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Abstract. In this study, we investigated the induced defense response and protective effects of onion 

against Alternaria porri by application of salicylic acid (SA) and benzothiadiazole (Bion®) through foliar 

application and seedling root dipping method in onion for two years under greenhouse conditions. 

Completely randomized design (CRD) under factorial arrangement was performed with three replicates. 

Reduction in the disease severity was observed in plants treated with Bion® and SA. Bion® and SA 

inoculated with the pathogen showed significantly higher PAL, PO, PPO activity, and phenolic contents 

than inoculated water-treated plants 2 days after the treatment during both years. Increasing trend was 

observed in disease severity and biochemical contents during the second year. In conclusion, the results of 

this study provide evidence that application of simple non-toxic chemical solutions like SA and Bion® 

can control purple blotch of onion by the modification of biochemical attributes. 
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Introduction 

Onion is among the five most valuable vegetable crops in the world (Cramer, 2000). 

It adds excellent taste to dishes and also has a number of therapeutic properties such as 

antibacterial, antifungal, anti-inflammatory, antiseptic and antispasmodic effects 

(Griffiths et al., 2002). Over the world it occupies an area of 4033.93 thousand hectares 

and production 78.5 million tons (FAO, 2012). In Pakistan, it occupies an area of 

135.1 thousand ha, with production of 1763 thousand tons and contribute to the 

economy of the country (Govt. of Pakistan, 2014-15). Among the onion producing 

countries China stood first and India second in area and production in the world. 

Pakistan is on seventh number for production of onion (Aloch et al., 2014). 

Overall onion is attacked by sixty six diseases in the world, in which thirty eight are 

of fungal diseases, ten bacterial, six nematode, three viral and one phytoplasmal disease. 
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Purple blotch is most destructive one among fungal diseases and cause paramount losses 

to onion crop (Yadav et al., 2013). 

Control of this disease by using disease free seeds, resistant cultivars and fungicidal 

sprays are successful but have their disadvantages, such as the brief commercial life of 

resistant cultivars or occurrence of fungicide resistance (Hayes and Johnston, 1971; 

Leadbeater et al., 1997). Due to these disadvantages, there is a continuous requirement 

for inducing resistance to plants against the disease. Induced resistance (1R) is a new 

technology for crop protection that assumed to be much more environmentally sound 

than traditional practices (Sonnemann et al., 2002). 

Several chemicals like 2,6-dichloroisonicotinic acid (INA), Beta-amino butyric acid 

(BABA), potassium salts, benzothiadiazole and salicylic acid (SA) were documented in 

induction of SAR in variety of plants against several pathogens of plants (Oostendorp et 

al., 2001). 

The first indication that SA may be associated with plant resistance was given by 

White (1979), who observed that application of SA in tobacco leaves improved 

protection from consequent infection by tobacco mosaic virus. Initially, Van Loon 

(1983) reported the possibility of association between salicylic acid and systemic 

acquired resistance. Benzothiadiazole (S-methylbenzo-1,2,3-thiadiazole-7-carbothiate, 

BTH) form a class of chemicals which induce the mechanism of defense in plant (Kunz 

et al., 1997). Their mode of action include stimulation of systemic acquired resistance 

downstream of salicylic acid. 

Schonbeck et al. (1980) reported that resistance inducers enhance the biochemical 

that serve as a marker of ISR. This include deposition of lignin, assimilation of 

phytoalexins, cell wall polymers reinforcement (Thangavelu et al., 2003) and 

enhancement of enzymes like PPO and PAL (He et al., 2002). Peroxidase involved in 

papillae formation, hypersensitive response and lignin polymerization (Nicholson and 

Hammerschmidt, 1992; Bestwick et al., 1998). 

So keeping in view the importance of resistance inducers the experiment was 

planned to assess the impact of Bion® and SA in resistance induction in onion against 

purple blotch to observe the mechanisms of resistance including enzyme related to 

resistance, under controlled environment. 

Materials and Methods 

Enhancement of resistance against the disease 

Experiment was conducted during 2015-16 in green house of Department of Plant 

Pathology, University of Agriculture, Faisalabad, Pakistan. Seeds of Red Imposta (High 

yield cultivar) were sown, 23rd October and 25th October during 2015-16 respectively, 

in trays and in green house with temperature kept at 20 ± 2ºC during the day and 

18 ± 2ºC at night and transplanted after fifty six days in thirty centimeter pots. 

Alternaria porri culture (Fig. 1) was made by isolating it from diseased onion leaves 

and incubated at 25 ± 1ºC for 15 days. Bion® (125 ppm) and salicylic acid (2 mM) were 

applied through seedling root dipping method and foliar application against purple 

blotch of onion. Ten ml of sterile distilled water was then added to each plate and 

colonies were scraped with a sterile needle. The resulting conidial suspension was 

diluted to 5×104 conidia per ml and inoculated onto leaves and seed-stalks of 

110-day-old onion plants using an atomizer. Distilled water was used for Bion® and 

salicylic acid dissolving regarding desired concentrations (125 ppm and 2 mM) 
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respectively, and then sprayed on entire plants through foliar application (50 ml per 

seedling) while seedlings were dipped in inducers solution before transplanting in case 

of seedling root dipping method, two days before inoculation with the pathogen. Plants 

were kept in a greenhouse after the application of treatments. For controls, the plants 

were inoculated or un inoculated but sprayed with water. The experiment was repeated 

twice under greenhouse conditions in 2015 and 2016. Autoclaved pots (20 cm in 

diameter) were filled with autoclaved clay soil and each pot planted with two seedlings. 

Three replicates were used, and each replicate consisted of four pots. Disease severity 

data was collected by following the 0-5 rating scale (Sharma, 1986). Biochemical 

contents of treated and untreated plants were analyzed after 0, 2, 4, 6, 8 and 10 days by 

using following procedure. 

 

  

Figure 1. Pure culture of Alternaria porri 

 

 

Data collection 

Sample preparation for biochemical analysis 

“Samples of leaf tissue (1 g fresh weight) for enzyme extraction were harvested at 0, 

2, 4, 6, 8, and 10 days after application for each treatment, weighed and immersed in 

liquid nitrogen. The frozen leaf segments for each sample were homogenized (1:5 w/v) 

in an ice-cold mortar using 50 mM potassium phosphate buffer (pH 7.0) containing 1 M 

NaCl, 1% polyvinylpyrrolidone, 1 mM EDTA and 10 m M β-mercaptoethanol. The 

homogenates were centrifuged at 17,000 g for 20 min at 4°C. The supernatant (crude 

enzyme extract) was collected and divided into 1.5 ml portions. Protein concentrations 

were determined using bovine serum albumin as a standard according to Bradford 

(1976)”. 

Activity of peroxidase (PO) was analyzed by following the protocol of Urbanek et al. 

(1991), polyphenol oxidase (PPO) was measured according to the Gauillard et al. (1993) 
method. In case of phenylalanine ammonia-lyase (PAL) activity was assessed by using 

the Nagarathna et al. (1993) technique and Malick and Singh (1980) method was used 

for phenolic contents in the onion leaves. 
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Statistical analysis 

“Data collected from each experiment were analyzed using Statistix 8.1 software. 

Least significant difference (LSD) test at 5% probability level was applied to compare 

the treatment means”. 

Results 

Effect of resistance inducers on disease severity (%) of onion leaf 

Resistance inducers i.e. Bion and salicylic acid (Ch) applied through seedling root 

dipping and foliar application methods (M) significantly (p ≤ 0.05) minimized the 

severity (%) of disease in onion plants during both years. During first year reduction in 

disease severity was up to 24.53% and 25.92% during 2nd year. In comparison for days 

(D) at 5th and 15th day minimum reduction in disease severity (37.24%, 40.12%) was 

observed during both years. During 2015, maximum reduction in severity of disease 

was observed in case of foliar application as compared to seedling root dipping. Bion 

showed maximum reduction in disease severity (21.55%) while salicylic acid showed 

(28.26%) as compared to control which exhibited (44.94%) disease severity. In case of 

interaction between Ch × D × M a non-significant behavior was observed with respect 

to disease severity, whereas, D ×M, Ch × D and Ch × M showed their significant impact 

in reduction of purple blotch severity (%) during both years (Table 1). 

 
Table 1. Impact of Bion and Salicylic acid applied through foliar and seedling root dipping 

methods on severity (%) of disease at different days 

Factors Disease Severity (%) 

Days (D) 2015 2016 

5 24.53 C 25.92 C 

10 32.97 B 34.62 B 

15 37.24 A 40.12 A 

Method (M)  

Foliar Application 30.26 B 32.52 B 

Seedling root dipping 32.90 A 33.85 A 

Chemicals (Ch)  

Control 44.94 A 45.98 A 

BION 21.55 C 23.25 C 

Salicylic acid 28.26 B 30.39 B 

LSD (D) (p ≤ 0.05) 1.09 1.16 

LSD (M) (p ≤ 0.05) 0.91 0.98 

LSD (Ch) (p ≤ 0.05) 1.11 1.20 

D × M (p ≤ 0.05) * * 

Ch × D (p ≤ 0.05) ** ** 

Ch × M  (p ≤ 0.05) ** ** 

Ch × D × M (p ≤ 0.05) NS NS 

Any two means within a column followed by same letters are not significant at p ≤ 0.05. * = Significant 

at p ≤ 0.05; ** = Significant at p ≤ 0.01; NS = Non-significant 

 

 

Impact of inducers application through towards peroxidase (PO) activity (change in 

absorbance/min/mg of protein) 

Peroxidase activity was significantly (p ≤ 0.05) increased after the application of 

Bion and salicylic acid through seedling root dipping and foliar application during 

2015-16. Peroxidase activity was maximum at day 10 (3.16) and minimum (0.69) when 
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resistance inducers applied (0 day). Foliar application of resistance inducers increased 

the activity of peroxidase (1.96) over seedling root dipping (1.84). Peroxidase activity in 

inoculated plants was higher over plants without inoculation. Maximum peroxidase 

activity was found in plants on which Bion + A. porri (2.11) was applied as compare to 

plants where salicylic acid + A. porri (1.95) was applied. High peroxidase activity 

(2.02) was observed where Bion was applied followed by salicylic acid treated plants 

(1.86). Control plants showed minimum peroxidase activity (1.68). In 2016, similar but 

increase in peroxidase activity was observed (Table 2). 

 
Table 2. Impact of Bion and Salicylic acid applied through various methods on biochemical 

at different days 

Factors PAL PH PO PPO 

Days (D) 2015 2016 2015 2016 2015 2016 2015 2016 

0 2.42 F 2.48 F 8.39 F 8.42 F 0.69 F 0.70 F 0.39 F 0.41 F 

2 6.11 E 6.89 E 18.15 E 19.85 E 1.18 E 1.22 E 0.64 E 0.67 E 

4 11.55 D 12.21 D 23.13 D 24.62 D 1.45 D 1.48 D 0.92 D 0.96 D 

6 13.67 C 14.97 C 33.72 C 35.43 C 2.13 C 2.19 C 1.06 C 1.14 C 

8 16.59 B 18.22 B 45.18 B 46.36 B 2.80 B 2.88 B 1.23 B 1.32 B 

10 19.24 A 21.28 A 55.54 A 56.13 A 3.16 A 3.23 A 1.34 A 1.41 A 

Method (M)  

Foliar Application 12.59 A 14.06 A 33.78 A 34.76 A 1.96 A 2.01 A 0.98 A 1.03 A 

Seedling root dipping 10.60 B 11.29 B 27.59 B 28.84 B 1.84 B 1.89 B 0.88 B 0.94 B 

Treatments (T)  

Control 8.98 F 8.17 F 26.13 F 17.50 F 1.68 F 1.75 F 0.74 F 0.79 F 

Control + A. porri 10.03 E 9.91 E 29.72 E 21.85 E 1.79 E 1.83 E 0.83 E 0.88 E 

BION 15.29 B 15.59 B 40.31 B 41.50 B 2.02 B 2.07 B 1.03 B 1.09 B 

Salicylic acid 12.01 D 11.44 D 31.42 D 27.35 D 1.86 D 1.90 D 0.90 D 0.95 D 

Bion + A. porri 16.93 A 17.50 A 47.14 A 48.21 A 2.11 A 2.16 A 1.09 A 1.16 A 

Salicylic acid + A. porri 13.92 C 13.43 C 33.26 C 34.38 C 1.95 C 1.98 C 0.98 C 1.03 C 

LSD (D) (p ≤ 0.05) 1.03 0.73 2.01 1.17 0.02 0.01 0.01 0.01 

LSD (M) (p ≤ 0.05) 0.61 0.42 0.69 0.67 0.01 0.02 0.008 0.006 

LSD (Ch) (p ≤ 0.05) 1.05 0.73 1.19 1.17 0.02 0.01 0.01 0.01 

D × M (p ≤ 0.05) NS ** ** ** NS ** NS * 

Ch × D (p ≤ 0.05) ** ** ** ** ** ** ** ** 

Ch × M  (p ≤ 0.05) NS NS * NS NS NS NS NS 

Ch × D × M (p ≤ 0.05) NS NS * ** ** NS NS NS 

PAL = Phenylalanine ammonia lyase; PH = Phenolics; PO = Peroxidase; PPO = Polyphenol oxidase. 

Any two means within a column followed by same letters are not significant at p ≤ 0.05. * = Significant 

at p ≤ 0.05; ** = Significant at p ≤ 0.01; NS = Non-significant 

 

 

During 2015, interaction between Ch × D × M expressed significant increase in 

peroxidase activity (Fig. 2), whereas, interaction between these three factors was non-

significant during the year 2016. Interaction between Ch × D showed significant 

increase in peroxidase activity during both years, whereas, D × M interaction was non-

significant with respect to peroxidase activity but this interaction was significantly 

impacted during 2016. 

Impact of inducers application through towards polyphenol oxidase (PPO) activity 

(change in absorbance/min/mg of protein) 

Polyphenol oxidase activity was significantly (p ≤ 0.05) increased after the 

application of Bion and salicylic acid through seedling root dipping and foliar 
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application during 2015-16. Polyphenol oxidase was maximum at day 10 (1.34) and 

minimum (0.39) when resistance inducers applied (0 day). Foliar application of 

resistance inducers increased the activity of Polyphenol oxidase (0.98) over seedling 

root dipping (0.88). Polyphenol oxidase activity in inoculated plants was higher over 

plants without inoculation. Maximum polyphenol oxidase activity was assessed in 

plants on which Bion + A. porri (1.09) was applied as compare to plants where salicylic 

acid + A. porri (0.98) was applied. High polyphenol oxidase activity (1.03) was 

observed where Bion was applied followed by salicylic acid treated plants (0.90). 

Control plants showed minimum polyphenol oxidase activity (0.74). In 2016, similar 

but increase in polyphenol oxidase activity was observed. Interactive effect of Ch × D × 

M exhibited non-significant behavior with respect to polyphenol oxidase activity during 

both years, whereas, Ch × D showed significant increase in polyphenol oxidase activity 

during 2015-16. During 2016, D × M interaction significantly increased the polyphenol 

oxidase activity but this interaction was non-significant during 2015 (Table 2). 

 

Figure 2. Interaction between chemicals, days and application method on peroxidase activity as 

influenced by the various resistance inducers treated through different methods 

 

 

Impact of inducers application through towards phenylalanine ammonia lyase (PAL) 

activity (µmol of cinnamic acid/min/mg of protein) 

Phenylalanine ammonia lyase activity was significantly (p ≤ 0.05) increased after the 

application of Bion and salicylic acid through seedling root dipping and foliar 

application during 2015-16. Phenylalanine ammonia lyase was maximum at day 10 

(19.24) and minimum (2.42) when resistance inducers applied (0 day). Foliar 

application of resistance inducers increased the activity of phenylalanine ammonia lyase 

(12.59) over seedling root dipping (10.60). Phenylalanine ammonia lyase activity in 

inoculated plants was higher over plants without inoculation. Maximum phenylalanine 

ammonia lyase activity was found in plants on which Bion + A. porri (16.93) was 

applied as compare to plants where salicylic acid + A. porri (13.92) was applied. High 

Phenylalanine ammonia lyase activity (15.29) was observed where Bion was applied 

followed by salicylic acid treated plants (12.01). Control plants showed minimum 

phenylalanine ammonia lyase activity (8.98). In 2016, similar but increase in 

phenylalanine ammonia lyase activity was observed (Table 2). Phenylalanine ammonia 
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lyase activity was increased significantly in case of interaction between D × M during 

2016, whereas, non-significant behavior of mentioned interaction was observed during 

2015. Ch × D interaction impacted positively in increasing of phenylalanine ammonia 

lyase activity during both years, whereas, non-significant behavior was observed in case 

of Ch × M. Combined interactive impact of all three factors was non-significant during 

both years (Table 2). 

Impact of inducers application through towards total phenolics (µm/g of plant 

tissues) 

Phenolic contents were significantly (p ≤ 0.05) increased after the application of 

Bion and salicylic acid through seedling root dipping and foliar application during 

2015-16. Phenolic contents were maximum at day 10 (55.54) and minimum (8.39) when 

resistance inducers applied (0 day). Foliar application of resistance inducers increased 

the phenolic contents (33.78) over seedling root dipping (27.59). Phenolic contents in 

inoculated plants were higher over plants without inoculation. Maximum phenolic 

contents were observed in plants on which Bion + A. porri (47.14) was applied as 

compare to plants where salicylic acid + A. porri (33.26) was applied. High phenolic 

contents (40.31) were observed where Bion was applied followed by salicylic acid 

treated plants (31.42). Control plants showed minimum phenolic contents (26.13). In 

2016, similar but increase in phenolic contents were observed (Table 2). Interaction of 

all three factors (Ch × D × M) positively increased the phenolic contents during both 

years (Fig. 3). In the same way D × M and Ch × D showed significant enhancement of 

phenolic contents in both years, whereas, these contents were significantly impacted 

during 2015 in case of interaction between Ch × M and non-significant in the year 2016. 

 

Figure 3. Interaction between chemicals, days and application method on total phenolics as 

influenced by the various resistance inducers treated through different methods 

 

 

Discussion 

Present study showed that Bion® and Salicylic acid application minimized the purple 

blotch severity in onion plants up to 10 days after plants that were inoculated with 

A. porri (Table 1). Several reports have been documented regarding the efficiency of 

Bion® and Salicylic acid against fungal and bacterial diseases (Ishii et al., 1999; Baysal 

et al., 2005). These results are consistent with the findings of Abo-Elyousr et al. (2009) 
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who observed the reduction in severity of stemphylium blight in onion after application 

of salicylic acid. Abo-Elyousr et al. (2008) observed the same results in case of Bion®. 

Achuo et al. (2004) found that rustication of Botrytis cinerea infection on tomato was 

achieved after Bion® treatment, and those of the findings of Elmer (2006), who 

observed the suppression of Fusarium wilt of cyclamen in greenhouse. Mosa (2002) 

reported that SA at the rate of 1 mM reduce the severity of rice blast. 

From the literature it was obvious that presence of Polyphenoloxidase (PPO), 

Phenylalanine ammonia-lyase (PAL), Peroxidase and total Phenolic contents is 

necessary because their role in systemic acquired resistance in different plants (He et al., 

2002). 

Foliar application of Bion® and SA significantly enhanced the PO, PPO, PAL and 

total Phenolics at all sampling times as compared to seedling root dipping, the highest 

level at ten days after application (Table 2, Fig. 2 and Fig. 3). These results are in line 

with Abo-Elyousr et al. (2009) who observed the increase in PO activity when onion 

plants were inoculated with Stemphylium vesicarium two days after application of SA. 

Abo-Elyousr et al. (2008) observed similar results in case of Bion® in onion. Schneider 

and Ullrich (1994) found increase in PO activity in cucumber and tobacco leaves after 

treatment with SA. Mcghie et al. (1997) also observed increased in activity of PO in 

sugarcane cells treated with an elicitor derived from Pachymetra chaunorhiza. 

Significant increase in the activity of PO helped to achieve enhanced resistance against 

Clavibacter michiganensis in tomato plants treated with acibenzolar-S-methyl (ASM) 

(Baysal et al., 2003). PO activity increased as systemic resistance enhanced in plants 

against a variety of pathogen (Baysal et al., 2005) which induced the numerous 

mechanisms of defense in plants like biosynthesis of lignin, cell walls oxidative cross 

linkage and generation of reactive oxygen species (Bestwick et al., 1998). Enhancement 

in activity of PO was found in soybean plants sprayed with benzothiadiazole (Nafie and 

Mazen, 2008). Karthikeyan et al. (2009) reported increased PO activity in black gram 

exogenously applied SA (100 ppm) and BTH (100 ppm) providing resistance against 

urdbean leaf crinkle virus. Farouk and Osman (2012) also observed enhanced PO 

activity in beans species treated with SA and methyl ester of jasmonic acid. 

Abo-Elyousr et al. (2009) observed the increase in PPO activity when onion plants 

were inoculated with Stemphylium vesicarium two days after application of SA. 

Abo-Elyousr et al. (2008) also observed similar results in case of Bion® in onion. Last 

step of lignin and oxidative phenols was catalyzed by PPO (Baysal et al., 2005). 

“Polyphenol oxidase (PPOs) catalyzing the oxygen dependent oxidation of phenols to 

quinines are ubiquitous among angiosperms and assumed to be involved in plant 

defense against pests and pathogens (Yedidia et al., 2003)”. 

PAL is the first enzyme of the phenylpropanoid pathway, which synthesizes various 

phenolic compounds (Tower and Wat, 1979). PAL activity is associated with 

biosynthesis of various compounds including SA in the defense system of plant 

(Mauch-Mani and Slusarenko, 1996). These results are in line with Abo-Elyousr et al. 

(2009) who assessed the enhanced activity of PAL when onion plants were inoculated 

with Stemphylium vesicarium two days after application of SA. Abo-Elyousr et al. 

(2008) observed similar results in case of Bion® in onion. Chakraborty et al. (1993) 

observed increased PAL activity in B. napus after 12 hrs of Leptosphaeria maculans 

inoculation. Nighat et al. (2001) also observed increased PAL activity in chickpea 

cultivars inoculated with Ascochyta rabiei. Tian et al. (2006) observed that elicitors 

significantly enhanced the activity of PAL and minimized the incidence of A. alternata 



Mansha et al.: Impact of resistance inducers on biochemical attributes of onion leaves against purple blotch (Alternaria porri) 

- 9781 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):9773-9784. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1704_97739784 

© 2019, ALÖKI Kft., Budapest, Hungary 

in Pyrus pyrifolia. Raju et al. (2008) observed increased PAL activity in shoots of 

resistant cultivar of chickpea (Cicer arietinum L.) than susceptible cultivar when treated 

with SA and Spermine against Fusarium oxysporum. Jayalakshmi et al. (2009) reported 

increased PAL activity in the roots of chickpea inoculated with biocontrol agent, 

Trichoderma harzianum. Rajab et al. (2009) observed increased PAL activity in 

Sesamum prostratum calli challenged with Fusarium oxysporum. Abdel-Monaim et al. 

(2011) observed that soybean seeds treated with Benzothiadiazole + humic acid 

enhanced the PAL activity providing resistance against Fusarium wilt disease. 

Mandavia et al. (2012) studied the effect of foliar spray of brassinolide (10 and 15 ppm) 

and SA (300 and 500 ppm) on groundnut and observed that 500 ppm SA was most 

effective in induction of PAL activity. 

Phenolic contents enhanced in case of Bion + A. porri, up to 10 days, applied 

through foliar application (Table 2, Figure 2). Increased activity showed that strong 

correlation may exist between resistance level and phenolic contents (Hahlbrock and 

Scheel, 1989). Results of this study consistent with Abo-Elyousr et al. (2009) who 

observed the increase in total Phenolics when onion plants were inoculated with 

Stemphylium vesicarium two days after application of SA. Abo-Elyousr et al. (2008) 

observed similar results in case of Bion® in onion. Stadnik and Buchenauer (2000) 

observed the enhancement of PAL activity and accumulation of cell wall-bound 

phenolic compounds in BTH treated wheat plants. Anttonen et al. (2003) observed 

increased level of two flavanols, i.e., quercetin and kaempferol in BTH treated berries 

under field conditions. Katoch (2005) observed increased o-dihydroxy phenol content in 

pea plants sprayed with 5 mM SA compared to control plants. Karthikeyan et al. (2009) 

reported a 2-fold increase in the accumulation of total phenol content in black gram 

plants treated with SA (100 ppm) and BTH (100 ppm). “By summing up the finding of 

the research the application of Bion is very helpful in reducing the disease severity in 

the onion as compared to the SA. However, improvement in the defense related 

attributes by the modulation of enzymatic activities was noticed in case of Bion + 

A. porri applied through foliar feeding as compared to the seedling root dipping method 

during both years”. 

Conclusion 

Results of present study showed that Bion could be non-hazardous towards 

environment and low cost approach towards mentioned malady controlling programs. 

Foliar application of Bion + A. porri enhanced the resistance through increased 

biochemical attributes than seedling root dipping against A. porri during study period 

but still further investigation is required under field condition for the endorsement of 

application strategies of resistance inducers for achieving the productive success in 

onion crop. 
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