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Abstract: The causal organism Alternaria alternata is seed, soil and air borne inhabiting and responsible for Alternaria fruit rot of tomato, there by incurring yield losses under suitable environment causing losses up to 79% in fruit yield. Several inoculation techniques were tested, including stem-end, cork wounding, stylar end pricking, rubbing, and pink pricking on the epicarp and without injury with Alternaria alternata on tomato fruit. At the four and eight day mark following inoculation, the severity and incidence of the disease were recorded. The highest severity of tomato Alternaria fruit rot (21.00%) was observed on the fourth day following inoculation using the stem-end approach. This was followed by cork injury on the epicarp (15.25%). The least effective methods for generating Alternaria fruit rot infection were determined to be the rubbing method (13.00%), styler end (12.50%), and pink prick (2.13%). On the eighth day following the inoculation, similar patterns were seen. The stem end method showed the highest severity of Alternaria fruit rot (50.00%), followed by cork injury on the epicarp (39.25%). The least effective methods for generating Alternaria fruit rot infection were determined to be the rubbing method (26.50%) and the pin-prick method (6.25%). 
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Introduction
Tomato (Solanum lycopersicum L.) is one of the most highly consumed and widely grown vegetables worldwide (Campestrini et al., 2019; Li et al., 2021). Tomato is a vegetable plant that is essential to kitchen gardens and belongs to the Solanaceae family. It is herbaceous, sprawling plant with a weak, wooden stem that can reach heights of 1-3 meters. Tomatoes are among the most significant foods for human protection because of their unique nutritional qualities (Raiola et al., 2014). Tomatoes are very significant since they are used to produce a wide variety of foods and they also add flavor (Mbuk et al., 2011). It enhances the nutritional status of phenols, ascorbic acid, and lycopene—dietary antioxidants. Tomato juice is well documented to be beneficial for liver and intestinal conditions (Raiola et al., 2014). Tomato can be eaten raw, blended with other foods, processed and canned in a variety of ways, including salad dressings, pastes, soups, pickles and ketchup. There is an extensive market place for both fresh and processed tomato varieties (Erba et al., 2013). The total global area under tomato is 5.01 million hectares with production about 186.82 million tonnes (Food Agriculture organization, 2022). Largest producing countries of tomato are China, India, USA, Iran, Turkey, Egypt, Italy etc. India is second largest tomato producer after China, having an area 864 million hecatares with a production of 20331 million tonnes (Food Agriculture organization, 2022). In India major tomato   producing states are Andra Pradesh, Madhya Pradesh, Orisha, Maharashtra, Karnataka, Gujarat, Haryana, West Bengal, Chhattisgarh, Bihar, Uttar Pradesh, Telangana and Tamil Nadu, ninety-one percent of the tomatoes produced in the nation come from these states. A total of 12.62 thousand hectares, or 45.51 million tonnes, of tomatoes are produced in Rajasthan (Horticulture Statistics at a glance, 2022). In addition to the nutritional and economic importance of tomatoes, which in tropical locations cause a 30 to 40% production loss, there are other biotic and abiotic variables that contribute to the yield decline. This crop is extremely perishable; studies have indicated that up to 50% of the goods are lost during the transition from rural production to consumption in tropical regions. The main issues are inadequate management, diseases and insect pests during the pre- and post-harvest phases, the use of subpar seeds as standard seeds are unavailable, etc. (Charchar et al., 2003). “Tomato plants are threatened by a variety of devastating diseases due to viruses, nematodes, bacteria and fungi” (El-Nagar et al., 2020). “Fungal infections are far more prone to cause significant harm” (Almeida et al,. 2019). “Solanaceae family members, including tomato, eggplant, pepper, and potato are susceptible to many phytopathogenic fungal strains” (Mohamed et al., 2021). Currently, “several diseases can affect tomato plants during the growing season and fungi can determine great crop losses. One of the most devastating fungi able to infect tomato plants is Alternaria spp., with the most frequently reported species being A. solani, A. alternata and A. tenuissima” (Garganese et al., 2019; Sanzani et al., 2019). “Tomato plants can be colonized by Alternaria species throughout the growth cycle, with damage to leaves, stems and fruits. In particular, environmental conditions favorable for Alternaria spp. infections at the time of fruit ripening can cause severe yield losses ranging from 35 up to 78% (Parvin et al., 2021). In addition to crop losses, Alternaria species pose a serious toxicological risk, due to the production of a wide range of mycotoxins, including alternariol (AOH), alternariol methyl ether (AME), altenuene (ALT), tenuazonic acid (TeA) and tentoxin (TEN), which are associated with various toxic activities on human health” (Habib et al., 2021). “Temperature and humditity are considered the most critical environmental factors for the development of postharvest fungal infections in fruit” (You, Zhou, Duan, Mao, & Li, 2023). “A. alternata is a threatening postharvest pathogen among filamentous fungi linked with tomato fruit rots causing a significant economic loss” (Slathia et al., 2021). Additionally, “when there are lesions on the fruit surface, A. alternata becomes aggressive, and it gets debilitated when stored for an extended period. Alternaria develops smooth, dark brown to black, somewhat sunken, firm lesions that can grow up to several centimeters in diameter” (Yang et al., 2020). Symptoms of tomato fruit rot (A. Alternata) are lesions on fruits (0.5 to 2.5 cm) concentric, dark brown to sunken, later become olivaceous black due to spore formation, coalesce and sometimes cover entire surface. On leaves, small circular, brown necrotic spots with a chlorotic halo, which gradually enlarge and cause shedding of leaves. Alternaria alternata infections of fruits can happen in the field, during harvesting, handling and store after harvest (Barth et al., 2009). “Tomato fruits high moisture content, abundant nutrients and thin exocarp render them susceptible to infection and colonization by A. alternate” (DaCruz et al., 2016).
Materials and Methods
The isolation was made from diseased fruits separately on potato dextrose agar (PDA) medium by usual isolation method. The infected samples were cleaned with sterile water so as to remove extraneous material. After air drying small pieces of infected portion along with healthy portion were taken. These pieces were surface sterilized with 0.1% NaOCl for 1 minute and then washed several times with sterilized water to remove the traces of the disinfectant if any. The pieces were dried on flame and were plated under aseptic condition on agar medium previously sterilized at 15 lb pressure for 15 minutes. The petri plates were incubated at room temperature (27±20°C) until proper growth of fungi was obtained. Growths of pathogenic fungi were obtained within 3 to 5 days in all petri plates. Bits of small mycelial growth from the typical colonies were transferred on slants of PDA under aseptic condition. The isolates were maintained separately in pure state on PDA slants for further studies. The fungus was purified by single hyphal tip technique. After purification of the fungus cultural and morphological characters were studied for identification of the pathogen. The pure culture was sent for identification to Indian Type Culture Collection (I.T.C.C.), Division of Plant Pathology, I.A.R.I., and New Delhi and was identified as A. alternata.
An investigation studies on Alternaria fruit rot of tomato was carried with objective, impact of inoculation methods in the development of Alternaria fruit rot of tomato. The semi-ripe healthy tomato fruits were collected from local vegetable market, krishi mandi Jodhpur. The fruits were thoroughly washed in tap water, then surface sterilized by dipping in 0.1 per cent NaOCl solution for one minute followed by three successive washings with distilled sterile water and then inoculated with isolated pathogen. The spores, harvested from seven days old culture, were mixed in 200 ml. of distilled sterilized water. The fruits were pricked at stem- end, epicarp and stylar- end region with sterilized pins fixed on cork. The fruits were then dipped in spore suspension (106 spores /ml) of (Alternaria alternata) for 3 min and air dried for 15 min. The inoculated and uninoculated (dipped in distilled sterilized water) fruits were placed separately in sterilized polythene bags. One fruit was kept in one bag. A piece of sterilized moist absorbent cotton swab was placed inside the bag to create humidity and mouth of the bag was loosely tied with rubber band. The bagged fruits were kept at 25 ±10C in BOD incubator for seven days. The fruits were examined daily for symptom expression. The fruits showing typical Alternaria fruit rot symptoms were used for reisolation of the pathogen. The cultural and morphological characters of reisolated pathogen were compared with the pathogen isolated from naturally infected diseased tomato fruits. Three replications of the experiment were carried out using a completely randomized design (CRD). The following techniques caused harm to the fruits. (Sheth et al. 2018)
(a)Stem-end- After fully removing the pedicel from the stem end, the fruits were submerged in a suspension of the test pathogen's106 spore/ml. 
(b)Styler-end- The fruits were punctured at the stylar end using a sterile cork borer and then submerged in a suspension of the test pathogen's spores (106 spores/ml). 
 (c) Rubbing- The fruits were manually shaken in a bamboo basket for five minutes to rub each other together. After that, they were dipped in a spore suspension containing (106 spores/ml) of the test pathogen.
(d) Pin-prick- The fruits was injured by pin pricking on epicarp of fruit upto 2 mm depth sterilized pins fixed on cork. The fruits were dipped in spore suspension (106 spores/ml) of the test pathogen.
(e) Cork-wounding- A sterile cork borer was used to drill a 2 mm diameter and 2 mm deep hole in the fruits. The fruits were then submerged in a spore suspension containing (106 spores/ml) of the test pathogen, and the entire cavity was sealed using the drilled tissues.
(f) Without injury (control) - The test pathogen's spore suspension (106 spores/ml) was applied to the unharmed fruits. Sterilized polythene bags containing the inoculated fruits were used. A single fruit can fit in a single bag. The mouths of the bags were loosely tied, and within was a piece of sterile, moist, absorbent cotton swab. The fruits in bags were stored at 25±10°C. Using evaluate, the findings regarding the occurrence and severity of the disease were documented on the eighth day of incubation.
The inoculated and uninoculated fruits were placed in sterilized polythene bags. One fruit was accommodated in one bag. A piece of sterilized moist absorbent cotton swab was placed inside each bag and the mouth of the bags were loosely tied with rubber bands. The bagged fruits were kept at 27 ± 10C temperature. The observations on disease incidence and severity were recorded on 4th and 8th day with the help of assessment key (0%, 1-10%, 11-20%, 21-40%, 41-50% and >50%). The visual observations were recorded to find out manifestation of different symptoms of Alternaria fruit rot of tomato. The per cent disease incidences and Alternaria fruit rot severity were calculated as per formula 
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Results and Discussion
Diseased fruits showed small black, leathery, sunken spots near the stem-end of fruits along with concentric rings. Isolation by tissue isolation technique to obtain the culture of pathogen causing Alternaria fruit rot in tomato. Alternaria alternata colony color was identified using PDA. The colony color of Alternaria alternata began as cottony growth and quickly changed to a gray to black color with a white border. On the seventh day of inoculation, when the fungus had fully covered the medium, the colony's entire upper surface became black. Grey brown to black, hairy colonies are expanding. To prove the Koch’s postulates, the isolated pathogen was artificially inoculated on healthy semi-ripe tomato fruits following pin-prick method as per the procedure. The fruits inoculated with the test pathogen exhibited typical Alternaria fruit rot symptoms on 8th day of inoculation.  Several inoculation techniques, including stem-end, cork wounding, stylar end pricking, rubbing, and pink pricking on the epicarp and without injury with Alternaria alternata on tomato fruit, were tested in order to see how tomato Alternaria fruit rot disease developed. The disease's incidence and severity were noted four and eight days after inoculation. The highest severity of tomato Alternaria fruit rot (21.00%) was observed on the fourth day following inoculation using the stem-end approach. This was followed by cork injury on the epicarp (15.25%). The least effective methods for generating Alternaria fruit rot infection were determined to be the rubbing method (13.00%), styler end (12.50%), and pink prick (2.13%). On the eighth day following the inoculation, similar patterns were seen. The stem end method showed the highest severity of Alternaria fruit rot (50.00%), followed by cork injury on the epicarp (39.25%). The least effective methods for generating Alternaria fruit rot infection were determined to be the rubbing method (26.50%) and the pin-prick method (6.25%). When fruits were injected without suffering any damage, the symptoms of Alternaria fruit rot did not appear. Since Alternaria alternata is a weak pathogen, the data clearly showed that the fruit injury was necessary for infection and subsequent development of Alternaria fruit rot. Whereas stylar-end and pin-prick methods showed 50% illness, stem-end, cork-wounding and rubbing on the epicarp showed 100% disease incidence. The stem end approach proved to be the most successful for Alternaria development out of all of them.
 Table: 1 Effect of different inoculation methods on severity and incidence of Alternaria rot in tomato fruits.
	S. No
	Inoculation method
	Alternaria fruit rot severity (%)
	Disease incidence (%)

	
	
	4th day
	8th day
	8th day

	1
	Stem-end
	21.00
(4.58)*
	50.00
(7.07)
	100
(14.14)

	2
	Cork-wounding
	15.25
(3.90)
	39.25
(6.26)
	100
(14.14)

	3
	Rubbing
	13.00
(3.60)
	26.50
(5.15)
	100
(14.14)

	4
	Pink-prick
	2.13
(1.45)
	6.25
(2.5)
	50
(7.07)

	5
	Styler-end
	12.50
(3.53)
	21.25
(4.61)
	50
(7.07)

	6
	Without injury
	0.00
(0.58)
	0.00
(0.58)
	0.00
(0.58)

	
	S.Em. ±
	   1.04
	1.88
	

	
	C.D at 5 %
	3.06
	5.53
	

	
	C.V 
	19.53
	18.36
	


* Figures in parentheses are square root values

[bookmark: _GoBack]	Kaul and Lall (1974) reported that 100% of Alternaria rot incidence was documented using the stem-end inoculation and cork-wounding techniques. It was discovered that the pin prick approach was best for disease infection in citrus fruits. Patel (2000) was recorded 100 per cent rot incidence and in tomato fruits when inoculated with stem-end and cork-wounding methods. Smilanick et al. (2008) reported “a rapid method of inoculation of Geotrichum citri-aurantii by dipping a sterile rod tip into the inoculum suspension by making a single puncture on citrus fruit”. “Rubbing, pin-pricking, cork-wounding and fall injury methods showed 100 per cent disease incidence, while stem-end method and stylar-end method exhibited 50 per cent Phomopsis rot incidence in aonla fruits” (Choubey, 2007). Singh (2011) tested “different inoculation methods of Fusarium moniliforme on banana fruit by stemend pricking, stylar-end pricking, pricking on epicarp, rubbing and without injury. Among all, stem-end pricking method was found most effective for development of fusarium rot”. Chaursiya et al. (2013) examined using three distinct approaches with tomato fruits of varying ripeness: green, semi-ripe, and ripe. Out of the three fruit varieties, green fruits have demonstrated some resistance to the disease A. solani and were found to be much less sensitive. Maximum ripe fruit has been shown to be somewhat susceptible to the disease, whereas semi-ripe fruit is particularly susceptible. Sheth et al. (2018) related that after seven days of inoculation, the cork-wounding approach (52.00%) was found to be the most effective for the development of Aspergillus rot, and it was comparable to the pin-prick method (47.25%). The rot did not develop on the unharmed fruits. It was discovered that Aspergillus rot in citrus requires damage to the fruit's surface in order to infect and develop. Aspergillus rot signs were present in all three fruit maturity stages. But on the seventh day following inoculation, ripe fruits (40.00%) had the maximum severity of Aspergillus rot. It was also observed that ripe fruits are more likely to become infected than semi-mature and immature fruits. Baria and Patil (2021) related that after eight days of inoculation, the stylar end pricking approach (34.14%) was determined to be the most effective, followed by pricking at the epicarp (27.79%), when it came to the development of Fusarium fruit rot. Additional observations revealed that Fusarium fruit rot in bananas is exclusively facilitated by damage to the fruit's surface.
Conclusion
Tomato (Solanum lycopersicom L.) is an important remunerative and widely grown vegetable in different districts of Jaipur, Siker, Jodhpur, Bikaner, Pali, Dausa, Ajmer, region of Rajasthan. The crop suffers from many fungal diseases. Among various problem, post-harvest losses caused by Alternaria fruit rot of tomato and its management are important aspects to save produce from post-harvest losses. The highest tomato Alternaria fruit rot severity was found in stem-end method (21.00% & 50.00%) at 4th and 8th day over the all methods. While Pin-prick method (2.13 & 6.75%) found least effective in causing Alternaria fruit rot infection. Disease symptoms were not observed when fruits were inoculated without any injury. The results clearly indicated that the injury to stem-end of fruit was essential for infection and further development of rot. Stem-end, cork-wounding and rubbing methods showed 100 per cent disease incidence, while stylar-end and pin-prick method exhibited 50 per cent disease incidence. 
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