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Article abstract

Buckeye rot disease of tomato caused by Phytophthora nicotianae var.
parasitica is the most destructive disease for reducing tomato yields especially
in those regions where fruiting coincides with rainy season. In the present
study, the pathogen was characterized by sequencing the DNA region coding
for internal transcribed spacer (ITS) region and sequence was deposited in
NCBI with accession no. MF398189. The phylogenetic analysis using the
Maximum Composite Likelihood (MCL) approach revealed that the isolated
pathogen clustered together with P. nicotianae with high bootstrap value of
99%. Incubation period of 120 h was observed in pin-prick method of pathogen
inoculation compared to 168 h in surface inoculation method. Further, the
disease resistance induced by nine different elicitors of induced resistance
against buckeye rot disease of tomato were studied under field conditions for
two consecutive years 2016 and 2017. Minimum disease incidence of 9.57% and
7.93% was observed with foliar spray of 8-aminobutyric acid (2 mM) for 2016
and 2017, respectively. It was followed by potassium chloride (100 mM) with
disease incidence of 11.32% and 8.85% for year 2016 and 2017, respectively.
Maximum fruit yield of 7.02 kg and 8.12 kg was found in treatment with
f3-aminobutyric acid as compared to 2.61 kg and 2.55 kg in control for year
2016 and 2017, respectively.
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Induction of resistance in tomato against buckeye rot (Phytophthora nicotianae
var. parasitica)
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Received 2021-02-18; accepted 2021-06-14

PHYTOPROTECTION [101] : 31-37

Buckeye rot disease of tomato caused by Phytophthora nicotianae var. parasitica is the most destructive disease for
reducing tomato yields especially in those regions where fruiting coincides with rainy season. In the present study, the
pathogen was characterized by sequencing the DNA region coding for internal transcribed spacer (ITS) region and
sequence was deposited in NCBI with accession no. MF398189. The phylogenetic analysis using the Maximum
Composite Likelihood (MCL) approach revealed that the isolated pathogen clustered together with P. nicotianae with
high bootstrap value of 99%. Incubation period of 120 h was observed in pin-prick method of pathogen inoculation
compared to 168 h in surface inoculation method. Further, the disease resistance induced by nine different elicitors of
induced resistance against buckeye rot disease of tomato were studied under field conditions for two consecutive years
2016 and 2017. Minimum disease incidence of 9.57% and 7.93% was observed with foliar spray of R-aminobutyric acid
(2 mM) for 2016 and 2017, respectively. It was followed by potassium chloride (100 mM) with disease incidence of
11.32% and 8.85% for year 2016 and 2017, respectively. Maximum fruit yield of 7.02 kg and 8.12 kg was found in
treatment with 3-aminobutyric acid as compared to 2.61 kg and 2.55 kg in control for year 2016 and 2017, respectively.

Keywords: induced resistance, eco friendly, Phytophthora, inducers.

[Résistance induite chez la tomate contre le mildiou zoné (Phytophthora nicotianae var. parasitica)]

Le mildiou zoné de la tomate causé par Phytophthora nicotianae var. parasitica est la maladie la plus destructrice qui
cause une réduction des rendements de tomates, en particulier dans les régions ou la fructification coincide avec la saison
des pluies. Dans cette étude, I'agent pathogéne a été caractérisé par séquencage de la région d’ADN codant pour la région
de I'espaceur interne transcrit (ITS) et la séquence a été déposée sur NCBI avec le numéro d’accession MF398189.
L’analyse phylogénétique utilisant I'approche de probabilité composite maximale (MCL) a révélé que I'agent pathogéne
isolé se regroupait avec P. nicotianae avec une valeur de bootstrap élevée a 99 %. Une période d’incubation de 120 h a
été réalisée avec la méthode d’inoculation de I'agent pathogéne par piglres d’aiguilles comparativement a 168 h avec la
méthode d’inoculation en surface. De plus, la résistance a la maladie induite par neuf éliciteurs différents contre le mildiou
zoné de la tomate a été étudiée sur le terrain pendant deux années consécutives, en 2016 et en 2017. Une incidence
minimale de la maladie de 9,57 % et de 7,93 % a été observée avec une pulvérisation foliaire d’acide 3-aminobutyrique
(2 mM) pour 2016 et 2017 respectivement, suivi du chlorure de potassium (100 mM) avec une incidence de la maladie de
11,32 % et 8,85 % pour les années 2016 et 2017 respectivement. Un rendement maximal en fruits de 7,02 kg et de 8,12 kg
a été trouvé dans le traitement avec de I'acide R-aminobutyrique par rapport a 2,61 kg et 2,55 kg dans le traitement
controle pour les années 2016 et 2017 respectivement.

Mots-clés : résistance induite, écologique, Phytophthora, éliciteurs.
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INTRODUCTION

Phytophthora species cause very destructive diseases in large
number of plant species resulting in huge yield losses every
year. Buckeye rot disease caused by Phytophthora nicotianae
var. parasitica, considerably constrains the tomato production
especially in hilly regions of India. Under high humidity and
good rainfall conditions, the incidence of buckeye rot alone
may go up to 90% (Gupta and Thind 2006). The situation is
likely to worsen because the versatility on the development
of resistance in Phytophthora population to fungicides with
specific mode of action such as metalaxyl had been demons-
trated in many reports. The fungicide metalaxyl targets RNA
polymerase | thereby inhibiting the synthesis of ribosomal
RNA in Phytophthora (Davidse et al. 1988). Since long time,
isolates of Phytophthora infestans showing resistance against
metalaxyl, an oomycete-specific fungicide, had been reported
frequently from different parts of the world (Davidse et al.
1981; Deahl et al. 1993; Goodwin et al. 1996; Mukalazi et al.
2001; Iram and Ahmad 2009; Randall et al. 2014; Shattock
1988). Resistance of P. infestans to metalaxyl in the USA was
first reported in 1993 in which none of 73 isolates of P. infestans
were found sensitive to metalaxyl (Deahl et al. 1993). Among
the 73 isolates, 81% that recovered from diseased potato
tissues were highly resistant to 10 pg metalaxyl mL* whereas
the rest (19%) showed intermediate resistance. The inheritance
of resistance to metalaxyl is complex and may involve multiple
genes. Recent research indicated that a single nucleotide
polymorphism (SNP) in the gene encoding RPA190, the largest
subunit of RNA polymerase |, confers resistance to metalaxyl
(or mefenoxam) in some isolates of the potato late blight
pathogen P. infestans (Matson et al. 2015).

The excessive use of pesticides to control plant diseases
and development of resistance in pathogens is a problem for
today’s plant production systems, and research priorities call
for novel protection methods which are compatible with
sustainable agriculture, thus favouring the use of alternative
methods such as the application of chemical inducers or
elicitors of resistance. Elicitors activate plants’ defence and
result in induction of resistance. Elicitors of induced resistance
such as salicylic acid application and pathogen-inoculation
enhanced NPR1 (Nonexpressor of Pathogenesis Related
Genes 1) expression and overexpression of Arabidopsis NPR1
or its homologs conferred broad resistance against diverse
pathogens in multiple plant species (Potlakayala et al. 2007).
NPR1 gene, also called NIM1 (Non-Inducible Immunity 1) or
SAI1 (Salicylic Acid Insensitive 1) gene, is the key factor in the
expression of induced resistance. NPR1 proteins are normally
present in the cytoplasm and shuttle into the nucleus after
monomerization due to changes in redox potential of the
cell. NPR1 monomers interact with transcription factors and
promoters of defence genes to establish induced resistance
(Dong 2004; Sharma 2016). Application of elicitors had been
reported to provide resistance in plants against diseases
caused by Phytophthora spp. Soil drench and foliar spray of
“Saver”, a product containing salicylic acid as active ingredient
and B-aminobutyric acid (BABA), induced systemic acquired
resistance against Phytophthora capsici and reduced the
severity of P. capsici in squash (Koné et al. 2009). Eschen-
Lippold et al. (2010) reported that systemic resistance was
induced in potato plants against the devastating late blight
pathogen P. infestans, with the treatment of BABA. BABA had
been shown to move systemically in many plants including
tomato, tobacco, and grape plants and provided the systemic
protection against diseases in plants (Cohen 1993). BABA
induces resistance against many foliar, fruit, root and soil
pathogens and also against abiotic stresses (Cohen et al.
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2016). BABA is a simple, 4-carbon, non-protein amino acid
with the formula CH3-CH-(NH2)-CH2-COOH. However, the
records on use of elicitors of induced resistance in tomato
against P. nicotianae var. parasitica are not available yet. So,
in this present investigation we have used nine different
elicitors of induced resistance to evaluate their efficacy to
induce resistance in tomato plants against P. nicotianae var.
parasitica under field conditions and to provide an alternative
management strategy for buckeye rot disease.

MATERIALS AND METHODS

Isolation and identification of pathogen

To isolate the pathogen from infected tomato fruits showing
typical symptoms of buckeye rot, standard isolation
procedure was performed on Petri plates containing carrot-
juice agar medium (Dhingra and Sinclair 1995). Cultural and
morphological characters, viz. colour and appearance of
colony, size and colour of the hyphae, size and shape of
sporangia were compared with standard description for the
genus Phytophthora (Waterhouse 1963).

To ascertain the identity of the pathogen, genomic DNA
was isolated from seven-day-old fungal cultures using Cetyl-
tri-methyl ammonium bromide (CTAB) method (Murray and
Thompson 1980). Quantity of isolated DNA was checked by
gel electrophoresis on 0.8% of agarose gel. The DNA sequence
coding for the internal transcribed spacer (ITS) region was
amplified from the genomic DNA of the pathogen in the
polymerase chain reaction (PCR) using universal primers ITS1
(5’-TCC GTA GGT GAA CCT GCG-3') and ITS4 (5'-CTC CGC TTA
TTG ATATGCT-3’) 25 pL reaction volumes. PCR reaction volume
contains 1.0 unit Tag DNA polymerase, dNTP mix (0.2 mM
each of dCTP, dGTP, dATP and dTTP), 1 x PCR buffer (20 mM
Tris—HCl pH 8.4, 50 mM KCl, 1.5 mM MgCl2), 1.0 uM each
primer and 25-50 ng of genomic DNA. The PCR amplification
was carried out in a thermocycler (Veriti, Applied Biosystems)
with a total of 40 cycles. The PCR products were separated
on 1.2% gel in horizontal electrophoresis (BIORad). The
amplified PCR product on agarose gel was visualized under UV
light using “Ingeneous” gel documentation system (Syngene).
The PCR amplified product was eluted from the gel using
GenelET Gel Extraction Kit (Thermo Scientific) by following
the manufacturer’s protocol. For DNA sequencing, purified
PCR product was outsourced to Xcleris Genomics India under
refrigerated conditions using gel packs and thermocol box.
The sequence obtained was analyzed with the help of
Bioinformatics tools like BioEdit, ClustalW and NCBI-BLAST
(Basic Local Alignment Search Tool) for homology search.
Phylogenetic analysis between sequence of isolated pathogen
and the homologous sequences available in NCBI-BLAST was
conducted in MEGAG6 (Tamura et al. 2013). The evolutionary
history was inferred by using the Maximum Likelihood
method based on the Tamura 3-parameter model (Tamura
1992). The bootstrap consensus tree inferred from 1000
replicates was taken to represent the evolutionary history of
the taxa analyzed (Felsenstein 1985). Branches corresponding
to partitions reproduced in less than 50% bootstrap replicates
were collapsed. Initial tree(s) for the heuristic search were
obtained automatically by applying neighbour-join and BioNJ
algorithms to a matrix of pairwise distances estimated using
the Maximum Composite Likelihood (MCL) approach, and
then selecting the topology with superior log likelihood value.
The analysis involved 15 nucleotide sequences. All positions
containing gaps and missing data were eliminated.



Pathogenicity of P. nicotianae var. parasitica

Preparation of sporangial suspension

To induce sporangial production, a Petri plate containing
seven-day-old culture on carrot-juice agar medium was kept
inverted on a plate of same size containing 20 mL of 0.01 M
potassium nitrate solution prepared in sterilized distilled
water under aseptic conditions and this pair of plates thus
formed was sealed with adhesive tape to make it airtight. In
order to accomplish the vapour condensation process for the
induction of sporangial formation, the sealed pair was care-
fully placed in an incubator at 30 °C for 30 min, subsequently
removed and placed in a refrigerator at 5+ 1 °C for 10 min
and thereafter incubated at 25 £ 1 °C for 24 h. This process
was repeated twice and after 72 h of vapour condensation
process, the sporangia thus formed were harvested by flooding
the culture plate with 10 mL of sterilized distilled water
through two washings with the help of camel hair brush and
the resulting suspension was filtered through muslin cloth to
avoid mycelial fragments.

Pin-prick method of inoculation

Healthy green fruits of tomato were collected, thoroughly
washed and disinfected with ethanol (70%). The disinfected
fruits were then rinsed in four changes of sterilized distilled
water and were dried in air before inoculation. The fruits
were then pierced with sterilized needle at three places and
0.5 pL sporangial suspension (9 x 10* sporangia mL?) of test
pathogen was placed on the wounded portion of the fruit
using micropipette, placed in sealed moist plastic box along
with sterilized filter paper sprayed with sterilized water to
maintain approximately 95 + 5% relative humidity and was
incubated for 10 days at 25+ 1 °C.

Surface inoculation method of inoculation

Healthy green fruits of tomato were surface sterilized with
ethanol (70%) and inoculated by placing a drop (5 puL) of
sporangial suspension (9 x 10* sporangia mL?) of test pathogen
prepared in sterilized distilled water, with the help of micro-
pipette on the surface of the fruits and was covered with a
cotton swab. The inoculated fruits were incubated at 25+ 1 °C
and 95 £ 5% relative humidity for 10 days in plastic box along
with sterilized filter paper sprayed with sterilized water.

Evaluation of resistance-inducers against
buckeye rot of tomato

Nine different elicitors of induced resistance (Table 1) were
evaluated for their efficacy to induce resistance against buckeye
rot of tomato caused by P. nicotianae var. parasitica under field
conditions for two consecutive years i.e., 2016 and 2017.

The efficacy of various elicitors of induced resistance was
studied under field conditions during 2016 and 2017 crop
season at the experimental farm of the Department of Plant
Pathology, where disease incidence was recorded high in
previous years. Experiment was conducted by using susceptible
variety “Himsona”. The experiment was laid out in randomized
block design. Each treatment was repeated thrice. Plot size
was 2.0 x 2.0 m, having three rows at 60 cm distance was
maintained. Five seedlings (25 day-old) were transplanted in
each row at 30 cm spacing between the seedlings and total
fifteen plants per plot were transplanted. Foliar spray of
elicitors was applied on grown-up plants after 25 days of
transplanting and repeated once after 15 days of first spray.
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The observations on disease incidence were recorded at a
weekly interval till completion of crop season. The data on
the yield of fruits were also recorded on each harvesting
periodically. The disease incidence (DI) and reduction in disease
incidence were calculated as described above.

Statistical analysis

The ANOVA of disease incidence readings were made after
transforming the data of each replication with the following
formula:
arcsin(v/X)
100
where X is the disease incidence reading in percentage.

Y=

RESULTS AND DISCUSSION

Identification of pathogen

The mycelium of isolated fungus was coenocytic, hyaline,
slender, 4.5-9.0 um diam, profusely branched, with granular
protoplasm, fluffy and aerial. Sporangiophores arose from
hyphal thread and produced sporangia terminally and
intercalary. Sporangiophores were hyaline, narrow, slender,
irregularly branched, indeterminate, aseptate with sparse thick
walls, side branches having bulbous enlargements at intervals.
The sporangia were terminal, ovoid to globose, papillate
measuring about 22-58 x 20-45 pm in size. The pathogen was
identified as P. nicotianae (Breda de Haan) var. parasitica
(Dastur) Waterhouse (Waterhouse 1963). P. nicotianae var.
parasitica is characterized by no swellings on hypha, hyphal
diameter up to 9 um, papillate sporangia broadly ovoid or
ellipsoid to spherical formed on irregularly branched sympodial
sporangiophores and spherical or occasionally ellipsoid
sporangia that are caducous with short pedicels, chlamydo-
spores forming late (10 to 14 days) and usually about 22 to
30 um diam with thicker walls (3 to 4 um) (Waterhouse 1963,
1974). Whereas P. nicotianae var. nicotianae is characterized
by hyphae up to 5 um diam with frequent hyphal swellings,
spherical to obturbinate, noncaducous, papillate sporangia
formed terminally on the sporangiophore and not in a
sympodium, abundant chlamydospores (20 to 40 um diam)
with walls about 1.5 um thick (Waterhouse 1963, 1974;
Waterhouse and Waterston 1964). Additionally, P. parasitica
was characterized by papillate sporangia produced singly or
in a loose sympodium on long stalks, chlamydospores are
terminal or intercalary and 13 to 60 um diam (average
28 um) (Hall 1993; Thomson and Hine 1972). To confirm the
identity of Phytophthora sp., DNA sequence coding for ITS
region was amplified and a unique band of 900 bp was
obtained (Fig. 1). NCBI-BLAST search revealed that closest
sequence was of P. nicotianae. The sequence of the P. nicotianae
of the present study was submitted to National Centre for
Biotechnology Information (NCBI) and its accession number
is MF398189.

The phylogenetic analysis using the MCL approach revealed
that the isolate S1 with NCBI accession no. MF398189 clustered
together with P. nicotianae with high bootstrap value of 99%
(Fig. 2). The phylogram was clearly divided into two clusters:
Cluster | consisted of Phytophthora spp. and cluster Il grouped
Pythium spp. Cluster | was further subdivided into Ia, Ib and Ic.
la consisted of S1 isolate (accession no. MF398189) and
P. nicotianae (accession no. KT148938.1). Subcluster Ib grouped
isolates of P. nicotianae and P. parasitica. Subcluster Ic consisted
of P. capsici only.
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Table 1. Evaluation of elicitors of induced resistance against buckeye rot of tomato under field conditions during 2016 and 2017

Elicitors of Conc. Dose Disease incidence (%) Reduction in disease Yield (kg)
resistance (mM) (%) incidence (%)
2016 2017 Mean 2016 2017 Mean

Potassium oxalate 50 0.8 31.36 29.42 30.39 54.38 5.44 6.25 5.85
(34.04)  (32.82)

Potassium hydroxide 200 1.0 36.19 34.22 35.21 47.14 5.08 5.93 5.51
(36.95)  (35.77)

Oxalic acid 20 0.2 20.11 18.51 19.31 71.01 6.47 731 6.89
(26.61)  (25.45)

Potassium chloride 100 0.7 11.32 8.85 10.09 84.85 6.93 8.01 7.47
(19.65)  (17.29)

Sodium salicylate 10 0.16 30.07 28.02 29.05 56.39 5.16 6.23 5.70
(33.23) (31.94)

3-aminobutyric acid 2 0.04 9.57 7.93 8.75 86.86 7.02 8.12 7.58
(18.00) (16.33)

Salicylic acid 20 0.2 26.55 24.54 25.54 61.66 4.79 5.68 5.24
(30.99) (29.67)

Dipotassium hydrogen 50 0.9 45.48 43.52 44.50 33.19 3.38 451 3.95

phosphate (42.38) (41.26)

Silicic acid - 0.002 51.43 49.55 50.49 24.20 3.13 411 3.63
(45.80)  (44.71)

Control - - 67.49 65.72 66.61 - 2.61 2.55 2.58
(55.21)  (54.15)

CD*ps) (2.24) (2.60) 0.50 0.04

Standard error (0.75) (0.87) 0.17 0.01

Standard deviation (1.06) (1.20) 0.24 0.02

Coefficient of variance (3.78) (4.57) 5.78 041

Values in parentheses are arcsine transformed. * Critical Difference (CD) or Least Significant Difference (LSD)
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Figure 1. Amplification of genomic DNA of Phytopthora
nicotianae var. parasitica isolate S1 with primer pair ITS1/ITS4
for DNA region coding for internal transcribed spacer (ITS).
M-100 bp DNA ladder, S1- P. nicotianae var. parasitica isolate S1.
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Pathogenicity and incubation period of
P. nicotianae var. parasitica causing
buckeye rot of tomato

Tomato fruits were inoculated with sporangial suspension
(9 x 10* sporangia mL™) by following either pin-prick method
or surface inoculation method. Incubation period of 120 h
was observed in pin-prick method compared to 168 h
incubation period in surface inoculation method. Hence,
prick method was found to be superior over the surface
inoculation method for proving the pathogenicity of the
P. nicotianae var. parasitica (Fig. 3). Shah (2009) while proving
pathogenicity of P. nicotianae var. parasitica reported that
maximum incidence (78.66%) of buckeye rot was observed
in injured tomato fruits inoculated with culture bits than in
uninjured fruits inoculated with culture bits on the surface
with 60.45% of disease incidence. The appearance of symptoms
was observed for 10 days. The symptoms produced after
inoculation were found to be identical to symptoms observed
under natural conditions as described in literature (Sharma
and Singh 1992; Shridhar et al. 2018). The pathogen was
reisolated from the infected fruit on carrot-juice agar medium.
The microscopic characters of reisolated pathogen were same
as recorded in the original culture of the test pathogen and
colony characteristics of both the cultures were same. This
proved the Koch’s postulates and pathogenicity of the isolated
pathogen.
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KT148938.1 Phytophthora nicotianae (ltaly)

MF398189 (S1)

GU931702.1 Phytophthora nicotianae (China)
JF792535.1 Phytophthora nicotianae (Citrus India)
GU111667.1 Phytophthora parasitica (Taiwan)
KR827692.1 Phytophthora parasitica (USA)
AH015043.2 Phytophthora nicotianae (Brinjal India)
EF187913.1 Phytophthora nicotianae (Switzerland)
KC768775.1 Phytophthora parasitica (USA)
KJ494902.1 Phytophthora nicotianae (China)
KJ494891.1 Phytophthora nicotianae (China)
AM422703.1 Phytophthora capsici (India)

KX260338.1 Pythium ultimum (Soft rot ginger Australia)
LT670911.1 Pythium ultimum (Tomato Pakistan)
KT343975.1 Pythium ultimum (Apple rhizosphere IBHT India)

Figure 2. Phylogenetic analysis of DNA sequence coding for internal transcribed spacer (ITS) region of Phytopthora nicotianae
var. parasitica isolate S1 with NCBI accession no. MF398189 through Maximum Likelihood method with bootstrap analysis. The
bootstrap values are mentioned on branches of phylogenetic tree.

Figure 3. Pathogenicity of Phytophthora nicotianae var. parasitica on tomato fruits by pin-prick method (a, b) and surface
inoculation method (c, d). (3, c): Un-inoculated control showing healthy green fruits. (b, d): Development of symptoms of buckeye
rot disease on tomato fruits after pathogen inoculation.
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Field efficacy of elicitors of resistance against
buckeye rot of tomato under field conditions

The results from the foliar spray of elicitors of induced resistance
under field conditions revealed that B-aminobutyric acid (2 mM)
was most effective in inducing the disease resistance against
buckeye rot of tomato with 86.86% reduction in disease
incidence (Table 1). Minimum disease incidence of 9.57%
and 7.93% was found with foliar spray of R-amino-butyric
acid for years 2016 and 2017, respectively. It was followed by
potassium chloride (100 mM) with 11.32% and 8.85% disease
incidence compared to 67.49% and 65.72% disease incidence
in control for years 2016 and 2017, respectively. Foliar spray
of oxalic acid (20 mM), salicylic acid (20 mM), sodium salicylate
(10 mM) and potassium oxalate (50 mM) were next best in
order with 19.31%, 25.54%, 29.05% and 30.39% disease
incidence, respectively. Foliar spray of dipotassium hydrogen
phosphate (50 mM) and silicic acid (0.002%) were least
effective in inducing the disease resistance with 44.50% and
50.49% disease incidence, respectively. All the treatments
significantly increased the overall yield of harvested fruits as
compared to control. Maximum yield of fruits i.e., 7.58 kg per
plot was obtained from the R-aminobutyric acid treated
plants followed by potassium chloride and oxalic acid with
7.47 and 6.89 kg per plot of fruit yield, respectively. Application
of different elicitors, viz. B-aminobutyric acid, potassium
chloride, oxalic acid, salicylic acid, sodium salicylate and
potassium oxalate were very effective to reduce the incidence
of buckeye rot disease with 86.86%, 84.85%, 71.01%, 61.66%,
56.39% and 54.38% reduction in disease incidence, respectively.
These elicitors were comparable in their efficacy for reduction
of disease with commonly used fungicides against buckeye
rot of tomato. Reduction up to 90% and 84% in incidence of
buckeye rot disease of tomato was reported with fungicide
metalaxyl + mancozeb and cymoxanil + mancozeb, respectively
(Gupta and Bharat 2008). Three systemic new generation fungi-
cides, viz. fenamidone + mancozeb, famoxadone + cymoxanil
and metiram + pyraclostrobin were also effective to reduce
the disease with 75.2%, 70.1% and 69.6% reduction in disease
incidence under natural epiphytotic conditions, respectively
(Shridhar et al. 2018).

Field evaluation of efficacy of different elicitors of induced
resistance, viz. $-aminobutyric acid, potassium chloride and
oxalic acid showed their effectiveness against the buckeye
rot disease of tomato caused by P. nicotianae var. parasitica.
Plant diseases caused by Phytophthora species are usually
difficult to manage. Foliar sprays with fungicides and varietal
resistance are recommended as control measures of the
disease. Elicitors of induced resistance provide an additional
option to manage buckeye rot disease while maintaining
sustainable production. Application of elicitors of induced
resistance through foliar spray during present investigations
represents a novel approach to manage buckeye rot of tomato.

The non-protein amino acid R-aminobutyric acid had been
shown to induce resistance in Arabidopsis against P. parasitica
through activation of defence mechanisms such as callose
deposition, hypersensitive response and the formation of
trailing necrosis which inhibit the growth of the pathogen
(Jakab et al. 2001). The spray application of B-aminobutyric
acid resulting in induced resistance against different species
of Phytophthora had been mentioned in literature by earlier
workers (Cohen 1993; Gilardi et al. 2014; Koné et al. 2009).

The inhibitory effect of potassium ions against plant
pathogens has also been reported by many workers.
Potassium ions resulted in the collapse of hyphal walls
and inhibition of sporangial production of P. cinnamomic
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and P. drechsleri (Halsall and Forrester 1997). EI-Mohamedy
et al. (2013) also reported that potassium salts i.e., potassium
sorbate and potassium carbonate completely inhibited the
mycelial growth of Phytophthora spp. (isolate Ph MPC) at
concentration of 8% and 4%, respectively. Hence, the efficacy
of potassium chloride against buckeye rot disease can be
attributed to its ability to inhibit sporangial production in
Phytophthora spp. The rapid absorption of potash by the
plant tissues and their extreme mobility within tissues as well
as their low cost and their nutrient value make them ideal
fertilizers besides controlling the disease.

The overall result of the present investigations demons-
trated that treatment of tomato plants with elicitors of
induced resistance developed an induced resistance against
P. nicotianae var. parasitica infection. Foliar sprays of elicitors
of resistance could provide an environmentally safe alternative
to chemical fungicides for the management of buckeye rot to
tomato. Two foliar sprays of elicitors of induced resistance
namely B-aminobutyric acid, potassium chloride and oxalic
acid were effective for management of buckeye rot disease
and could become potential disease management agents
against diseases caused by Phytophthora spp. in a wide array
of cultivated crops.
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