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	This study tested the efficacy of five different phosphites (calcium, copper, magnesium, potassium and zinc/manganese phosphites) and a fungicide Fosetyl-Aluminum to inhibit bacterial speck disease severity caused by Pseudomonas syringae pv. tomato (Pst) on tomato leaves. The phosphites were applied at the recommended doses to the Pst inoculated plants in pots by foliar spraying at one-week intervals for a total of 4 weeks. The plants were kept in a controlled greenhouse under relative humidity (%75-90) and temperature (22-24 °C) until disease symptoms appeared in the control plants. Phosphites and Fosetyl-Aluminum inhibited the Pst symptoms on tomato leaves by 42.1-75.0% in the first and 22.8-90.3% in the second experiments. This study demonstrated the direct influence of phosphites on tomato bacterial speck. The study suggested that phosphites can be an effective alternative for the chemical control of tomato bacterial disease. The bacterial agent, Pst, causes bacterial speck disease in tomatoes. The initial symptoms of the disease are water-soaked, small dark brown spots surrounded by a yellow halo on tomato leaves. Since the pathogen is seed-borne, control of the disease is difficult.


	
	ÖZET

	
	Bu çalışmada, beş farklı fosfit (kalsiyum, bakır, magnezyum, potasyum ve çinko/mangan fosfit) ve fungisit Fosetyl-Aluminyum’un Pseudomonas syringae pv. tomato (Pst)’nun neden olduğu bakteriyel benek hastalığının domates yapraklarındaki gelişimini baskılama durumları test edilmiştir. Fosfitler saksıda bulunan Pst inokule edilmiş domates bitkilerine önerilen dozda 4 hafta boyunca haftada bir kez yapraktan püskürtme şeklinde uygulanmıştır. Bitkiler yüksek nem (%75-90) ve sıcaklıkta (22-24 °C) kontrollü serada kontrol bitkilerinde hastalık belirtileri gözleninceye kadar bekletilmiştir. Fosfitler ve Fosetyl-Aluminyum domates yapraklarında Pst belirtilerini birinci denemede %42.1-75.0, ikinci denemede ise %22.8-90.3 oranında azaltmıştır. Bu çalışma fosfitlerin domates bakteriyel benek hastalığının engellenmesi üzerine olan direk etkiyi ortaya koymuştur. Çalışma sonucunda fosfitlerin hastalığın mücadelesinde kimyasallara alternatif uygulama olarak kullanılabileceği vurgulanmıştır. Bakterial etmen, Pst, domateslerde bakteriyel benek hastalığına yol açar. Hastalığın yaprak belirtileri önceleri su emmiş, daha sonra etrafı sarı bir hale ile çevrili küçük koyu kahverengi lekeler şeklindedir. Hastalık etmeninin tohum kaynaklı olmasından dolayı hastalıkla mücadele oldukça zordur.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) originated on the other side of the planet from where we are now. It is believed to be indigenous to the Western South American continent (modern-day Peru). The fruit was known as a tomato by the native Aztecs, who ate it raw and cooked it with other ingredients. Even though no one knows when humans first began cultivating them, they have been domesticated for more than 2.500 years, according to current estimates (Anonymous, 2019).
Tomatoes contribute to about a quarter of all vegetable production. Several formulations are available, and their beneficial impacts on human health are primarily derived from their containing high levels of antioxidants such as lycopene, folic acid, ascorbic acid, flavonoids, alpha-tocopherol, potassium, and phenolic compounds (Erba et al., 2013).
Countries like China, India, the United States of America (USA), Turkey, Egypt, Iran, Italy, Spain, Brazil and Mexico are the world’s top tomato-growing countries. There are approximately 5.02 million hectares under tomato cultivation, with a total production of 170.75 million tons and a productivity of 33.99 tons/ha. According to FAO data for 2020, China contributes a significant portion of the entire tomato production amount of 186.821,216 tons, or 34.72%, of the total tomato production amount (FAOSTAT, 2021).
The yield of tomato plants is affected by a variety of bacterial, fungal, and viral diseases as well as pests.  The prevalence of bacterial diseases that affect tomato plants is a significant problem, particularly in tomato fields worldwide. The most common bacterial diseases faced, particularly in greenhouse tomatoes, are pith necrosis and stem rot (Pseudomonas corrugata, Pseudomonas cichorii, Pseudomonas viridiflava, Pseudomonas mediterranea, Pectobacterium carotovorum subsp. carotovorum), bacterial canker and wilt (Clavibacter michiganensis subsp. michiganensis), bacterial speck (Pseudomonas syringae pv. tomato) and bacterial spot (Xanthomonas spp.) (Jones et al., 2014).
Pseudomans syringae pv. tomato  (Okabe) Young, Dye and Wilkie is the most common bacterial agent that causes bacterial speck disease. The initial symptoms of bacterial speck disease are water-soaked, like small spots that appear on the leaves of the tomato plant. These spots turn into black-brown in the center, surrounded by a yellow ring. The affected area of the leaf is enclosed in a black-brown chlorotic halo. It causes stunted growth and decreases the yield of tomato plants. The temperature range between 13 °C to 28 °C with high humidity plays a vital role in the transmission and progress of Pst. The existence of a disease can be harmful to tomatoes grown in a greenhouse or an open field (Preston, 2000).
This bacterial infection is a seed-borne disease that can survive in infected plant residues, soils, and seeds. The bacterium also prefers high humidity and blowout gliding or splashing water for a better infection. Genetic resistance is one of the initial steps in disease control. Some wild tomato varieties have been tested for resistance; however, no commercially available tomato cultivars were found to be tolerant of bacterial speck disease (Stamova, 2009; Janssen et al., 2018). The best way to control the disease is to use high-quality, pathogen-free seeds, immersion of seeds at 50 °C for 25-30 minutes, soil solarization, crop rotation, and preferring drip irrigation. Among other measures, immediately removing and destroying all infected plants is an initial method to control the disease. There are some copper compounds available to control bacterial diseases that provide safety and protection in nurseries, fields, and greenhouses in the early stages, but they are insufficient for the upgoing stages (Jones et al., 2014; Anonymous, 2017; Horuz et al., 2018; Anonymous, 2021).
Aside from all of these control methods, it is essential to provide appropriate plant nutrition and fertilization, as shown in cultural measures, to ensure that plants survive (DonHuber et al., 2012). On the other hand, plants acquire the majority of the nutrients they require from the soil through their roots. However, if the soil is inadequate morphologically, the required nutrients will not be available to the plants. As a result, the plants will not develop or grow properly. Recently, Karnez et al. (2021) aimed to determine the suppression level of the disease caused by P. syringae pv. tomato by using vermicompost fertilization and found that contents of macro and micro nutrients were increased by vermicompost on tomato and the disease was highly suppressed by vermicomposts. The effect of five plant activators (Crop-Set, ISR2000, KingBo, Sergomil L60, Turf-Set) and a biopreparat Serenade® SC (1.34% Bacillus subtilis QST 713) has been investigated against bacterial speck disease in the plastic greenhouse (Aktepe, 2022). According to the results, it was determined that the treatments reduced the speck on the leaves by 16-50% and by 25-50%. on the stems Although all applications were found to be successful in suppressing the speck disease symptoms on the leaves and stem, Turf-Set, ISR-2000 and Sergomil applications were determined to be the most successful applications. In many studies, the antimicrobial activities of essential oils and nanoparticles have been also investigated against many plant pathogenic bacteria and it has been reported that they have high efficacies (Bozkurt et al., 2020; Şahin et al., 2021; Soylu et al., 2022; Şahin et al., 2022).
Reduced phosphorus (P) compounds containing phosphite (Phi) have been investigated since the 1930s as potential sources to meet P requirements (MacIntire et. al., 1950; Jackman et. al., 1970). Interest in the use of reduced P compounds in agriculture increased in the 1970s when it was shown that Phi compounds exhibited antifungal properties, particularly with Oomycetes fungi (Guest and Grant, 1991). Over the last several decades, because of significantly less complex and costly approval processes required for fertilizers compared to fungicides, Phi-based fungicide products were widely integrated into agricultural plant disease management programs. They are often labelled as biostimulants or fertilizers in the market (Lovatt and Mikkelsen, 2006). It has been demonstrated that using a foliar spray of potassium phosphite in conjunction with a non-systemic fungicide is effective in controlling Phytophthora infestans in potatoes. In a recent study, researchers observed a reduction in disease severity when they tested combinations of potassium phosphite and potassium phosphite+Trichoderma spp.against Colletotrichum lindemuthianum, which causes anthracnose in widely used beans. The study was performed under greenhouse conditions (Liljeroth et al., 2016).
In a recent study conducted by Costa et al., (2020) it was determined that manganese and zinc phosphites have the potential to control Xanthomonas axonopodis pv. phaseoli var. fuscans (Xapf) the causal agent of common bacterial blight. When comparing the Mn and Zn phosphite treatments to the control treatment, the area under the common bacterial blight progress curve was reduced by 34% and 59%, respectively. Mn and Zn phosphites were found to be effective in priming common bean plants to increase their resistance to Xapf infection. 
The purpose of this study was to examine the efficacy of five different phosphites (calcium, copper, magnesium, potassium and zinc/manganese phosphites) and a fungicide (Fosetyl-Al) to control the tomato bacterial speck disease in a greenhouse with a heat-controlled system as two repeated pot experiments.

MATERIALS and METHODS

Bacterial pathogen
In the experiment, a Pseudomonas syringe pv. tomato strain DG 1-2 1R, isolated and identified, was used as the pathogen for foliar spraying. The isolate is kept at -20 °C in the Erciyes University, Faculty of Agriculture, Plant Protection Department, Bacteriology culture collection. The media King B (KB) was used for the growth of bacteria in the laboratory conditions and Yeast Dextrose Calcium Carbonate Agar (YDCA) was used for short-term storage at 4 °C in the fridge (Lelliott and Stead, 1987).

Research area
Between August and December 2021, this study was conducted in greenhouses with automatic heated systems at Erciyes University Faculty of Agriculture.


Tomato seedlings
In the pot trials, the Veyron F1 tomato variety was used in the first experiment, and the Figen F1 tomato variety was used in the second experiment. The seedlings were obtained from Istanbul Fide, Antalya. In the first experiment, 63 tomato seedlings were used, and another 84 tomato seedlings were used in the second experiment.

Plant growth
For the pot trials, seedling bags of 22x40 cm in size in the first trial and 17x30 cm in the second trial were used, and the soil mixture was prepared as 2200 g of sand + clay + peat (30% peat, 70% sand + clay) was distributed for each bag.

Phosphites and fungicide applications 
Phosphite-containing fertilizers and the plant activator used in the study, their nutrient contents and applied doses are listed below (Table 1). Fertilizers and fungicide were sprayed onto the tomato plants four times once a week at the doses recommended by the manufacturer for use on tomatoes.

Table 1. Phosphite fertilizers used in the study, their contents and doses
Çizelge 1. Çalışmada kullanılan fosfitli gübreler, içerikleri ve dozları
	Fertilizer Type
	Nutritional Content
	Recommended Dose (L)
	Applied dose (ml/ml)

	Copper Phosphite
	5% Nitrogen (N), 5% Copper (Cu), 13% Phosphorus Penta Oxide (P2O5)
	250 – 300 ml / 100 
	1.5 / 500 

	Zinc/Manganese Phosphite
	5% Nitrogen (N), 5% Zinc (Zn), 5% Manganese (Mn), 20% Phosphorus Penta Oxide (P2O5)
	250 – 300 ml /100 
	1.5 /500 

	Calcium Phosphite
	5% Nitrogen (N), 6% Calcium Oxide (CaO), 20% Phosphorus Penta Oxide (P2O5)
	250 – 300 ml / 100 
	1.5 /500 

	Magnesium Phosphite
	5% Nitrogen (N), 5% Magnesium Oxide (MgO), 30% Phosphorus Penta Oxide (P2O5)
	200 – 250 ml / 100 
	1.25 /500

	Potassium Phosphite
	20% Potassium Oxide (P2O5), 30% Phosphorus Penta Oxide (P2O5)
	250 – 300 ml / 100 
	1.5 /500 

	Fungicide, Fosetyl Al
	80% Fosetyl Al
	250 g / 100 
	1.25 g/500



Bacterial culture refreshment
The stock of bacterial isolate kept in the same ratio of glycerol (40%) and nutrient broth in the refrigerator at -20 °C was streaked onto KB medium using the three-line method and incubated at 25 °C for 48-72 hours. Then, Pseudomonas syringae pv tomato( Pst) colonies growing in white rod-shaped creamy colour were purified and used in the pathogenicity test.

Pathogenicity test of Pst
To increase the virulence of Pst, standard tomato seedlings at 3–5 true leaves were sprayed with the isolate DG 1-2. Five tomato plants were used for this test. Approximately one full loop of the freshly grown bacterial isolate was taken and suspended in 9 mL of sterile distilled water. Then, using a spectrophotometer, the prepared suspensions were adjusted to an absorbance value of 0.2 at a 600 nm wavelength, and the bacteria in the suspension were adjusted to a density of 107 cells/ml. Finally, this inoculum was sprayed onto the plant leaves until runoff. The sprayed plants were kept in the climate cabinet (16 hours of the light period, 8 hours of dark environment, 27°C temperature, 70-80% humidity) until disease symptoms were observed.

Re-Isolation of pathogenic bacterium from diseased plants
Initially starting from yellow to dark brown, black lesions were seen on the leaves of the diseased plants, and the infected leaves were removed with the help of clean pruning shears . After the surface disinfection of the taken parts was made in 70% alcohol, they were taken into a sterile mortar and thoroughly crushed, and a homogeneous suspension was obtained with 3-4 ml of sterile distilled water. A loopful suspension was streaked onto KB in 100 mm diameter Petri dishes using the three-line method. The petri dishes were incubated at 25°C for 3-5 days to allow the growth of bacteria. The white and creamy-coloured bacterial re-isolate that developed was purified and inoculated onto freshly prepared YDC agar media and stored at +4°C and in glycerol at -20°C in the refrigerator until use.

Application of phosphites and fungicide to tomato seedlings
The phosphite-containing fertilizers used in the study were applied to the plants by foliar spraying for a total of 4 weeks at one-week intervals at the recommended doses for each one. Fertilizers were applied to the plants 7, 14, 21 and 28 days after the seedlings were transplanted. Control plants were only sprayed with distilled water.

Inoculum preparation
In this study, highly virulent and freshly grown in KB medium DG 1-2 1R isolate was used. The suspension was prepared from that isolate in sterile distilled water. This suspension was adjusted to an absorbance value of 0.2 at a 600 nm wavelength in a spectrophotometer. Then, the bacterial density in this suspension was determined as 3x108 cells/ml using the petri count method. After that, the suspension was diluted one time. This diluted suspension (3x107 cells/ml) was sprayed to the control, and the phosphites or fungicide applied tomato leaves until runoff. The pathogenic bacterium was treated  to the plants on September 23, 2021 and October 7, 2021, in the fourth week after seedling transplantation and just before the third dose of phosphites applications in the first and second trials, respectively. 

The effect of phosphites on tomato bacterial speck disease
To examine the effect of phosphite-containing commercial fertilizers on tomato bacterial speck, a pot trial was set up in the heated greenhouse of Erciyes University Faculty of Agriculture. A total of 6 applications (Zinc/Manganese phosphite, Copper phosphite, Magnesium phosphite, Potassium phosphite, Calcium phosphite, and Fosetyl-Aluminium) for the bacterial isolate were used to determine the effect of phosphite-containing fertilizers on diseases in the trial, including positive and negative control applications. The experiment was established with eight applications. For each application, nine tomato seedlings were used in the first trial and 12 tomato seedlings in the second trial, respectively. In the first experiment, the seedlings were transplanted on August 20, 2021 and the efficacy of the treatments was evaluated on 19.10.2021, respectively. In addition, the plants for the second experiment were transplanted on 11.09.2021 and all the plants were evaluated for disease development on November, 8, 2021.

Experimental design and evaluation of the experiments
The experiment was established in a randomized block design with 3 replications in the first trial and 4 replications in the second trial, with 3 plants evaluated in each replication. The positive control group, which was only sprayed with bacteria and no fertilizer was applied, was observed daily and the development of symptoms of the disease was followed. The observations were continued until the symptoms were seen. When symptoms such as dark brown lesions surrounded with a yellow halo on the leaves of the control plants were observed. A modified 0 to 5 scale (0: no symptom; 1: 1-10% of the leaves infected; 2: 11-25% of the leaves infected; 3: 26-50% of the leaves infected; 4: 51-75% of the leaves infected; 5: 76-100% of the leaves infected) was used for disease severity (DS) (Kirli, 2016). DS was calculated using the Tawsend-Heuberger formula. The efficacies of the treatments were also calculated according to the Abbott formula. The formulas used were as follows:
Disease severity (%) = [(∑ number of diseased leaves in each grade × grade)/(total number of leaves investigated × the highest disease index)] × 100  Eq.(1)
Efficacy (%) = [(incidence rate in the control – incidence rate in the treated group)/incidence rate in the control] × 100                                                                                Eq.(2)
Twelve leaves were controlled in each plant for symptom development. The experiment was repeated twice under greenhouse conditions. The statistical differences between the applications were calculated with the Tukey HSD multiple comparison test (p≤0.05 significance level) in the SPSS statistical program and one-way ANOVA analysis of variance. According to the results obtained, all different groups were lettered, and the results were interpreted.

RESULTS and DISCUSSIONS

Pathogenicity test
The bacterial isolate DG 1-2 that was sprayed on tomato plants induced dark brown lesions surrounded with a yellow halo two weeks after inoculation. Some symptomatic leaves were collected and transferred to the laboratory for re-isolations. To fulfill KOCH’s postulates, eight cream-colored colonies were purified and identified as Pst according to classical tests like colony morphology and fluorescence on KB, hypersensitive reaction on tobacco leaves. 

The effect of phosphites on tomato bacterial speck disease
The first experiment was carried out in the controlled greenhouses of the Faculty of Agriculture between September, 15, 2021 and October, 19, 2021. According to the results, since the disease severity in the positive control was 37.5%, disease severity in five different phosphites and Fosetyl-Al applications ranged from 9.4% to 21.7%. All applications inhibited the disease development between 42.1% and 75.0%. Among treatments, zinc/manganese phosphite (75.0%), magnesium phosphite (66.4%), and Fosetyl-Al (56.6%) showed the highest disease reduction (Figure 1).
In the second experiment, the phosphites and Fosetyl-Al treatments prevented the development of bacterial speck disease on tomatoes from 22.8% to 90.3% (Figure 2). While the disease severity rate in the positive control was 43.0%, the disease severities in treated plants were 33.19% in copper phosphite, 30.9% in calcium phosphite, 15.4% in potassium phosphite, 10.4% in zinc/manganese phosphite, 9.3% in magnesium phosphite, and 4.2% in Fosetyl-Al applications. Compared to all phosphites, Fosetyl-Al showed the most significant reduction in disease development with a rate of 90.3% efficacy. In addition, magnesium phosphite reduced the disease severity at 78.35%, zinc/manganese phosphite at 75.8% and potassium phosphite at 63.2% rates. 


Figure 1. Efficacy of treatments on Pst development in the first experiment
Şekil 1. Birinci denemede Pst gelişimi üzerine uygulamaların etkinliği


Figure 2. Efficacy of treatments on Pst development in second experiment
Şekil 2. İkinci denemede Pst gelişimi üzerine uygulamaların etkinliği

Initially, the first and second treatments were statistically analyzed separately, but both treatments yielded similar results. Thus, data from two experiments were combined and the average of experiments was statistically evaluated. According to both experiments, potassium phosphite (53.3%), magnesium phosphite (72.4%), Fosetyl- Al (73.4%), and Zn/Mn phosphite (75.3%) reduced the Pst development over 50%. Additionally, it was determined that all applications were statistically different from the positive control group and successfully prevented tomato plants from the disease (Table 2).



Table 2. Efficacy of treatments on Pst development (First and second experiments)
Çizelge 2. Pst gelişimi üzerine uygulamaların etkinliği (Birinci ve ikinci denemelerde)
	 
	First experiment
	Second experiment
	Mean of Two experiments

	Treatments
	Disease severity (%)
	Efficacy %
	Disease severity (%)
	Efficacy %
	Disease severity (%)
	Efficacy %

	Control
	37.5a*
	-
	43.0a*
	-
	40.3a
	-

	Calcium Phosphite
	21.7 b
	42.1
	31.0 b
	28.0
	26.3b
	35.0

	Potassium Phosphite
	21.2b
	43.4
	15.9 c
	63.2
	18.5c
	53.3

	Copper Phosphite
	19.5 bc
	48.0
	33.2 b
	22.8
	26.4b
	35.4

	Fosetyl-Al
	16.3bcd
	56.6
	4.2 d
	90.3
	10.2cd
	73.4

	Magnesium Phosphite
	12.5cd
	66.5
	9.3 c
	78.4
	11.0cd
	72.4

	Zn/Mn Phosphite
	9.4d
	75.0
	10.4 c
	75.8
	9.9d
	75.4


* The mean disease severity given in each column followed by the different letters are significantly different according to Tukey HSD multiple comparison test (p≤0.05)

In this study, the effects of five different phosphites and fungicide, Fosetyl-Al on the development of tomato bacterial speck disease were investigated by pot experiments repeated twice under heated and controlled greenhouse conditions. In both trials, all treatments suppressed disease development between 42% and 75% in the first trial and 22% to 90% in the second trial, respectively. All applications were found to be successful in the control of the disease with an effect of more than 50%.
Tomato is one of the most produced vegetables in the world. Nowadays, tomato production can be done in greenhouses for 12 months with the development of modern greenhouse technologies. Due to the increase in tomato production and the prolongation of the production season in the greenhouse, the importance and necessity of cultural practices have risen. The biotic disease agents can attack tomatoes due to the favorable conditions in greenhouses. It is reported that nearly 200 plant pathogens, including bacteria, cause diseases in tomatoes (Jones et al., 2014). The pathogens belonging to Pseudomonas and Xanthomonas genera cause the most economic losses in tomatoes (Popović and Ivanović, 2015; Horuz et al., 2018; Mensi et al., 2018).
The bacterium Pseudomonas syringae pv. tomato is the causal agent of bacterial speck disease on tomatoes. It is a widespread disease of tomatoes that can be found mostly where tomatoes are grown. When the disease severely affects leaves early in the growing season, it can significantly reduce yield. When symptoms appear on tomato fruit, the disease could have a much greater effect on quality. The best way to control this disease is by using high-quality, pathogen-free seeds,  soaking of seeds at 50 °C for 25-30 minutes, soil solarization, crop rotation, and preferring drip irrigation. 
Among other measures, immediately removing and destroying all infected plants is an initial method to control the disease. There are some copper compounds available to control bacterial diseases that provide safety and protection in nurseries, fields, and greenhouses in the early stages, but they are insufficient for the later stages. A number of chemical and physical treatments have been applied directly to the plant, soil, or seed to limit the introduction in infected areas with Pst (Shenge et al., 2008; Li et al., 2017; Horuz et al., 2018; Elsharkawy, et al., 2020). Since the use of antibiotics is prohibited to control bacterial diseases and chemical control is insufficient, cultural measures have importance in bacterial speck control. It is feasible to increase plant disease resistance by applying adequate fertilizers. Nutrients are vital for the growth of plants and beneficial microorganisms and control of plant diseases indirectly. They affect the resistance and susceptibility of the host plant to diseases by causing various changes in plant morphology. Phosphorus (P) is one of 17 essential elements required for plant growth (Vance et al., 2003).
The P concentration in plants ranges from 0.05 to 0.50% dry weight. This element plays a role in some processes, such as energy generation, nucleic acid synthesis, photosynthesis, respiration, membrane synthesis and stability, enzyme activation/inactivation, redox reactions, signaling, carbohydrate metabolism, and nitrogen (N) fixation. Phosphites stand out among the fertilizers available in the agricultural market. The phosphite is a generic name used for inorganic salts of phosphorous acid (H3PO3). These salts show high solubility, rapid plant absorption, significant selectivity and systemic translocation (Guest and Grant, 1991; Dalio et al., 2014). Phosphites are obtained by the reaction of phosphorous acid with K +, Ca 2+, Mn 2+, Zn 2+, and other micronutrients. In agriculture, phosphites are used as fertilizers and systemic fungicides (Achary et al., 2017; Najdabbasi et al., 2022). Indeed, phosphites are extensively available either as a superior source of plant phosphorus nutrition (P) or can trigger plant host defense as plant defense activators that are translocated in both xylem and phloem to prevent pathogen invasion over a wide range of hosts (Hardy et al., 2001; McDonald et al., 2001). 
The efficacy of phosphites has already been verified for many plant fungal diseases including soybean anthracnose and downy mildew (Silva et al., 2011; da Silva Junior et al., 2021), apple scab and Moldy-Core Decay (Reuveni et al., 2003; Felipini et al., 2016), common bean anthracnose (Figueira et al., 2020), Phytophthora crown rot on zucchini (Gilardi et al., 2020), coffee leaf rust (Junior et al., 2021) and potato late blight (Liljeroth et al., 2016; Najdabbasi et al., 2022). However, few studies conducted on the effect of several phosphites for plant bacterial diseases including potato soft rot (Lobato et al., 2011), fire blight (Bahadou et al., 2017) and common bacterial blight (Costa et al., 2020). 
According to the findings, Zn/Mn phosphites showed the highest disease suppression (75%) among all sprays in both experiments. Similarly, Fagundes-Nacarath et al. (2018) revealed that Zn phosphite was much more fungistatic than Cu phosphite in white mold severity in common beans. The efficiency in the severity of soybean anthracnose was 85% and 27% in Mn and Zn phosphite treated plants, respectively (da Silva Junior et al 2021). When the common bean plants were sprayed with the solutions (7.5 ml/L) of Mn and Zn phosphites, the area under the common bacterial blight progress curve (AUCBBPC) was significantly lower by 34% and 59% for Mn and Zn phosphite treatments (Costa et al., 2020). In common bean (Phaseolus vulgaris), the anthracnose severity was highly reduced with the application of the K phosphite, Zn phosphite, Mn phosphite (74-90%) when compared to the control treatment (Gadaga et al., 2017). 
Disease suppression results received from the K phosphite treated plants ranged from 30% to 80% in previously conducted several studies (Lobato et al., 2011; Felipini et al., 2016; Martinez et al., 2016; Gadaga et al., 2017; Mehta et al., 2022). The efficacy of K phosphite was 43% and 63% in both trials, thus, partial similarities were obtained with the latest works. Calcium phosphite and magnesium phosphite reduced bacterial speck disease severity by 35.04% and by 72.40%, respectively. 
In this study, the effect of these two phosphites on tomato bacterial speck disease was demonstrated for the first time. Our study suggested that phosphites had the potential in inhibiting Pst development on tomato leaves, thus, could be included into integrated disease management programs.
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