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Abstract. Alternaria solani is a destructive pathogen to the tomato crop causing heavy losses. The
present work was designed during 2015-16 to evaluate the efficacy of Bion and salicylic acid as early
blight disease suppressors as well as their use as plant activators under greenhouse conditions. The
current study was carried out at field area of Plant Pathology University of Agriculture Faisalabad. Foliar
and seedling root dipping application of Bion and salicylic acid (125 ppm and 2 mM) not only reduced
the disease severity but also enhanced the plant growth. Maximum disease severity was observed in
infected control while minimum disease severity was observed in case of Bion with foliar application in
both years. A remarkable increase was observed in Chlorophyll a, b, root fresh/dry weight, photosynthetic
rate, shoot fresh/dry weight and growth attributes when A. solani inoculated tomato plants were treated
with foliar sprays of Bion. A significant healing to cell membrane was observed to reduce the electrolyte
leakage in case of Bion and SA application through foliar spray in inoculated plants. Total soluble
carbohydrates and total soluble protein contents are increased when Bion was applied through foliar
application as compared to seedling root dipping. Increasing trend was observed in 2" year of study. It is
concluded that foliar application of Bion could be more effective in managing the Alternaria solani as
well as in enhancing the growth and yield of tomato.
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Introduction

Tomato (Lycopersicon esculentum L.) is a member of family Solanaceae and ranked
as 2" most important vegetable crop around the globe (FAO, 2013). Different
pathogens like fungus, nematode, bacteria and virus cause different diseases in the
tomato crop. Presently, more than 200 tomato diseases are known worldwide among
them Alternaria solani causing early blight of tomato is the most destructive of field
crops (Chaerani and Voorrips, 2006: Abada et al., 2008) that causes yield and quality
reduction of the tomato crop. A. solani causes the infections on leaves, petiole fruits,
twigs and stem that lead to the defoliation, premature fruit drop and drying of twigs
which finally decrease the yield. High humidity and high temperature favor the disease
and at fruiting stage fruits are more susceptible to the blight infections (Momel and
Pemezny, 2006). Chemicals are used either as protection or as a curative agent for
controlling early blight of tomato. The used chemicals found to be severely toxic and
cause an augmented hazard for the atmosphere in the circumstance of improper usage or
handling (Oostendorp et al., 2001). Systemic acquired resistance in plants has been
studied in many different pathosystem for nearly a century (Oka et al., 2000). An
unconventional to classic chemical plant protection technique is to induce systemic
acquired resistance effects. People globally are conscious about environmental hazards
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due to use of costly and toxic chemicals. The increasing public awareness about these
problems has stimulated research on the use of biological control agents and
development of commercial bio products. To save the nature and the environment,
organic amendments and plant extracts are needed to be explored (Hafiz, 2009). SAR
can be triggered by some chemicals, including salicylic acid (SA) and its synthetic
analogues, such as acibenzolar- S-methyl (ASM), a derivative of the benzo 1,2,3
thiadiazole-7-carbothioic acid-S-methyl ester (BTH). Acibenzolar-S-methyl (ASM,
Actigard® or Bion®, Syngenta Crop Protection, Inc., Greensboro, NC) is a plant
activator inducing systemic acquired resistance (SAR) to confer protection against a
broad spectrum of plant pathogens (Meller Harel et al., 2014; Takeshita et al., 2013). In
itself, ASM has no antimicrobial effect, but has been reported to protect several plant
species against broad spectrum of pathogens including viral, bacterial and fungal
diseases (Tripathi and Pappu, 2015). In tomato and cucumber lower concentration of
salicylic acid showed a considerable increase in yield attributes (Larque-Saavedra and
Martin-Mex, 2007). According to Shakirova et al. (2003) salicylic acid has a positive
effect on growth, physiology and yield because of its influence on other plant hormones.
Bion significantly increased the yield in case of moderately resistant tomato cultivars
(Pradhanang et al., 2005). Bin does not show any negative effect on yield when tomato
plants grow under optimal conditions from transplanting to harvest (Romero et al.,
2001). The present study was designed with the aim to evaluate the effect of Bion and
salicylic acid against Alternaria solani in tomato. In addition their mode of application
and their role as plant elicitor to improve physiology, biochemical and yield attributes
of tomato plant were also checked.

Materials and methods

Role of Bion and salicylic acid treatments on disease severity (%) caused by
Alternaria solani

This experiment was carried out by selecting a test cultivar (Prescot) due to its high
potential for yield, taken from Ayub Agricultural Research Institute Faisalabad. Tomato
plants of test cultivar were sown in the greenhouse of Plant Pathology university of
Agriculture Faisalabad. Conditions maintained at 25 + 2 °C during the day time and 20
+ 2 °C at night. The tomato seeds were sown in trays containing commercial peat and
vermiculite (1:1) and seedlings were transplanted after 8 weeks into 30 cm diameter
pots filled with the mixture of sandy loam soil mixed with compost (1:1). Watering was
done twice a week with tap water up to the pot holding capacity. After 30 days of
transplanting, A. solani suspension was applied (100 ml/plant) at the rate of
(5 x 106 conidia/ml) on tomato plants using an atomizer. Bion and salicylic acid (SA)
was dissolved in distilled water to give 125 ppm and 2 mM, respectively, and applied to
whole plants at the rate of 50 ml for each plant two days prior to inoculation. For
seedling root dipping, before transplanting roots of seedlings were dipped in Bion and
SA solutions (above mentioned doses) for one hour and transferred to pots. After
treatment application, plants were kept in a greenhouse as mentioned earlier. For
controls, healthy and diseased control was maintained, which were inoculated or un-
inoculated but treated with water. This study was carried out under Complete
Randomized Design (CRD) and repeated twice under greenhouse conditions in 2015
and 2016. Each pot planted with three seedlings. Three replicates were used, and each
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replicate consisted of four pots. Four treatment groups were made (control, control+ A.
solani, Bion+ A. solani and SA+A. solani). The disease severity was recorded according
to the rating scale of 0 to 9 (Mayee and Datar, 1986).

Effect of Bion and salicylic acid treatments on physiology, biochemical and yield
attributes of tomato plants

This part of experiment was planned to check the effect of Bion and salicylic acid
(SA) on physiology, growth, biochemical and yield attributes of tomato plants. Tomato
plants were sown in pots in greenhouse conditions. There were six treatment groups as
follows: (1) plant without any treatment (healthy control) (2) plant inoculated with A.
solani (20 ml/plant containing 5 % 10° conidia/ml) (3) plants treated with Bion (4) plants
treated with SA (5) plants inoculated with A. solani and treated with Bion (6) plant
inoculated with A. solani and treated with SA. After treatment plants were kept in the
greenhouse. Plant height, number of flowers/ plant, photosynthetic rate (PR) and
number of fruits/plant were calculated over 50 days of transplanting while the yield was
measured at the end of the experiment. This experiment was conducted in three way
factorial lay out under the CRD.

Biochemical and physiological attributes

The method used for the quantitative determination of chlorophyll was that of
(Vernon and Selly, 1966). The optical density of the plant extract was measured using
spectrophotometer (Jenway, 6100 UK microprocessor controlled visible range) of two
wave lengths (649 and 665 nm). These are maximum absorption ranges of chlorophyll
(@) and (b). The concentrations of chlorophyll (a), (b) and total chlorophyll in plant
tissue were measured by using the equations mentioned by Vernon and Selly (1966;
Egs. 1 and 2).

Chlorophylla (mg L™!) = 12.7A,.. —2.69 A, (Eg.1)
Chlorophyll b( mg L™') = 20.114,,, — 5.18 A (Eg.2)

By adding chlorophyll a and chlorophyll b total chlorophyll was calculated.

The electrolyte leakage percentage was calculated according to the protocol given by
Shi et al. (2006). Photosynthetic rate of the top leaf of every plant was recorded with the
help of IRGA (Infrared Gas Analyzer) (model, LCA-4; Analytical Development
Company, Hoddesdon, England). During data recording, leaf chamber molar gas flow
rate 248 pmol s, ambient CO2 conc. (Cref) was 352 umol mol™?, ambient pressure (P)
98.01 kPa, molar flow of air/leaf area 221.06 mol m2 s, PAR was maximum up to
1050 umol m? s and leaf chamber volume gas flow rate (v) 380 mL/min. Total
carbohydrates (mg/g) in dry leaves were calorimetrically calculated by following the
method given by (Dubois et al., 1956). Protein contents in dry leaves were measured by
following the method described by Bradford (1976).

Growth and yield attributes

55 days after transplanting, plants from each treatment were harvested and data on
plant growth variables, including plant height, root fresh weight, shoot fresh weight,
root dry weight and shoot dry weight and number of flowers/plant and yield was
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determined using standard protocols. Plant height was measured with the help of meter
rod. Roots were separated from soil and rinsed with tap water to remove free soil then
gently blotted to remove free moisture. To determine the dry weight plant material was
dried at 70°C for 48 h in a dry oven. The number of flowers in lower, middle and upper
clusters of five randomly selected tomato plants was counted and the mean values were
computed and used for further analysis. The number of fruits in lower, middle and
upper clusters of five randomly selected tomato plants was counted and the mean values
were computed and used for further analysis. The yield/plant was taken at the end of the
experiment.

Statistical analysis

The data analysis was done in three way factorial arrangement under CRD through
computer software statstix 8.1 using Fisher’s analysis of variance technique and means
of treatment were compared by least significance difference (LSD) test at 5%
probability level (Steel et al., 1997).

Results

Techniques to enhance the resistance against the disease

Bion and salicylic acid applied through foliar and seedling root dipping application
methods significantly (p < 0.05) reduced the disease severity in tomato plants (Table 1).

Table 1. Influence of resistance inducers applied through various methods on disease
severity (%)

Factors Disease severity (%0)
Method (M)
Foliar application 30.69B
Seedling root dipping 35.24 A
Year (Y)
2015 34.62 A
2016 31.31B
Treatments (T)
Healthy control 32.96 B
Infected control 64.50 A
BION 10.96 D
Salicylic acid 23.44C
LSD (M) 2.23
LSD (Y) 1.11
LSD (T) 1.58
LSD (M x T) NS
LSD (MxY) NS
LSD (TxY) NS
LSD (MxTxY) NS

Any two means sharing same letters are not significant at p <0.05. ** = Highly Significant at p < 0.01;
* significant at p < 0.05; NS = non significant
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Maximum decrease in disease severity was noticed in the case of Bion applied through
foliar application as compared to infected and healthy control and salicylic acid (SA)
treated plants. Increasing trend was observed in 2" year of study (Table 1). Regarding
interactive effect all the interactions showed non-significant behavior for the disease
severity.

Growth attributes

All resistance inducers significantly (p < 0.05) affected the growth attributes of
tomato during both years of study (Table 2). Statistically significant increase was
observed in all growth attributes in inoculated plants as compared to un-inoculated
plants. Maximum fresh and dry biomass of roots and shoots was observed in Bion
treated inoculated plants with foliar application followed by seedling root dipping
method during both years of study as compared to control. Regarding different
treatments following increasing order was observed Bion + A. solani > BION > SA + A.
solani > SA > Control + A. solani > Control in all the studied attributes. Positive
response of all the growth attributes was observed during 2" year of study. Regarding
interactive effect of treatments x method X year all the factors showed non-significant
results except root fresh weight (Fig. 1). However, MxT showed significant differences
(p < 0.05) for all growth attributes except shoot fresh weight. Regarding the MxY both
root fresh weight and shoot dry weight showed significant variation. All the growth
attributes showed non-significant variation for the interactive effect of TxY (Table 2).

Table 2. Influence of resistance inducers applied through various methods on growth
attributes of tomato plant

Factors Rs\?:i;]?h Root dry weight Sh\?v%g;?h Shoot dry weight
Plant? (g)
Method (M)
Foliar application 4.05 A 0.60 A 25.70 A 450 A
Seedling root dipping 3.70B 0.43B 22.96 B 4.16 B
Year (Y)
2015 392A 055 A 25.50 A 4.38 A
2016 3.82B 0.49B 23.15B 4.28 B
Treatments (T)
Control 3.08 F 030 F 19.26 F 297F
Control + A. solani 3.26 E 040E 2143 E 4.00 E
BION 4.56 B 0.64B 27.42B 490 B
Salicylic acid 3.39D 051D 23.21D 438D
BION + A. solani 5.03 A 0.68 A 29.40 A 511A
Salicylic acid + A. solani 3.92C 0.58 C 25.25C 4.62 C
LSD (M) 0.21 0.12 2.15 0.02
LSD (Y) 0.07 0.03 1.23 0.02
LSD (T) 0.12 0.02 1.50 0.03
LSDM xT ol *x NS *x
LSD MxY wx NS NS *x
LSD TxY NS NS NS NS
LSD MxTxY il NS NS NS

Any two means sharing same letters are not significant at p <0.05. ** = highly significant at p <0.01; *
significant at p < 0.05; NS = non significant
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Figure 1. Interactive effect of year x chemicals x application methods on root fresh weight as
influenced by the different resistance inducers

Physiological attributes
Bion and salicylic acid significantly (p < 0.05) affected the physiological attributes of
tomato during both years of study (Table 3).

Table 3. Influence of resistance inducers applied through various methods on physiological
attributes of tomato

Chiorophyll a |Chlorophyllb|  Total | Electrolyte | - otosynthetic
Factors (mg LY (mg LY |chlorophyll| leakage (%) rate
(umol m?2s?)
Method (M)
Foliar application 0.57 A 0.18 A 0.75 A 6.58 B 462 A
Seedling root dipping 051B 0.15B 0.66 B 6.69 A 4.478B
Year (Y)
2015 0.56 A 0.17 0.73A 6.84 A 469 A
2016 0.52B 0.16 0.68B 6.43B 440B
Treatments (T)
Control 0.34E 0.10F 0.45F 7.36 B 3.48F
Control + A. solani 046D 0.13E 059 E 7.88 A 3.65E
BION 0.66 B 0.20B 0.87B 6.83C 5.45B
Salicylic acid 0.48D 0.15D 0.63D 6.65 D 4.07D
BION + A. solani 0.72A 022 A 0.95A 595E 6.04 A
Salicylic acid + A. solani 056 C 0.17C 0.73C 516 F 457C
LSD (M) 0.03 0.02 0.06 0.05 0.11
LSD (Y) 0.02 NS 0.04 0.23 0.21
LSD (T) 0.04 0.02 0.05 0.11 0.13
LSDM x T NS NS NS fala fald
LSD MxY NS NS NS fala fald
LSD TxY NS NS NS NS fald
LSD MxTxY NS NS NS NS *

Any two means within a column sharing same letters are not significant at p <0.05. * = significant at p
<0.05; ** highly significant at p <0.05; NS = non significant
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Statistically significant increase was observed in photosynthetic rate (umol m2 s?) in
inoculated plants as compared to un-inoculated plants. The maximum photosynthetic
rate (PR) was observed in Bion treated-inoculated plants during both years of study.
While minimum PR was noticed in infected control in both years. Regarding different
treatments following increasing order was observed Bion + A. solani > BION > SA + A.
solani > SA > Control + A. solani > Control in all the studied attributes. Positive
response of all the growth attributes was observed during 2" year of study. Maximum
chlorophyll a, b and total chlorophyll were observed in Bion treated inoculated plant
with foliar application followed by seedling root dipping method during both years of
study (Table 3). Decreasing trend for the physiological attributes was observed during
2" year of study except chlorophyll b which showed non-significant behavior in case of
years (Table 3). In case of electrolyte leakage (EL) opposite behavior during both years
of study. Maximum EL was noticed in infected control in both years. Regarding
different treatments following decreasing order was observed for different treatments
like Control < Bion + A. solani < BION < SA + A. solani < SA <Control + A. solani.
Increasing trend in EL was observed during 2" year of study (Table 3).

Regarding interactive effect of treatments x method x year all the factors showed
non-significant results except photosynthetic rate (Fig.2). However, MxT showed
significant differences (p < 0.05) for EL and PR. Regarding the MxY both PR and EL
showed significant variation. All the physiological attributes showed non-significant
variation for the interactive effect of TxY except PR (Table 2).
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Control Control + BION Salicylic BION + Salicylic| Control Control + BION  Salicylic BION + Salicylic
A. solani acid A.solani acid + A. solani acid A.solani acid +
A.solani A.solani
Foliar application Seedling Root dipping

Figure 2. Interactive effect of application methods xchemicals % years on photosynthetic rate
as influenced by the different resistance inducers

Biochemical attributes

Significant increase was observed in total soluble carbohydrate (TSC), total soluble
protein (TSP)) of tomato after the application of Bion and SA during both years of study
(Table 4). Maximum TSC and TSP were observed in Bion treated inoculated plant with
foliar application followed by seedling root dipping method during both years of study
(Table 4). Regarding interactive effect of treatments x method x year and Mx T all the
factors showed non-significant results (Table 4). Regarding the MxY only TSP showed
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significant variation. While interactive effect of TxY both TSC and TSP showed
significant variation (Figs. 3 and 4).

Table 4. Influence of resistance inducers applied through various methods on TSC, TSP of
tomato

Factors Total soluble carbohydrate Total soluble protein
(mg/g of dry leaves) (mg/g of dry leaves)
Method (M)
Foliar application 21250 A 37.820 A
Seedling root dipping 206.31B 33.806 B
Year (Y)
2015 211.26 A 36.599 A
2016 207.54B 35.027 B
Treatments (T)
Control 186.60 F 29.124 F
Control + A. solani 19251 E 31.863 E
BION 233.90B 39.907 B
Salicylic acid 197.87 D 34.877D
BION + A. solani 24181 A 42.287 A
Salicylic acid + A. solani 203.72C 36.820 C
LSD (M) 2.33 2.98
LSD (Y) 2.22 1.11
LSD (T) 411 1.93
LSD (M x T) NS NS
LSD (MxY) NS ok
LSD (TxY) ok ok
LSD (MxTxY) NS NS

Any two means within a column sharing same letters are not significant at p <0.05. * = significant at p
<0.05; ** highly significant at p <0.05; NS = non significant
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Figure 3. Interactive effect of chemicals % years on total soluble carbohydrates as influenced by
the different resistance inducers
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Figure 4. Interactive effect of chemicals % years on total soluble proteins as influenced by the
different resistance inducers

Yield attributes

Bion and salicylic acid significantly (p < 0.05) influenced the yield attributes (plant
height, number of flowers/plant, number of fruits and yield/plant) of tomato during both
years of study except plant height and number of fruits, they showed non-significant
response regarding years (Table 5). Significant increase was observed in yield attributes
in Bion treated inoculated plants through as compared to un-inoculated plants.
Maximum plant height, number of flowers/plant, fruit weight and yield/plant were
witnessed in Bion treated inoculated plant with foliar application followed by seedling
root dipping method as compared to SA and control. For the interactive effect of
chemical x method not a single interaction was found significant regarding yield
attributes. Regarding interactive effect of treatments X method X year all the factors
showed non-significant results (Table 5). However, MxT also showed non-significant
differences (p < 0.05) for the factors. Regarding the MxY all yield attributes showed
significant variation except number of flowers per plant. Yield per plant showed
significant variation for the interactive effect of TxY (Fig. 5).
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Figure 5. Interactive effect of chemicals x years on yield/plant as influenced by the different
resistance inducers
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of tomato
Factors Plant height Nu_mber of Number of Yield/plant
(cm) fruits/plant flowers/plant (kg)
Method (M)
Foliar application 94.30 A 78.44 A 10.44 A 190 A
Seedling root dipping 89.16 B 73.63B 8.836 B 1.68B
Year (Y)
2015 92.22 76.89 A 9.53 193 A
2016 91.24 75.19B 9.75 1.65B
Treatments (T)
Control 68.50 F 61.96 F 6.75 1.15F
Control + A. solani 77.31E 66.07 E 8.39 142E
BION 106.57 B 85.67 B 10.87 2.13B
Salicylic acid 87.81D 69.98 D 9.78 1.63D
BION + A. solani 115.69 A 92.03 A 12.21 255 A
Salicylic acid + A. solani 9451 C 80.52C 9.82 187C
LSD (M) 1.17 3.78 0.77 0.16
LSD (Y) NS 1.10 NS 0.20
LSD (T) 2.04 1.92 NS 0.09
LSDM x T NS NS NS NS
LSD MxY ol el NS Hx
LSD TxY NS NS NS wx
LSD MxTxY NS NS NS NS

Any two means within a column sharing same letters are not significant at p < 0.05. * = significant at
p < 0.05; ** highly significant at p <0.05; NS = non significant

Discussion

In the current study, foliar application of Bion and salicylic acid (SA) minimized the
severity of early blight disease symptoms of tomato, during 2015-16, as compared to
seedling root dipping method and increasing trend was observed in 2016. These results
might be due to protection through Bion that gives quick expression of defense related
genes (Bokshi et al., 2003; Buzi et al., 2004). Bion activates SAR mechanism and
produces a large number of antimicrobial toxins (Govindappa et al., 2010; Nianlai et al.,
2010). Foliar application was found better than seedling root dipping method, this result
might be due to SAR signal transduction was difficult to trigger resistance in distant
parts of the plants. These results coincide with Scarponi et al. (2000) who found Bion
effective in triggering resistance in tomato plants against different pathogens:
Pseudomonas syringae pv. tomato, bacterial canker (Soylu et al., 2003) and Cucumber
mosaic virus (Anfoka, 2000). Results further supported by the work of Achuo et al.
(2004) in which they found Bion flooding or foliar application induced resistance in
tomato against B. cinerea has been found effective.

The result of the present study for both years indicated that Bion caused a significant
increase in growth attributes under disease conditions as compared to SA and infected
control. These results are might be due to SA which is a plant activator and initiates
flowering in plants, increases life span of flower, control ions uptake by roots and
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stomatal conductivity (Bhupinder et al., 2003). Bion is a functional analogue of SA and
it works just like salicylic acid (Faize and Faize, 2018). Significant increase in all
growth parameters and yield (Plant height, number of flowers/plant, roots and shoots
fresh and dry weights and fruit yield) was observed in tomato plants treated with Bion
followed by salicylic acid and diseased control. The results are in harmony with the
findings of Szepesi (2005) in which he described that toxin production by the pathogen
might be a reason of the decreased fresh weight of infected tomato shoots, which
affected the potassium uptake and stomatal utilities that lead to uncontrolled
transpiration and rapid water loss and ultimately plant wilting occurred. However,
reduction in shoot dry weight may be due to higher respiration rate and destruction of
cell membrane (Orcutt and Nilsen, 2000).

However, application of Bion remarkably increased total chlorophyll contents in
inoculated leaves as compared to untreated inoculated control. Results of the current
study are consistent with work of Solntsev et al. (2005) who stated that the resistance
inducers directly affect the pigment formation and boost the photosynthetic mechanism
that results in vigorous growth of the wheat plant. Our findings are in agreement with
Nafie and Mazen (2008) they described an increase in chlorophyll contents in soybean
leaves triggered by Bion against stem rot disease. Alternaria solani infection is
responsible of decrease in chlorophyll contents and carotenoids in tomato leaves it
might be due to discharge of toxins that leading to oxidative burst resulting in
programmed cell death (Howlett, 2006).

In the present study, Bion has increased the photosynthetic rate in inoculated plant as
compared to untreated inoculated plants (disease control). These results are might be
due to increased action of Rubisco and PEP carboxylase under stress (Popova et al.,
2003) and that of CA. The resistance inducers boost up the chlorophyll contents in
plants so it might be another reason of high photosynthetic rate.

Our findings showed that Bion and SA application considerably decreased the EL %
as compared to diseased control. Electrolyte leakage percent (ELP) depicts the amount
of injury to the cell membrane. ELP in diseased plants increased markedly up to 2 times
as compared to healthy ones. This phenomenon explains that fungal infection badly
ruptures the membrane and reduces the membrane stability, it might be due to the
correlation between components of the cell and the amount that oozed out. These results
are verified by Hamada and Hashem (2003) they found salicylic acid and Thiamin
effective against wheat root rot. These findings verify the efficacy of Bion and SA in
improving the cell membrane damage through lessening the fungal infection and also
these chemicals induce resistance in tomato plant against fungal pathogens. It may be
due to Bion application reduced ELP by making membrane stability better, as revealed
from our study data also supported by Agarwal et al. (2005) they conducted a study and
found abscisic acid and SA effective against oxidative stress in wheat crop.

Application of resistance inducers increased yield per plant and fruit per plant during
both years. Results of present study are consistent with Firoz and Hossain (2000) who
conducted an experiment in which they sprayed Bion before a week of ear initiation in
rice and observed increase in yield. Hossain et al. (2011) also observed higher grain
yield of rice by applying Bion as a foliar spray of rice. Similarly, Pradhanang et al.
(2005) documented during bacterial wilt field studies, Bion application enhanced the
resistance and also significantly increased the yield of tomato genotypes which were
moderately resistant to the bacterial wilt pathogen. Bion application enhanced the yield
in optimally grown tomato plants that were free of bacterial spot (Romero et al., 2001).
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The maximum number of flower branch/plant and number of fruits/plant was obtained
with Bion through foliar application. The maximum TSC and TSP were recorded with
Bion with foliar application followed by SA and infected control. Montasser et al.
(2012) Carbohydrates in leaves were significantly decreased in TYLCV isolates
infected of tested plant cultivars as compared to healthy ones; this may be due to the
defense effect of the plant against the virus infection where the strategy altered from
defensive to survival as described by Khalil et al. (2014). These results are in harmony
with the findings of Radwan et al. (2007), Gupta et al. (2010). Chandra et al. (2007)
described that SA and Bion application increased TSS and TSP of cowpea plants.

Conclusion

Our results indicated that Bion could be eco-friendly and cost effective strategy
against Alternaria solani in integrated disease management programs. Foliar application
of Bion provided better efficiency than seedling root dipping to manage A. solani, but
still further research is needed under field condition for the confirmation of method
success in tomato crop.
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