



In vitro efficacy of GRAS chemicals, botanicals and essential oils against bacterial soft rot of tomato caused by Pectobacterium carotovora pv. Carotovora

[bookmark: _GoBack]

.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


   ABSTRACT 

	The tomato (Lycopersicon esculentum), belonging to the Solanaceae family grown most extensively across worldwide.  Soft rot possess a major challenge in tomato production, as microbial activity during the post harvest period can cause the fruit to deteriorate, making it unfit for consumption. Factors such as improper harvesting techniques, poor handling, substandard packaging and inadequate transportation practices contribute to bruising and microbial contamination, which accelerate decay. Tomato crop suffers from various fungal, bacterial and viral diseases. Among various diseases, Pectobacterium caratovora pv. caratovora was reported as the most common causal organism of bacterial soft rot and listed among the top ten of the economically important plant pathogenic bacteria In vitro efficacy of GRAS chemicals, botanicals and essential oils were assessed against Pectobacterium carotovora pv. carotovora causing soft rot of tomato using paper disc method. All seven GRAS chemicals tested significantly increased inhibited zone of bacterial growth of P. carotovora, over untreated control and inhibition zone was increased with increased in concentration of the chemicals tested. Sodium hypochlorite recorded maximum inhibition zone at 1% & 2% concentration followed by Ammonium bicarbonate and Calcium chloride. Among botanicals, Garlic showed maximum inhibition zone followed by Neem and Beetle vine. Among essential oils, Cinnamon oil showed maximum inhibition zone of pathogen followed by Mint oil and Clove oil. All the tested GRAS chemical, botanical and essential oils show the significant inhibition zone over control against Pectobacterium carotovora pv. carotovora.



Keywords: [bacterial soft rot, Pectobacterium carotovora, GRAS chemical, Botanical, Essential oils, in vitro] 

1. INTRODUCTION 
  Tomato stands out as one of the most economically rewarding and widely cultivated vegetable crops around the world. It occupies the second largest area under cultivation among vegetable crops globally, following only potatoes and ranks first among crops used for processing. Presentily, tomatoes are among the most commonly consumed fruit- vegetables in India and are available throughout the year, even though they are generally cultivated as an annual crop (Sandipan et al ., 2014 ). India is the largest producer of tomato (Lycopersicon esculentum). Among biotic constraints in cultivation of tomato, soft rot caused by Pectobacterium carotovora pv. carotovora is one of the major hurdle in cultivation causing pre and post harvest losses. Soft rot of tomato is destructive disease resulting in storage, transportation and marketing losses. leading to significant yield and quality losses. Hence efforts were made to find out effective GRAS chemical, botanicals and essential oils against Pectobacterium carotovora pv. carotovora .


2. material and methods 

In vitro evaluation of GRAS Chemicals
The efficacy of seven GRAS chemicals, botanicals and essentials oils were assessed using the " paper disc method "as described by Thornberry (1950) by utilizing Nutrient Agar (NA) as a base culture medium. The media were poured into petri plates and after solidification, media were seeded with test pathogen, small paper discs punched out autoclaved filter paper (Whatman no.1) measuring 5mm in diameter were soaked aseptically for 5 minutes in aqueous solution of different chemical concentration separately. For each chemical two concentrations were tested and for each concentration three replication were used. In the center of each petri plate, one paper disc was placed. In case of control, paper discs soaked in sterile distilled water. The petri plates were incubated for 72 hours at 27±1°C.
In vitro evaluation of botanicals/ phytoextracts
Evaluation of different botanicals viz., Beetle vine, Chili, Garlic, Onion, Neem, Ginger, lemon were carried out by using standard paper disc method of Thornberry (1950). Nutrient agar was prepared and sterilized in autoclaved and the flasks was allowed to cool down the NA medium was poured in petri plate and allowed to solidify and inoculated with 1ml of 48 hours old bacterial broth culture on it and spread it on completely on NA medium in petri plate aseptically. Small paper discs punched out autoclaved filter paper (Whatman no.1) measuring 5mm in diameter were soaked aseptically for 5 minutes in aqueous solution of different botanicals and at different concentrations (10 and 15%) separately. For each botanical two concentration was tested and for each concentration three replication were used. In the center of each petri plate, one paper disc was placed. In case of control, paper discs soaked in sterile distilled water was used. The petri plates were incubated for 72 hours at 27±1°C.
Preparation of botanical extracts
Plant parts such as leaves, bulbs, cloves, rhizomes etc. of the selected plant species were washed thoroughly with distilled water and chopped into small bits with sterilized sharp knife. Separately crushed and homogenized in pestle and mortar in equal quantity of distilled water (1:1 w/v). These homogenates obtained were strained separately through double layered muslin cloth and the extract/filtrates obtained were further filtered through Whatman’s filter paper, using glass volumetric flask (100 ml capacity) and funnel. The clear supernatants obtained constituted the botanicals of 100 % concentration. Aqueous solutions of different treatments were prepared by diluting the extracts to 10 and 15 % using distilled water (Malik et al., 2016).
In vitro evaluation of essential oils
Plant derived essential oils viz., Eucalyptus oil, Cinnamon oil, Lemongrass oil, Mint oil, Till oil, Mustered oil, Clove oil were evaluated by using standard paper disc method of Thornberry (1950). Nutrient agar was prepared and sterilized in autoclaved and the flasks were allowed to cool down after NA medium was poured in petri plate and allowed to solidify it. Prepared petri plate was inoculated with 1ml of 48 hours old bacterial broth culture on it and spread it on completely on NA medium in petri plate aseptically. Small paper discs punched out autoclaved filter paper (Whatman no.1) measuring 5 mm in diameter was soaked aseptically for 5 minutes in aqueous solution of different essential oils and at different concentrations (250 ppm and 500 ppm) separately. For each essential oil two concentration were tested and for each concentration three replication was used. In the center of each petri plate, one paper disc was placed. In case of control, paper discs soaked in sterile distilled water was used. The petri plates were incubated for 72 hours at 27±1°C.

GRAS chemicals (Table 1) was tested at 1 and 2 % concentration, Botanicals (Table 2) was tested at 10 and 15 % concentration and essential oils (Table 3) was tested at 250 and 500 ppm concentration. Observations on zone of inhibition were recorded at 72 hours of the incubation to know the effect of various tests of GRAS chemical, botanicals and essential oils on Pectobacterium carotovara pv. carotovara, inhibition zone was recorded in (mm), for each treatment.

Table 1: List of GRAS chemicals  
	Tr. No.
	Treatments
	Tr. No.
	Treatments

	T1
	Calcium chloride
	T5
	Potassium chloride

	T2
	Hydrogen peroxide
	T6
	Ammonium bicarbonate

	T3
	Sodium chloride
	T7
	Sodium bicarbonate

	T4
	Sodium hypochlorite
	T8
	Control


Table 2: List of botanicals 
	Tr. No.
	Treatments
	Tr. No.
	Treatments

	T1
	Beetle vine
	T5
	Neem

	T2
	Chili
	T6
	Ginger

	T3
	Garlic
	T7
	Lemon

	T4
	Onion
	T8
	Control 


Table 3: List of essential oils 
	Tr. No.
	Treatments
	Tr. No.
	Treatments

	T1
	Eucalyptus oil
	T5
	Till oil 

	T2
	Cinnamon oil
	T6
	Mustered oil

	T3
	Lemongrass oil
	T7
	Clove oil

	T4
	Mint oil
	T8
	Control 



.
3. results and discussion
3.1 Effect of GRAS chemicals on bacterial growth
Results revels that all the treatments of GRAS chemicals, botanical and essential oils at all concentration were significant against Pectobacterium carotovora over control in recording inhibition zone.
The results (Table 4, Fig 1) revealed that the GRAS chemicals tested significantly increased inhibited zone of bacterial growth of P. carotovora, over untreated control and inhibition zone was increased with increased in concentration of the chemicals tested. At 1 per cent concentration, bacterial growth inhibition zone of the test pathogen ranged from 7.71mm to 12.31mm as compared with control (00.00mm). Sodium hypochlorite recorded maximum inhibition zone (12.31mm), followed by Ammonium bicarbonate (11.01mm) and Calcium chloride (10.19mm). They were also found at par with each other. Sodium bicarbonate (9.47mm), Hydrogen peroxide (9.08mm), Potassium chloride (8.38mm) and Sodium chloride (7.71mm) were also found effective over control.
Similar trend of inhibition was observed at 2 per cent concentration, bacterial growth inhibition zone of the test pathogen was ranged from 8.58mm to 14.63mm as compared with control (00.00mm). Sodium hypochlorite gave maximum inhibition zone (14.63mm) followed by Ammonium bicarbonate (13.76mm), Calcium chloride (12.02mm), Sodium bicarbonate (10.43mm), Hydrogen peroxide (9.48mm), Potassium chloride (8.58mm) and Sodium chloride (7.94mm).
The results of present investigation were in line with the findings of earlier workers viz., Bartz and Kelman (1986), Mills et al. (2006), Aslam et al. (2012), Amarasinghe et al. (2014) and Himel et al. (2017). Vanitha et al (2020) proved the effectiveness of Calcium chloride and other tested chemical of Sodium bicarbonate and Potassium chloride against E. carotovora. Ashwini et al. (2022) who also reported the inhibitory action of Sodium hypochlorite, Ammonium bicarbonate, Sodium bicarbonate against Pectobacterium carotovora.
Table 4: In vitro efficacy of GRAS chemicals against Pectobacterium carotovora pv. carotovora causing soft rot of tomato
	Tr.No.
	Treatment
	Inhibition Zone*(mm) at 1% Conc.
	Inhibition Zone*(mm) at 2% Conc.

	T1
	Calcium chloride
	10.19
	12.02

	T2
	Hydrogen peroxide
	9.08
	9.48

	T3
	Sodium chloride
	7.71
	7.94

	T4
	Sodium hypochlorite
	12.31
	14.63

	T5
	Potassium chloride
	8.38
	8.58

	T6
	Ammonium bicarbonate
	11.01
	13.76

	T7
	Sodium bicarbonate
	9.47
	10.43

	T8
	Control
	0.00
	0.00

	
	S. E. ±
	0.39
	0.46

	
	C.D.(P=0.01)
	1.62
	1.90



*: Mean of three replications, 

Fig. 1 : In vitro efficacy of GRAS chemicals against Pectobacterium carotovora                                     
               pv. carotovora causing soft rot of tomato
3.2 Effect of botanicals on bacterial growth
            The results (Table5, Fig2) revealed that the botanicals tested significantly increased inhibition zone of bacterial growth of Pectobacterium carotovora pv. carotovora, over untreated control and it was increased with increase in concentration of the botanicals tested. At 10 per cent, growth inhibition zone of Pectobacterium carotovora was ranged from 8.04 to12.04 mm. However, it was significantly highest with Allium sativum (12.04mm), followed by Azadirachta indica (11.65mm), Piper betle (11.17mm), Zingiber officinale (10.34mm), Allium cepa (10.26mm), Capsicum annuum (8.64mm) and Citrus limon (8.04mm).
At 15 per cent, bacterial growth inhibition zone of Pectobacterium carotovora ranged from 8.31 to 15.37 mm. However, it was significantly highest with Allium sativum (15.37mm), followed by Azadirachta indica (13.72mm), Piper betle (12.32mm), Zingiber officinale (11.06mm), Allium cepa (10.72mm), Capsicum annuum (9.54mm) and Citrus limon (8.31mm).
The results of present investigation resembling the findings of earlier workers viz., Ahmed and Agnihotri (1977), Agrawal (1978). Bakht et al. (2011) who also reported that butanol extracted sample of Garlic was found to be more effective in inhibiting the growth of E. carotovora. Adamu et al. (2016) also reported that, extract of Ginger, Turmeric, Neem, Coriander were proved most effective botanicals in inhibiting bacterial growth of Pectobacterium carotovora subsp. carotovora caused soft rot of tomato. Ashwini et al. (2022) also reported that maximum growth inhibition of Pectobacterium carotovora was achieved with Garlic extract followed by Neem and beetle vine botanicals extract against.  

Table 5: In vitro efficacy of botanicals against Pectobacterium carotovora pv. carotovora causing soft rot of tomato
	Tr. No.
	Treatments
	Inhibition Zone*(mm) at 10 % Conc.
	Inhibition     Zone* (mm) at 15 % Conc.

	T1
	Piper betle (Beetle vine)
	11.17
	12.32

	T2
	Capsicum annuum (Chili)
	8.64
	9.54

	T3
	Allium sativum (Garlic)
	12.04
	15.37

	T4
	Allium cepa (Onion)
	10.26
	10.72

	T5
	Azadirachta indica (Neem)
	11.65
	13.72

	T6
	Zingiber officinale (Ginger)
	10.34
	11.06

	T7
	Citrus limon (Lemon)
	8.04
	8.31

	T8
	Control
	0.00
	0.00

	
	S.E. ±
	0.40
	0.44

	
	C.D. (P=0.01)
	1.65
	1.83


*: Mean of three replications.

Fig. 2: In vitro efficacy of botanicals against Pectobacterium carotovora pv. carotovora causing soft rot of tomato
3.2 Effect of essential oils on bacterial growth
The results (Table 6, Fig 3) revealed that the essential oils tested significantly increased inhibition zone of bacterial growth of Pectobacterium carotovore, over untreated control and it was increased with increase in concentration of the essential oils tested. At 250 ppm, bacterial growth inhibition zone of Pectobacterium carotovora ranged from 8.81 to 15.49 mm. However, it was greater with Cinnamomum zeylanicum (15.49mm), followed by Mentha piperita (12.75mm), Syzygium aromaticum (12.36mm), Eucalyptus globules (11.03mm), Cymbopogon citrates (10.01mm), Sesamum indicum (9.38mm) and Brassica juncea (8.81mm).
At 500 ppm, bacterial growth inhibition zone of Pectobacterium carotovora ranged from 9.27 to 17.07 per cent. However, it was significantly highest with Cinnamomum zeylanicum (17.07mm), followed by Mentha piperita (14.11mm), Syzygium aromaticum (13.09mm), Eucalyptus globules (12.77mm), Cymbopogon citrates (11.23 mm), Sesamum indicum (10.25mm) and Brassica juncea (9.27mm).
The results of present investigation resembling the findings of Vanitha et al. (2020) who reported that essential oils Cinnamon, Lemongrass and Thyme oils were most effectively inhibited the growth of E. carotovora. Khalid et al. (2021) reported the antibacterial activity of three essential oils against P. carotovora that were Thyme oil, Clove oil, Cumin oil this oil. All essential oil tested, showed maximum bacterial growth inhibition. Barbora et al. (2024) reported that Cinnamon was the most effective followed by Mint and Clove oil against bacterial soft rot of potato caused by Pectobacterium carotovora subsp. carotovora.


Table6: In vitro efficacy of essential oils against Pectobacterium carotovora pv. carotovora causing soft rot of tomato
	Tr. No.
	Treatment
	Inhibition Zone* (mm) at 250 ppm Conc.
	Inhibition Zone*
(mm) at 500 ppm Conc.

	T1
	Eucalyptus globules (Eucalyptus oil)
	11.03*
	12.77*

	T2
	Cinnamomum zeylanicum (Cinnamon oil)
	15.49
	17.07

	T3
	Cymbopogon citrates (Lemongrass oil)
	10.01
	11.23

	T4
	Mentha piperita
(Mint oil)
	12.75
	14.11

	T5
	Sesamum indicum
(Till oil)
	9.38
	10.25

	T6
	Brassica juncea
(Mustered oil)
	8.81
	9.27

	T7
	Syzygium aromaticum
(Clove oil)
	12.36
	13.09

	T8
	Control
	0.00
	0.00

	
	S.E.±
	0.34
	0.42

	
	C.D. (P=0.01)
	1.44
	1.77


*: Mean of three replications.

Fig. 3: In vitro efficacy of essential oils against Pectobacterium carotovora pv. carotovora causing soft rot of tomato

4. Conclusion
The results of the conducted experiment documented that, all tested GRAS chemicals, botanicals and essential oils significantly inhibited the growth of the test pathogen compared to the untreated control in in vitro. However, All the tested GRAS chemicals were found bacteriostatic against Pectobacterium carotovora pv. carotovora. Sodium hypochlorite followed by Ammonium bicarbonate, Calcium chloride and Sodium bicarbonate at 1 and 2 % were found most effective in producing maximum inhibition zone of bacterial growth.
Among the botanicals tested Allium sativum, Azadirachta indica, Piper betle and Zingiber officinale were found efficient with higher bacterial growth inhibition zone. Among the essential oils tested Cinnamon oil, Mint oil, Clove oil and Eucalyptus oil were found efficient with higher bacterial growth inhibition zone of the Pectobacterium carotovora pv. carotovora causing soft rot of tomato.
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