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the general population (Brooks & Webster, 2020).  

 

In absence of vaccination or community immunization and in (C 

al. 1969). Sugar beet is prone to infection by the AG 2-2 strain 

(Parmeter et al. 1969). The main AG subgroup that seriously In 
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Nullis said that another above-normal season is expected this year, given 

that El Nino, which tends to suppress hurricane activity, is absent. The US 

National Oceanic and Atmospheric Administration is predicting 13-20 

named storms this year, of which between six and 10 could become 

hurricanes; as many as five of those could become major hurricanes. The 

2020 Atlantic storms led to at least 400 fatalities and cost $41 billion in 

damages. 

 

7. Tip of the Iceberg: 

UK climate tsar urges companies to join 'Race to Zero' campaign [Simon 

Jessop, 3 June 2021] and commit to science-based emissions-reduction 

targets, ahead of global climate talks in November. To make bold 

commitments, governments need to know that they will be welcomed and 

not resisted by business, so we're urging all companies and all investors to 

join the race to zero campaign ahead of COP26". COP26 will be held in 

the Scottish city of Glasgow from Nov. 1 to 12. The Race to Zero campaign 

brings together a coalition of net zero initiatives from across the world 

under one umbrella, aiming to accelerate action heading into COP26. 

Representing 708 cities, 24 regions, 2,360 businesses, 163 investors and 

624 higher education institutions, its members cover 25% of the world's 

CO2 emissions, the campaign website showed. Net zero pledges now cover 

more than 70% of the world's economy. By joining the initiative "a gold 

standard", businesses would commit to reach net zero emissions across 

their operations by 2050 at the latest, using science-based targets. These 

are robust and rigorous targets based on the science that show net zero 

are not some vague aspiration for a distant point in the future but a 

concrete plan for the here and now. We're at a critical point in the fight 

against climate change. A climate action that is not in line with the Paris 

agreement is simply not enough. With more countries joining the net zero 

campaign, businesses would ultimately have to shift to greener practices 

or "fade away. Joining race to zero ahead of COP26 can keep you ahead 

of the curve and being part of this campaign can save you money by 

encouraging you to work more efficiently. 

In September 2020, four children and two young adults from Portugal 

filed the first-ever case for climate change in the European Court of 

Human Rights (ECHR). They moved the court seeking action against 33 

European countries, which ‘had not done enough to prevent the impacts 

of climate change from violating their citizens’ human rights. The case 

was filed three years after the Portugal wildfires (following which the 

country experienced record-breaking hot summers) and has already been 

granted a priority status by ECHR. This case is unique for several 

reasons. For starters, it is one of the few cases to be fast-tracked by the 

ECHR, and if the court rules in favour of the Portugal youths, 33 

European countries will be legally bound to make deep emission cuts. 

Secondly, it is one of the few cases that address the cross-border impact of 

emissions of different countries and can therefore pave the way for 

international climate laws in future. 

An International non-profit organization, “Save the Children”, 

volunteered to be a third-party intervenor in the case earlier this year. 

In recent years, we have seen several climate change cases in court, and 

many of them have been filed by youths. On April 29, 2021, Germany’s 

apex court ruled in favour of young activists in a landmark climate case. 

The ruling stated that certain aspects of the climate protection legislation 

of the country are unconstitutional because it unfairly places too much 

burden on the younger generation for the reduction of greenhouse gas 

emissions. A report stated, “Between 1986 and 2020, 1,727 litigation cases 
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Abstract: 
Tomato is one of the most popular vegetable crops grown throughout the world in 

general and in Ethiopia in particular. Production of the crop is constrained by different 

diseases where disease caused by early blight pathogen is among the major ones. Early 

blight has been considered as commonly occurring and causing significant economic 

impact on yield and quality of the crops. Major tomato diseases in general and early 

blight in particular could be best managed by integrating a number of control practices 

and application of fungicides. Application of fungicides is the most convenient and 

predominant way for disease control in absence of resistance varieties. The present 

study was conducted to evaluate the efficacy of some selected fungicides with the 

objectives of (1). Assessing in vitro efficacy of fungicides on growth of pathogens, (2). 

Assess in vitro sensitivity of pathogens to selected fungicides and (3). Assess in vitro 

tolerance of pathogens to fungicides and eventually, to find an alternate use of these 

fungicides as potential foliar spray against Alternaria solani pathogen. Alternaria solani 

was isolated from tomato showing typical early blight disease. Five different fungi 

toxicants, i.e., Mancodex Super 72 WP, Carbancholar 50%, Orozole 25 EC, URGI 75% 

WP and Agro Laxyl MZ 63.5 WP, were investigated at rate or concentration of 3.0x 

103gm/ml, 3.3 x 103ml/ml, 3.25 x 102ml/ml, 3.0 x 103gm/ml and 3.0 x 103gm/ml 

respectively. A dual culture technique has been used to evaluate the efficacy of each 

fungicide. The study revealed that the highest reduction percentage of A. solani growth 

was recorded with Orozole 25 EC followed by Agro Laxyl MZ 63.5 WP resulting 100% 

and 56.5% mycelial growth inhibition respectively. However, Carbancholor 50% was 

less performing treatment recorded in reduction of mycelial growth of A. Solani. 

Fungicide showed better efficacy in invitro condition could be further tested for stable 

efficacies under field condition and verified for economic validity. The study indicated 

potential fungicides for the management early blight on tomato. 

Keywords: : tomato; early blight; alternaria solani; fungicide; in vitro test and radial 

growth; Ethiopia 

 
1. Introduction 

 
Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops grown 

around the world and is second crop in production next to potato (Mutschler et al., 

2006). The crop is mainly produced by small scale farmers and commercial growers 

for its fruits in different regions of Ethiopia. It is produced both during the rainy and 

dry seasons under supplemental irrigation (Lemma, 2002). Nutritionally, tomato is rich 

source of Vitamin A, C, E and good source of antioxidant and contains 95.3% of water, 

0.07% calcium and niacin, which play importance role in metabolic activities and 

maintain good human health (Sgherri et al., 2008). The average yield of tomato in 

Ethiopia is low, ranging from 6.5-24 Mt/ ha (Gemechis et al., 2012). Under this 

circumstance the total area under tomato production in Ethiopia reaches 9767.78 ha 

and in Meher season production is estimated to be over 913,013.42 ton with the average 

productivity of 93.47 t per hectare (CSA, 2016).This is incomparable with the average 

yield of other countries such as China, USA, Turkey, India, Egypt, Italy and Spain with 

average yield of 22.67, 80.61, 35.81, 18.61, 40.00 and 76.35 ton/ha in that orders 

(FAOSTAT, 2010). 

 

The average low yield of tomato in Ethiopia could be attributed to different production 

constrains where diseases caused by different pathogens are the major ones. Tomato 

crop is vulnerable to different fungal, bacterial and viral diseases (Sakhuja et al., 2004). 

 

 

are related (Tase & Baily, 1992). For example, all the problems related to the physical 

structure cannot be explained by physical causes or environmental conditions are 

abnormal but could be the sign of a personality or emotional. Shoulder abnormalities 
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Ethiopia, early blight (Alternaria solani), late blight 

(Phytophthora infestans), fruit spot (Xanthomonas campestris pv. 

vesicatoria), Septoria leaf spot (Septoria lycopersici), powdery 

mildew (Leveillula taurica), bacterial wilt (Ralstonia 

solanacearum), tomato leaf curl (Tobacco virus or Nicotiana virus 

10) and plant-parasitic nematodes are the major and economically 

important tomato diseases of all tomato growing areas (Sakhuja 

et al., 2004; Tesfaye and Habtu, 1985). Early blight caused by 

Alternaria solani has been considered as most commonly 

occurring and causing significant economic impact on yield and 

quality of the crops. Major tomato diseases in general and early 

blight in particular could be best managed by integrating a number 

of control practices that may include: selection of disease-tolerant 

or disease-resistant varieties, different cultural practices (crop 

rotation, time of planting, level of fertilization, micro-climate 

modification, sanitation etc), and application of fungicides. 

Among the fungal diseases, early blight of tomato caused by 

Alternaria solani is the most damaging one that causes reduction 

in quantity and quality of the tomato (Majeed et al., 2014). 

Alternaria solani is air-borne pathogen responsible for leaf blight, 

collar and fruit rot of tomato spread by fungal spores (Abada et 

al., 2008). Major tomato diseases in general and early blight in 

particular could be best managed by integrating a number of 

control practices that may include: selection of disease-tolerant or 

disease-resistant varieties, different cultural practices (crop 

rotation, time of planting, level of fertilization, micro-climate 

modification, sanitation etc), and application of fungicides. 

Application of fungicides is the most convenient and predominant 

way for disease control in absence of resistance varieties. The use 

of fungicides could be considered as an alternative method to 

reduce the yield reduction due to different fungal diseases. 

Application of fungicide requires determination and identification 

of their efficacies. However, the efficacy of fungicides is 

influenced by many biological and environmental factors that 

directly influence the metabolic activities of fungal cells 

(Reinprecht 2010). Efficacy of fungicides could be studied under 

field and invitro conditions. In-vitro methods for fungicide 

efficacy testing are a group of analytical methods which 

reproduce a range of environmental factors under artificial, 

laboratory, conditions. In-vitro efficacy tests help for reduction of 

the factors that influence the results of treatments at the 

experimental stage, shortest period to obtain primary data and 

enable to test multiple fungicides and targets simultaneously. 

Therefore, evaluating the inhibitory activity of some selected 

fungicides on the growth of A. solani the causal agent of tomato 

early blight is considered as first test step screen potential 

fungicides as alternative management options. The objectives of 

the current study were to (1). Assess in vitro efficacy of fungicides 

on growth of pathogens, (2). Assess in vitro sensitivity of 

pathogens to various fungicides and (3). Assess in vitro tolerance 

of pathogens to fungicides and eventually, to find an alternate use 

of these fungicides as potential foliar spray against Alternaria 

solani pathogen. 

 

2. Material and Methods: 

 

An invitro efficacy test was conducted at Melkassa Agricultural 

Research Center in Plant Pathology Laboratory during September 

to November 2020 using five fungicides. 

 

2.1. Isolation and identification of Alternaria solani: 

 

The infected plant, showing characteristic symptoms of early 

blight disease was cut with healthy portion into 2mm, surface 

sterilized with 0.1 percent sodium hypochlorite solution, thrice 

rinsed with sterilized distilled water and then transferred 

aseptically on PDA medium in Petri plates having 9cm diameter. 

These Petri plates having half infected and half healthy cut piece 

of sample were incubated at 27°C, which is favorable temperature 

for the pathogen. After 3 days, a whitish growth of mycelium was 

observed and a portion from the periphery having single hyphal 

tip was separated and transferred to other Petri plates having 

medium to get pure culture and identification of the pathogen was 

confirmed by observing the morphological features of mycelium 

and spore formation by Camera mounted compound microscope. 

The pathogen Alternaria has septate, dark coloured mycelium and 

produce short, simple, erect conidiophores that bear single and 

branched chains of conidia in acropetal chains (figure 1).  

 

 
 

2.2. Fungicides used and In vitro Evaluation method: 

 

A total of five fungicides were evaluated under in vitro conditions 

against A. solani through food poisoned technique using Potato 

dextrose agar medium (Gabrekiristos E, Ayana G., 2020). 

Accordingly, the in vitro antagonistic potentials of five fungicides 

(URGI 75% WP, Carbancholor 50%, Orozole 25 EC, Agro Laxyl 

MZ 63.5 WP and Mancodex Super 72 WP) were evaluated 

according to (Irfan and Khalid, 2007). The selected fungicides 

were evaluated via dual culture assay according to Irfan and 

Khalid (2007). The replication of treatments was done four times 

and untreated suitable control was maintained. In vitro evaluation 

of fungicides at different rate was based on the amount of water 

used to dilute the medium and fungicide rate determination was 

also done based on the water in the medium (Gabrekiristos E, 

Ayana G., 2020). The radial growth of the fungal mycelium was 

recorded on 3rd, 11th, 18th and 25thday’s intervals. 

 
No Trade Name Common name Rate 

1 Mancodex Super 72 

WP 

Metalaxyl + 

Mancozeb 

3.0x 103gm/ml 

2 Carbancholar 50% Carbendazim + 

Chlorothalonil 

3.3 x 103ml/ml 

3 Orozole 25 EC Propiconazole 25% 

EC 

3.25 x 102ml/ml 

4 URGI 75% WP Carbendazim + 

Mancozeb 

3.0 x 103gm/ml 

5 Agro Laxyl MZ 63.5 Mancozeb + 3.0 x 103gm/ml 

Figure 1: Blight symptom on fruit and leaf of tomato caused 

by alternaria solani; picture taken by endriyas g., 2020 
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WP Metalaxyl 

6 Mock Control water 

 

Table 1: List of evaluated fungicides and their descriptions 

 

2.3. Test procedures: 

The inhibitory effect of fungicides on the growth of A. solani 

isolate was evaluated using the dual culture technique. Tested 

chemicals were added to conical flasks containing sterilized PDA 

medium before its solidifying to obtain the proposed 

concentrations and rotated gently to ensure equal distribution of 

added fungicides within the medium (Gabrekiristos E, Ayana G., 

2020).  A separate PDA flask free of tested fungicides was used 

as mock (control) treatment. The supplemented media were 

poured into sterilized petri-dishes (9cm) approximately 15 ml per 

each. Mycelial disc (6mm) taken from the periphery of an actively 

growing PDA culture of tested fungus A. solani was placed at the 

centre of the prepared petri dishes, then incubated for twenty-five 

days at 27℃. The average linear growth diameter of colonies was 

measured and reduction in fungal growth was calculated in 

relative to mock treatment. The mycelial growth inhibition by 

fungicides were observed and recorded at 3rd, 11th, 18th and 25th 

day’s intervals.  The inhibition of A. solani mycelial growth was 

calculated by; I =
C−T

C
× 100, Where, I, C and T refers to I = 

percent inhibition of mycelial growth, C = radial growth of fungus 

in control, T = radial growth of fungus in treatment. 

 

2.4. Statistical Analysis:  

 

The experiment was set up in a complete randomized design 

(CRD) having four replication and each treatment were repeated 

two times. One-way ANOVA was used to analyse differences 

between antagonistic inhibitor effect and linear growth of 

pathogenic fungi in vitro. A general linear model option of the 

analysis system SAS 9.3 was used to perform the ANOVA. 

Duncan’s multiple range tests at P ≤ 0.05 level was used for means 

separation (Winer, 1971). 

 

3. Results and Discussion: 

3.1.  In vitro efficacy of selected Fungicides against Alternaria 

solani: 

 

Five fungicides were evaluated in vitro, for knowing their efficacy 

against the pathogen, A. solani causing early blight of tomato 

through poisoned food technique. In the present study, all tested 

fungicides showed antifungal activity against early blight 

pathogen (A. solani) by reducing the mycelial growth. Orozole 25 

EC, Agro Laxyl MZ 63.5 WP, Mancodex Super 72 WP, 

Carbancholor 50% and URGI 75% WP inhibited radial growth, 

sporulation and germination of Alternaria solani. 

The results showed that all tested fungicides significantly (P≤ 

0.05) inhibit the mycelial growth of the pathogen with different 

magnitude compared with control (Table 2).Orozole 25 EC and 

Agro Laxyl MZ 63.5 WP are among five fungicides having the 

nature of both systemic and contact action inhibited the growth of 

the test fungus (Table 2 and figure 2) having a good a toxic 

ingredient on test pathogen. The fungicidal nature of selected 

fungicides on A. solani were started the inhibitory activities from 

the first date of incubation. From evaluated fungicides fungicidal 

and fungistatic nature were evaluated and the use of protectant or 

eradicate fungicides to control fungal diseases depends on their 

ability to inhibit germination, growth and sporulation (Mehrotra 

and Aggarwal, 2003). 

 

 
 

Data regarding mycelial growth revealed that Orozole 25 EC was 

the most effective fungicide on reducing the average linear 

mycelial growth of A. solani(no growth ) followed by Agro Laxyl 

MZ 63.5 WP (18.0 mm) after 25 days of incubation period(Figure 

2 and Table 2). Similarly, Benlate achieve limited inhibition of 

growth, sporulation and germination of A. solani, it has been 

reported to be a highly effective and broad-spectrum systemic 

fungicide against Fusarium solani, and Rhizoctonia solani 

(Nawar, 2007). Of all tested fungicides, complete inhibition was 

observed on the plate treated by Orozole 25 EC (Propiconazole 

25% EC) as a result the fungicide exhibited the highest toxicity to 

A. solani (figure 2a).The observed differences in the performance 

of tested fungicides could be due to detoxification before the site 

of action has been reached, lack of conversion of a compound into 

the fungi-toxic principal or the production of inhibitory factor 

(Cremlyn, 1991). 

 
Figure 3: Mycelial growth of A. solani after 25 days post 

incubation on potato dextrose agar 

 

Orozole 25 EC was highly effective in reducing the radial 

mycelial growth of A. solani. Similarly, in the experiment 

conducted on effect of some fungicides against early blight of 

tomato, the maximum disease management was obtained in the 

treatment carbendazim 12 % + mancozeb 63 % WP @ 0.2 % 

concentration followed by propiconazole 25 EC @ 0.025 % 

concentration (Sharma et al., 2018). 
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Figure 2: Growth of A. solani isolate on PDA amended with 

a. Orozole 25 EC and b. Agro Laxyl MZ 63.5 WP 
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Treatments Means of Radial growth  % Inhibition 

URGI 75% WP 2.2d 48.9c 

Carbancholor 50% 3.2b 23.1e 

Orozole 25 EC 0.0f 100.0a 

Agro Laxyl MZ 63.5 WP 1.8e 56.5b 

Mancodex Super 72 WP 2.3c 44.6d 

Mock 4.2a 0.0f 

   

CV (%) 4.76 5.76 

LSD (0.5) 0.16 3.95 

Table 2: Effect of fungicides on mycelial growth of early blight 

after twenty-five days  

 

Means followed by same letter indicate no significant difference 

between treatments LSD test (P ≤ 0.05; p= 0.05). 

Figure 4: Mycelial growth of Alternaria solani of tomato treated 

by different fungicide 

 

Orozole 25 EC (Propiconazole 25% EC) performs top among 

evaluated fungicide by complete inhibition of A. solani without 

showing any mycelial growth staring from culture date. The 

mycelia inhibition recoded was 100, 56.5 and 48.9% on Orozole 

25 EC, Agro Laxyl MZ 63.5 WP, Urgi 75% WP, respectively. 

However, the minimum inhibition in mycelial growth was 

recorded in Mancodex Super 72 WP and Carbancholor, 44.6, 23.1 

percent respectively that was significantly lower than rest of the 

treatments (Table 2; Figure 4, 5). Interestingly, Orozole 25 EC 

(Propiconazole 25% EC) is best performing fungicide in this 

study.  In a study by Chavan (2007) reported complete inhibition 

of the F. solani mycelial growth in vitro with carbendazim and 

carbendazim 12%+mancozeb 63%. Nikam et al. (2007) reported 

carbendazim alone and in combination with thiram was most 

effective against growth inhibition of Fusarium oxysporum. 

 

 
Figure 5: Mycelial growth inhibition of A. Solani of tomato on 

PDA medium in vitro condition; (A) untreated Check. (B) 

Carbancholor 50%. (C) Mancodex Super 72 WP. (D) Agro Laxyl 

MZ 63.5 WP. (E) Urgi 75% WP and (F) Orozole 25 EC. 

 

4. Summary and Conclusion: 

 

Among various diseases of tomato caused by fungi, Late blight 

and early blight caused by Phytophtora infestans and Alternaria 

solani is priority in Ethiopia. Now a day bacterial leaf spot is also 

emerging in Ethiopia mainly in the central Rift valley. This 

pathogen is identified in most of tomato producing areas in 

Oromiya, South Nation Nationalities and peoples and Amhara 

regions.  

 

New approach was developed in Ethiopian Institute of 

Agricultural research in Melkassa Research Center by Plant 

Protection Department. For immediate remediation, evaluating 

fungicides in vitro and availing for the users is the option to easily 

reduce the epidemics of the pathogen. In this experiment among 

the five fungicides in vitro evaluated, three of the fungicides 

namely (Orozole 25 EC, Agro Laxyl MZ 63.5 WP, Urgi 75% 

WP), were effective in vitro mycelial growth inhibition. Two of 

the tested fungicides namely Mancodex Super 72 WP and 

Carbancholor were found not effective in reducing radial growth 

and consequently could not serve in controlling the test organism. 

The mycelia inhibition recoded was 100, 56.5 and 48.9% on 

Orozole 25 EC, Agro Laxyl MZ 63.5 WP, Urgi 75% WP, 

respectively. 

Therefore, among the tested fungicides which showed high invitro 

efficacy can be used to manage tomato early blight, specifically 

Orozole 25 EC and Agro Laxyl MZ 63.5 WP can be 

recommended for further field evaluation and application. At the 

same time the economic validity, these fungicides should also be 

further verified under field conditions.  
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