.33b 44.66 cdef 38.83 cd 3583 ¢
N. oleander 20 50.00 cd 46.10 cde 34.33 def 28.66 ef
N. oleander 30 44.66 ef 40.66 efgh 33.83 ef 26.00 fgh
N. oleander 40 39.33 gh 35.16 hi 29.00 gh 24.00 ghi
A. sativum 10 53.66 be 52.800 b 50.66 b 41.66 b
A. sativum 20 61.50 a 49.00 be 4733 Db 31.86 de
A. sativum 30 46.90 de 42.36 def 33.33 efg 26.60 fg
A. sativum 40 42.00 fg 39.53 fgh 32.66 fg 25.33 fgh
Streptomycin 200 ppm 30.66 jk 21.33 kl 16.00 k1 12.50 k
Control (Water) 53.67 be 64.66 a 72.00 a 82.83 a
LSD 4.38 6.05 4.71 3.63

Values are the mean of five replicates. Means within a column with different letters are significantly different (p < 0.05). Numbers in

parenthesis show % increase over antibiotic.

Effect of medicinal plant’s powder on tomato
yield and plant growth characters

The effect of the dry powder of the medicinal plant
species C. procera, T. patula and A. vasica on the yield
and plant growth characters of the inoculated tomato
plants followed almost similar pattern as observed in
case of disease severity. Higher yields, shoot and root
lengths and fresh and dry biomasses were obtained in
case of plants treated with the higher dose (40 g/kg
soil) of C. procera, T. patula and A. vasica (Table 4).
Mean yield (except that of 40 g/kg soil of 7. patula-
treated plants), plant height, fresh and dry biomasses
and mean number of shoots/plant (except those of 40g/
kg soil of T patula-treated and A. vasica-treated plants)
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of plants treated with the higher dose (40 g/kg soil) of
C. procera, T. patula and A. vasica were statistically
at par with those of antibiotic-treated plants. However,
values of yield and plant growth characters obtained
with almost all doses of 4. sativum and N. oleander
were statistically not different from those of the control.

Discussion

Green plants are major reservoirs of anti-microbial
bioactive compounds and therefore can be used as
source for the development of natural pesticides (Jeya-
seelan et al., 2010). Many plants have been found to
be effective against bacteria (Ranjit ez al., 2012), fungi
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Table 4. Effect of medicinal plants powder on yield and plant growth characters of tomato plants inoculated with R. solan-

acearum.
Plant Dose (g/kg soil)  Yield/plant (g) Plant height (¢cm) Fresh biomass (g) Dry biomass (g) Shoots/plant
T. patula 10 413.33 fgh 53.00 i 101.67 ef 2233 fg 433h
T patula 20 292.00 k1 56.00 hij 110.00 ef 26.33 efg 5.00 gh
T. patula 30 524.00 de 69.33 ef 114.33 ef 28.33 efg 5.33 fgh
T. patula 40 753.67b 90.00 bed 417.33 ab 113.83 b 9.33 cd
(-17.84) (-3.92) (-0.95) (-5.67) (-9.68)
A. vasica 10 392.00 ghij 57.33 ghij 109.33 ef 24.00 fg 5.00 gh
A. vasica 20 620.00 cd 59.33 ghi 112.17 ef 27.66 efg 5.00 gh
A. vasica 30 650.00 ¢ 83.00 cd 279.67 ¢ 85.00 ¢ 7.00 ¢
A. vasica 40 826.67 ab 92.00 abc 386.33 b 117.67 b 9.00d
(-9.88) (-1.78) (-8.33) (-2.49) (-12.88)
C. procera 10 342.33 ghijk 57.00 ghij 105.00 ef 23.33 fg 433 h
C. procera 20 418.33 fgh 58.66 ghij 111.17 ef 29.66 efg 5.33 fgh
C. procera 30 880.33 a 82.66d 403.67 b 113.00 b 8.66 d
C. procera 40 886.67 a 93.67 ab 420.67 ab 118.67 b 10.66 b
(-3.34) (0.00) (-0.16) (-1.66) (+3.19)
N. oleander 10 399.33 ghi 54.66 ij 100.00 f 21.00 g 433 h
N. oleander 20 398.00 hi 58.33 ghij 106.00 ef 2333 fg 5.33 fgh
N. oleander 30 272.67 kl 60.33 fghi 117.67 ef 26.33 fg 5.33 fgh
N. oleander 40 51533 ef 71.66 ¢ 152.67 ¢ 33.167 ¢ 6.33 ef
A. sativum 10 265.00 k1 50.00j 90.33 f 26.00 efg 3.001
A. sativum 20 299.00 ijkl 56.00 hij 100.67 f 27.33 efg 433 h
A. sativum 30 322.33 hijk 59.66 ghi 109.67 ef 30.667 ef 5.66 fg
A. sativum 40 435.33 efg 66.00 efg 122.17 ef 32.833 ¢ 5.66 fg
Streptomycin 200 ppm 91733 a 93.667 ab 421.33 ab 120.67 ab 10.33 be
Control (water) 207.61 54.66 ij 120.17 ef 25.00 efg 433 h
LSD 102.69 9.09 51.34 8.79 1.07

Values are the mean of five replicates. Means within a column with different letters are significantly different (p < 0.05). Numbers
in parenthesis show % change over antibiotic (negative sign means decrease) and numbers with positive sign show % increase over

antibiotic.

(Kareem et al., 2008), nematodes (Al-Shaibani ef al.,
2008), protozoa and some viruses (Khan ef al., 2001).
Because of being environment friendly and effective
against plant pathogens, dried powders/green manures
of various plants could be added to soil as organic
amendments (Naz et al., 2015a,b) or soil could be
drenched with plant aqueous extracts (Deberdt et al.,
2012) to replace or reduce the amount of chemicals
used for the control of plant diseases.

The in-vitro growth inhibition of R. solanacearum
by the undiluted aqueous extracts of C. procera, A.
vasica T. patula, and A. sativum may be explained on
the basis of the presence and amounts of anti-microbi-
al secondary metabolites in these plants. Some plant
extracts were more effective than others. It may be due
to the higher amounts of some secondary metabolites
present in the plant or they may contain some other
compounds which are responsible for anti-microbial
properties and yet not identified. Using agar well dif-
fusion assay, Jeyaseelan et al. (2010) found out that
both organic solvents and aqueous extracts of 4. sati-
vum bulbs restricted the in-vitro growth of plant patho-
genic bacteria i.e., X. axonopodis and R. solanacearum.
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They also found the organic solvent (ethyl acetate)
extracts to be twice as effective as aqueous extracts
against both types of bacterial pathogens indicating
more solubility of anti-microbial chemicals of garlic
in organic solvents. Aqueous extracts, however, are
cheap and easy to make and more affordable for the
resource-poor farmers of developing countries. Con-
sistent with our results, these researchers were not able
to find alkaloids, flavonoids and tannins in the aqueous
extracts of garlic bulbs but detected them when ethyl
acetate was used as solvent. Instead of performing
frothing test (Saidulu et al., 2014), Al-Obaidi (2014)
used mercuric chloride as reagent, but was unable to
detect saponins in the aqueous extracts of N. oleander;
however, he found that the aqueous extract of N. ole-
ander, contrary to our findings, effectively inhibited
the in-vitro growth of Staphylococcus aureus and Es-
cherichia coli. Larger growth inhibition zones were
recorded for higher concentrations of N. oleander. This
difference in results might be due to different nature of
the bacterial pathogens tested as well as the concentra-
tion of the extract used. Consistent with this notion, we
found some growth inhibition of R. solanacearum when
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undiluted extract was used. Because of being available
in large quantities and free of cost, C. procera, A. va-
sica and T. patula are better choices than 4. sativum
for controlling BW.

The presence of bioactive compounds is known to
exhibit medicinal as well as physiological activities
(Iraqui et al., 2013). Flavonoids are phenolic com-
pounds and are reported to be synthesized by the plant
in response of pathogen attack. They have the ability
to make complexes with extracellular and soluble pro-
teins. Flavonoids have also been reported to coagulate
bacterial cell proteins and to affect enzymes involved
in synthesis of essential amino acids (Al-Obaidi, 2014).
Tannins have anti-microbial properties due to their
basic character. Tannins react with prolin-rich proteins
and form stable water soluble compounds. They also
kill bacteria by directly damaging their cell membrane
(Mainasara et al., 2012). Tannins bind to adhesins so
that the bacteria cannot attach to the surface of the host
and in this way they remain unable to cause infection
(Wang, 2014). Saponin is a broad group and has been
classified into various categories on the basis of its
function. Steroidal saponins are reported to inhibit
bacterial growth, because they react with membrane
sterol and stop membrane function which leads to in-
hibition of cell growth (Wang et al., 2000). Alkaloids
are also a vast group. Some alkaloids inhibit important
enzymes such as topoisomerase. Other alkaloids such
as bisindole monoterpenoid alkaloids, act as DNA in-
tercalating agent which sometimes result in certain kind
of poisoning (Tanaka et al., 2006). Terpenoids are re-
ported to inhibit bacterial growth by denaturation of
proteins or by acting as dehydrating agents. Terpenoids
act upon the phospholipid bilayers of the cell, due to
which different processes like electron transport, pro-
tein translocation, phosphorylation steps and other
enzyme-dependent reactions are affected and finally
membrane disruption occurs which results in bacterial
growth inhibition (Dorman & Deans, 2000).

Three different mechanisms might be responsible
for the observed lower disease severity of the inocu-
lated tomato plants treated with 40 g/kg soil of C.
procera, A. vasica and T. patula. The most obvious one
is the presence of various anti-microbial compounds
in the dried powders added to soil. These compounds,
when present in optimum concentrations, will directly
kill the pathogen (Regnault-Roger et al., 2005). Our
results indicated that all major anti-microbial com-
pounds (i.e., alkaloids, flavonoids, tannins, saponins
and terpenoids) were present in the dried powders of
C. procera (except terpenoids), 4. vasica and T. patu-
la. Stimulation of antagonistic or competitive micro-
organisms, as a result of addition of dried powders of
the medicinal plants to soil, could be another reason
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for the lower disease severity of the treated plants. This
hypothesis, however, needs to be critically tested by
determining the changes in the level of soil microbes
before and after the addition of these powders, using
appropriate protocols such as analysis of phospholipid
fatty acids (PLFAs). Analysis of changes occurring in
soil microbial populations using PLFA analysis pro-
vides direct information for the identification, classi-
fication and quantification of microbial community
composition which overcomes the selectivity problems
associated with culture techniques (Dong et al., 2014).
The third mechanism could be the presence of natural
elicitor compounds in the dried powders which could
have activated the inactive natural defense system of
the treated tomato plants, resulting in lower disease
severity as compared to that of control plants. Although
we were unable to do so, one way to determine the
induction of systemic resistance would be to measure
the levels of defense-related enzymes in treated and
untreated plants. Defense response-activating elicitors
could be found in natural products (Walters et al.,
2005). At the cellular level, the activated plant defense
responses include an oxidative burst leading to cell
death, changes in the cell wall composition, synthesis
of anti-microbial compounds such as phytoalexins,
activation of defense genes and priming of host cells
(Kug, 2006). A coffee-leaf extract formulation induced
defense genes in tomato against the bacterial pathogen
Xanthomonas vesicatoria (Medeiros et al., 2009). Cu-
cumber leaves were found to have accumulated anti-
fungal defense compounds against Pythium ultimum
after their treatment leaf extracts from Reynoutria
sachalinensis (Daayf et al., 2000). Crude water extracts
of Melia azedarach elicited defense responses from
cucumber against Meloidogyne incognita and decreased
the activities of catalase and peroxidase involved in
host H,0, detoxification. Low activities of these en-
zymes inside the host imply the enhanced defense
system of the plant (Cavoski et al., 2012). Using aque-
ous plant extracts of Hibiscus sabdariffa, Punica gra-
natum and Eucalyptus globulus, Hassan et al. (2009)
demonstrated the elicitation of systemic resistance in
potato against BW.

The in-vivo results of the higher doses (40 g/kg soil)
of the dried powders of C. procera, A. vasica and T.
patula are interesting. These plants proved to be about
60% as effective as the antibiotic in terms of reducing
the disease severity and as effective as the antibiotic
in terms of enhancing yield and plant growth charac-
ters. This implies that the use of the dried powders of
these plant species has the potential to become an ef-
fective component of the integrated disease manage-
ment against BW of tomato. Unlike the requirement of
expensive drip irrigation system to apply aqueous plant
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extracts (Ji et al., 2007), dried powders of these me-
dicinal plant species could be directly applied to the
root-zones of tomato plants rather than broadcasting
them in the whole field. This practice of selective rhizo-
sphere application, which is easily doable in small-scale
agricultural systems like those found in Pakistan, will
greatly reduce the input costs. Besides being effective
against R. solanacearum and possibly other plant
pathogenic bacteria, these plant species are evergreen,
easily available in large amounts and free of cost,
which makes them an attractive potential component
of integrated disease management against BW and pos-
sibly other plant pathogens. These plant species could
be used as organic amendments, in the form of green
manures or dried powders, to control soil-borne patho-
gens such as R. solanacearum or in the form of aqueous
extracts sprays to control foliar bacterial pathogens.
Moreover, disease-free tomato transplants could be
produced by incorporating dried powders or green
manures of medicinal plant species in seed-bed soils.
To produce disease-free rice seedlings, neem
(Azadirachta indica) leaves are routinely incorporated
by farmers into rice seed-beds in rice-growing areas of
Pakistan. Although the preparation and use of aqueous
extracts of medicinal extracts is very convenient and
easily affordable by resource-poor farmers of develop-
ing countries like Pakistan, many anti-microbial sec-
ondary metabolites of plants are more efficiently ex-
tracted using organic solvents than water (Al-Obaidi,
2014). Further research is needed to purify and quan-
tify different anti-microbial compounds present in these
medicinal plants and to formulate them into commer-
cially usable forms. Research is underway regarding
the evaluation of different extraction procedures using
organic solvents to identify natural chemical com-
pounds with anti-microbial activity, elucidation of
chemical structures in case of discovery of new com-
pounds and testing of these natural compounds against
other plant pathogens including bacterial pathogens.

References

Al-Obaidi, O. 2014. Studes on antibacterial and anticancer
activity of Nerium oleander extracts. Eur Chem Bull 3:
259-262.

Al-Shaibani I, Phulan M, Arijo A, Qureshi T, 2008. Ovi-
cidal and larvicidal properties of Adhatoda vasica (L.)
extracts against gastrointestinal nematodes of sheep in
vitro. Pakistan Vet J 28: 79-83.

Allen C, Prior P, Hayward AC, 2005. Bacterial wilt disease and
the RS species complex. APS, St. Paul, MN, USA. p: 1.
Anonymous, 2011. Agricultural statistics of Pakistan. Govt.
of Pakistan, Statistics Division, Pakistan Bureau of Sta-

tistics, Islamabad.

Spanish Journal of Agricultural Research

Astulla A, Zaima K, Matsuno Y, Hirasawa Y, Ekasari W,
Widyawaruyanti A, 2008. Alkaloids from the seeds of
Peganum harmala showing antiplasmodial and vasorelax-
ant activities. J Nat Med 62: 470-472. http://dx.doi.
org/10.1007/s11418-008-0259-7

Balestra GM, Heydari A, Ceccarelli D, Ovidi E, Quattrucci A,
2009. Antibacterial effect of Allium sativum and Ficus
carica extracts on tomato bacterial pathogens. Crop Prot
28: 807-811. http://dx.doi.org/10.1016/j.cropro.2009.06.004

Bas AL, Demirci S, Yazihan N, Uney K, Kaya EE, 2012.
Nerium oleander distillate improves fat and glucose me-
tabolism in high-fat diet-fed streptozotocin-induced dia-
betic rats. Int J Endocrin 2012, Art ID 947187. http://
dx.doi.org/10.1155/2012/947187

Bauer AW, Kirby WMM, Sherris JC, Truck M, 1996. Anti-
biotic susceptibility testing by a standardized single disc
method. Am J Clin Pathol 45: 493-496.

Bdliya BS, Dahiru B, 2006. Efficacy of some plant extracts
on the control of potato tuber soft rot caused by Erwinia
carotovora ssp carotovora. J Plant Prot Res 46: 285-294.

Begum N, Haque M I, Mukhtar T, Naqvi SM, Wang JF, 2012.
Status of bacterial wilt caused by Ralstonia solanacearum
in Pakistan. Pak J Phytopathol 24 (1): 11-20.

Bukhari N, Choi JH, Jeon CW, Park HW, Kim WH, Khan
MA, 2008. Phytochemical studies of alkaloids from Pe-
ganum harmala. Appl Chem 12: 101-104.

Campbell CL, Madden LV, 1990. Introduction to plant dis-
ease epidemiology, Wiley, NY.

Cardoso SC, Soares ACF, Brito ADS, Laranjeira FF, Ledo
CAS, dos Santos AP, 2006. Control of tomato wilt through
the incorporation of aerial parts of pigeon pea and crota-
laria to soil. Summa Phytopathol 32: 27-33. http://dx.doi.
org/10.1590/S0100-54052006000100004

Cavoski I, Chami ZA, Bouzebboudja F, Sasanelli N, Simeone
V, Mondelli D, Miano T, Sarais G, Ntalli NG, Caboni P,
2012. Melia azedarach controls Meloidogyne incognita and
triggers plant defense mechanisms on cucumber. Crop Prot
35: 85-90. http://dx.doi.org/10.1016/j.cropro.2012.01.011

Chaudhry Z, Rashid H, 2011. Isolation and characterization
of Ralstonia solanacearum from infected tomato plants
of soan skesar valley of Punjab. Pak J Bot 43 (6): 2979-
2985.

Daayf F, Ongena M, Boulanger R, El Hadrami I, Belanger
RR, 2000. Induction of phenolic compounds in two cul-
tivars of cucumber by treatment of healthy and powdery
mildew-infected plants with extracts of Reynoutria sacha-
linensis. J Chem Ecol 26: 1579-1593. http://dx.doi.
org/10.1023/A:1005578510954

Dalal N, Dalal S, Golliwar V, Khobragade R, 1999. Studies
on grading and pre-packaging of some bacterial wilt resist-
ant brinjal (Solanum melongena L.) varieties. J Soils
Crops 9: 223-226.

Deberdt P, Perrin B, Coranson-Beaudu R, Duyck PF Wicker
E, 2012. Effect of Allium fistulosum extract on Ralstonia
solanacearum populations and tomato bacterial wilt. Plant
Dis 96: 687-692. http://dx.doi.org/10.1094/PDIS-07-11-
0601

Dong WY, Zhang XU, Dai XQ, Fu XL, Yang FT, Liu XY,
Sun XM, Wen Xf, Scaeffer S, 2014.Changes in soil mi-

September 2016 ¢ Volume 14  Issue 3 * ¢1006


http://dx.doi.org/10.1007/s11418-008-0259-7
http://dx.doi.org/10.1007/s11418-008-0259-7
http://dx.doi.org/10.1016/j.cropro.2009.06.004
http://dx.doi.org/10.1155/2012/947187
http://dx.doi.org/10.1155/2012/947187
http://dx.doi.org/10.1590/S0100-54052006000100004
http://dx.doi.org/10.1590/S0100-54052006000100004
http://dx.doi.org/10.1016/j.cropro.2012.01.011
http://dx.doi.org/10.1023/A:1005578510954
http://dx.doi.org/10.1023/A:1005578510954
http://dx.doi.org/10.1023/A:1005578510954
http://dx.doi.org/10.1023/A:1005578510954

Management of Ralstonia solanacearum in tomato plants 11

crobial community composition in response to fertilization
of paddy soils in subtropical china. Appl Soil Ecol 84:
140-147. http://dx.doi.org/10.1016/j.aps0il.2014.06.007

Dorman HJD, Deans SG, 2000. Antimicrobial agents from
plants: Antibacterial activity of plant volatile oils. J Appl
Microbiol 88: 308-316. http://dx.doi.org/10.1046/
j.1365-2672.2000.00969.x

Duran A, Hamzaoglu E, 2002. Flora of Kazankaya Canyon
(Yozgat-Corum). Turk J Bot 26: 351-369.

Ehsanpur AA, Saadat E, 2002. Plant regeneration from hy-
pocotyl culture of Peganum harmala. Pak J Bot 34: 253-
256.

Elphinstone JG, 2005. The current bacterial wilt situation:a
global overview. In: Bacterial wilt disease and the Ral-
stonia solanacearum Species Complex; Allen C, Prior P,
Hayward AC (eds), pp: 9-28. APS Press; St. Paul, MN,
USA.

EU, 1998. Council Directive 98/57/EC of 20 July 1998 on
the control of Ralstonia solanacearum. Annex Il-test
scheme for the diagnosis, detection and identification of
Ralstonia solanacearum. Offic J Eur Cmte 235: 8-39.

Flores-Moctezuma HE, Montes-Belmont R, Jimenez-Perez
A, Nava-Juarez R, 2006. Pathogenic diversity of Sclero-
tium rolfsii isolates from Mexico, and potential control of
southern blight through solarization and organic amend-
ments. Crop Prot 25: 195-201. http://dx.doi.org/10.1016/].
cropro.2005.04.007

Frey FM, Meyers R, 2010. Antibacterial activity of tradi-
tional medicinal plants used by Haudenosaunee peoples
of New York state. Bmc Complem Altern Med 10: 64. doi:
10.1186/1472-6882-10-64. http://dx.doi.org/10.1186/1472-
6882-10-64

Gao H, Huang Y, Gao B, Li P, Inagaki C, Kawabata J, 2008.
Inhibitory effect on alpha glucosidase by Adhatoda va-
sica Nees. Food Chem 108: 965-972. http://dx.doi.
org/10.1016/j.foodchem.2007.12.002

Gomez KA, Gomez AA, 1984. Statistical procedures for
agricultural research. John Wiley & Sons, NY.

Hacisalihoglu G, Ji P, Longo LM, Olson S, Momol TM, 2007.
Bacterial wilt induced changes in nutrient distribution and
biomass and the effect of acibenzolar-s-methyl on bacte-
rial wilt in tomato. Crop Prot 26: 978-982. http://dx.doi.
org/10.1016/j.cropro.2006.09.005

Hassan MAE, Bereika MFF, Abo-Elnaga HIG, Sallam MA,
2009. Direct antimicrobial activity and induction of sys-
temic resistance in potato plants against bacterial wilt
disease by plant extracts. Plant Pathol J 25: 352-360.
http://dx.doi.org/10.5423/PPJ.2009.25.4.352

Hindi NKK. 2013. In vitro antibacterial activity of aquatic
garlic extract, apple vinegar and apple vinegar - garlic
extract combination. Am J Phytomed Clin Therapeutics
1:42-51.

Hong JC, Momol MT, Pingsheng J, Stephen SM, Colee J,
Jones JB, 2011. Management of bacterial wilt in tomatoes
with thymol and acibenzolar-S-methyl. Crop Prot 30:
1340-1345. http://dx.doi.org/10.1016/j.cropro.2011.05.019

Iraqui P, Borah D, Kardong D, Yadav R, 2013. Qualitative
and quantitative screening of phytochemicals of Meli-
osomma pinnata (Dermi), a forest based vegetable plant

Spanish Journal of Agricultural Research

traditionally used by mising community of Assam, India.
Int J Pharm Pharmac Sci 5: 200-203.

Jeyaseelan E, Pathmanathan M, Jeyadevan J, 2010. Inhibi-
tory effect of different solvent extracts of Vitex negundo
L. and Allium sativum L. on phytopathogenic bacteria.
Arch Appl Sci Res 2: 325-331.

Ji P, Momol MT, Olson SM, Pradhanang PM, Jones JB, 2005.
Evolution of thymol as biofunmigant for control of bacte-
rial wilt of tomato under field conditions. Plant Dis 89:
497-500. http://dx.doi.org/10.1094/PD-89-0497

Ji P, Momol MT, Rich JR, Olson SM, Jones JB, 2007. De-
velopment of an integrated approach for managing bacte-
rial wilt and root-knot nematodes on tomato under field
conditions. Plant Dis 91: 1321-1326. http://dx.doi.
org/10.1094/PDIS-91-10-1321

Kang JM, Lee MH, Shim JK, Seo ST, Sherestha R, Cho MS,
Hahn JH, Park DS, 2007. PCR-based specific detection
of Ralstonia solanacearum by amplification of cy-
tochrome c1 signal peptide sequences. J Microbiol Bio-
technol 17 (11): 1765-1771.

Kareem SO, Akpan I, Ojo OP, 2008. Antimicrobial activities
of Calotropis procera on selected pathogenic microorgan-
isms. Afr J Biomed Res 11: 105-110.

Katayama K, Kimura S, 1987. Ecology and protection of
bacterial wilt of potato. Some control methods and their
integration. Bull Nagasaki Agric For Exp Stn 15: 29-57.

Kaur I, Chouhan P, Jaryal M, Saxena S, Kanishak S, 2012.
Antioxidant and antimicrobial activity of leaf extract of
Adhatoda vasica against the bacteria isolated from the
sputum samples of asthmatic patients. Int J] Drug Res
Technol 2: 273-278.

Khan MR, Kihara M, Omoloso AD, 2001. Antimicrobial
activity of Horsfieldia helwigii and Melia azedarach.
Fitoterapia 72: 423-427. http://dx.doi.org/10.1016/S0367-
326X(00)00334-8

Kokalis-Burelle N, Chellemi DO, Peries X, 2005. Effect of
soils from six management systems on root-knot nema-
todes and plant growth in greenhouse assays. J Nematol
37: 467-472.

Ku¢ J, 2006. What’s old and what’s new in concepts of in-
duced systemic resistance in plants, and its application. In:
Multigenic and induced systemic resistance in plants, pp:
9-20. Springer. http://dx.doi.org/10.1007/0-387-23266-4 2

Kumar S, Choudhary HS, Seniya C, 2011. In vitro antibacte-
rial study of aqueous and methanolic extracts of some
selected medicinal plants. ] Chem Pharm Res 3: 854-860.

Lala S, Pramanick S, Mukhopadhyay S, Bandyopadhyay S,
Basu MK, 2004. Harmine:evaluation of its antileishma-
nial properties in various vesicular delivery systems.
J Drug Target 12: 165-175. http://dx.doi.org/10.1080/10
611860410001712696

Lin CH, Tsai KC, Prior P, Wang JF, 2014. Phylogenetic re-
lationships and population structure of Ralstonia solan-
acearum isolated from diverse origins in taiwan. Plant
Pathol 63: 1395-1403. http://dx.doi.org/10.1111/ppa.12209

Mahlo SM, Mcgaw LJ, Eloff IN, 2010. Antifungal activity
of leaf extracts from south african trees against plant
pathogens. Crop Prot 29: 1529-1533. http://dx.doi.
org/10.1016/j.cropro.2010.08.015

September 2016 « Volume 14  Issue 3 * ¢1006


http://dx.doi.org/10.1094/PD-89-0497
http://dx.doi.org/10.1094/PDIS-91-10-1321
http://dx.doi.org/10.1094/PDIS-91-10-1321
http://dx.doi.org/10.1016/S0367-326X%2800%2900334-8
http://dx.doi.org/10.1016/S0367-326X%2800%2900334-8
http://dx.doi.org/10.1007/0-387-23266-4_2
http://dx.doi.org/10.1080/10611860410001712696
http://dx.doi.org/10.1080/10611860410001712696
http://dx.doi.org/10.1111/ppa.12209
http://dx.doi.org/10.1016/j.cropro.2010.08.015
http://dx.doi.org/10.1016/j.cropro.2010.08.015
http://dx.doi.org/10.1016/j.apsoil.2014.06.007
http://dx.doi.org/10.1046/j.1365-2672.2000.00969.x
http://dx.doi.org/10.1046/j.1365-2672.2000.00969.x
http://dx.doi.org/10.1016/j.cropro.2005.04.007
http://dx.doi.org/10.1016/j.cropro.2005.04.007
http://dx.doi.org/10.1186/1472-6882-10-64
http://dx.doi.org/10.1186/1472-6882-10-64
http://dx.doi.org/10.1016/j.foodchem.2007.12.002
http://dx.doi.org/10.1016/j.foodchem.2007.12.002
http://dx.doi.org/10.1016/j.cropro.2006.09.005
http://dx.doi.org/10.1016/j.cropro.2006.09.005
http://dx.doi.org/10.5423/PPJ.2009.25.4.352
http://dx.doi.org/10.1016/j.cropro.2011.05.019

12 Naseerud Din, Musharaf Ahmad, Muhammad Siddique, Asad Ali, Ishrat Naz, Najeeb Ullah and Fayaz Ahmad

Mainasara M, Aliero B, Aliero A, Yakubu M, 2012. Phyto-
chemical and antibacterial properties of root and leaf
extracts of calotropis procera. Nigerian J Basic Appl Sci
20: 1-6.

Massoud M, Jalipour H, Salehian P, 2002. Toxicity of Pega-
num harmala: Review and a case report. Iranian J Phar-
macol Therapeutics 1: 1-4.

Medeiros FCL, Resende MLV, Medeiros FHV, Zhang HM,
Pare PW, 2009. Defense gene expression induced by a
coffee-leaf extract formulation in tomato. Physiol Mol
Plant Pathol 74: 175-183. http://dx.doi.org/10.1016/].
pmpp.2009.11.004

Michel VV, Mew T, 1998. Effect of a soil amendment on the
survival of Ralstonia solanacearum in different soils.
Phytopathology 88: 300-305. http://dx.doi.org/10.1094/
PHYTO.1998.88.4.300

Murti Y, Yogi B, Pathak D, 2010. Pharmacognostic stand-
ardization of leaves of Calotropis procera (Ait.) R. Br.
(Asclepiadaceae). Int J Ayurveda Res 1: 14-17. http://
dx.doi.org/10.4103/0974-7788.59938

Nakatani M, Huang RC, Okamura H, Iwagawa T, Tadera K,
1998. Degraded limonoids from Melia azedarach. Phy-
tochem 49: 1773-1776. http://dx.doi.org/10.1016/S0031-
9422(98)00262-3

Naz I, Saifullah, Palomares-Rius JE, Khan SM, Ali S, Ahmad
M, Ali A, Khan A, 2015a. Control of Southern root-knot
nematode Meloidegyne incognita (Kofoid and White)
chitwood on tomato using green manure of Fumaria
parviflora Lam (Fumariaceae). Crop Prot 67: 581-587.
http://dx.doi.org/10.1016/j.cropro.2014.10.005

Naz I, Saifullah, Palomares-Rius JE, Block V, Khan SM, Ali
S, Baig A, 2015b. Sustainable management of the south-
ern root-knot nematode, Meloidogyne incognita (Kofoid
and White) chitwood, by means of amendments of Fuma-
ria parviflora. Int J Agric Biol 17: 289-296.

Oguwike FN, Onubueze DPM, Ughachukwu P, 2013. Eval-
uation of activities of marigold extract on wound healing
of albino wister rat. IOSR J Dental Med Sci 8: 67-70.
http://dx.doi.org/10.9790/0853-0856770

Paret ML, Cabos R, Kratky BA, Alvarez AM, 2010. Effect
of plant essential oils on Ralstonia solanacearum race 4
and bacterial wilt of edible ginger. Plant Dis 94: 521-527.
http://dx.doi.org/10.1094/PDIS-94-5-0521

Petrovska BB, Cekovska S, 2010. Extracts from history and
medical properties of garlic. Pharmacognosy Rev 4 (7):
106-110. http://dx.doi.org/10.4103/0973-7847.65321

Pradhanang PM, Ji P, Momol MT, Olson SM, Mayfield JL,
Jones JB, 2005. Application of acibenzolar-S-methyl
enhances host resistance in tomato against Ralstonia
solanacearum. Plant Dis 89: 989-993. http://dx.doi.
org/10.1094/PD-89-0989

Ramesh R, Joshi A, Ghanekar M, 2009. Pseudomonads:
Major antagonistic endophytic bacteria to suppress bacte-
rial wilt pathogen, Ralstonia solanacearum in the eggplant
(Solanum melongena L.). World J Microbiol Biotechnol
25: 47-55. http://dx.doi.org/10.1007/s11274-008-9859-3

Ranjit PM, Santhipriya T, Nagasri S, Chowdary Y, Pasumar-
thy N, Gopal V, 2012. Preliminary phytochemical screen-
ing and antibacterial activities of ethanolic extract of

Spanish Journal of Agricultural Research

Calotropis procera flowers against human pathogenic
strains. Asian J Pharm Clin Res 5: 127-131.

Rasool R, Ganai BA, Akbar S, Kamili AN, Masood A, 2010.
Phytochemical screening of Prunella vulgaris L. - an
important medicinal plant of Kashmir. Pakistan J Pharm
Sci 23: 399-402.

Regnault-Roger C, Philogene BJR, Vincent C, 2005. Biope-
sticides of plant origin. Lavoisier, Paris.

Ross ZM, O’Gara EA, Hill DJ, Sleightholme HV, Maslin DJ,
2001. Anti-microbial properties of garlic oil against human
enteric bacteria; evaluation of methodologies and com-
parisons with garlic oil sulfides and garlic powder. Appl
Environ Microbiol 67: 475-480. http://dx.doi.org/10.1128/
AEM.67.1.475-480.2001

Russel BA, Hardin JN, Grand L, Traser A, 1997. Poisonous
plant of North Carolina, Caesalpinia spp (Pride of Bar-
bados). Dept. Horticult. Sci., North Carolina State Uni-
versity. https://plants.ces.ncsu.edu/plants/all/caesalpinia-
spp/

Saidulu C, Venkateshwar C, Gangadhar R, 2014. Preliminary
phytochemical studies of medicinal plant drug: Withania
somnifera L. Biolife 2: 306-312.

Salhan M, Kumar B, Tiwari P, Sharma P, Sandhar HK, Gau-
tam M, 2011. Comparative anthelmintic activity of aque-
ous and ethanolic leaf extracts of Clitoria ternatea. Int J
Drug Dev Res 3: 62-69.

Shahbaz MU, Mukhtar T, Ul-Haque M I, Begum N, 2015.
Biochemical and serological characterization of Ralstonia
solanacearum associated with chilli seeds from Pakistan.
Int J Agric Biol 17: 31-40.

Sharma AK, Kharb R, Kaur R, 2011. Pharmacognostical
aspects of Calotropis procera (Ait) R. Br. Int J Pharm
Biosci 2 (3): B480-488. http://ijpbs.net/vol-2_issue-3/
pharma_science/55.pdf

Sharma JP, Kumar S, 2004. Effect of crop rotation on popu-
lation dynamics of Ralstonia solanacearum in tomato wilt
sick soil. Ind Phytopathol 57 (1): 80-81.

Shi-Rong J, XianMing Q, LanXiang F, Ti T, YiXiong T, Kun
L, Ping Z, Yan Li Z, YongYan B, MinYing C, 1999. Ex-
pression of antibacterial peptide gene in transgenic po-
tato confers resistance to bacterial wilt. Chinese Agric
Sci: 15-22.

Soule JA, 1996. Intrageneric systematic of tagetes in Com-
positae systematics. Proc Int Compositae conf, Kew, pp:
435-443.

Tanaka JCA, da Silva CC, de Oliveira AJB, Nakamura CV, Dias
BP, 2006. Antibacterial activity of indole alkaloids from
Aspidosperma ramiflorum. Braz ] Med Biol Res 39: 387-391.
http://dx.doi.org/10.1590/S0100-879X2006000300009

Tripathi P, Dubey NK, 2004. Exploitation of natural products
as an alternative strategy to control post-harvest fungal rot-
ting of fruits and vegetables. Postharvest Biol Technol 32:
235-245. http://dx.doi.org/10.1016/j.postharvbio.2003.11.005

Vijay P, Nivedita, Bellundagi A, 2013. Ethanobotany and
qualitative phytochemical analysis of some Indian me-
dicinal plants. Int J] Chem Pharm Sci 4: 59-63.

Wai KPP, Lee J, Mo HS, Kim BS, 2013. Sources of resistance
to bacterial wilt and restorer-of-fertility genotype for
cytoplasmic male sterility in Capsicum pepper. Hort En-

September 2016 ¢ Volume 14  Issue 3 * ¢1006


http://dx.doi.org/10.1128/AEM.67.1.475-480.2001
http://dx.doi.org/10.1128/AEM.67.1.475-480.2001
https://plants.ces.ncsu.edu/plants/all/caesalpinia-spp/
https://plants.ces.ncsu.edu/plants/all/caesalpinia-spp/
http://ijpbs.net/vol-2_issue-3/pharma_science/55.pdf
http://ijpbs.net/vol-2_issue-3/pharma_science/55.pdf
http://dx.doi.org/10.1590/S0100-879X2006000300009
http://dx.doi.org/10.1016/j.postharvbio.2003.11.005
http://dx.doi.org/10.1016/j.pmpp.2009.11.004
http://dx.doi.org/10.1016/j.pmpp.2009.11.004
http://dx.doi.org/10.1094/PHYTO.1998.88.4.300
http://dx.doi.org/10.1094/PHYTO.1998.88.4.300
http://dx.doi.org/10.4103/0974-7788.59938
http://dx.doi.org/10.4103/0974-7788.59938
http://dx.doi.org/10.1016/S0031-9422%2898%2900262-3
http://dx.doi.org/10.1016/S0031-9422%2898%2900262-3
http://dx.doi.org/10.1016/j.cropro.2014.10.005
http://dx.doi.org/10.9790/0853-0856770
http://dx.doi.org/10.1094/PDIS-94-5-0521
http://dx.doi.org/10.4103/0973-7847.65321
http://dx.doi.org/10.1094/PD-89-0989
http://dx.doi.org/10.1094/PD-89-0989
http://dx.doi.org/10.1007/s11274-008-9859-3

Management of Ralstonia solanacearum in tomato plants 13

viron Biotech 54: 266-271. http://dx.doi.org/10.1007/
$13580-013-0006-1

Walters D, Walsh D, Newton A, Lyon G, 2005. Induced re-
sistance for plant disease control: Maximizing the effi-
cacy of resistance elicitors. Phytopathology 95: 1368-
1373. http://dx.doi.org/10.1094/PHYTO-95-1368

Wang L, 2014. The antibacterial effect of secondary com-
pounds in plants. 50th Annual Southeastern Michigan
Junior Science and Humanities Symposium. March 6-7.
Wayne State University, Detroit, MI, USA, pp: 1-28.

Spanish Journal of Agricultural Research

Wang Y, McAllister TA, Yanke LJ, Cheeke PR, 2000, Effect
of steroidal saponin from Yucca schidigera extract on
ruminal microbes. J Appl Microbiol 88: 887-896. http://
dx.doi.org/10.1046/j.1365-2672.2000.01054.x

Yesmin MN, Uddin SN, Mubassara S, Akond MA, 2008.
Antioxidant and antibacterial activities of Calotropis
procera L. Am Euras J Agr Environ Sci 4: 550-553.

Yousefi R, Ghaffarifar F, Dalimi A, 2009. The effect of Al-
kanna tincturia and Peganum harmala extracts on Leishmania
major (MRHO/IR/75/ER) in vitro. Iran J Parasitol 40: 40-47.

September 2016 « Volume 14  Issue 3 * ¢1006


http://dx.doi.org/10.1046/j.1365-2672.2000.01054.x
http://dx.doi.org/10.1046/j.1365-2672.2000.01054.x
http://dx.doi.org/10.1007/s13580-013-0006-1
http://dx.doi.org/10.1007/s13580-013-0006-1
http://dx.doi.org/10.1094/PHYTO-95-1368

